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BIOCHEMICAL GENETICS OF THE ANTHOCYANINS OF 
BARLEY (HORDEUM VULGARE L„) 

ABSTRACT 

Patterns of flavonoid and melanic pigmentation were 
studied by visual, and q u a l i t a t i v e chemical means i n 20 
v a r i e t i e s of c u l t i v a t e d barley. Two new techniques, one 
manual and one chemical, were developed which made possible 
the study of the pigments i n the separate tissues of the 
caryopsis. The observation that anthocyanins are l o c a l -
ized i n the spermoderm and not i n pericarp i s an example 
of the usefulness of the techniques. Environmental 
modifications of pigmentation patterns i n v a r i e t i e s and 
in i n d i v i d u a l plants are large and biochemical and 
genetical analyses of patterns are thereby greatly com
p l i c a t e d . For example, pelargonidin derivatives were 
reg u l a r l y produced i n f i e l d grown plants but not i n 
greenhouse grown plants. Genes which control pigment 
production and disappearance during development add to 
the complexity of pigment patterns, Colors which are 
v i s u a l l y very s i m i l a r may be biochemically d i s s i m i l a r . 
Leucoanthocyanins occur i n aleurone and endosperm but 
do not occur at any stage i n pericarp, spermodermP or 
other maternal t i s s u e s . In aleurone, which i s alkaline,, 
anthocyanins occur as anhydro bases. In aleurone^ a l s o s 

and in. c e r t a i n other t i s s u e s , such as the hood veins of 
the black v a r i e t y Gatami 3 anthocyanins may occur as 
pseudo bases. In young aleurone t i s s u e , anthocyanins 
are l a r g e l y free and minor amounts are ti s s u e bound; 
l a t e r i n development most are tiss u e bound. At any stage 
of development anthocyanins i n aleurone are d i f f i c u l t 
to extract because the nucellar epidermis, alone or with 
the aleurone envelop, i s highly impermeable to most 
solvents. ; 

Biochemical d i f f e r e n t i a t i o n of anthocyanins» using 
accepted techniques of extraction and processings, and 
using paper chromatography, was undertaken for v a r i e t i e s , 
l i n e s and t i s s u e s . Support and extension of e a r l i e r 
genetical study i s given. Biochemical phenotypes could 
be d i f f e r e n t i a t e d from basal leaf sheath extracts when 
v i s u a l phenotypes could not be. In v a r i e t i e s such as 
Black Hulless, anthocyanins from aleurone were l a r g e l y 
d e l p h i n i d i n and petunidin derivatives while those from 
spermoderm were l a r g e l y d e rivatives of c.yanidin and 
peonidin, Anthocyanin patterns from d i f f e r e n t maternal 
tissues of a single plant were s i m i l a r but some seasonal 



v a r i a t i o n s were recorded. Anthocyanin patterns i n var = 
i e t i e S j with very d i f f e r e n t breeding such as Gopal and 
Black HullesSj ev&n when grown under a v a r i e t y of 
environments s were, s i m i l a r and. pointed to p a r a l l e l 
genetical control of co l o r . Three new anthocyanins with 
novel, c h a r a c t e r i s t i c s were found i n young, but not i n 
mature, earyopse.s; an outstanding property was t h e i r 
rapid movement on chromatopaper when BAW was the solvent. 
Whether or not t h e i r frequent disappearance was due to 
inherent i n s t a b i l i t y or was a normal feature of develop
ment was uncertain. In some v a r i e t i e s and tissues at 
least i t was established that eyanidin derivatives form 
f i r s t and pelargonidin and/or peonidin derivatives form 
l a t e r , Q u a l i t a t i v e associations i n development of 
polyphenols, anthocyanins and melains were noted. In 
future^ studies of anthocyanins i n development would be 
greatly aided i f the experimental barley was grown i n 
constant environments. 

Detailed c h a r a c t e r i z a t i o n of the anthocyanins of 
barley was made d i f f i c u l t by the complexities of the 
color patterns and by t h e i r i n s t a b i l i t y when commonly 
accepted processing procedures were used. Most of the 
anthocyanins of barley were, complex and s p l i t r e a d i l y 
into simpler components. Ninety-three i s o l a t e s were 
obtained from basal leaf sheaths and caryopses; some 
is o l a t e s s p l i t into as many as 5 components while others 
did not. s p l i t . The anthocyanidins of 63 anthocyanin 
isolatess run against known anthocyanidins, were i d e n t i 
f i e d by Rf values obtained i n 7 solvents and by spectra; 
39 i s o l a t e s were hydrolyzed for sugar analyses and 25 
were hydrolyzed p a r t i a l l y for s t r u c t u r a l e l u c i d a t i o n . 
Many anthocyanins were c r y s t a l l i z e d and many were rather 
f u l l y characterized. Many of the anthocyanins of barley 
are new and had not been reported f o r other species. 

. New techniques were devised to achieve anthocyanin 
s t a b i l i t y and to enable work with micro amounts of tiss u e 
from s i n g l e hybrid plants. It was shown that evaporation 
to dryness of extracts i n 1% methanolic HC1, a common 
procedure, i s a very s e r i o u s s but not the singles, cause 
of anthocyanin degradation; c e r t a i n anthocyanins show a 
degradative spectral peak ca_. 360 mu a t t r i b u t e d pro-
v i s i o n a l l y to that of chalcones and most show s p l i t t i n g . 
Clamping and. sewing of chromatobands d i r e c t l y to new 
paper avoided e l u t i o n and f l a s h evaporation i n methanolic 
HG1, Mo d i f i c a t i o n of e x i s t i n g spectral technique also 
permitted the examination of even very weak anthocyanin 



bands on paper. Employment, of very weak (0 = 03?o) meth
anolic HG1 in-procedures-was•useful. Although the problems 
of anthocyanin l a b i l i t y were reduced by modifying older 
procedures and devising new techniques, they were not 
eliminated, Evidence was obtained f i n a l l y which showed 
that anthocyanins are best extracted i n neutral methanol 
as pseudo bases rather than, as i s customary, i n acidi= 
f i e d methanol, as flavylium s a l t s . 

Not only were techniques devised for anthocyanic 
s t a b i l i t y , they were also devised for handling micro 
extracts from single plants. Time and materials were 
conserved i n techniques for h y d r o l y s i s , concentration, 
p u r i f i c a t i o n and ch a r a c t e r i z a t i o n on paper. Complementary 
equipment for banding and hydrolysis on paper was deve
loped. New solvents for anthocyanidin chromatography 
greatly aided c h a r a c t e r i z a t i o n . Hydrolyses of eluates 
both from anthocyanins and blank chromatopaper yielded 
glucose, galactose, xylose, and arabinose; a method to 
remove paper-derived sugar ar t e f a c t s from chromato-
graphically p u r i f i e d anthocyanins i s presented. Addi
t i o n a l l y , i t was found that g l y c o s i d i c hydrolysis of 
anthocyanins occurs even on chromatopaper and that the 
so-called i r r e v e r s i b l y adsorbed anthocyanins of many 
investigators are anthocyanidins. Moreover ' g l y c o s i d i c ' 
hydrolysis of c e r t a i n barley anthocyanins, even i n 
c r y s t a l l i n e state, to simpler anthocyanins, i s the basis 
of anthocyanin s p l i t t i n g and explains the appearance of 
the complex chromatoband patterns. Other investigators 
have also found i n other species complex patterns but 
have assumed them to be i n vivo patterns. 

If biochemical responses to gene action and biogenesis 
of anthocyanins are to be studied p r e c i s e l y i n barley, 
procedures must avoid artefact production during extrac
ti o n and processing and y i e l d anthocyanins i n t h e i r 
in vivo state, 
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C hairman: P r o f e s s o r Vernon C. B r i n k 

ABSTRACT 

P a t t e r n s o f f l a v o n o i d and m e l a n i c p i g m e n t a t i o n were s t u d i e d by 

v i s u a l and q u a l i t a t i v e c h e m i c a l means i n 20 v a r i e t i e s o f c u l t i v a t e d 

b a r l e y . Two new t e c h n i q u e s , one manual and one c h e m i c a l , were d e v e l o p e d 

w h i c h made p o s s i b l e the s t u d y o f the pigments i n the s e p a r a t e t i s s u e s o f 

the c a r y o p s i s . The o b s e r v a t i o n t h a t a n t h o c y a n i n s a r e l o c a l i z e d i n the 

spermoderm and not i n p e r i c a r p i s an example o f the u s e f u l n e s s o f the 

t e c h n i q u e s . E n v i r o n m e n t a l m o d i f i c a t i o n s o f p i g m e n t a t i o n p a t t e r n s i n 

v a r i e t i e s and i n i n d i v i d u a l p l a n t s a r e l a r g e and b i o c h e m i c a l and g e n e t i c a l 

a n a l y s e s o f p a t t e r n s a r e t h e r e b y g r e a t l y c o m p l i c a t e d . F o r example, 

p e l a r g o n i d i n d e r i v a t i v e s were r e g u l a r l y produced i n f i e l d grown p l a n t s 

but not i n greenhouse grown p l a n t s . Genes w h i c h c o n t r o l pigment p r o d u c 

t i o n and d i s a p p e a r a n c e d u r i n g development add t o the c o m p l e x i t y o f 

pigment p a t t e r n s . C o l o r s w h i c h a r e v i s u a l l y v e r y s i m i l a r may be b i o 

c h e m i c a l l y d i s s i m i l a r . L e u c o a n t h o c y a n i n s o c c u r i n a l e u r o n e and endosperm 

but do not o c c u r a t any s t a g e i n p e r i c a r p , spermoderm, o r o t h e r m a t e r n a l 

t i s s u e s . I n a l e u r o n e , w h i c h i s a l k a l i n e , a n t h o c y a n i n s o c c u r as anhydro 

bases. I n a l e u r o n e , a l s o , and i n c e r t a i n o t h e r t i s s u e s , such as the 

hood v e i n s o f the b l a c k v a r i e t y G a t a m i , a n t h o c y a n i n s may o c c u r as pseudo 

bases. I n young a l e u r o n e t i s s u e , a n t h o c y a n i n s a r e l a r g e l y f r e e and 

minor amounts are t i s s u e bound; l a t e r i n development most a r e t i s s u e bound. 

A t any s t a g e o f development a n t h o c y a n i n s i n a l e u r o n e a r e d i f f i c u l t t o 

e x t r a c t because the n u c e l l a r e p i d e r m i s , a l o n e o r w i t h the a l e u r o n e 

e n v e l o p e , i s h i g h l y impermeable t o most s o l v e n t s . 



iv 

B i o c h e m i c a l d i f f e r e n t i a t i o n " o f a n t h o c y a n i n s , u s i n g a c c e p t e d 

t e c h n i q u e s o f e x t r a c t i o n and p r o c e s s i n g , and u s i n g p a p e r chromatography, 

was u n d e r t a k e n f o r v a r i e t i e s , l i n e s a n d t i s s u e s . S u p p o r t and e x t e n s i o n 

o f e a r l i e r g e n e t i c a l s t u d y i s g i v e n . B i o c h e m i c a l phenotypes c o u l d be 

d i f f e r e n t i a t e d from b a s a l l e a f s h e a t h e x t r a c t s when v i s u a l phenotypes 

c o u l d not be. I n v a r i e t i e s such as B l a c k H u l l e s s , a n t h o c y a n i n s from 

a l e u r o n e were l a r g e l y d e l p h i n i d i n and p e t u n i d i n d e r i v a t i v e s w h i l e t h o s e 

from spermoderm were l a r g e l y d e r i v a t i v e s o f c y a n i d i n and p e o n i d i n . 

A n t h o c y a n i n p a t t e r n s from d i f f e r e n t m a t e r n a l t i s s u e s o f a s i n g l e p l a n t 

were s i m i l a r but some s e a s o n a l v a r i a t i o n s were r e c o r d e d . A n t h o c y a n i n 

p a t t e r n s i n v a r i e t i e s , w i t h v e r y d i f f e r e n t b r e e d i n g such as G o p a l and 

B l a c k H u l l e s s , even when grown under a v a r i e t y o f e n v i r o n m e n t s , were 

s i m i l a r and p o i n t e d t o p a r a l l e l g e n e t i c a l c o n t r o l o f c o l o r . Three new 

a n t h o c y a n i n s w i t h n o v e l c h a r a c t e r i s t i c s were found i n young, but not i n 

mature, c a r y o p s e s ; an o u t s t a n d i n g p r o p e r t y was t h e i r r a p i d movement on 

chromatopaper when BAW was the s o l v e n t . Whether o r not t h e i r f r e q u e n t 

d i s a p p e a r a n c e was due t o i n h e r e n t i n s t a b i l i t y o r was a normal f e a t u r e o f 

development was u n c e r t a i n . I n some v a r i e t i e s and t i s s u e s a t l e a s t i t 

was e s t a b l i s h e d t h a t c y a n i d i n d e r i v a t i v e s form f i r s t and p e l a r g o n i d i n 

and/or p e o n i d i n d e r i v a t i v e s form l a t e r . Q u a l i t a t i v e a s s o c i a t i o n s i n 

development o f p o l y p h e n o l s , a n t h o c y a n i n s and m e l a n i n s were n o t e d . I n 

f u t u r e , s t u d i e s o f a n t h o c y a n i n s i n development would be g r e a t l y a i d e d i f 

the e x p e r i m e n t a l b a r l e y was grown i n c o n s t a n t e n v i r o n m e n t s . 

D e t a i l e d c h a r a c t e r i z a t i o n o f the a n t h o c y a n i n s o f b a r l e y was 

made d i f f i c u l t by the c o m p l e x i t i e s o f the c o l o r p a t t e r n s and by t h e i r 

i n s t a b i l i t y when commonly a c c e p t e d p r o c e s s i n g p r o c e d u r e s were used. 

Most o f the a n t h o c y a n i n s o f b a r l e y were complex and s p l i t r e a d i l y i n t o 
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s i m p l e r components. N i n e t y - t h r e e i s o l a t e s were o b t a i n e d from b a s a l l e a f 

s h e a t h s and c a r y o p s e s ; some i s o l a t e s s p l i t i n t o as many as 5 components 

w h i l e o t h e r s d i d not s p l i t . The a n t h o c y a n i d i n s o f 63 a n t h o c y a n i n 

i s o l a t e s , r u n a g a i n s t known a n t h o c y a n i d i n s , were i d e n t i f i e d by R f v a l u e s 

o b t a i n e d i n 7 s o l v e n t s and by s p e c t r a ; 39 i s o l a t e s were h y d r o l y z e d f o r 

s u g a r a n a l y s e s and 25 were h y d r o l y z e d p a r t i a l l y f o r s t r u c t u r a l e l u c i 

d a t i o n . Many a n t h o c y a n i n s were c r y s t a l l i z e d and many were r a t h e r f u l l y 

c h a r a c t e r i z e d . Many o f the a n t h o c y a n i n s o f b a r l e y a r e new and had not 

been r e p o r t e d f o r o t h e r s p e c i e s . 

New t e c h n i q u e s were d e v i s e d t o a c h i e v e a n t h o c y a n i n s t a b i l i t y 

and t o e n a b l e work w i t h m i c r o amounts o f t i s s u e from s i n g l e h y b r i d p l a n t s . 

I t was shown t h a t e v a p o r a t i o n t o d r y n e s s o f e x t r a c t s i n 1% m e t h a n o l i c 

HC1, a common p r o c e d u r e , i s a v e r y s e r i o u s , but not the;, s i n g l e , cause 

o f a n t h o c y a n i n d e g r a d a t i o n ; c e r t a i n a n t h o c y a n i n s show a d e g r a d a t i v e 

s p e c t r a l peak c a . 360 mu a t t r i b u t e d p r o v i s i o n a l l y t o t h a t o f c h a l c o n e s 

and most show s p l i t t i n g s C l a m p i n g and sewing o f chromatobands d i r e c t l y 

t o new paper a v o i d e d e l u t i o n and f l a s h e v a p o r a t i o n i n m e t h a n o l i c HC1. 

M o d i f i c a t i o n o f e x i s t i n g s p e c t r a l t e c h n i q u e a l s o p e r m i t t e d the e x a m i n a t i o n 

o f even v e r y weak a n t h o c y a n i n bands on pape r . Employment o f v e r y weak 

(0.03%) m e t h a n o l i c H C l i n p r o c e d u r e s was u s e f u l . A l t h o u g h the problems 

o f a n t h o c y a n i n l a b i l i t y were r e d u c e d by m o d i f y i n g o l d e r p r o c e d u r e s and 

d e v i s i n g new t e c h n i q u e s , t h e y were not e l i m i n a t e d . E v i d e n c e was 

o b t a i n e d f i n a l l y w h i c h showed t h a t a n t h o c y a n i n s a r e b e s t e x t r a c t e d i n 

n e u t r a l methanol as pseudo bases r a t h e r t h a n , as i s cu s t o m a r y , i n 

a c i d i f i e d m e t h a n o l , as f l a v y t i u m s a l t s 

Not o n l y were t e c h n i q u e s d e v i s e d f o r a n t h o c y a n i n s t a b i l i t y , 

t h e y were a l s o d e v i s e d f o r h a n d l i n g m i c r o e x t r a c t s from s i n g l e p l a n t s . 
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Time and m a t e r i a l s were c o n s e r v e d i n t e c h n i q u e s f o r h y d r o l y s i s , c o n c e n t r a 

t i o n , p u r i f i c a t i o n and c h a r a c t e r i z a t i o n on paper. Complementary equipment 

f o r b a n d i n g and h y d r o l y s i s on paper was d e v e l o p e d . New s o l v e n t s f o r 

a n t h o c y a n i d i n chromatography g r e a t l y a i d e d c h a r a c t e r i z a t i o n . H y d r o l y s e s 

o f e l u a t e s both from a n t h o c y a n i n s and b l a n k chromatopaper y i e l d e d g l u c o s e , 

g a l a c t o s e , x y l o s e and a r a b i n o s e ; a method t o remove p a p e r - d e r i v e d sugar 

a r t e f a c t s from c h r o m a t o g r a p h i c a l l y p u r i f i e d a n t h o c y a n i n s i s p r e s e n t e d . 

A d d i t i o n a l l y , i t was found t h a t g l y c o s i d i c h y d r o l y s i s o f a n t h o c y a n i n s 

o c c u r s even on chromatopaper and t h a t the s o - c a l l e d i r r e v e r s i b l y 

a d s o r b e d a n t h o c y a n i n s o f many i n v e s t i g a t o r s a r e a n t h o c y a n i d i n s . More

o v e r ' g l y c o s i d i c ' h y d r o l y s i s o f c e r t a i n b a r l e y a n t h o c y a n i n s , even i n 

c r y s t a l l i n e s t a t e , t o s i m p l e r a n t h o c y a n i n s , i s the b a s i s o f a n t h o c y a n i n 

s p l i t t i n g and e x p l a i n s the appearance o f the complex chromatoband 

p a t t e r n s . O t h e r i n v e s t i g a t o r s have a l s o found i n o t h e r s p e c i e s complex 

p a t t e r n s but have assumed them t o be i n v i v o p a t t e r n s . 

I f b i o c h e m i c a l r e s p o n s e s t o gene a c t i o n and b i o g e n e s i s of 

a n t h o c y a n i n s a r e t o be s t u d i e d p r e c i s e l y i n b a r l e y , p r o c e d u r e s must 

a v o i d a r t e f a c t p r o d u c t i o n d u r i n g e x t r a c t i o n and p r o c e s s i n g and y i e l d 

a n t h o c y a n i n s i n t h e i r i n v i v o s t a t e . 
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19.11 C h r o m a t o g r a p h i c d a t a from G o p a l and B l a c k 
H u l l e s s b a s a l l e a f s h e a t h a n t h o c y a n i n s 
f o l l o w i n g p u r i f i c a t i o n i n HAc-HCl. 356 

1 9 . I l l C h r o m a t o g r a p h i c d a t a from a n t h o c y a n i n bands, 
1-4, from B l a c k H u l l e s s c a r y o p s e s f o l l o w i n g 
p u r i f i c a t i o n i n HAc-HCl. 3 6 5 
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19.IV C h r o m a t o g r a p h i c d a t a o f a n t h o c y a n i n bands, 
5-9, from B l a c k H u l l e s s c a r y o p s e s f o l l o w i n g 
p u r i f i c a t i o n i n HAc-HCi. 

19.V 

19.VI 

19.VII 

1 9 . V I I I . A 

Rf v a l u e s and s p e c t r a l c h a r a c t e r i s t i c s o f the 
a n t h o c y a n i d i n s from the b a s a l l e a f s h e a t h s 
and the c a r y o p s e s . 

Sugars o b t a i n e d from the h y d r o l y s a t e s o f the 
HAc-HCl a n t h o c y a n i n components o f the b a s a l 
l e a f s h e a t h s and the c a r y o p s e s . 

P a r t i a l h y d r o l y s i s o f the a n t h o c y a n i n s . 

C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band A o f G o p a l 
and B l a c k H u l l e s s l e a f s h e a t h s . 

1 9 . V I I I . B C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band B o f G o p a l 
and B l a c k H u l l e s s l e a f s h e a t h s . 

19.VIII.DE C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band DE o f G o p a l 
and B l a c k H u l l e s s l e a f s h e a t h s . 

1 9 . V I I I . F C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
and components from the a n t h o c y a n i n bands F and G 

1 9 . V I I I . G o f G o p a l and B l a c k H u l l e s s l e a f s h e a t h s . 

1 9 . V I I I . H C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band H o f G o p a l 
and B l a c k H u l l e s s l e a f s h e a t h s . 

1 9 . V I I I .K 
and 

1 9 . V I I I . L 

C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the BAW bands 
K and L from B l a c k H u l l e s s l e a f s h e a t h s . 

1 9 . V I I I . 1 . 2 . 3 . C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the BAW bands 
i , 2 and 3 from B l a c k H u l l e s s c a r y o p s i s 
a n t h o c y a n i n s . 

1 9 . V I I I . 1 - 2 C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f a few HAc-HCl 
and 3-4 components from the a n t h o c y a n i n m i x t u r e 1-2, and 

3-4 o f B l a c k H u l l e s s c a r y o p s i s a n t h o c y a n i n s . 

1 9 . V I I I . 4 C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band 4 o f B l a c k 
H u l l e s s c a r y o p s i s a n t h o c y a n i n s . 
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1 9 . V I I I . 5 

1 9 . V I I I . 6 

1 9 . V I I I . 7 

1 9 . V I I I . 8 - 9 

24.1 

24.11 

C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band 5 o f B l a c k 
H u l l e s s c a r y o p s i s a n t h o c y a n i n s . 424 

C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band 6 o f B l a c k 
H u l l e s s c a r y o p s i s a n t h o c y a n i n s . 428 

C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n band 7 o f B l a c k 
H u l l e s s c a r y o p s i s a n t h o c y a n i n s . 430 

C h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f the HAc-HCl 
components from the a n t h o c y a n i n bands 8-9 o f 
B l a c k H u l l e s s c a r y o p s i s a n t h o c y a n i n s . 433 

D r y w e i g h t o f G o p a l b a s a l l e a f s h e a t h s f o l l o w 
i n g p r e l i m i n a r y e x t r a c t i o n . 515 

R f v a l u e s , v i s i b l e ' :arid•• u l t r a v i o l e t c o l o r s o f the 
G o p a l b a s a l l e a f s h e a t h a n t h o c y a n i n s , e x t r a c t e d 
w i t h s e v e r a l n e u t r a l and a c i d i f i e d s o l v e n t s 
a f t e r chromatography i n BAW. 518 

27.1 t o 27.XX A p p e n d i x 554-573 
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3.1 t o Showing o u t e r t i s s u e s o f the b a r l e y c a r y o p s i s , 
3.8 pigment l o c a l i z a t i o n and s t a g e s i n r e moval of 

t i s s u e s by hand. F i g '3.1 p e r i c a r p (a) ex
f o l i a t i n g ; t i s s u e s d e r i v e d from i n t e g u m e n t s 
( b ) , ( c ) , and from the n u c e l l u s (d) ; a l e u r o n e 
e n v e l o p e ( e ) ; a l e u r o n e l a y e r 3 t o 5 c e l l s 
t h i c k ( f ) , endosperm ( g ) . F i g 3.2 b l o c k y 
c e l l s o f the p e r i c a r p seen i n the a r e a o f the 
f u r r o w compare w i t h e l o n g a t e d c e l l s i n F i g 1 
F i g . 3 3 e x f o l i a t i o n o f p e r i c a r p ( a ) , a t the 
i n n e r m o s t c e l l l a y e r of the p e r i c a r p and ex
f o l i a t i o n o f t i s s u e s of i n t e g u m e n t a r y o r i g i n 
( b ) , ( c ) , from t i s s u e s o f n u c e l l a r o r i g i n ( d ) , 
and n u c e l l a r t i s s u e from a l e u r o n e (£).. 
F i g 3.4 shows c l e a r l y i n n e r e p i d e r m i s ( a l ) , 
of p e r i c a r p where s e p a r a t i o n o c c u r s . F i g . 3 . 5 , 
i n t e n s e development of a n t h o c y a n i n pigment i n 
spermoderm ( b ) , .(c)., (d) , beneath the p e r i c a r p 
(a) ,which i s c h a r a c t e r i s t i c a l l y c o l o r l e s s . 
F i g . 3.6, p e r i c a r p p e e l e d m a n u a l l y t o l e a v e 
pigmented spermoderm ( b ) , ( c ) . (d) . F i g . 3.7 
s i m i l a r t o F i g . 3.6 but shows the c e l l s t r u c 
t u r e o f the spermoderm. F i g 3.8 a l e u r o n e 
e n v e l o p e ( e ) , a l e u r o n e ( f ) , endosperm ( g ) , 
a f t e r p e e l i n g p e r i c a r p and spermoderm. 11 

4.1 L o n g i t u d i n a l s e c t i o n o f a b a r l e y g r a i n showing 
the l o c a t i o n and e x t e n t o f the p r i n c i p a l 
t i s s u e s . 27 

4.2 Pathways showing p o s s i b l e b i o g e n e t i c u n i t y of 
m e l a n i n s and f l a v o n o i d s i n b a r l e y . 53 

4.3 V a r i a t i o n s i n p i g m e n t a t i o n o f b a r l e y t i l l e r s 
i n i t i a t e d a t d i f f e r e n t s t a t e s under a c h a n g i n g 
e n v i r o n m e n t . The p l a n t ( 7 1 - P r P r - 1 0 ) x 
7 1 - p r p r - 1 0 ) p l a n t e d i n the "greenhouse Aug. 4, 
1961, f i r s t headed ca. Nov. 10. U n t i l mid 
J a n u a r y 1962 t i l l e r s l a c k e d c o l o r ; t i l l e r s 
h e a d i n g a f t e r mid F e b r u a r y were i n c r e a s i n g l y 
pigmented. 54 

5.1 Chromatograms of a c i d i f i e d e t h a n o l i c e x t r a c t s 
from the spermoderm, S, p e r i c a r p , P, h u l l , H, 
and awn t i p , A, o f immature B l a c k H u l l e s s 
b a r l e y g r a i n showing n o v e l a n t h o c y a n i n s w i t h 
h i g h Rf v a l u e s i n BAW s o l v e n t . 65 



Chromatograms o f a c i d i f i e d e t h a n o l i c e x t r a c t s 
f rom the spermoderm, p e r i c a r p , h u l l s , and awn 
t i p s , of d e v e l o p i n g ( s t a g e s I and I I I ) G o p a l 
b a r l e y g r a i n showing n o v e l a n t h o c y a n i n s w i t h 
h i g h Rf v a l u e s i n BAW s o l v e n t . A n t h o c y a n i n s 
do not o c c u r i n p e r i c a r p s t a g e I . Spermoderm 
a n t h o c y a n i n s s t a g e I I I e x t r a c t , a f t e r one 
y e a r n s s t o r a g e a t 5°C i s a l s o shown ( S - I I I - a ) . 
S o l v e n t (B:A:W, 4:1:5), S, spermoderm. 

A n t h o c y a n i n s from awn t i p s , A, h u l l s , H, 
p e r i c a r p , P, and spermoderm, S, o f G o p a l . 
I , e x t r a c t e d w i t h and chromatographed from 1% 
c o n e . h y d r o c h l o r i c a c i d i n e t h a n o l . I I , ex
t r a c t e d w i t h 17o cone, h y d r o c h l o r i c a c i d i n 
e t h a n o l and chromatographed from 1% cone, 
h y d r o c h l o r i c a c i d i n w a t e r . ( S o l v e n t B:A:W, 
4:1:5). 

A chromatogram o f a n t h o c y a n i n s from the p e a r l i n g s 
o b t a i n e d from the f l i n t y G o p a l g r a i n s . The 
p e a r l i n g s were e x t r a c t e d w i t h 0 . 1 7 o m e t h a n o l i c 
HC1, and chromatographed i n the BAW s o l v e n t on 
the same day. N o t e , the chromatogram does not 
show the ' f a s t moving' a n t h o c y a n i n s . 

Chromatogram of a n t h o c y a n i n s o b t a i n e d from young 
a l e u r o n e t i s s u e s o f the h y b r i d B l a c k H u l l e s s x 
3 3 - b l b l - 1 3 . The t i s s u e s were p e e l e d m a n u a l l y and 
e x t r a c t e d i n 0 . 1 7 o m e t h a n o l i c H C l . The e x t r a c t 
w h i c h became c o l o r l e s s on s t a n d i n g , was r e a c i d i -
f i e d w i t h 1% m e t h a n o l i c H C l p r i o r t o chromato
graphy. 

Chromatography o f the f i r s t and the t h i r d e x t r a c t s 
from i n t a c t B l a c k H u l l e s s c a r y o p s e s ( F i e l d 
C o l l e c t i o n 272). The pigments o b t a i n e d from the 
f i r s t e x t r a c t a r e l a r g e l y o f spermodermal o r i g i n , 
and t h o s e from the t h i r d e x t r a c t a r e l a r g e l y 
d e r i v e d from c h i p p e d o r damaged a l e u r o n e . Note 
the d i f f e r e n c e s i n Rf v a l u e s o f the two e x t r a c t s 

Chromatograms o b t a i n e d from the h y d r o l y s a t e s of 
the f i r s t and the t h i r d e x t r a c t s o f B l a c k 
H u l l e s s c a r y o p s e s c o l l e c t i o n s 272 and 278. 
N o t e , d e l p h i n i d i n i s p r e s e n t i n v e r y s m a l l 
amounts i n the f i r s t e x t r a c t s (chromatograms 
272S-I and 2 7 8 S - I ) , and l a r g e amounts i n the 
t h i r d e x t r a c t s (chromatograms 2 7 2 S - I I I and 
2 7 8 S - I I I ) . 



Anthocyanin. p a t t e r n s from l e a f s h e a t h s (LS) , 
a u r i c l e s (a) and nodes (n) o f the b l a c k 
v a r i e t y , L i o n (1), the n e a r - w h i t e v a r i e t y 
C-54-55 ( C ) \ the w h i t e v a r i e t i e s Hanna (H) and 
G o l d e n P h e a s a n t (GP) , the b l u e v a r i e t i e s , 
Montcalm (M), Kwan (K) and T r e b i (T) and the 
p u r p l e v a r i e t i e s , B l a c k H u l l e s s (BH) and G o p a l 
( G ) . Note the p a t t e r n s i m i l a r i t y f o r BH and 
G; note the m a r k e d l y d i f f e r e n t p a t t e r n o f GP. 
N o t a b l e a l s o are the a n t h o c y a n i n s w i t h h i g h Rf 
v a l u e s , the ' f a s t - m o v i n g ' a n t h o c y a n i n s . 

A n t h o c y a n i n b e h a v i o u r i n s t o r a g e . B l a c k H u l l e s s 
(BH) I t o I I I showing d i s a p p e a r a n c e o f f a s t -
moving a n t h o c y a n i n s o v e r a 15 day s t o r a g e 
p e r i o d . C-54-55(C) and Kwan (K) a n t h o c y a n i n 
p a t t e r n s ( I V t o V I I ) o v e r a 24 hour s t o r a g e 
p e r i o d showing somewhat s i m i l a r t r e n d s . 
C h r o m a t o p a t t e r n s V I I I t o XIV were o b t a i n e d 
a f t e r 7 days s t o r a g e o f e x t r a c t s whose day one 
c h r o m a t o p a t t e r n s are shown i n F i g . 7.1 where 
Hanna ( H ) , G o l d e n P h e a s a n t ( G P ) , Montcalm (M), 
Kwan ( K ) , T r e b i ( T ) , L i o n (L) and C-54-55 (C) 
a r e the v a r i e t i e s used. A g a i n the d i s a p p e a r a n c e 
o f c e r t a i n a n t h o c y a n i n s i n s t o r a g e i s t o be n o t e d . 

P a t t e r n s o f a n t h o c y a n i n s e x t r a c t e d , p u r i f i e d and 
chromatographed i n p a r a l l e l as q u i c k l y as 
p o s s i b l e (20 h r . p e r i o d ) . F a s t - m o v i n g a n t h o 
c y a n i n s a r e o b t a i n e d o n l y from Hanna (H) l e a f 
s h e a t h s and from C-54-55 (C) a u r i c l e s . The 
number o f a n t h o c y a n i n s o b t a i n e d from the a f o r e 
mentioned v a r i e t i e s and from G o l d e n P h e a s a n t 
( G P ) , Kwan ( K ) , and T r e b i (T) i s g r e a t e r t h a n 
the number o b t a i n e d from the c o r r e s p o n d i n g 
v a r i e t i e s i n c l u d e d i n F i g . 7.1. 

Chromatograms of a n t h o c y a n i n s a t d i f f e r e n t s t a g e s 
o f development o f lemma and p a l e a and of spermo
derm. V a r i e t i e s used were B l a c k H u l l e s s and 
G o p a l . Note the low i n t e n s i t y and p a u c i t y o f 
a n t h o c y a n i n s i n the e a r l y s t a g e s ; note a l s o the 
o c c u r r e n c e of y e l l o w and r e d m a t e r i a l s o f low 
Rf v a l u e s d u r i n g s t a g e s I and I I . 

Chromatograms o f a n t h o c y a n i n s a t s e v e r a l s t a g e s 
o f development o f p e r i c a r p and awn t i p s . V a r i e 
t i e s used were B l a c k H u l l e s s and G o p a l . Note 
the d e c r e a s i n g number and l o w e r e d i n t e n s i t y o f 
a n t h o c y a n i n s as the t i s s u e s p r o g r e s s towards 
m a t u r i t y . The pigments shown as d e r i v e d from 
p e r i c a r p , p o s s i b l y a r e d e r i v e d from l a c e r a t e d 
spermoderm. 



S t a n d a r d c h r o m a t o g r a p h i c t e c h n i q u e s y i e l d e d many 
a n t h o c y a n i n s from few on r e c h r o m a t o g r a p h y of the 
spermoderm e l u a t e s . The i n . v i v o c o m p l e x i t y o f 
b a r l e y a n t h o c y a n i n s , and t h e i r t e n d e n c y t o s p l i t 
i n v i t r o , i s i n d i c a t e d . The upper case l e t t e r s 
a s s o c i a t e d w i t h the chromatosj>ots are c o l o r 
d e s i g n a t i o n s . 

The b a n d i n g p i p e t t e i n use. Note t h a t the 
convex u n d e r s u r f a c e o f the c a p i l l a r y i s 
a p p l i e d t o the chromatography paper i n b a n d i n g . 

C h r o m a t o g r a p h i c r e s o l u t i o n o f the e x t r a c t s from 
b a s a l l e a f s h e a t h s o f G o p a l ( F i e l d C o l l e c t i o n 
No. 138) i n the Bu-HCl, HAc-HCl, A q - H C l , 
MeOH-HCl and 57« HAc s o l v e n t s by d e s c e n t . 

Chromatography o f the b a s a l l e a f s h e a t h s o f 
G o p a l ( F i e l d C o l l e c t i o n s No. 130 and 138) i n the 
BAW s o l v e n t . Chromatograms 138B, 130A, 130B, 
d e v e l o p e d f o r 3 days by a s c e n t , g i v e b e t t e r 
r e s o l u t i o n t h a n chromatogram 138A d e v e l o p e d f o r 
2 days by d e s c e n t . 

Chromatograms I t o VI show the l a b i l i t y , a s s o 
c i a t e d w i t h the u s u a l e l u t i o n and f l a s h evapo
r a t i o n p r o c e d u r e s , of the HAc-HCl components 
from the BAW band A. The HAc-HCl components 
used a r e ( A 2 ) , ( A 3 ) and (A4). The e q u i v a l e n t 
components r e c o v e r e d on HAc-HCl r e c h r o m a t o g r a p h y 
are shown w i t h o u t b r a c k e t s , v i z . , A, A 2 , A 3 , 
e t c . Breakdown p r o d u c t s from h i g h l y p u r i f i e d 
a n t h o c y a n i n s a r e p r o m i n e n t . 
( E r r a t u m : Chromatogram I , A3 s h o u l d r e a d A 2 ) . 

Shows the l a b i l i t y , a s s o c i a t e d w i t h the u s u a l 
e l u t i o n and f l a s h e v a p o r a t i o n p r o c e d u r e s , o f t h e 
HAc-HCl Components from the BAW band A. The 
HAc-HCl components used a r e (A2) , (A3) and (A4 ) . 
The e q u i v a l e n t components r e c o v e r e d on r e 
chromatography, on t h i s o c c a s i o n u s i n g . t h e 
BAW s o l v e n t , are shown w i t h o u t b r a c k e t s : B r e a k 
down p r o d u c t s from h i g h l y p u r i f i e d a n t h o c y a n i n s 
a r e p r o m i n e n t . 

Rechromatography i n BAW of the components (E^) 
to (E5) ( o b t a i n e d from the HAc-HCl chromato
graphy o f the BAW band E) showing the compara
t i v e s t a b i l i t y o f E]_«, E2 and E3 and the marked 
i n s t a b i l i t y o f E^. 
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11.4 Rechromatography i n Aq-HCl o f the components 
t o ( E 5 ) ( o b t a i n e d from the HAc-HCl 

chromatography of the BAW band E) showing the 
c o m p a r a t i v e s t a b i l i t y o f E^, E 2 , and E3 and 
the marked i n s t a b i l i t y o f E 5 . A d d i t i o n a l l y 
the f a i l u r e o f c e r t a i n c o l o r e d components t o 
move from the s t a r t i n g l i n e i n t h i s s o l v e n t 
i s t o be n o t e d . The d e g r a d a t i o n o f E | l a t e r 
shown t o be an a g l y c o n e , i s shown i n t h i s 
chromatogram and i n chromatogram 11.3. 216 

12.1 A b s o r p t i o n s p e c t r a i n 0.017<> m e t h a n o l i c H C l o f 
the a n t h o c y a n i n bands A, D, E, F, and G from 
l e a f s h e a t h s o f G o p a l . A, F, and G a r e p a r 
t i a l l y degraded but show the c h a r a c t e r i s t i c 
f l a v y l i u m peaks. D and E a r e s t a b l e and do 
not show the d e g r a d a t i o n peak, ca.. 365 mu. 223 

12.2 S p e c t r a i n 0.017» m e t h a n o l i c H C l of c y a n i d i n s 
o b t a i n e d from the h y d r o l y s i s o f i d e n t i c a l 
a n t h o c y a n i n s from bands E3-138 and DE 3 from 
b a s a l l e a f s h e a t h s o f G o p a l . Note the peak 
a t 365 mu r e s u l t i n g from d e g r a d a t i o n . 225 

.12.3 S p e c t r a i n 0.017» m e t h a n o l i c H C l of p e l a r g o n i d i n s 
d e r i v e d from the h y d r o l y s i s o f bands 7H and 
G-138, o f p e o n i d i n d e r i v e d from band F-130, o f 
c y a n i d i n d e r i v e d from band 5L and of an a n t h o -
c y a n i d i n d e r i v e d from an unknown a n t h o c y a n i n 
band J-130. The d e g r a d a t i o n peaks, ca_. 365 mu, 
are masked but a r e p r o b a b l y p r e s e n t (see 
F i g . 18.2). 226 

13.1 F e a t u r e s shown by r e c h r o m a t o g r a p h y of the BAW 
bands o f G o p a l l e a f s h e a t h s ( C o l l e c t i o n 138) 
i n the BAW s o l v e n t . Number o f p i e c e s s t i t c h e d 
a t each s t a r t i n g p o i n t i s g i v e n . 239 

13.2 F e a t u r e s shown by r e c h r o m a t o g r a p h y o f the BAW 
bands o f G o p a l l e a f s h e a t h s ( C o l l e c t i o n 138) i n 
the Bu-HCl s o l v e n t . Number o f p i e c e s s t i t c h e d 
a t each s t a r t i n g p o i n t i s g i v e n . 239 

13.3 F e a t u r e s shown by r e c h r o m a t o g r a p h y o f the BAW 
bands of G o p a l l e a f s h e a t h s ( C o l l e c t i o n 138) i n 
the Aq-HCl s o l v e n t . Number o f p i e c e s s t i t c h e d 
a t each s t a r t i n g p o i n t i s g i v e n . 240 

13.4 F e a t u r e s shown by r e c h r o m a t o g r a p h y o f the BAW 
bands o f G o p a l l e a f s h e a t h s ( C o l l e c t i o n 138) i n 
the KAc-HCl s o l v e n t . Number o f p i e c e s s t i t c h e d 
a t each s t a r t i n g p o i n t i s g i v e n . 240 
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13.5 F e a t u r e s shown by r e c h r o m a t o g r a p h y o f the BAW 
bands o f G o p a l l e a f s h e a t h s ( C o l l e c t i o n 130) i n 
the BAW s o l v e n t . Number o f p i e c e s s t i t c h e d a t 
each s t a r t i n g p o i n t i s g i v e n . 243 

13.6 F e a t u r e s shown by r e c h r o m a t o g r a p h y of the BAW 
bands o f G o p a l l e a f s h e a t h s ( C o l l e c t i o n 130) i n 
the Bu-HCl s o l v e n t . Number o f p i e c e s s t i t c h e d 
a t each s t a r t i n g p o i n t i s g i v e n . 243 

13.7 F e a t u r e s shown by r e c h r o m a t o g r a p h y o f the BAW 
bands o f G o p a l l e a f s h e a t h s ( C o l l e c t i o n 130) 
i n the HAc-HCl s o l v e n t . Number of p i e c e s 
s t i t c h e d a t each s t a r t i n g p o i n t i s g i v e n . 244 

13.8 I n f l u e n c e o f number and s i z e o f band segments 
c o n t a i n i n g a n t h o c y a n i n complexes E, F, G and 
H, sewn a t the s t a r t i n g l i n e , on the v i s i b i l i t y 
and number o f c h r o m a t o s p o t s . G o p a l l e a f 
s h e a t h s , F i e l d C o l l e c t i o n No. 130. 249 

14.1 A b s o r p t i o n s p e c t r a o f a n t h o c y a n i n '. E3-138 from 
b a s a l l e a f s h e a t h s o f G o p a l drawn d i r e c t l y 
f rom p a p e r , ( a ) , and showing the b a t h o c h r o m i c 
s h i f t o b t a i n e d w i t h A 1 C 1 3 > ( b ) . 262 

14.2 A b s o r p t i o n s p e c t r a from the weak a n t h o c y a n i n s p o t 
A l a - 1 3 0 drawn i n s e r i e s from the o r i g i n a l chroma-
t o s t r i p and A2a-130 drawn i n s e r i e s from a com
p a r a b l e c h r o m a t o s t r i p . The two s e r i e s were drawn 
by s u i t a b l y s e t t i n g the z e r o a d j u s t m e n t c o n t r o l 
on the Beckman DK2 s p e c t r o p h o t o m e t e r . 263 

14.3 A b s o r p t i o n s p e c t r a from some v e r y weak a n t h o 
c y a n i n s p o t s o b t a i n e d from G o p a l l e a f s h e a t h s . 
O p t i c a l d e n s i t i e s were below 0.2 and the 
• s e r i e s were o b t a i n e d by a d j u s t i n g the z e r o con
t r o l on the Beckman DK2 s p e c t r o p h o t o m e t e r . 265 

14.4 A b s o r p t i o n s p e c t r a f o r the a n t h o c y a n i n E-2-a-130 
and f o r the a n t h o c y a n i n F-2-130 drawn t o show 
the e f f e c t o f d i f f e r e n t s c a n n i n g t i m e s on "X . 267 

° max 
15.1 The s p l i t t i n g o f a n t h o c y a n i n E3-138 i n t o a t 

l e a s t two components E l , and E3 o c c u r r e d when 
the h i g h l y p u r i f i e d (HP) e l u a t e w i t h o u t d r y i n g 
( I I I ) , o r when the band segment by sewing ( S ) , 
and, hence a v o i d i n g e l u t i o n ( I ) , o r when the 
c r y s t a l l i n e (C) sample d i s s o l v e d i n 0.017<> 
m e t h a n o l i c HCl (IV) were chromatographed. The 
e f f e c t o f a n t h o c y a n i n c o n c e n t r a t i o n , s p o t t e d 
a t the s t a r t i n g l i n e , on the v i s i b i l i t y o f 
chr o m a t o s p o t s i s a l s o shown ( I I , and V). 276 
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15.2 S p e c t r o p h o t o m e t r y d i f f e r e n t i a t i o n o f the c r y s 
t a l l i n e pigments E l and E3. E l shows.the 
c y a n i d i n peak a t 536 mu and the d e g r a d a t i o n 
peak a t 367 mu. E3 shows a c h a r a c t e r i s t i c 

max a ^ -'^ m u °^ c y a n i d i n g l y c o s i d e s . S p e c t r a 
were drawn from 0.01% m e t h a n o l i c H C l s o l u t i o n s . 278 

15.3 Showing the a p p r e c i a b l e h y d r o l y s i s o f a n t h o 
c y a n i n E3 and 5D d u r i n g t h r e e y e a r s i n the 
c r y s t a l l i n e s t a t e . E3 was i s o l a t e d from l e a f 
s h e a t h s and 5D, i d e n t i c a l t o E3, was i s o l a t e d 
from c a r y o p s e s . II i s c y a n i d i n . I was chroma-
t o s p o t t e d from .01% HCl-MeOH, I I , I I I and I V 
from 1% HCl-MeOH. 280 

15.4 Showing t h a t a p p r e c i a b l e h y d r o l y s i s o f a n t h o 
c y a n i n E3 o c c u r s d u r i n g t h r e e y e a r s s t o r a g e on 
chromatopaper ( I ) . F r e s h l y i s o l a t e d E3 ( I I ) 
i s not h y d r o l y z e d . Chromatography by c l a m p i n g 
o b v i a t e d e l u t i o n and, hence, any h y d r o l y s i s 
w h i c h would have o c c u r r e d from t h i s cause. 281 

16.1 A b s o r p t i o n s p e c t r a i n the v i s i b l e and u l t r a 
v i o l e t w a v e l e n g t h s o f y e l l o w c o n t a m i n a n t s 
removed from chromatopaper by a s c e n d i n g i r r i 
g a t i o n f i r s t w i t h m e t h a n o l - w a t e r and t h e n w i t h 
e t h e r . S p e c t r a were drawn from 0.01% m e t h a n o l i c 
H C l s o l u t i o n s . 295 

16.2 C o n c e n t r a t i o n chamber, f r o n t v i e w , showing a n t h o 
c y a n i n s a c c u m u l a t i n g on paper t i p s . A, band 
b e f o r e p l a c i n g i n chamber, B, a f t e r c o n c e n t r a 
t i o n and C, p r e p a r e d f o r e l u t i o n . D, shows 
band p r e p a r a t i o n f o r c o n c e n t r a t i n g an a n t h o 
c y a n i n from a d i f f u s e o r weak band. The 
t o t a l i t y o f the a n t h o c y a n i n movement i s shown 
by B. 296 

16.3 Showing l a r g e s c a l e c o n c e n t r a t i o n and p u r i f i 
c a t i o n o f a n t h o c y a n i n s . 298 

16.4 D i a g r a m o f s t e p s i n c o n c e n t r a t i n g , p u r i f y i n g 
and e l u t i n g a n t h o c y a n i n s from a chromatoband. 299 

18.1 Sugars and r e l a t e d p r o d u c t s d e r i v e d from chroma
t o p a p e r : a~c chromatograms o f y e l l o w m a t e r i a l s 
a c c u m u l a t i n g a t band ends d u r i n g the f i r s t 6-8 
hours of c o n c e n t r a t i o n , d-q, chromatograms o f 
m a t e r i a l s c o n c e n t r a t i n g a t band ends a f t e r 8 
h o u r s ; bands t a k e n from s e v e r a l r e g i o n s o f 
HAc-HCl papergrams t r e a t e d as i f a n t h o c y a n i n s 
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18.1 were p r e s e n t . E l u a n t s : a - u n a c i d i f i e d 
( c o n t ' d ) MeOH-H 20, b-q, 0. 03% HCl-MeOH, the a n t h o c y a n i n 

e l u a n t . H y d r o l y s i s , as f o r a n t h o c y a n i n s , 
u s i n g aquaeous l a y e r f o l l o w i n g s c r u b b i n g w i t h 
i s o a m y l a l c o h o l , ( s u g a r b l a n k s ) c, e, g, i , k, 
m, o, q. Not hyd.folyzed, chromatographed 
d i r e c t l y ( a n t h o c y a n i n b l a n k s ) b, d, f , h, j , 
1, n, p. P y r i d i n e s o l v e n t used t h r o u g h o u t . 
U = unknown. 323 

18.2 S p e c t r a o f i s o a m y l a l c o h o l s o l u b l e m a t e r i a l s 
( a n t h o c y a n i d i n b l a n k s ) p a r t i t i o n e d , from h y d r o 
l y z e d e l u a t e s , w h i c h were o b t a i n e d from the 
HAc-HCl b l a n k chromatobands w i t h the y e l l o w 
ends i n t a c t . D i l u t i o n s e r i e s w i t h 0.01% 
m e t h a n o l i c H C l ; peak a t ca.360 mu, c h a r a c t e r 
i s t i c o f a n t h o c y a n i n and a n t h o c y a n i d i n 
d e g r a d a t i o n , i s not o b s e r v e d . 326 

18.3 S p e c t r a o f i s o a m y l a l c o h o l s o l u b l e m a t e r i a l s 
( a n t h o c y a n i d i n b l a n k s ) p a r t i t i o n e d from h y d r o 
l y z e d e l u a t e s , w h i c h were o b t a i n e d from the 
HAc-HCl b l a n k chromatobands a f t e r y e l l o w ends 
had been removed. Curves a r e s i m i l a r t o t h o s e 
o f F i g . 18.2, i n t h a t d e g r a d a t i o n peaks do 
not appear. 327 

18.4 S p e c t r a o f m a t e r i a l s o b t a i n e d from the HAc-HCl 
b l a n k chromatobands from w h i c h y e l l o w c o n t a m i 
nants had f i r s t been removed ( a n t h o c y a n i n 
b l a n k s ) . S i m i l a r c u r v e s a r e g i v e n when 
u n a c i d i f i e d MeOH-^O and HCl-MeOH a r e used as 
e l u a n t s . A d i s t i n c t s h o u l d e r d i s t i n g u i s h e s 
t h e s e c u r v e s from t h o s e of h y d r o l y z e d 
c o n t a m i n a n t s . 328 

18.5 U.V. s p e c t r a o f n o n - h y d r o l y z e d c o n t a m i n a n t s from 
paperbands ( a n t h o c y a n i n b l a n k s ) show a c h a r a c 
t e r i s t i c peak a t 255 mu. 328 

19.1 P r e p a r a t o r y chromatography o f e x t r a c t s from 
greenhouse grown G o p a l ( C o l l e c t i o n s 400, 404, 
405) and B l a c k H u l l e s s ( C o l l e c t i o n s 402, 407, 
408) b a s a l l e a f s h e a t h s . S o l v e n t BAW; by a s c e n t . 
Note the o c c u r r e n c e o f weak orange p e l a r g o n i d i n 
d e r i v a t i v e s (band G) i n c o l l e c t i o n 402 and the 
absence i n a l l o t h e r s . C h r o m a t o s t r i p s 400a and 
408a a r e attempts, t o o b t a i n maximum band r e s o l u 
t i o n and t o show, i f p r e s e n t , masked p e l a r 
g o n i d i n d e r i v a t i v e s . 346 



Components o b t a i n e d , u s i n g HAc-HCl s o l v e n t , 
from e l u t e d BAW chromatobands o f F i g . 19.1. 
A n t h o c y a n i n s o r i g i n a t e d i n b a s a l l e a f s h e a t h s 
o f G o p a l and B l a c k H u l l e s s . 

P r e p a r a t o r y chromatography of c a r y o p s i s e x t r a c t s 
from f i e l d c o l l e c t i o n s 217, 270, 274, 278 o f 
B l a c k H u l l e s s . S o l v e n t , BAW; by a s c e n t . C o l l e c 
t i o n s made i n one day but i n c r e a s i n g m a t u r i t y i s 
r e p r e s e n t e d from 217 t o 278. C h r o m a t o s t r i p 270a 
was d e v e l o p e d i n 1961, 270b and c, one y e a r 
l a t e r ; a l l show e s s e n t i a l l y the same p a t t e r n s 
but most bands are weakened as a r e s u l t o f 
e x t r a c t s t o r a g e . Bands 1-4, i n g e n e r a l , 
r e s o l v e d p o o r l y and o f t e n appeared as 1 o r 2 
c o n s o l i d a t i o n s . Bands o f m a t e r i a l s v i s i b l e 
under u.v. l i g h t a f t e r NH^ t r e a t m e n t a r e shown 
w e a k l y a t 270c r i g h t . 

Components o b t a i n e d , u s i n g HAc-HCl s o l v e n t , 
from e l u t e d BAW chromatobands 1-4 o f F i g . 19.3. 
A n t h o c y a n i n s o r i g i n a t e d i n c a r y o p s e s o f B l a c k 
H u l l e s s . 

Components o b t a i n e d , u s i n g HAc-HCl s o l v e n t , 
from e l u t e d BAW chromatobands 5-7 o f F i g . 
19.3. A n t h o c y a n i n s o r i g i n a t e d i n c a r y o p s e s 
o f B l a c k H u l l e s s . Note the b r i g h t orange 
p e l a r g o n i d i n d e r i v a t i v e s o f 7H. 

P o l y m e r i z a t i o n o f a n t h o c y a n i n s and a n t h o c y a n i d i n s 
as a r e s u l t o f d r y i n g . Note brown m a t e r i a l s 
d e r i v e d from a n t h o c y a n i n s immobile a t the s t a r t 
i n g l i n e s o f c h r o m a t o s t r i p s 5-274 and 5-217. 
Note the p i n k a n t h o c y a n i d i n s , d e r i v e d from p a r 
t i a l h y d r o l y s i s (E-130) and complete h y d r o l y s i s 
(3-272 I I I ) o f a n t h o c y a n i n s , immobile on the 
s t a r t i n g l i n e s of the two c h r o m a t o s t r i p s on the 
r i g h t . 

A p p a r a t u s f o r h y d r o l y z i n g a n t h o c y a n i n s and 
r e l a t e d g l y c o s i d e s on chromatopaper. 

Methods o f c l a m p i n g a n t h o c y a n i n and a n t h o 
c y a n i d i n bands to f r e s h chromatopaper. 

P a r t i a l and complete h y d r o l y s i s t e c h n i q u e as 
used i n a c o m p a r i s o n o f spermoderm pigments i n 
B l a c k H u l l e s s ( C o l l e c t i o n 456) and i t s h y b r i d 
w i t h 33-B1B1-13 ( C o l l e c t i o n 441). N1N, a n t h o 
c y a n i n . D!1N, a n t h o c y a n i d i n . 



C h e m i c a l removal o f the o u t e r t i s s u e s o f b a r l e y 
c a r y o p s e s t o r e v e a l a l e u r o n e t i s s u e c o l o r s . 
G r a i n s a re of the b l a c k v a r i e t y Gatami and the 
p u r p l e v a r i e t y B l a c k H u l l e s s b e f o r e and a f t e r 
t r e a t m e n t . 

A n t h o c y a n i n s from B l a c k H u l l e s s c a r y o p s e s ; I 
spermoderm p e e l e d m a n u a l l y and e x t r a c t e d ; 
I I , spermoderm from i n t a c t c a r y o p s e s e x t r a c t e d , 
and, I I I , a l e u r o n e t i s s u e from w h i c h spermo
derm has been removed c h e m i c a l l y by 507„ 
H2SSO4 a n c j t h e n e x t r a c t e d . Spermoderm m a n u a l l y 
p e e l e d and e x t r a c t e d and t h a t e x t r a c t e d 
i n t a c t , y i e l d i d e n t i c a l chromatoband p a t t e r n s , 
m a i n l y composed o f c y a n i d i n d e r i v a t i v e s . 
A l e u r o n e y i e l d s m a i n l y d e l p h i n i d i n d e r i v a t i v e s . 

A n t h o c y a n i d i n s from m a n u a l l y p e e l e d spermoderm 
and from a l e u r o n e from w h i c h spermoderm has 
been removed c h e m i c a l l y ; I , A l e u r o n e y i e l d s 
d e l p h i n i d i n and p e t u n i d i n ; I I , Spermoderm 
y i e l d s c y a n i d i n ; I I I , s u b s t a n t i a t e s the i d e n 
t i f i c a t i o n o f p e t u n i d i n e x c i s e d ? from I ; I V and 
V, e x c i s e d from the upper (U) and l o w e r (L). 
p a r t s o f the broad c y a n i d i n band o f I I subs
t a n t i a t e s the pure c y a n i d i n i d e n t i f i c a t i o n . 

A l t e r a t i o n o f chromatoband numbers and sequences 
by f l a s h e v a p o r a t i o n . A n t h o c y a n i n e x t r a c t 400, 
c o n c e n t r a t e d but not d r i e d b e f o r e BAW chroma
t o g r a p h y ; 401 same e x t r a c t " , f l a s h e v a p o r a t e d 
b e f o r e BAW chromatography. Note e s p e c i a l l y the 
l o s s o f band H and note the appearance o f a n t h o 
c y a n i d i n s I i ' a n d I i i i n chromatogram 401. That 
I i and I i i a r e a n t h o c y a n i d i n s and not ' f a s t -
moving' a n t h o c y a n i n s i s shown i n chromatograms 
I i / 4 0 1 and I i i / 4 0 1 from HAc-HCl. 

A n t h o c y a n i n s from G o p a l p e a r l i n g s e x t r a c t e d i n 
.01% HCl-MeOH and chromatographed i n one day ( I ) 
same e x t r a c t a f t e r 4 days, t h e n chromatographed 
( I I ) ; same e x t r a c t a f t e r 4 d a y s , d i l u t e d w i t h 
5x V% HCl-MeOH and reduced i n vacuo t o o r i g i n a l 
volume ( I I I ) ; same as ( I I I ) but a p p l i e d i n 
doubl e c o n c e n t r a t i o n ( I V ) . Note d i s a p p e a r a n c e 
o f bands 3 and 5 i n ( I I I ) and ( I V ) and the 
appearance o f two o r more ' f a s t - m o v i n g ' bands 
i n ( I V ) . 



P e a r l i n g s from B l a c k H u l l e s s e x t r a c t e d i n 
0.1% HCl-MeOH and d r i e d i n vacuo ( I ) and i n 
1% HCl-MeOH not e v a p o r a t e d " t o d r y n e s s ( I I ) 
and chromatographed from BAW. 

Chromatograms o f a n t h o c y a n i n s from b a s a l l e a f 
s h e a t h s o f G o p a l s t o r e d f o r two y e a r s i n 
a c i d i c and two y e a r s i n n e u t r a l s o l v e n t s , 
156-EtOHl, 157-EtOH-HCl, 158-H 20, 159-H 20-HC1, 
160-MeOH, 161-MeOH-HCl. The a n t h o c y a n i n s 
s t o r e d as f l a v y l i u m s a l t s s o l u t i o n s degrade 
t o one o r a few bands; the a n t h o c y a n i n s 
s t o r e d as c o l o r l e s s pseudobases degrade v e r y 
l i t t l e , o r not a t a l l , and show a f u l l 
s p e c t r u m o f Chromatobands. 
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INTRODUCTION 

I n 1955 Dr. D.G. H a m i l t o n , R e s e a r c h B r a n c h , Canada Department o f 

A g r i c u l t u r e , Ottawa, s t a t e d h i s c o n c e r n o v e r t h e v a r i a t i o n s i n the c o l o r 

o c c u r r i n g i n g e n e t i c a l l y u n i f o r m l i n e s and v a r i e t i e s o f C a n a d i a n b a r l e y s . 

Inasmuch as c o l o r s were used as v a r i e t a l markers and were s i g n i f i c a n t i n 

b a r l e y m a l t s and were, t h e r e f o r e , i m p o r t a n t t o b r e e d e r s , m a l t s t e r s , b r e w e r s , 

and o t h e r s c o n c e r n e d w i t h the v e r y l a r g e i n t e r n a l and e x t e r n a l t r a d e i n 

b a r l e y , Dr. H a m i l t o n f e l t t h a t an i n t e n s i v e s t u d y o f the n a t u r e o f c o l o r , 

l a r g e l y a t t r i b u t a b l e t o a n t h o c y a n i n p i g m e n t s , was w a r r a n t e d . He gave h i s 

s u p p o r t t o a s t u d y i n the D i v i s i o n o f P l a n t S c i e n c e a t t h e U n i v e r s i t y o f 

B r i t i s h C o l u m b i a ; e x p l o r a t o r y s t u d i e s were t h e s u b j e c t o f two M a s t e r ' s 

t h e s e s by F a r i s (1956) and M u l l i c k (1959) and of one paper by M u l l i c k , 

B r i n k , F a r i s and Acheson ( 1 9 5 8 ) . 

Through the o f f i c e s o f Dr. H a m i l t o n ( C D . A . ) and Dr. Wiebe 

(U.S.D.A.), a s m a l l but d i v e r s i f i e d c o l l e c t i o n o f v a r i e t i e s and i s o l i n e s 

was assembled i n 1958. The g e n e t i c s o f some c o l o r v a r i a t i o n s had been 

s t u d i e d i n b a r l e y p r i o r t o the i n i t i a t i o n o f t h i s s t u d y b u t v i r t u a l l y no 

work r e l a t i n g t h e pigment g e n e t i c s t o b i o c h e m i s t r y and p h y s i o l o g y was 

e x t a n t ; perhaps t h e o n l y o t h e r c o n t r i b u t i o n s came i n 1961 when c y a n i d i n - 3 -

a r a b i n o s i d e was i s o l a t e d b o t h f r o m b a r l e y husks (Metche and U r i o n , 1961), 

and b a r l e y c o r n ( U r i o n and Metche, 1961). 

W i t h the l o n g s e r i e s o f b r i l l i a n t i n v e s t i g a t i o n s o f a n t h o c y a n i n s 

by W i l s t a t t e r , Onslow, and t h e R o b i n s o n s o f s e v e r a l decades ago, w i t h t h o s e 

of today by the l a b o r a t o r i e s of H a r b o r n e , N e i s h , Geissman and o t h e r s and 

w i t h the r e l a t e d g e n e t i c a l s t u d i e s o f H a l d a n e , S c o t t - M o n c r i e f f , and 



2 

Emerson as background, i t was hoped, t h a t b i o c h e m i c a l s t u d y w o u l d n o t be 

d e t a i l e d or p r o l o n g e d and t h a t the n a t u r e o f the g e n e t i c a l c o n t r o l s i n 

pigment development c o u l d be a c c o r d e d i n t e n s i v e , s t u d y . I t was e a r l y 

d i s c o v e r e d t h a t knowledge of pigments g a i n e d . f r o m f l o w e r c o l o u r s t u d i e s 

c o u l d n o t be a p p l i e d i n s i m p l e f a s h i o n t o b a r l e y c o l o u r s t u d i e s and 

the e v o l u t i o n o f new t e c h n i q u e s and t h e i r a p p l i c a t i o n became a major 

p a r t o f the r e s e a r c h . 
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1. REVIEW OF LITERATURE 

Barley, the oldest of the common cereals, has the widest habitat 

range. It grows beyond the A r c t i c C i r c l e where, i n summer, the s o i l thaws 

no more than a few inches below the surface and on the t r o p i c a l plains of 

India. High on Ethiopian mountain slopes, barley may ripen beside pools 

of water which freeze n i g h t l y . I t grows on the lower delta of the N i l e 

where s a l t water i s found at depths of a l i t t l e more than a foot. In 

Tibet i t occupies large acreages on plains at 15,000 feet and may grow, 

occasionally, on higher adjacent Himalayan slopes. I t i s an important 

though r a r e l y the major crop in nearly every a g r i c u l t u r a l region. 

Barley, as has been mentioned, i s a very old crop and has played 

an important r o l e in the development of n e o l i t h i c culture in the Old World. 

The problem of i t s o r i g i n i n t e r e s t s archaeologists, anthropologists, 

agronomists and g e n e t i c i s t s . Its importance to the human race has grown 

s t e a d i l y and i t has emerged as one of the leading cereals of the world. 
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B a r l e y , l i k e m a i z e , i s a d i p l o i d s p e c i e s , f o r w h i c h a w i d e range 

of m u t a t i o n s has been d e s c r i b e d . The c r o p i s the s u b j e c t of a number of 

books, monographs, and e x t e n s i v e r e v i e w s ; among t h e s e a r e t h e works of 

H.V. H a r l a n ( 1 9 5 7 ) , S m i t h ( 1 9 5 1 ) , Weaver ( 1 9 4 3 ) , A b e r g and Wiebe (1946, 

1948), D e r r ( 1 9 1 1 ) , Beaven ( 1 9 4 7 ) , Hunter ( 1 9 5 2 ) , T a k a h a s h i (1955) and 

N i l a n ( 1 9 6 4 ) . Thousands of s c h o l a r s have made c o n t r i b u t i o n s t o our know

l e d g e of b a r l e y . T a k a h a s h i (1943) r e c o r d s 1300 a r t i c l e s p u b l i s h e d by 1941 

d e a l i n g w i t h g e n e r a l morphology, c l a s s i f i c a t i o n , g e n e t i c s , c y t o l o g y , p l a n t 

b r e e d i n g , d i s e a s e s , p h y s i o l o g y , c u l t i v a t i o n , l i v e s t o c k f e e d i n g , b r e w i n g , 

and c h e m i c a l and p h y s i c a l p r o p e r t i e s of t h e g r a i n . S m i t h (1951) b r o u g h t 

c e r t a i n s e c t i o n s of the b i b l i o g r a p h y up t o d a t e i n 1950 and N i l a n (1964) 

t o d a t e i n 1962. The f i r s t i n t e r n a t i o n a l c o n g r e s s on b a r l e y g e n e t i c s 

( B a r l e y G e n e t i c s , 1964) i n d i c a t e s something o f t h e g r o w i n g s c i e n t i f i c 

i n t e r e s t i n t h e c r o p . 

U n t i l 1959 ( M u l l i c k , M.S.A. T h e s i s ) , t h e r e had been no s e r i o u s 

a t t e m p t t o b r i n g t o g e t h e r t h e r e l e v a n t l i t e r a t u r e on c o l o r s and pigments 

o f b a r l e y and, i n p a r t i c u l a r , on t h e w a t e r - s o l u b l e a n t h o c y a n i n p i g m e n t s . 

R e l e v a n t l i t e r a t u r e s i n c e 1958 i s b r i e f l y c i t e d below. 

B i o g e n e s i s has been c o n s i d e r e d by Bogorad (1958) and N e i s h ( 1 9 6 0 ) . 

The o r g a n i c c h e m i s t r y o f f l a v o n o i d s and r e l a t e d compounds i s the s u b j e c t 

of s e v e r a l books and r e v i e w s , n o t a b l y t h o s e by Wawzonek ( 1 9 5 1 ) , B l a n k 

( 1 9 5 8 ) , Geissman (1962, 1963), Swain and B a t e - S m i t h ( 1 9 6 2 ) , Gore, J o s h i , 

S u nthankar and T i l a k (1962) and Goodwin ( 1 9 6 5 ) . The chromatography o f 

f l a v o n o i d pigments has been r e v i e w e d by Harborne (1959a, 1959b). 

R e l e v a n t r e v i e w s on t h e enzyme b i o c h e m i s t r y o f p h e n o l i c compounds and 

a c e t o g e n i n s have been e d i t e d by Pridham ( 1 9 6 3 ) , H arborne ( 1 9 6 4 ) , R i c h a r d s 

and H e n d r i c k s o n ( 1 9 6 4 ) . Anthocyanogens i n m a l t i n g and b r e w i n g have been 

d i s c u s s e d by Cook (1963) and P o l l o c k ( 1 9 6 3 ) . 
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2. THE BARLEY COLLECTION 

From some 60 v a r i e t i e s and i s o g e n i c l i n e s grown on t h e U n i v e r s i t y 

Farm, a few were s e l e c t e d t o p r o v i d e s u i t a b l e c o l o r d i v e r s i t y f o r the 

purposes of t h i s s t u d y . Most v a r i e t i e s and l i n e s had been c a r e f u l l y 

s e l e c t e d f o r agronomic and g e n e t i c a l c h a r a c t e r s f o r t e n y e a r s ; t h e most 

u s e f u l a r e l i s t e d i n T a b l e 2 . 1 . 

TABLE 2.1 
LIST OF BARLEY VARIETIES MOST COMMONLY USED 

Name P l a n t B r e e d e r ' s O r i g i n a l S o u r c e 
C o l o r 

G a t a m i b l a c k CD.A., Ottawa 
L i o n b l a c k CD.A., Ottawa 
Kwan b l u e CD.A., Ottawa 
Montcalm b l u e CD.A., Ottawa 



Name P l a n t B r e e d e r ' s 
C o l o r 

O r i g i n a l S o u r c e 

T r e b i p e c u l i a r b l u e CD.A., Ottawa 
B l a c k H u l l e s s p u r p l e CD.A., Ottawa 
G o p a l (C.I.1091) b r i g h t p u r p l e U.S.D.A., Ab e r d e e n , I d . 
G o l d e n Pheasant 

(C.I.2488) w h i t e U.S.D.A., Ab e r d e e n , I d . 
Hanna w h i t e CD.A., Ottawa 
C-54-55 w h i t e & n e a r * w h i t e CD.A., Ottawa 
A t l a s ( C . I . 4 1 1 8 ) b l u e U.S.D.A., Ab e r d e e n , I d . 
Compana w h i t e U.B.C., Vancouver, B.C. 
C . I . 5628 p u r p l e U.S.D.A., Ab e r d e e n , I d . 
C-54-22 p a l e b l u e CD.A., Ottawa 
D e f i c i e n s ( C . I . 2 2 2 5 ) w h i t e U.S.D.A., A b e r d e e n , I d . 
E t h i o p s w h i t e & near w h i t e CD.A., Ottawa 
Kama-Ore.(C.I.694) near w h i t e U.S.D.A., Aberde e n , I d . 
K i t c h e n b l a c k CD.A. Ottawa 
Orange lemma 

(C.I.5649) w h i t e & near w h i t e U.S.D.A., Ab e r d e e n , I d . 
Orange lemma, 

57-AB-1390 w h i t e & near w h i t e U.S.D.A., Ab e r d e e n , I d . 
Normal lemma, oo 

57-Ab-1394 w h i t e & near w h i t e U.S.D.A., Ab e r d e e n , I d . 
Vantage w h i t e U.S.D.A., Ab e r d e e n , I d . 
3 1 - b l b l - 1 3 w h i t e U.S.D.A., Ab e r d e e n , I d . 
33-B1 B l - 1 3 b l u e U.S.D.A., Ab e r d e e n , I d . 
3 6 - b l b l - 2 1 w h i t e U.S.D.A., Ab e r d e e n , I d . 
36-B1 B l - 2 1 b l u e U.S.D.A., Ab e r d e e n , I d . 
71-pr pr-10 w h i t e U.S.D.A., Ab e r d e e n , I d . 
71-Pr Pr-10 p u r p l e U.S.D.A., Aberde e n , I d . 
5090-2 - 3 g r e y & near w h i t e CD.A., Ottawa 
5090-10-4 w h i t e & near w h i t e CD.A., Ottawa 
5090-15-1 w h i t e CD.A., Ottawa 
5423-4 d a r k b l u e o r g r e y CD.A., Ottawa 
5424-7 dar k b l u e or b l a c k CD.A., Ottawa 
5425-8 g r e y CD.A., Ottawa 
5428-2 b l a c k CD.A., Ottawa 

*'Near w h i t e ' i s c o l l o q u i a l l y r e f e r r e d t o as ' d i r t y w h i t e 1 by p l a n t 
b r e e d e r s . 
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3 . LOCALIZATION OF ANTHOCYANINS BY PEELING 
THE INVESTMENTS QF THE BARLEY CARYOPSIS 

The i n t e r e s t o f g e n e t i c i s t s and p l a n t b r e e d e r s i n the a n t h o c y a n i n 

pigments o f the c a r y o p s i s o f b a r l e y (Hordeum v u l g a r e L. Emend, Lam.) i s 

shown i n the r e v i e w s by Sm i t h ( 1 9 5 1 ) , N i l a n ( 1 9 6 4 ) and Aberg and Wiebe 

( 1 9 4 8 ) . The i n t e r e s t o f the m a l t s t e r , brewer and c e r e a l p r o c e s s o r i n 

a n t h o c y a n i n s and the r e l a t e d anthocyanogens has been s t a t e d by P o l l o c k 

( 1 9 6 3 ) and by Morgan e t a l . ( 1 9 6 4 ) . To a n a l y z e or t o c o r r e l a t e the many 

o b s e r v a t i o n s r e l a t i n g t o th e s e compounds i s d i f f i c u l t f o r the r e a s o n 

t h a t t h e i r l o c a l i z a t i o n i n t h e complex o f t i s s u e s i n v e s t i n g the c a r y o p s i s 

i s seldom a t t e m p t e d . The t e c h n i q u e and o b s e r v a t i o n s i n t h e p r e s e n t s t u d y 

may s i m p l i f y or c l a r i f y g e n e t i c a l and c h e m i c a l a n a l y s i s . . 

T h i n s e c t i o n i n g and p e a r l i n g , f o l l o w e d by h i s t o c h e m i c a l s t u d y , a r e 

o b v i o u s means o f l o c a l i z i n g f l a v o n o i d pigments b ut M u l l i c k ( 1 9 5 9 ) found 

them l a c k i n g i n p r e c i s i o n . P o l l o c k , .est a l . . ( 1 9 5 5 ) " d e c o r t i c a t e d " m a l t i n g 

b a r l e y by immersing g r a i n s i n 507o s u l f u r i c a c i d f o r t h r e e hours.. Morgan 
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et a l . ( 1 9 6 4 ) , peeled graminaceous gr a i n s by a lye treatment. In a l l of 

these procedures anthocyanins d i f f u s e from the outer coverings and s u f f e r 

degradation. 

3.1. MATERIALS AND METHODS 

In most b a r l e y s at m a t u r i t y , as Harlan (1920) points out, lemma 

and palea are bonded chemically to the caryopsis but may be scraped away. 

At dough stage the bonding i s weak or non-existent. I t i s o f t e n convenient 

to use naked or h u l l e s s v a r i e t i e s . A diagram of a b a r l e y caryopsis i s 

shown i n F i g . 4.1. 

Three t i s s u e l a y e r s can be peeled manually and s u c c e s s i v e l y from 

the caryopsis surface at dough stage. E x c i s i o n of the embryo, e a s i l y 

accomplished w i t h a thumbnail, leaves the outer investments loose i n the 

s c u t e l l a r region and provides a good s t a r t i n g point f o r p e e l i n g . Tissues 

at dough stage peel e a s i l y . Tissues at f l i n t s t a t e m a t u r i t y peel a f t e r 

soaking grains f o r four days i n water at near f r e e z i n g temperatures; 

accompanying chemical change i s minimal. 

Although the h i s t o l o g y of the b a r l e y caryopsis has been studied by 

a number of workers, i n c l u d i n g Brown (1907, 1909), Mann and Harlan (1915) 

and C o l l i n s ( 1 9 1 8 ) , i t i s not p o s s i b l e from t h e i r work to r e l a t e w i t h any 

c e r t a i n t y the peelable l a y e r s of the c a r y o p s i s to the s p e c i f i c t i s s u e s they 

name. Obviously c l a r i f i c a t i o n was needed. F i r s t attempts to achieve 

correspondence used s e c t i o n s , obtained freehand or from s l i d i n g or r o t a r y 

microtomes. Three types of s e c t i o n s were compared: (a) those obtained 

without p e e l i n g ; (b) those w i t h the f i r s t or outer l a y e r peeled and (c) 

those w i t h the second and t h i r d l a y e r s removed. The s e c t i o n s were mounted 
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i n g l y c e r o l : 3N h y d r o c h l o r i c a c i d (5:1) and phot o g r a p h e d . L a t e r , b e t t e r 

s e c t i o n s were o b t a i n e d by s u p p o r t i n g c a r y o p s e s i n a m a t r i x o f Lab-Tek 

O.C.T. ( r a n g e 0°C t o -15°C) and s e c t i o n i n g a t 16 m i c r o n s i n an I n t e r 

n a t i o n a l H a r r i s C r y o s t a t w i t h t h e chamber a t -20°C. The s e c t i o n s o b t a i n e d 

were mounted i n 1 drop o f aqueous 1% h y d r o c h l o r i c a c i d f o l l o w e d by a drop 

o r two of 3N h y d r o c h l o r i c a c i d : g l y c e r o l ( 1 : 1 ) . O t h e r w a t e r s o l u b l e mount

i n g media t r i e d were n o t s a t i s f a c t o r y . 

•3.2. OBSERVATIONS AND DISCUSSION 

Photographs o f s e c t i o n s o f the o u t e r t i s s u e s o f t h e mature c a r y o p 

s i s a r e p r e s e n t e d i n F i g s . 311 t o 3.8. Seven l a y e r s a r e marked i n F i g . 

3.1. The o u t e r m o s t , and most p r o m i n e n t , i s n o n - c h l o r o p h y l l o u s and con

s i s t s o f f o u r t o seven c e l l l a y e r s o f parenchyma and i n n e r and o u t e r 

e p i d e r m i s . I t i s e q u i v a l e n t t o t h e p e r i c a r p o f C o l l i n s ( 1 9 1 8 ) . The 

morphology o f the p e r i c a r p seen i n F i g s . 3.1 t o 3.5 as t i s s u e ' a 1 , changes 

s u b s t a n t i a l l y even d u r i n g t h e l a t e r s t a g e s o f development. There i s a l s o 

some v a r i a t i o n i n the appearance of t h e p e r i c a r p i n a s i n g l e c a r y o p s i s a t 

m a t u r i t y f o r , when t h e parenchyma c e l l s a r e l a r g e and b l o c k y i n the r e g i o n 

o f the f u r r o w , t h e y a r e t h i n and e l o n g a t e o v e r the d o r s a l s u r f a c e o f t h e 

c a r y o p s i s . S e p a r a t i o n o c c u r s i n t h e t i s s u e d e s i g n a t e d by C o l l i n s (Toe. 

c i t . ) as t h e i n n e r e p i d e r m i s o f t h e p e r i c a r p ( F i g . 3.4,a^). I n some 

c a r y o p s e s and i n c e r t a i n r e g i o n s o f a s i n g l e c a r y o p s i s i t may be a w e l l 

d e f i n e d c e l l l a y e r , b u t i n o t h e r s i t may be r e d u c e d t o a band o f p o o r l y 

d e f i n e d , e l o n g a t e d c e l l w a l l s . The p e r i c a r p i s i n c o n t a c t w i t h the o u t e r 

embryo f a c e and c o v e r s the o t h e r c a r y o p s i s t i s s u e s . By the e a r l y dough 

s t a g e , t h e p e r i c a r p i s papery and c o l o r l e s s , a l t h o u g h Mann and H a r l a n 
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F i g s . 3.1 t o 3.8 
Showing o u t e r t i s s u e s o f the b a r l e y c a r y o p s i s , pigment 
l o c a l i z a t i o n and s t a g e s i n removal o f t i s s u e s by harid. 
F i g . 3.1 p e r i c a r p (a) e x f o l i a t i n g ; t i s s u e s d e r i v e d from 
integuments ( b ) , ( c ) , and from the n u c e l l u s ( d ) ; 
a l e u r o n e e n v e l o p e (e) ; a l e u r o n e l a y e r , 3 t o 5 c e l l s 
t h i c k ( f ) , endosperm ( g ) . F i g . 3.2 b l o c k y c e l l s o f the 
p e r i c a r p seen i n the a r e a o f the f u r r o w compare w i t h 
e l o n g a t e d c e l l s i n F i g . 3.1. F i g . 3.3 e x v o l i a t i o n o f 
p e r i c a r p ( a ) , a t the i n n e r m o s t c e l l l a y e r o f the p e r i 
c a r p and e x f o l i a t i o n of t i s s u e s o f i n t e g u m e n t a r y o r i g i n 
( b ) , ( c ) , from t i s s u e s o f n u c e l l a r o r i g i n ( d ) , and 
n u c e l l a r t i s s u e from a l e u r o n e ( f ) . F i g . 3.4 shows 
c l e a r l y i n n e r e p i d e r m i s ( a l ) , o f p e r i c a r p where s e p a r a t i o n 
o c c u r s . F i g . 3.5, i n t e n s e development o f a n t h o c y a n i n 

pigment i n spermodern ( b ) , ,(c) , ( d ) , beneath the p e r i c a r p 
(a) , w h i c h i s c h a r a c t e r i s t i c a l l y c o l o r l e s s . F i g . 3.6, 
p e r i c a r p p e e l e d m a n u a l l y t o l e a v e pigmented spermodern 
(b) , ( c ) , ( d ) . F i g . 3.7 s i m i l a r t o F i g . 3.6 but shows 
the c e l l s t r u c t u r e o f the spermodern. F i g . 3.8 a l e u r o n e 
e n v e l o p e ( e ) , a l e u r o n e ( f ) , endosperm ( g ) , a f t e r p e e l i n g 
p e r i c a r p and spermoderin. 
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(1915) found c h l o r o p h y l l i n t h e p e r i c a r p parenchyma d u r i n g o v u l e d e v e l o p 

ment. O c c a s i o n a l l y a c i d i f i c a t i o n p r o d u c es brown, n o n - a n t h o c y a n i n s p o t s i n 

p e r i c a r p p e e l e d f r o m mature k e r n e l s . The s l i g h t a n t h o c y a n i n p i g m e n t a t i o n , 

o c c a s i o n a l l y seen i n mature p e r i c a r p t i s s u e s , may s i m p l y be the r e s u l t of 

d i f f u s i o n f r o m , or a t t a c h m e n t o f , f r a g m e n t s o f u n d e r l y i n g t i s s u e . 

A c h l o r o p h y l l o u s l a y e r , b, w h i c h remains a f t e r the p e r i c a r p i s 

p e e l e d i s seen i n F i g . 3.7, as w e l l as i n F i g . 3.2, 3.4 and most c l e a r l y 

i n s i t u i n F i g . 3.1. As t h e c a r y o p s i s approaches m a t u r i t y , the c e l l s , a t 

l e a s t t h r e e deep, become e l o n g a t e and p e e l i n g i s d i f f i c u l t . A t e a r l y 

dough s t a g e the t i s s u e s b, c and d s p l i t r e a d i l y and may be m a n u a l l y 

p e e l e d as two l a y e r s . S e c t i o n i n g , f o l l o w e d by a t w i s t o f t h e s e c t i o n s , 

may s p l i t t h e t i s s u e s , as shown i n F i g . 3.3. The d o u b l e l a y e r e d t i s s u e , 

f o r c o n v e n i e n c e , was named "spermoderm," a term used by Brown (1907) f o r 

a n e a r l y e q u i v a l e n t t i s s u e . I n h u l l e s s v a r i e t i e s such as ' B l a c k H u l l e s s ' 

w i t h a ' p u r p l e g r a i n , ' t h e spermoderm i s h e a v i l y p i gmented, so much so 

t h a t , i n s e c t i o n e d m a t e r i a l , c e l l w a l l s a r e o f t e n o b s c u r e d , as i n F i g s . 

3.5 and 3.6, by t h e d i f f u s i n g a n t h o c y a n i n s . Under th e l o c a t i o n our 

c o n d i t i o n s p r e s e n t the spermoderm o f v a r i e t i e s c l o s e l y i n v e s t e d by lemma 

and p a l e a i s c o l o r l e s s , whereas i n some v a r i e t i e s i f the t i s s u e i s 

g e n e t i c a l l y competent, t h e spermoderm o v e r t h e a r e a n o t f u l l y c o v e r e d by 

lemma and p a l e a may be pigmented. 

The two p e e l a b l e l a y e r s , d e s i g n a t e d i n F i g s . 3.1 t o 3.8 as b, c, 

and/or d, g e n e r a l l y o v e r l i e t h e a l e u r o n e e x c e p t where the a l e u r o n e f a c e s 

the embryo and appears to be r e f e r a b l e t o the ' n u c e l l a r e p i d e r m i s ' and 

'tegmen' o f C o l l i n s ( l o c . c i t . ) . B o t h t e n d t o f a c e a l i m i t e d a r e a o f 

embryo and b o t h t e n d t o p a r a l l e l one a n o t h e r i n development and p h y s i o l o g y . 

I t seemed, t h e r e f o r e , a p p r o p r i a t e t o t r e a t t h e s e t i s s u e s c o l l e c t i v e l y i n 
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c h e m i c a l s t u d i e s and t o name t h e a s s o c i a t e d t i s s u e s 'spermoderm' as d i d 

Brown i n 1907. 

U n d e r l y i n g t h e spermoderm i s a n o n - c e l l u l a r l a y e r c l e a r l y shown 

i n F i g s . 3.1, 3.7 and 3.8 o f s e c t i o n s f r o m t h e v a r i e t y , B l a c k H u l l e s s 

w h i c h , h e r e i n , i s named the a l e u r o n e e n v e l o p e . B e n e a t h the e n v e l o p e i s 

the a l e u r o n e l a y e r , 3 t o 5 c e l l s i n t h i c k n e s s and s h a r p l y d e l i m i t e d f r o m 

the endosperm. The a l e u r o n e l a y e r i s shown c l e a r l y i n F i g s . 3.1 and 3.7. 

I n F i g . 3.8 the a l e u r o n e e n v e l o p e and c e l l s a r e shown a f t e r the p e r i c a r p 

and spermoderm have been removed m a n u a l l y . The a l e u r o n e e n v e l o p e appears 

t o have been o v e r l o o k e d i n h i s t o l o g i c a l s t u d i e s ; i t i s i m p o r t a n t l y i n 

v o l v e d i n p e r m e a b i l i t y f o r i t s impedes t h e movement o f a n t h o c y a n i n s , and 

w a t e r and many o t h e r s o l v e n t s . That i t o r i g i n a t e s i n the a l e u r o n e i s 

i n d i c a t e d by t h e f a c t t h a t i t does n o t o c c u r where o n l y t h e p e r i c a r p o r 

spermoderm f a c e the embryo. I t i s w e l l known t h a t t h e a l e u r o n e c e l l s 

have t r i p l o i d n u c l e i , t h a t t h e y d i s p l a y x e n i a and t h a t t h e y a r e h i g h l y 

p r o t e i n a c e o u s . The t i s s u e d e s i g n a t e d i n F i g s . 3.1 t o 3.8 as ( f ) , and 

exposed as t h e p e e l a b l e t i s s u e s a r e removed, i s e a s i l y r e c o g n i z e d as 

a l e u r o n e . The a l e u r o n e of t h e B l a c k H u l l e s s v a r i e t y , s e c t i o n s o f w h i c h 

a r e shown, i s h e a v i l y pigmented and b l u e . I n o t h e r v a r i e t i e s , p r o v i d e d 

the t i s s u e i s g e n e t i c a l l y competent, the a l e u r o n e p i g m e n t a t i o n d e v e l o p s 

whether the lemma and p a l e a a r e bonded t o the c a r y o p s i s or n o t and i n 

d e p e n d e n t l y o f deep p i g m e n t a t i o n i n the spermoderm. 

F o l l o w i n g t h e p e e l i n g of p e r i c a r p , spermoderm and a l e u r o n e 

t i s s u e s as s e p a r a t e e n t i t i e s , i t has been p o s s i b l e t o e s t a b l i s h the 

a l e u r o n e a n t h o c y a n i n s as d i s t i n c t l y d i f f e r e n t f r o m t h o s e of t h e spermoderm 

and t o show t h a t the a n t h o c y a n i n s o f a l e u r o n e a r e o f two g e n e r a l t y p e s , one 

r e a d i l y e x t r a c t e d f r o m the t i s s u e by w a t e r and a l c o h o l and t h e o t h e r 
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p r o t e i n bound and n o t e x t r a c t a b l e w i t h o u t s o n i c o r o t h e r means o f p a r t i 

t i o n i n g . By p e e l i n g and p l a c i n g t h e s e p a r a t e t i s s u e s o f t h e c a r y o p s i s i n 

an a c i d medium, i t has been p o s s i b l e t o a c c u r a t e l y p l a c e i n d i v i d u a l s i n 

c o l o r c l a s s e s i n s e g r e g a t i n g p o p u l a t i o n s and t o c l a s s i f y l i n e s and 

v a r i e t i e s a c c u r a t e l y by c o l o r ( S e c . 4; A p p e n d i x : T a b l e s 27.1 t o 27.XX). 

F i n a l l y , t he t e c h n i q u e has made p o s s i b l e a d e f i n i t i v e c h e m i c a l s t u d y o f 

the a n t h o c y a n i n s of t h e b a r l e y c a r y o p s i s . 

3.3. SUMMARY 

Three t i s s u e l a y e r s namely, p e r i c a r p , spermoderm and a l e u r o n e 

may be p e e l e d m a n u a l l y and s u c c e s s i v e l y f r o m t h e c a r y o p s i s o f b a r l e y 

d i r e c t l y a t t h e dough s t a g e , o r a t t h e f l i n t y s t a g e by f i r s t s o a k i n g i n 

w a t e r f o r f o u r d a y s . C o r r e s p o n d e n c e o f t h e p e e l a b l e t i s s u e s t o t h o s e 

named by h i s t o l o g i s t s s e v e r a l decades ago was d e t e r m i n e d by s e c t i o n i n g 

w i t h a c r y o s t a t . The t e c h n i q u e has made p o s s i b l e a d e f i n i t i v e c h e m i c a l 

s t u d y o f t h e a n t h o c y a n i n s and anthocyanogens o f b a r l e y and p r e c i s e g r a i n 

c o l o r c l a s s i f i c a t i o n s o f l i n e s and v a r i e t i e s . 
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4. FIELD OBSERVATIONS OF COLOR PATTERNS 

A common sense e a r l y s t e p i n t h e s t u d y o f c o l o r v a r i a t i o n i n 

b a r l e y i s t o make c o m p a r a t i v e o b s e r v a t i o n s o f c o l o r d i s t r i b u t i o n and d e v e l 

opment i n d i f f e r e n t g e n o t y p e s . A n o t h e r e a r l y and l o g i c a l s t e p i s t o s u r v e y 

i n t r a v a r i e t a l v a r i a t i o n under d i f f e r e n t c l i m a t i c and e d a p h i c c o n d i t i o n s . 

The m a l t i n g t r a d e had u n d e r t a k e n a c a s u a l s u r v e y o f c o l o r v a r i a t i o n i n 

s t a n d a r d v a r i e t i e s i n Western Canada, t h e r e f o r e e f f o r t was e a r l y d i r e c t e d 

towards o c u l a r s t u d y o f i n t e r v a r i e t a l p a t t e r n s a t one l o c a t i o n v i z . , t h e 

U n i v e r s i t y Farm. I t was e x p e c t e d t h a t such s t u d i e s w o u l d p r o v i d e a 

r a t i o n a l b a s i s f o r c o l o r s a m p l i n g i n b i o c h e m i c a l and p h y s i o l o g i c a l phases 

and, p o s s i b l y p r o v i d e c l u e s t o b i o g e n e t i c a l o r b i o c h e m i c a l r e l a t i o n s h i p s . 

From much o f t h e g e n e t i c a l l i t e r a t u r e t he i m p r e s s i o n was g a i n e d 

t h a t many c o l o r p a t t e r n s i n b a r l e y were s t r o n g l y e x p r e s s e d . From t h e 

m a l t i n g t r a d e and comments from b r e e d e r s , on t h e o t h e r hand, the i m p r e s s i o n 

was g a i n e d t h a t e x p r e s s i v i t y v a r i e d c o n s i d e r a b l y . C o l o r p a t t e r n i n g d i d 
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i n d e e d r e s p o n d s e n s i t i v e l y t o v a r i a t i o n s i n environment and v a r i a t i o n s 

a s s o c i a t e d w i t h p l a n t i n g d a t e and season c o m p l i c a t e d l a t e r s t u d i e s . 

4.1. A SHORT REVIEW OF RELEVANT LITERATURE 

F l a v o n o i d p i g m e n t a t i o n i n t h e b a r l e y p l a n t may appear i n t h e 

b a s a l l e a f s h e a t h ( r a r e l y , o t h e r l e a f s h e a t h s ) l e a f t i p s ( o c c a s i o n a l l y ) , 

a u r i c l e s , nodes, i n t e r n o d e s , glume awns, lemma awns, p e r i c a r p , a l e u r o n e , 

and endosperm ( o c c a s i o n a l l y ) . V e g e t a t i v e p l a n t p a r t s , such as b a s a l l e a f 

s h e a t h s , may be r e d , y e l l o w o r w h i t e . S p i k e and g r a i n c o l o u r s may be 

v a r i o u s , v i z . , b l a c k , brown, g r a y , b l u e , p u r p l e , r e d , b u f f , o r a n g e , n e a r -

w h i t e or w h i t e ( T a k a h a s h i and Yamamoto, 1950; S m i t h , 1951.). 

H a r l a n (1914) was t h e f i r s t t o s u g g e s t t h a t the r e d and b l u e 

pigments were a n t h o c y a n i n s . T h i s o b s e r v a t i o n was amply c o n f i r m e d by 

c h e m i c a l s t u d i e s by M u l l i c k , F a r i s , B r i n k and Acheson (1958) and M u l l i c k 

( 1 9 5 9 ) . The b l a c k and brown pigments of b a r l e y were b e l i e v e d by H a r l a n 

(1914) t o be m e l a n i n s . L e w i c k i (1929) and B u c k l e y (1930) s u p p o r t e d t h i s 

v i e w . N o n e t h e l e s s , the c h e m i s t r y of the b l a c k and brown pigments has not 

been a c c o r d e d s u f f i c i e n t s t u d y t o p e r m i t a d e f i n i t e s t a t e m e n t about t h e i r 

n a t u r e . Y e l l o w and orange pigments a r e p r o b a b l y f l a v o n o i d s and may be 

s i m i l a r o r i d e n t i c a l t o the y e l l o w s a p o n a r i n , and l u t o n a r i n , and i t s 3-

methy e t h e r , i s o l a t e d from b a r l e y l e a v e s by S e i k e l and her a s s o c i a t e s 

(1957, 1959, 1962). L e u c o a n t h o c y a n i n s were i s o l a t e d from m a l t by H a r r i s 

( 1 9 5 6 ) , f r o m m a l t husk by H a r r i s (1958) and f r o m g r a i n s of c e r t a i n b a r l e y 

v a r i e t i e s by M u l l i c k ejt a l _ . , ( 1 9 5 8 ) . Four l e u c o a n t h o c y a n i n s o r i g i n a l l y 

d e t e c t e d by H a r r i s (1956) have s i n c e been d e s i g n a t e d as c y a n i g e n I , 

c y a n i g e n I I , d e l p h i n i g e n I and d e l p h i n i g e n I I R e y n o l d s , A t t e r t o n , K i r s o p 
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and P o o l , 1 9 6 1 ) . 

A number o f compounds, p o s s i b l y r e l a t e d b i o g e n e t i c a l l y t o t h e 

f l a v o n o i d pigments o f b a r l e y , have been i d e n t i f i e d , v i z . , + ( d ) - c a t e c h i n by 

H a r r i s ( 1 9 5 8 ) , v a n i l l i c , f e r u l i c and p - coumaric a c i d s by H a r r i s (1958) and 

by Sumere e t a l . , (1958) h e r n i a r i n , s i n a p i c a c i d , s c o p o l e t i n , c o u m a r i n , 

u m b e l l i f e r o n e , a e s c u l e t i n , p - h y d r o x y b e n z o i c a c i d , o - h y d r o x y c i n n a m i c a c i d , 

s y r i n g i c a c i d and c h l o r o g e n i c a c i d by Sumere e t a l . , ( 1 9 5 8 ) . 

I n some s p e c i e s , such as a l f a l f a , Medicago s a t i v a , two pigment 

systems, q u i t e u n r e l a t e d c h e m i c a l l y , one c a r b t e n o i d and one f l a v o n o i d , 

o c c u r . I n b a r l e y , f l a v o n o i d c o l o r s ( p u r p l e , b l u e , r e d , y e l l o w and w h i t e ) 

and m e l a n i n o r m e l a n i n - l i k e c o l o r s ( b l a c k , brown, r e d , g r e y and o f f - w h i t e ) 

o c c u r , but whether o r not t h e y a r e i n v o l v e d i n one o r two r e l a t e d c h e m i c a l 

systems has n o t been e s t a b l i s h e d . C o l o r i n h e r i t a n c e s t u d i e s , w h i c h a r e 

many, and w h i c h might be e x p e c t e d t o shed some l i g h t on the c h e m i c a l 

r e l a t i o n s h i p s , have no t been v e r y h e l p f u l . 

I f a n t h o c y a n i n s a r e p r o d u c e d , i n p a r t , f r o m ' r e s i d u e s ' of 

a r o m a t i c amino a c i d s a f t e r d e a m i n a t i o n , as s u g g e s t e d by s e v e r a l i n v e s t i 

g a t o r s , such as Geissmann and H i n r e i n e r (1952) and K a n d l e r ( 1 9 5 8 ) , t h e n i t 

i s c o n c e i v a b l e t h a t r e l a t i o n s of the f l a v o n o i d and m e l a n i c systems may not 

be d i s t a n t . 

The f l a v o n o i d and p u t a t i v e m e l a n i c pigments o f b a r l e y a r e u s e f u l 

t o d i s t i n g u i s h v a r i e t i e s . A b e r g and Wiebe (1946, 1948) and Wiebe and 

R e i d (1961) e s p e c i a l l y , have employed them t o g r e a t advantage i n the 

taxonomy o f mature p l a n t s . The e x t e n s i o n of t h e i r c o l o r s t u d i e s t o s t a g e 

by s t a g e o b s e r v a t i o n i n t h e g r o w i n g p l a n t appeared t o be a u s e f u l a d d i t i o n 

t o t h e i r work and a u s e f u l p r e f a c e f o r b i o g e n e t i c s t u d i e s . A l s o i t was 

b e l i e v e d t h a t s t a g e by s t a g e s t u d y m ight a i d i n f i n d i n g r e a s o n s f o r the 
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v a r i a b l e e x p r e s s i v i t y o f c o l o r genes. 

4.2. METHODS 

The s t u d i e s i n t h i s s e c t i o n r e p o r t d i r e c t o b s e r v a t i o n s o f c o l o r 

changes t a k i n g p l a c e i n the s e v e r a l p l a n t p a r t s and t i s s u e s w h i c h d e v e l o p 

f l a v o n o i d p i g m e n t s . 

4.2.1. Changes o f c o l o r were r e c o r d e d f o r t h e p a r t s and t i s s u e s o f a l l 

a v a i l a b l e b a r l e y v a r i e t i e s and i s o l i n e s d u r i n g t h e 1958, 1959 and 1960 

g r o w i n g s e a s o n s . O b s e r v a t i o n s were made i n t h e f i e l d on t h e U n i v e r s i t y 

Farm. C o l o r p a t t e r n s were a l s o c a r e f u l l y s t u d i e d i n greenhouse grown 

m a t e r i a l , p a r t i c u l a r l y d u r i n g t h e w i n t e r o f 1961-62. 

A l t h o u g h v e r y d e s i r a b l e , b u t because the s t u d y was o f a g e n e r a l 

n a t u r e , t h e s u c c e s s i v e s t a g e s o f pigment development were n o t r e c o r d e d f r o m 

c o n t i n u o u s o b s e r v a t i o n s o f c o l o r changes t a k i n g p l a c e i n a s i n g l e t i s s u e 

d u r i n g development. The c o n t i n u o u s c o l o r changes i n t h e same t i s s u e o f 

the g r a i n , p a r t i c u l a r l y , p e r i c a r p , spermoderm and a l e u r o n e , cannot be 

o b s e r v e d because t h e t i s s u e s o v e r l i e one a n o t h e r , and i m p o r t a n t l y because 

th e t i s s u e s a r e p e e l e d o f f m a n u a l l y ( S e c . 3) p r i o r t o o b s e r v a t i o n s . Two 

c r i t e r i a were used t o d e t e r m i n e t h e s u c c e s s i v e s t a g e s o f pigment d e v e l o p 

ment, one f o r t h e p l a n t t i s s u e s , and the o t h e r f o r t h e s p i k e and g r a i n 

t i s s u e s : 

4.2.1.1. S t a g e s a t w h i c h o b s e r v a t i o n s were made on p l a n t t i s s u e s , such 

a s , b a s a l l e a f s h e a t h s , a u r i c l e s , nodes e t c . , a r e p r e s e n t e d i n terms o f 

c o l o r development r a t h e r t h a n i n terms o f more customary p h y s i o l o g i c a l age. 
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F o r example, the s t a g e d e s i g n a t e d as ' I ' , i r r e s p e c t i v e o f the p a r t o r 

t i s s u e s t u d i e d i s a s t a g e where l i t t l e o r no f l a v o n o i d pigment i s a p p a r e n t , 

s t a g e I I , a s t a g e where some c o l o r i s a p p a r e n t , s t a g e I I I , a f i r s t s t a g e o f 

major c o l o r development, s t a g e I V , a s t a g e o f f u r t h e r c o l o r m o d i f i c a t i o n , 

and s t a g e V, a f i n a l s t a g e w h i c h may de p e n d i n g on t i s s u e , be a c o l o r l e s s 

or c o l o r e d s t a g e . D i f f e r e n c e s i n p l a n t i n g d a t e s , and i n t i l l e r i n i t i a t i o n 

and placement make such an ap p r o a c h t o s t a g e c l a s s i f i c a t i o n n e a r l y 

mandatory. 

4.2.1.2. The pigments i n the t i s s u e s o f the s p i k e o r g r a i n d e v e l o p 

d u r i n g k e r n e l m a t u r a t i o n . I t was o b s e r v e d t h a t i n h u l l s s the s t a g e s o f 

pigment development mentioned i n 4.2.1.1 a r e c o r r e l a t e d w i t h the s t a g e s o f 

k e r n e l m a t u r a t i o n as shown i n T a b l e 4.1. A c c o r d i n g l y , the s p i k e s a f t e r 

TABLE 4.1. 
CHANGES IN HULL COLOR 1 AND STAGES OF KERNEL 
MATURATION 

C o l o r Stage o f K e r n e l M a t u r a t i o n ^ 
V a r i a n t s ~ I I I I I I I V V 

P u r p l e s G P & G deep P P & s l i g h t l y Y d u l l PY 
W h i t e s G GY Y Y-BrY d u l l Y 
D i r t y W h i t e s G G-GY YG-Y d u l l Y d u l l Y 
B l u e s G GY YG Y d u l l Y 
B l a c k s G GY-GBk BkY-BkG Bk d u l l Bk 

1 
C o l o r s were r e c o r d e d a f t e r r emoving the h u l l s from the 
c a r y o p s i s . 

2 
I. E a r l y s o f t dough s t a g e . 

I I . L a t e s o f t dough s t a g e . 
I I I . E a r l y h ard dough s t a g e . 
IV. L a t e hard dough s t a g e . 
V. E a r l y f l i n t y s t a g e . 
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h a r v e s t i n g were a r r a n g e d i n sequence o f k e r n e l m a t u r a t i o n and the s u c c e s s - -

i v e s t a g e s o f c o l o r development i n d i f f e r e n t t i s s u e s a s c e r t a i n e d . Thus, 

the o b s e r v a t i o n s o f pigment development i n the s p i k e and g r a i n t i s s u e s were 

made l a r g e l y i n terms o f the p h y s i o l o g i c a l age. The o b s e r v a t i o n s on the 

g r a i n t i s s u e s , namely, p e r t i c a r p , spermoderm, and a l e u r o n e were made by 

manual p e e l i n g ( Sec. 3 ) . The pigment development i n the s p i k e and g r a i n 

t i s s u e s o f the c o l o r v a r i a n t s n o t e d i n A p p e n d i x ( T a b l e s 27.1 t o 27.XX), was 

r e c o r d e d g e n e r a l l y up t o l a t e h a r d dough s t a g e ( I V ) , and o c c a s i o n a l l y up t o 

e a r l y f l i n t y s t a g e ( V ) , because the g r a i n t i s s u e s p a s t s t a g e I V cannot be 

p e e l e d e a s i l y . 

4.2.2. D i r e c t o b s e r v a t i o n o f c o l o r can be e a s i l y made i n b a s a l l e a f s h e a t h , 

node, a u r i c l e , awn t i p , glumes, lemma and p a l e a . T i s s u e s o f the g r a i n may 

be s e v e r a l , t h e i r p i g m e n t a t i o n may not be p a r a l l e l and t h e i r pigment p a t 

t e r n s may be sup e r i m p o s e d . I n most b a r l e y v a r i e t i e s c l o s e t a m m a t u r i t y the 

lemma and p a l e a a r e u n i t e d w i t h the o u t e r p e r i c a r p ( H a r l a n , 1914) but t h e s e 

b r a c t s may be s c r a p e d o f f w i t h some d i f f i c u l t y . Coverage o f the c a r y o p s i s 

by lemma and p a l e a i s not always u n i f o r m , and p i g m e n t a t i o n may o c c u r o n l y 

o ver the p a r t s o f the c a r y o p s i s t h i n l y o r i n c o m p l e t e l y c o v e r e d by lemma 

and p a l e a ; i n o t h e r words, g r a i n c o l o r may, i n some c i r c u m s t a n c e s , be seen 

t h r o u g h l a t e r a l ' s l i t s ' , between lemma and p a l e a . S l i t w i d t h may v a r y 

w i t h genotype o r w i t h plumpness o r f i l l o f the g r a i n . 

4.2.3. The d e s i g n a t i o n o f a c o l o r c o n t i n u e s t o be a h i g h l y s u b j e c t i v e 

m a t t e r e s p e c i a l l y f o r thos e c o l o r e d s u r f a c e s w h i c h cannot r e a d i l y be 

a n a l y z e d s p e c t r o g r a p h i c a l l y . A customary p r o c e d u r e i s t o match by t r i a l 

and e r r o r , u s i n g s e v e r a l o b s e r v e r s , the c o l o r e d s u r f a c e t o be named w i t h 

one t o be found i n s t a n d a r d i z e d c o l o r c h a r t s such as tho s e produced by 



21 

Ridgway o r the R o y a l H o r t i c u l t u r a l S o c i e t y . C o l o r e d p l a n t s u r f a c e s a r e 

v e r y d i f f i c u l t t o match f o r g r e a t v a r i a t i o n s are commonly i n d u c e d by c o -

p i g m e n t a t i o n , l i g h t s o u r c e and i n c i d e n c e , t o p o g r a p h y and c h a r a c t e r o f 

s u r f a c e , e t c . F o r the most p a r t , t h e r e f o r e , the s i m p l e s t o f c o l o r d e s i g 

n a t i o n and a few a d j e c t i v e s t o q u a l i f y the d e s i g n a t i o n s were employed. A 

l i s t o f a b b r e v i a t i o n s used i n t h i s s e c t i o n and a l s o t h r o u g h o u t the t h e s i s 

i s i n c l u d e d i n T a b l e 4 . I I . However, because o f t h e i r taxonomic i m p o r t a n c e , 

the a l e u r o n e c o l o r s were d e t e r m i n e d c a r e f u l l y by c o m p a r i s o n w i t h Ridgway's 

c o l o r c h a r t s ( T a b l e 4 . I I I ) . The d e s i g n a t i o n s used a r e g i v e n . 

TABLE 4 . I I 
A L I S T OF ABBREVIATIONS 

A, Abs a b s o r p t i o n ' n i n a n t h o c y a n i n 
b b r i g h t 0 orange 
Bk b l a c k P p u r p l e 
B l b l u e P p a l e 
Br brown £_o p e o n i d i n 
C c o l o r l e s s , a l s o '.'Pelar p e l a r g o n i d i n 

a n t h o c y a n i n - f r e e Pk p i n k 
Cr cream R r e d 
C-3-G C y a n i d i n - 3 - g l u c o s i d e 

R f The R f v a l u e i n the T a b l e s 
Cya C y a n i d i n r u n l e s s o t h e r w i s e s p e c i 
D d u l l f i e d w i l l a l ways be s t a t e d 
d deep as R f x 100 
dk d a r k SF s o l v e n t f r o n t 
D e l p h d e l p h i n i d i n SW s h o r t wave 
' d i n a n t h o c y a n i d i n syn s y n t h e t i c 
F f a d e s T t r a i l 
f f l u o r e s c e n c e t t r a c e s 
G g r e e n UV u l t r a v i o l e t 
g g r a y V v i s i b l e l i g h t ; v i o l e t 
1 l i g h t i n A p p e n d i x I , and 
LW l o n g wave F i g . 11.2. 
M m e l a n i c ( b l a c k e n e d ) i n V i o v i o l e t 

Sec. 4 and A p p e n d i x I ; V v e r y 
magenta i n the r e s t o f W w h i t e 
the t h e s i s wk weak 

mu Y y e l l o w 
Mv mauve 
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TABLE 4 . I I I . 1 
RIDGWAY'S COLORS USED TO CHARACTERIZE ALEURONE 
PIGMENTS 

C o l o r A b b r e v i a t i o n 

B e g o n i a r o s e ( I ) 
M a i z e y e l l o w ( I V ) 
P r u s s i a n b l u e ( I X ) 
L i g h t b l u e v i o l e t (X) 
T y r i a n r o s e ( X I I ) 
D u l l c i t r i n e ( XVt) 
Cream (XVI) 
N a p l e s y e l l o w (XVI) 
B u f f y c i t r i n e (XVI) 
St r a w y e l l o w (XVI) 
S e r p e n t i n e g r e e n (XVI) 
O l i v e l a k e (XVI) 
Honey y e l l o w (XXX) 
Chamois (XXX) 
Deep o l i v e b u f f (XL) 
Dark o l i v e b u f f (XL) 
B u f f y brown (XL) 
Tea g r e e n ( X L V I I ) 
V e t i v e r g r e e n ( X L V I I ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

P a l e g r e e n b l u e g r a y ( X L V I I I ) 20 
Dark M e d i c i b l u e ( X L V I I I ) 21 
B l u i s h s l a t e b l a c k ( X L V I I I ) 22 
Deep o l i v e g r a y ( L I ) 23 
O l i v e g r a y ( L I ) 24 
L i g h t o l i v e g r a y ( L I ) 25 

Roman numeral i n p a r e n t h e s i s i n d i c a t e P l a t e 
number i n Ridgway's C o l o r C h a r t s ( 1 9 1 2 ) o 

An e f f o r t was made t o e s t i m a t e o c u l a r l y pigment c o n c e n t r a t i o n o r 

de p t h o f c o l o r i n the a l e u r o n e l a y e r s o f k e r n e l s . K e r n e l s were d i v e s t e d o f 

t h e i r o u t e r l a y e r s and p l a c e d i n a c i d i f i e d m e t h a n o l . A sample o f the b l u e 

a l e u r o n e v a r i e t y , Montcalm, i n l a t e h a r d dough s t a g e was used as a s t a n d a r d 

and g i v e n a grade o f (+). Thus k e r n e l s o f a ' b l a c k ' v a r i e t y such as 

Gatami w h i c h has an a l e u r o n e h e a v i l y pigmented w i t h a n t h o c y a n i n s , a t 

m a t u r i t y , graded 5 and a t l e a r l y f l i n t y s t a g e 0.5+. 
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A.2.A. Q u a l i t a t i v e c h e m i c a l t e s t s were employed t o e x t e n d o r t o c l a r i f y 

o c u l a r o b s e r v a t i o n a o o f p i g m e n t a t i o n , and were s i m p l y as f o l l o w s : 

4.2.4.1. A n t h o c y a n i n s : A l l t i s s u e s a t a l l s t a g e s o f development and 

r e g a r d l e s s o f t h e i r c o l o r were p l a c e d i n methanol c o n t a i n i n g 1% concen

t r a t e d h y d r o c h l o r i c a c i d . 

A.2.4.2. L e u c o a n t h o c y a n i n s : A p p r o p r i a t e a n t h o c y a n i n - f r e e t i s s u e s 

were d i r e c t l y h y d r o l y z e d i n 3 N h y d r o c h l o r i c a c i d ( B a t e - S m i t h 195A). 

A.2.4.3. M e l a n i n s : The c o l o r s w h i c h a r e b e l i e v e d t o be a s s o c i a t e d 

w i t h m e l a n i n o r m e l a n i n - l i k e compounds i n b a r l e y a r e ' d i r t y - w h i t e ' , 

( o f f - w h i t e ) , ( n e a r - w h i t e ) , browns and b l a c k s . There a r e no s i m p l e t e s t s 

f o r m e l a n i n s . 

A.2.A.A. F l a v o n o i d Compounds w h i c h a r e not A n t h o c y a n i n s : Non-

a n t h o c y a n i n f l a v o n o i d compounds i m p a r t c o l o r , p a r t i c u l a r l y y e l l o w c o l o r , 

t o some b a r l e y t i s s u e s . T h e i r c h e m i c a l r e l a t i o n s h i p s t o a n t h o c y a n i n s a r e , 

i n g e n e r a l , c l o s e but t h e i r p r e s e n c e i s not always so o b v i o u s as t h a t o f 

the a n t h o c y a n i n s . T h e i r o c c u r r e n c e was d e t e r m i n e d f o r most t i s s u e s by a 

s e r i e s o f s i m p l e t e s t s : T i s s u e s were exposed t o ammonia fumes as sug

g e s t e d by Geissman (1955) and many o t h e r s . R e s u l t s are not always e a s y 

t o a s s e s s , e s p e c i a l l y when t i s s u e s c o n t a i n e d a n t h o c y a n i n s . T i s s u e s f i r s t 

e x t r a c t e d w i t h 17o cone, h y d r o c h l o r i c a c i d - m e t h y l a l c o h o l and t h e n exposed 

t o ammonia fumes o r immersed i n sodium h y d r o x i d e o f t e n gave b e t t e r y e l l o w 

o r y e l l o w - g r e e n c o l o r s c h a r a c t e r i s t i c o f the n o n - a n t h o - f l a v o n o i d compounds. 

The r e d u c t i o n t e s t (Geissman, 1955) f o r f l a v o n e s , f l a v a n o n e s , and/or 

f l a v o n a l s w h i c h employs magnesium and h y d r o c h l o r i c a c i d was o f t e n 
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used. P o l y p h e n o l s were d e t e c t e d w i t h t h e d i a z o t i z e d s u l f a n i l i c a c i d t e s t 

( A l b r i g h t , L a r s o n and D e i s s , 1953) and t h e p o t a s s i u m f e r r i c y a n i d e - f e r r i c 

c h l o r i d e t e s t o f B a r t o n , Evans and Gardner ( 1 9 5 2 ) . F r e s h l y p r e p a r e d r e 

a g e n t s used i n t h e s e two t e s t s were g e n e r a l l y s p r a y e d on chromatograms; 

t h e c h r o m a t o - s o l v e n t used was b u t a n o l - a c e t i c a c i d - w a t e r ( 4 : 1 : 5 ) . 

4.3. OBSERVATIONS 

4.3.1. G e n e r a l O b s e r v a t i o n s o f P l a n t C o l o r s 

4.3.1.1. B a s a l l e a f s h e a t h s . 

N e a r l y a l l v a r i e t i e s and l i n e s o f b a r l e y d e v e l o p e d c o l o r i n t h e 

b a s a l l e a f s h e a t h . A n t h o c y a n i n c o l o r s , a l w a y s b l u i s h r e d s , d e v e l o p e d from 

t h e s o i l s u r f a c e v e r t i c a l l y and c o n t i n u e d u s u a l l y t o an i n c h o r two o f t h e 

l e a f b l a d e as w e l l . The a n t h o c y a n i n c o l o r s i n d i f f e r e n t s t o c k s cannot be 

d i f f e r e n t i a t e d . The i s o g e n i c l i n e , 3 3 - b l b l - 1 3 , was t h e o n l y s t o c k i n our 

c o l l e c t i o n w h i c h d i d n o t produce c o l o r a t any t i m e i n t h e s h e a t h s . I n 

summer, under our f i e l d c o n d i t i o n s , o n l y 1Kwan', a s o - c a l l e d b l u e v a r i e t y , 

' L i o n ' , a b l a c k , ' Hanna' , a w h i t e , 'C-54-55', a n e a r w h i t e , and ' G o p a l 1 , 

a p u r p l e v a r i e t y , c o l o r e d i n t e n s e l y ; under l a t e f a l l and w i n t e r f i e l d 

c o n d i t i o n s n e a r l y a l l b a r l e y s c o l o r e d i n t e n s e l y i n t h e b a s a l r e g i o n . 

Age o f p l a n t , t i m e o f t i l l e r i n i t i a t i o n , s h a d i n g and season i n 

f l u e n c e d t h e c o l o r i n g o f t h e b a s a l l e a f s h e a t h . An i n d i v i d u a l t i l l e r 

l o c a t e d p e r i p h e r a l l y and d e v e l o p i n g l a t e , m i g ht d e v e l o p a n t h o c y a n i n c o l o r s 

a t t he base a l m o s t from t h e t i m e o f i n i t i a t i o n , whereas n e i g h b o u r i n g 

t i l l e r s on t h e same p l a n t might r e m a i n c o l o r l e s s f o r some t i m e b e f o r e 
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c o l o r i n g . The b a s a l l e a f s h e a t h a t t h e f i r s t c o l o r l e s s s t a g e d i d n o t 

c o n t a i n l e u c o a n t h o c y ' a n i n s . S h e a t h s o f t i l l e r s l o c a t e d c e n t r a l l y i n t h e 

crown a r e o f t e n c o l o r l e s s when t h o s e p e r i p h e r a l l y l o c a t e d a r e c o l o r e d . 

C o l o r d e v e l o p s f i r s t i n t h e l e a f s h e a t h v e i n s and s p r e a d s g r a d u a l l y t o 

i n t e r v e i n a l a r e a s . C o l o r d i s a p p e a r s as l e a f s h e a t h s age; y e l l o w i n g , 

b r o w n i n g , o c c a s i o n a l l y r e d d e n i n g , d e a t h and d r y i n g o c c u r s e q u e n t i a l l y . 

4.3.1.2. A u r i c l e s and c o l l a r . 

I n n e a r l y a l l v a r i e t i e s , e x c e p t , n o t a b l y 3 3 - b l b l - 1 3 , some 

c o l o r o c c u r s a t some t i m e i n some l e a v e s i n t h e r e g i o n o f t h e u n i o n o f 

b l a d e and s h e a t h . A l t h o u g h t h e appearance o f c o l o r i s v a r i a b l e t h e r e a r e 

s e q u e n t i a l p a t t e r n s w o r t h n o t i n g . F o r example, c o l o r i n v a r i a b l y d e v e l o p s 

i n b a s a l l e a f s h e a t h s b e f o r e i t a p p e a r s i n t h e a u r i c l e s o f l e a v e s more 

h i g h l y p l a c e d . J u s t as i n t h e b a s a l l e a f s h e a t h s , t h e a u r i c l e s a r e , a t 

f i r s t , cream o r y e l l o w , t h e n c o l o r d e v e l o p s , and f a d e s . I n t h e s t r i c t l y 

v e g e t a t i v e s h o o t , c o l o r d e v e l o p s i n t h e lowermost a u r i c l e s , v e i n s f i r s t , 

and as i n t e n s i f i c a t i o n o c c u r s , c o l o r a p p e a r s s u c c e s s i v e l y i n t h e a u r i c l e s 

above. However, as t h e p l a n t becomes r e p r o d u c t i v e , and t h e f l a g l e a f 

d e v e l o p s , t h e uppermost a u r i c l e s become d e e p l y c o l o r e d , and c o l o r i n t h e 

lowermost a u r i c l e s f a d e s . The most s u i t a b l e t i m e f o r e m a s c u l a t i o n and 

a r t i f i c i a l p o l l i n a t i o n was, i t was n o t e d , i n most v a r i e t i e s , when c o l o r 

r e a c h e d a maximum i n the a u r i c l e s o f t h e f l a g l e a f . The c o l o r i n a l l 

a u r i c l e s , i n g e n e r a l , f a d e s , o r , a t b e s t , o n l y the v e i n s r e t a i n t h e c o l o r 

a t m a t u r i t y . 

4.3.1.3. Nodes. 
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I n g e n e r a l , b u t perhaps n o t i n e v e r y l i n e , nodes do n o t c o l o r u n t i l 

t h e y have emerged from t h e c o n f i n i n g l e a f s h e a t h s . I f p a r t o f a node i s 

c o v e r e d by a l e a f s h e a t h i t w i l l n o t c o l o r ; a r t i f i c i a l r emoval o f t h e 

s h e a t h r e s u l t s i n c o l o r p r o d u c t i o n ( C - 5 4 - 5 5 ) . T h i s b e h a v i o u r o f nodes 

was a l s o n o t e d by Aberg and Weibe ( 1 9 4 8 ) . 

4.3.2. D e t a i l e d O b s e r v a t i o n s o f S p i k e and G r a i n C o l o r s 

The p l a n t c o l o r s d i s c u s s e d above a r e o f l i m i t e d taxonpmic v a l u e , 

because t h e i r e x p r e s s i v i t y v a r i e s from y e a r t o y e a r and from l o c a t i o n t o 

l o c a t i o n ( A berg and Wiebe, 1948). I n c o n t r a s t t o t h e p l a n t c o l o r s , t h e 

g r a i n c o l o r s have been used i n taxonomic c l a s s i f i c a t i o n s i n c e H a r l a n ( 1 9 1 4 ) , 

because t h e y a r e l e s s v a r i a b l e t h a n p l a n t c o l o r s . A c c c o r d i n g l y , t h e 

p a t t e r n s o f pigment development i n d i f f e r e n t t i s s u e s o f t h e s p i k e were 

g i v e n d e t a i l e d a t t e n t i o n . Inasmuch as t h e c o l o r changes a r e r e c o r d s o f 

c h a n g i n g b i o c h e m i c a l e v e n t s , each t i s s u e was a c c o r d e d a c a r e f u l s t u d y . 

The d a t a f o r c o l o r development i n t h e g r a i n t i s s u e s o f twenty v a r i e t i e s , 

were r e c o r d e d d u r i n g t h e 1959 g r o w i n g s e a s o n . The d a t a a r e numerous and i t 

has been n e c e s s a r y t o p l a c e much o f i t i n c o n s o l i d a t e d from i n A p p e n d i x 

( S e c . 2 7 ) . 

The c o l o r changes i n t h e f o l l o w i n g s e c t i o n have been d i s c u s s e d by 

p l a n t p a r t , v i z . , awn t i p s , glumes, e t c . ( s e e F i g . 4.1) and by p l a n t 

b r e e d e r s ' c o l o r c l a s s e s , v i z . , ' p u r p l e s , b l a c k s , w h i t e s , e t c . C o l o r p a t t e r n 

change i s somewhat e a s i e r t o p e r c e i v e u s i n g t h i s p r o c e d u r e . The p r o c e d u r e 

a c c e n t s c o l o r change w i t h i n a c o l o r c l a s s , e.g. t h e p u r p l e s , and may o v e r 

l o o k i m p o r t a n t d i f f e r e n c e s between v a r i e t i e s o r i s o l i n e s w i t h i n a c o l o r 

c l a s s . 
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\ 
AWN <2N) 

/V PALEA (2N) 

F i g . 4.1. 
L o n g i t u d i n a l s e c t i o n o f a 
b a r l e y g r a i n showing the 
l o c a t i o n and e x t e n t o f the 
p r i n c i p l e t i s s u e s 
( d i a g r a m m a t i c ) . 

LONGITUDINAL SECTION OF A BARLEY GRAIN 

( DIAGRAMMATIC ) 

4.3.2.1. Awn T i p s . 

Awns and r e l a t e d s t r u c t u r e s , such as hoods, a r e p a l e g r e e n be

f o r e t h e y emerge from the bo o t . Soon a f t e r the awns p r o t r u d e , i n most 

l i n e s , c o l o r i n g b e g i n s i n the t i p s . The a n t h o c y a n i n s y n t h e s i s t a k e s p l a c e 

not a t the t i p p e r s e . but about 1-2 ram below the t i p . The c o l o r o f the 

t i p , f o r example, i n L i o n , i s y e l l o w i s h w h i t e when the 1-2 mm r e g i o n 

below the t i p i s p u r p l e and r e s t o f the awn i s green. C o l o r commonly 

i n t e n s i f i e s t o b r i l l i a n t r e d s and p u r p l e s and spr e a d s downwards. About 

the time o f syngamy, the a n t h o c y a n i n c o l o r s , w h i c h a r e a t a maximum i n 

the t i p s , b e g i n t o f a d e , and y e l l o w o r m e l a n i c c o l o r a t i o n a p p ears i n most 

o f the v a r i e t i e s . I n 3 3 - b l b l - 1 3 a n t h o c y a n i n c o l o r s do not develop"; i n 

most o f the b l u e , w h i t e and b l a c k b a r l e y s a n t h o c y a n i n c o l o r a t i o n i s 

ep h e m e r a l , as i t i s u s u a l l y gone b e f o r e the g r a i n i s ' i n m i l k ' . I n a 

number o f b a r l e y s , p a r t i c u l a r l y p u r p l e l i n e s , c o l o r p e r s i s t s t o ' l a t e 

dough'. The e x t e n t t o w h i c h a n t h o c y a n i n c o l o r s e x t e n d below the t i p 

LEMMA (2N). 
ALEURONE (3N) 

ENDOSPERM (JN) 

SPERMODERM (2N) 

PERICARP (2N) 

EMBRYO ( l*IN) 
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v a r i e s c o n s i d e r a b l y w i t h genotype and e n v i r o n m e n t . 

(a) P u r p l e s ( A p p e n d i x : T a b l e s 27.1 t o 2 7 . I V ) . 

I n the case o f p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l 

( A p p e n d i x , T a b l e s 27.1 and 27.1 1 ) , r e d - p u r p l e c o l o r g r a d u a l l y i n c r e a s e s 

u n t i l the end o f s o f t dough s t a g e and t h e n f a d e s by the hard dough s t a g e . 
i 

The r e d - p u r p l e c o l o r i s g r a d u a l l y r e p l a c e d b y y y e l l o w . 

I n the o t h e r two p u r p l e l i n e s , namely 71-Pr P r - 1 0 and C.I.5628 

( A p p e n d i x : T a b l e s 2 7 . I l l , and 27.IV) p u r p l e g r a d u a l l y f a d e s and brown 

( m e l a n i c ) pigment appears i n t h e t i p s . The brown a r e r e p l a c e d l a t e r by 

y e l l o w i s h c o l o r s . I t appears t h a t the t r a n s i t i o n o f the r e d - p u r p l e 

( a n t h o c y a n i n ) s t a g e t o the brown ( m e l a n i c ) s t a g e i s s e p a r a t e d by a v e r y 

s h o r t - l i v e d y e l l o w s t a g e . The p a t t e r n o f pigment development i n the awn 

t i p s o f p u r p l e l i n e s may be g e n e r a l i z e d as f o l l o w s : 

PG > P ^ Y ( ? ) > MBr ^ D Y 

(b) W h i t e s , N e a r - W h i t e s and B l u e s ( A p p e n d i x : T a b l e s 
27.V t o 27.XVII 

The c o l o r p a t t e r n s o f awn t i p s o f w h i t e s , n e a r - w h i t e s and b l u e s 

are s i m i l a r . The awn t i p s a r e u s u a l l y p u r p l e u n t i l s o f t dough; g r a d u a l l y 

a n t h o c y a n i n c o l o r s d i s a p p e a r and, i n many c a s e s , b r o w n i s h m e l a n i c c o l o r 

a p p e ars w h i c h u s u a l l y p e r s i s t u n t i l the end o f h a r d dough s t a g e . L a t e r 

y e l l o w i s h c o l o r s appear. I n some c a s e s , where the appearance o f a n t h o 

c y a n i n c o l o r s i n the awn t i p s , i m m e d i a t e l y a f t e r emergence, i s e p h e m e r a l , 

t h e y a re r e p l a c e d by y e l l o w pigments d u r i n g the s o f t dough s t a g e . Whether 
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the m e l a n i c c o l o r s appear i n between cannot be s t a t e d . The p a t t e r n o f 

c o l o r development i n t h e s e l i n e s , t h e n i s g e n e r a l i z e d as f o l l o w s : 

pG > M ( ? ) 

DY 

( c ) B l a c k s ( A p p e n d i x : T a b l e s 2 7 . X V I I I t o 27.XX) 

The awn t i p s o f the b l a c k v a r i e t i e s , L i o n and Gatami ( T a b l e s 

2 7 . X V I I I , and 27.XIX) show e p h e m e r a l l y a n t h o c y a n i n c o l o r s i n e a r l y s t a g e s . 

These c o l o r s degrade and a m e l a n i c b l a c k pigment appears i n the t i p s . 

However, i n c e r t a i n c a s e s , b e f o r e the b l a c k pigment a p p e a r s , a y e l l o w i s h 

pigment d e v e l o p s . The y e l l o w i s h p i g m e n t s , however, c o n s t i t u t e a d i s t i n c t 

d e v e l o p m e n t a l phase p r i o r t o the development o f b r o w n i s h , and o c c a s i o n a l l y 

b l a c k m e l a n i c c o l o r s i n p u r p l e v a r i e t i e s . The b l a c k v a r i e t y K i t c h e n 

( T a b l e 27.XX) i s hooded. The c o l o r o f hoods i s gr e e n d u r i n g e a r l y s t a g e s 

o f development. When hoods a r e d i p p e d i n s o l v e n t , a b r i g h t r e d c o l o r 

appears i n the v e i n s o f the hoods i n d i c a t i n g the p r e s e n c e o f pseudo bases 

o f a n t h o c y a n i n s i n n a t u r e . L a t e r , as c h l o r o p h y l l d e g r a d e s , m e l a n i c 

c o l o r s g r a d u a l l y appear. These a r e , i n t u r n , r e p l a c e d by d u l l y e l l o w 

p i g m e n t s . Pigment development i n the b l a c k mutants appears t o be: 

Pseudo bases 
Kitchen </£ x*7 

o n l y / 
PGP >P M 

M 
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4. 4.3.2.2. Awn-remainder (Awns minus Awn t i p ) 

Awns, w i t h i n the b o o t , a r e , i n a l l s t o c k s , p a l e green. Imme

d i a t e l y a f t e r emergence from the boot,awns g r a d u a l l y become deeper green. 

A n t h o c y a n i n c o l o r s f i r s t appear i n the awn t i p s and g r a d u a l l y t r a v e l down

wards u n t i l the whole awn i s more o r l e s s pigmented. I n a few c a s e s , ^ 

a n t h o c y a n i n s may d e v e l o p i n the awn t i p s but n o t . i n the awn-remainder. 

(a) P u r p l e s ( A p p e n d i x : T a b l e s 27.1 t o 27.IV) 

I n p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l , by the end o f s o f t 

dough s t a g e , as c h l o r o p h y l l o u s c o l o r s degrade i n awn t i p s , p u r p l e c o l o r 

t r a v e l s g r a d u a l l y downward u n t i l the e n t i r e awn becomes p u r p l e . A g r e e n i s h 

y e l l o w c o l o r seems t o be an i n t e r m e d i a t e d u r i n g t h i s t r a n s i t i o n . The 

g e n e r a l sequence o f c o l o r development i n the p u r p l e v a r i e t i e s appears t o be 

as f o l l o w s : 

pG > G > GY(?) ^ P DY 

(b) W h i t e s , N e a r - w h i t e s and B l u e s ( A p p e n d i x : T a b l e s 27.V 
t o 2 7.XVII) 

Whether the t i p s a re p u r p l e , m e l a n i c o r y e l l o w , the c o l o r o f the 

awn-remainder i s i n i t i a l l y g r e e n and g r a d u a l l y changes t o g r e e n i s h y e l l o w 

and, f i n a l l y , t o y e l l o w : 

pG ^ G j, GY ^ Y ^ DY 

( c ) B l a c k s ( A p p e n d i x : T a b l e s 2 7 . X V I I I t o 27.XX) 

The b e h a v i o u r o f the awn-remainder and i n t e r v e i n a l r e g i o n o f the 

hoods i s s i m i l a r . They a r e g r e e n i n e a r l i e r s t a g e s , t h e n g r e e n i s h y e l l o w 
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and f i n a l l y b l a c k . The b l a c k c o l o r b e g i n s a t the t i p s and g r a d u a l l y 

t r a v e l s t o the base. Whether the b l a c k c o l o r undergoes f u r t h e r m o d i f i 

c a t i o n s on m a t u r i t y o f the t i s s u e c o u l d not be a s c e r t a i n e d : 

PG > G ^ GY M ? 

4.3.2.3. Glumes ( A p p e n d i x : T a b l e s 27.1 t o 27.XX) 

The p a t t e r n o f c o l o r development i n glume t i p s and glume-

r e m a i n d e r p a r a l l e l s c l o s e l y t h a t o f the a w n - t i p s and awn-remainders o f 

the same v a r i e t y . 

4.3.2.A. R a c h i s 

R a c h i s o f the p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l , d e v e l o p s 

p r o f u s e a n t h o c y a n i n p i g m e n t s . D e t a i l e d r e c o r d s o f c o l o r changes a r e not 

a v a i l a b l e . 
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4.3.2.5. H u l l s (Lemma and P a l e a ) 

B a r l e y h u l l s c o n s i s t l a r g e l y o f lemma w h i c h i s bonded t o t h e 

p e r i c a r p o f t h e c a r y o p s i s i n most v a r i e t i e s a t m a t u r i t y . C o l o r p a t t e r n s 

i n a g i v e n v a r i e t y r e l a t e c l o s e l y t o t h o s e o f o t h e r t i s s u e s o f t h e i n 

f l o r e s c e n c e . Changes a r e n o t n e c e s s a r i l y c o i n c i d e n t a l , and changes by 

a r e a , e.g., v e i n s , i n t e r v e i n s , e t c . , w i t h t h e t i s s u e were r e c o r d e d . 

The c o l o r o f h u l l s u n t i l s o f t dough s t a g e i s g r e e n . By t h e end 

o f t h i s s t a g e , a n t h o c y a n i n c o l o r s appear i n h u l l i n t e r v e i n s a r o u n d t h e 

base o f lemma awns. C o l o r jLn t h e v e i n s , however, d e v e l o p s l a t e r about t h e 

b e g i n n i n g o f t h e h a r d dough s t a g e . Once d e v e l o p e d , t h e c o l o r deepens 

u s u a l l y u n t i l l a t e h a r d dough s t a g e ; l a t e r on i t f a d e s , and i n c e r t a i n 

s t r a i n s , i t i s r e p l a c e d by a d u l l y e l l o w c o l o r d u r i n g f l i n t y s t a g e : 

The i n t e r v e i n s o f t h e t r u e w h i t e v a r i e t i e s do n o t d e v e l o p antho-

c y a n i c o r m e l a n i c c o l o r s . The c h a r a c t e r i s t i c changes i n t h e i r c o l o r a r e 

as below; 

(a) P u r p l e s ( A p p e n d i x : T a b l e s 27.1 t o 27.IV) 

DY 

(b) W h i t e s ( A p p e n d i x : T a b l e s 27.V t o 27.X) 

DY 
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A n t h o c y a n i n c o l o r s d e v e l o p i n t h e v e i n s o f 3 6 - b l b l - 2 1 , G o l d e n 

P h e a s a n t , Vantage and C-54-55 by e a r l y h a r d dough s t a g e ; c o l o r f a d e s 

g r a d u a l l y so t h a t by t h e b e g i n n i n g o f f l i n t y s t a g e , t h e c o l o r o f t h e v e i n s 

becomes e i t h e r m e l a n i c brown o r d u l l y e l l o w . D e f i c i e n s and 3 3 - b l b l - 1 3 do 

not d e v e l o p a n t h o c y a n i n i c c o l o r . The sequence o f c o l o r s i n v e i n s i s as 

below: 

DY 

/ 

MBr 

Y » DY 

(c) N e a r - W h i t e s and Grays ( A p p e n d i x : T a b l e s 27.XI, and 2 7 . X I I ) 

The v e i n s o f b o t h t h e l i n e s s t u d i e d v i z . , 5090-2-3 and 5090-10-4, 

d e v e l o p a n t h o c y a n i n s d u r i n g l a t e s o f t dough s t a g e , o r e a r l y h a r d dough 

s t a g e and u l t i m a t e l y t u r n y e l l o w d u r i n g l a t e r s t a g e s o f growth, e.g. 

pG } G } GY — » P > Y 

No a n t h o c y a n i c c o l o r d e v e l o p s i n t h e i n t e r v e i n a l r e g i o n . 

B e h a v i o u r i s t h e r e f o r e s i m i l a r t o t h a t i n t h e w h i t e v a r i e t i e s . 

(d) B l u e s ( A p p e n d i x : T a b l e s 2 7 . X I I I t o 27.XVII) 
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Whether t h e v e i n s d e v e l o p a n t h o c y a n i n c o l o r or n o t , t h e i n t e r -

v e i n a l a r e a s , i n g e n e r a l , do n o t show t h e c y a n i c o r m e l a n i c c o l o r s ; t h e 

b e h a v i o u r p a r a l l e l s t h a t o f t h e w h i t e v a r i e t i e s . O c c a s i o n a l l y , i n c e r t a i n 

c a s e s , e.g. T r e b i , t h e i n t e r v e i n a l r e g i o n i s r e d d i s h v i o l e t d u r i n g h a r d 

dough s t a g e ; t h i s i s due t o t h e u n d e r l y i n g l a y e r s o f spermoderm w h i c h 

d e v e l o p a n t h o c y a n i n s a r o u n d e a r l y h a r d dough s t a g e s a t and around t h e 

s l i t . The c o l o r i n t h e spermoderm, however, f a d e s a t m a t u r i t y . 

W i t h t h e e x c e p t i o n o f C-54-22, t h e v e i n s o f 3 6 - B l B l - 2 1 , Montcalm, 

T r e b i and 33-B1 B l - 1 3 d e v e l o p a n t h o c y a n i n c o l o r s d u r i n g h a r d dough s t a g e . 

I n some c a s e s , t h e c o l o r s f a d e and a r e r e p l a c e d by y e l l o w s o r , i n o t h e r s , 

by m e l a n i c browns: 

MBr 

pG — > G » GY > P 

^ DY 

(e) B l a c k s ( A p p e n d i x : T a b l e s 2 7 . X V I I I t o 27.XX) 

The i n t e r v e i n a l r e g i o n o f t h e t h r e e v a r i e t i e s s t u d i e d , does n o t 

d e v e l o p a n t h o c y a n i n c o l o r s and t h e o r d e r o f pigment changes i s as f o l l o w s : 

pG — > G > GY > MBr > Bk 

The v e i n s o f Gatami and K i t c h e n do n o t d e v e l o p a n t h o c y a n i n c o l o r s . 

However, i n t h e c a s e o f L i o n , d u r i n g e a r l y s t a g e s o f development, when 

i n t e r v e i n s a r e g r e e n , t h e v e i n s become v i o l e t b l a c k . The s o l v e n t c o l o r 

r e a c t i o n i n d i c a t e s t h e p r e s e n c e o f a n t h o c y a n i n s . L a t e r , when t h e i n t e r 

v e i n s become b l a c k , t h e v e i n s c o n t i n u e t o t u r n r e d i n s o l v e n t but f i n a l l y , 
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a t t h e end o f t h e h a r d dough s t a g e , a n t h o c y a n i n s d i s a p p e a r from t h e v e i n s 

and m e l a n i c c o l o r s a p p e a r . 

4.3.2.6. P e r i c a r p ( A p p e n d i x : T a b l e s 27.1 t o 27.XX). 

The p e r i c a r p i s a c o l o r l e s s and s e m i - t r a n s p a r e n t d u r i n g t h e m i l k 

s t a g e , t r a n s l u c e n t d u r i n g s o f t dough s t a g e , and opaque d u r i n g t h e l a t e 

s t a g e s o f k e r n e l m a t u r a t i o n . By the f l i n t y s t a g e t h e p e r i c a r p becomes d r y 

and b r i t t l e . 

The p e r i c a r p does n o t , i t a p p e a r s , d e v e l o p c h l o r o p h y l l . I t i s a 

c o l o r l e s s t i s s u e ( p e r h a p s some y e l l o w o r a c h r o l e u c o u s f l a v o n o i d s d e v e l o p ) 

i n w h i t e , near w h i t e , g r a y and b l u e v a r i e t i e s . I n b l a c k v a r i e t i e s , however, 

l a t e i n development, i t becomes m e l a n i c b l a c k . P e r i c a r p , b e i n g c o l o r l e s s , 

seems t o be a n e x c e l l e n t t i s s u e f o r s t u d y i n g m e l a n i c p r e c u r s o r s w h i c h 

o r i g i n a t e from t h e c o l o r l e s s m a t e r i a l . 

The p e r i c a r p o f p u r p l e v a r i e t i e s i s a c o l o r l e s s membrane and 

e a s i l y s e p a r a b l e u n t i l e a r l y h a r d dough s t a g e . D u r i n g t h i s s t a g e , antho

c y a n i n s appear t o d e v e l o p o n l y a t t h e t i p s . T h i s a p p e a r a n c e o f antho

c y a n i n s may be due t o l i m i t a t i o n s o f t h e p e e l i n g t e c h n i q u e w h i c h cannot 

accommodate f i n g e r p r e s s u r e s d u r i n g t h e p e e l i n g p r o c e s s ; b e c a u s e t h e f i n g e r 

p r e s s u r e squeezes a n t h o c y a n i n pigment t o t h e p e r i c a r p s u r f a c e from t h e 

a n t h o c y a n i n r i c h spermoderm l a y e r . More o f t e n t h e m i c r o s c o p i c e x a m i n a t i o n 

r e v e a l s t h a t a few l a c e r a t e d c e l l s o f spermoderm l a y e r s may r e m a i n a d h e r i n g 

t o t h e p e e l e d p e r i c a r p . The p o s s i b i l i t y t h a t some a n t h o c y a n i n s a c t u a l l y 

d e v e l o p i n t h e s e r e g i o n s o f t h e p e r i c a r p t i s s u e s c a n n o t be r u l e d o u t y e t . 

The d e t a i l s o f c o l o r changes i n d i f f e r e n t s t o c k s a r e r e c o r d e d i n 

A p p e n d i x : T a b l e s 27.1 t o 27.XX. 
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4.3.2.7. Spermoderm 

The spermoderm, l a r g e l y i n t e g u m e n t a r y and n u c e l l a r t i s s u e , i s 

c h l o r o p h y l l - c o n t a i n i n g u n i t e a r l y dough. The t i s s u e t h e n becomes g r e e n i s h 

y e l l o w ; d e p e n d i n g on v a r i e t y , a n t h o c y a n i n c o l o r s may t h e n d e v e l o p . I n 

some v a r i e t i e s and l i n e s a n t h o c y a n i n p i g m e n t a t i o n i s g e n e r a l ; i n many t h e 

pigments d e v e l o p o n l y a t t h e ' s l i t ' i n t h e r e g i o n o f t h e p a l e a o v e r l a y ; i n 

o t h e r s a mosaic o f f l a v o n o i d y e l l o w s and a n t h o c y a n i n c o l o r s d e v e l o p , and 

i n some o n l y f l a v o n o i d y e l l o w s d e v e l o p . I n some b l a c k v a r i e t i e s antho

c y a n i n c o l o r s may d e v e l o p b r i e f l y a t t h e s l i t , and t h e n d i s a p p e a r as 

m e l a n i c pigments d e v e l o p . I t i s a l s o n o t e d t h a t spermoderm, d u r i n g dough 

s t a g e , i s a t h i c k and s t u r d y l a y e r i n c o m p a r i s o n t o t h e p e r i c a r p . However, 

a t f l i n t y s t a g e , i t becomes a v e r y t h i n l a y e r i n r e l a t i o n t o p e r i c a r p . 

(a) P u r p l e s ( A p p e n d i x : T a b l e s 27.1 t o 27.IV) 

L a t e i n s o f t dough s t a g e , t h e c h l o r o p h y l l i n t h e spermoderm d i s 

a p p e a r s . P r o b a b l y g r e e n i s h y e l l o w p i g m e n t s appear b r i e f l y b e f o r e t h e 

appearance o f a n t h o c y a n i n s . The a n t h o c y a n i n c o l o r s i n t h e t i s s u e a r e 

al w a y s r e d t o p u r p l e i . e . , t h e a n t h o c y a n i n s e x i s t as oxonium s a l t s . The 

a n t h o c y a n i n c o l o r s deepen i n t e n s e l y i n t h i s t i s s u e and by f l i n t y s t a g e , 

t h e c o l o r s appear as v e r y d a r k p u r p l e s . 

C — C Y ( ? ) — » P 

(b) W h i t e s ( A p p e n d i x : T a b l e 27.V t o 27.X) 
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The spermoderm l a y e r s o f D e f i c i e n s , Vantage and 3 3 - b l b l - 1 3 do 

n o t d e v e l o p a n t h o c y a n i n s a t any s t a g e o f development. They a r e g r e e n u n t i l 

t h e end o f s o f t dough s t a g e , and, l a t e r on, d e v e l o p y e l l o w i s h f l a v o n o i d s : 

G » GY > Y 

However, i n c a s e o f 3 6 - b l b l - 2 1 , C-54-55 and p r o b a b l y G o l d e n 

P h e a s a n t , t h e l a t e r a l , r e g i o n s o f spermoderm l a y e r , a t t h e s l i t between t h e 

lemma and p a l e a , d e v e l o p a n t h o c y a n i n c o l o r s d u r i n g l a t e s o f t dough and 

e a r l y h a r d dough s t a g e s . The c o l o r s g r a d u a l l y f a d e and brown c o l o r s appear 

e s p e c i a l l y a t t h e s l i t by t h e end o f h a r d dough s t a g e . The sequence o f 

c o l o r changes a t the s l i t a r e : 

G * GY > P > MBr 

( c ) W h i t e s and N e a r - W h i t e s and Grays ( A p p e n d i x : T a b l e s 27.XI 
and 2 7 . X I I ) . 

No a n t h o c y a n i c ' ; o r m e l a n i c c o l o r s a p p e a r . However, t h e y e l l o w 

f l a v o n o i d c o l o r s as u s u a l o c c u r . 

(d) B l u e s ( A p p e n d i x : T a b l e s 2 7 . X I I I t o 2 7 . X V I I ) . 

The spermoderm l a y e r s o f 36-B1 B l - 2 1 and Montcalm, a l s o d e v e l o p 

a n t h o c y a n i n c o l o r s a t t h e s l i t bounded by lemma and p a l e a , w h i c h l a t e r 

f a d e by t h e end o f h a r d dough s t a g e . I n T r e b i , a n t h o c y a n i n s do n o t d e v e l o p 

a t t h e s l i t b u t r a t h e r , o c c u r a r o u n d t h e s l i t . I n C-54-22, t h e antho-
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c y a n i n s appear i n p a t c h e s , as a m o s a i c , from e a r l y s o f t dough t o l a t e h a r d 

dough. The a n t h o c y a n i c c o l o r s however, d i s a p p e a r by t h e o n s e t o f f l i n t y 

s t a g e . The b e h a v i o u r o f t h e b l u e s , t h u s , i s r e l a t e d t o t h a t o f t h e w h i t e s . 

(e) B l a c k s ( A p p e n d i x : T a b l e s 2 7 . X V I I I t o 27.XX). 

The sequence o f c o l o r changes i n t h e spermoderm o f t h r e e b l a c k 

v a r i e t i e s i n somewhat as f o l l o w s : 

G > GY » Y » W o r Gr>5 > gBk 

L i o n d e v e l o p s a n t h o c y a n i c c o l o r s a t t h e s l i t , w h i c h l a t e r d i s 

a p p e a r ; K i t c h e n does n o t do so, and no i n f o r m a t i o n i s a v a i l a b l e f o r G a t a m i . 

4.3.2.8. A l e u r o n e 

The a l e u r o n e o f b a r l e y c o n s i s t s o f more c e l l l a y e r s t h a n i t does 

i n some o t h e r c e r e a l s ( S a w i c k i , 1951). I t i s d i s t i n g u i s h e d s h a r p l y from 

t h e r e s t o f t h e endosperm by t h e r e l a t i v e l y l a r g e p e r c e n t a g e o f s t o r a g e 

p r o t e i n w h i c h accompanies t h e s t o r a g e c a r b o h y d r a t e s . The l a y e r i n t e r -

d i g i t a t e s w i t h t h e r e s t o f t h e endosperm and c a n n o t r e a d i l y be p e e l e d from 

i t . I t i s perhaps w o r t h r e c a l l i n g t h a t a l e u r o n e c e l l s a r e t r i p l o i d and 

i n t e r g e n e r a t i o n a l , i n t h a t t h e 2/3 o f t h e chromosomes a r e m a t e r n a l and 1/3 

p a t e r n a l . They a r e t h u s g e n e t i c a l l y d i f f e r e n t t o t h e f o r e g o i n g t i s s u e s 

w h i c h a r e m a t e r n a l i n o r i g i n . A l e u r o n e c e l l s a r e n o t c h l o r o p h y l l o u s o r 

m e l a n i c a t any s t a g e . A t s o f t dough they, a r e n e a r l y w h i t e . When an t h o 

c y a n i n c o l o r s d e v e l o p t h e y a r e a l w a y s i n t h e b l u e shades o f a n t h o c y a n i n 
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c o l o r b a s e s o r i n t h e y e l l o w shades o f o t h e r f l a v o n o i d s . A l e u r o n e l a y e r 

i s a r i c h s o u r c e o f l e u c o a n t h o c y a n i n s ( S e c . 9 ) . 

I t i s n o t e w o r t h y t h a t when t h e a l e u r o n e s a r e p l a c e d i n t h e 

a c i d i c s o l v e n t , t h e t r a n s i t i o n o f b l u e a n t h o c y a n i n s (anhydro base s t a t e ) 

t o r e d a n t h o c y a n i n s ( f l a v y l i u m s a l t s t a t e ) - o c c u r s , u n l i k e o t h e r t i s s u e s , 

v e r y s l o w l y , sometimes o v e r a p e r i o d o f h o u r s . 

I n g e n e r a l , t h e p a t t e r n s o f pigment development i n t h e t i s s u e s 

o t h e r t h a n a l e u r o n e were a s c e r t a i n e d from a r e l a t i v e l y l a r g e sample because 

t h e t i s s u e s were l a r g e l y a c c e s s i b l e f o r d i r e c t v i s u a l e x a m i n a t i o n . The 

p e e l i n g t e c h n i q u e , b e i n g l a b o r i o u s , r e s t r i c t e d o b s e r v a t i o n s t o s m a l l 

samples. N o n e t h e l e s s , t h e p a t t e r n s o f pigment development i n t h e s p e r 

moderm were d e p e n d a b l e from r e l a t i v e l y s m a l l samples because p e r i c a r p i s a 

c o l o r l e s s t i s s u e d u r i n g d evelopment. I n c o n t r a s t t o t h e spermoderm, t h e 

d e v e l o p m e n t a l p a t t e r n s i n t h e a l e u r o n e c o u l d n o t be a s c e r t a i n e d b e c a u s e o f 

the l i m i t a t i o n s o f a s m a l l sample, because t h e o v e r l y i n g spermoderm i s a 

r e l a t i v e l y t h i c k l a y e r d u r i n g development; and b e c a u s e , e a r l y i n d e v e l o p 

ment, t h e spermoderm i s c h l o r o p h y l l o u s , and, l a t e i n development, i n 

s e v e r a l c o l o r v a r i a n t s , d e e p l y p i g m e n t e d . Inasmuch as t h e a l e u r o n e c o l o r s 

have been used w i d e l y as v a r i e t y m a r k e r s , and inasmuch as t h e a l e u r o n e 

c o l o r s c a n n o t be d e t e r m i n e d a c c u r a t e l y from u n p e e l e d k e r n e l s , t h e de

l i n e a t i o n o f e x a c t a l e u r o n e c o l o r s by c o m p a r i s o n w i t h Ridgway's c o l o r 

c h a r t s (1912) was g i v e n s p e c i a l a t t e n t i o n . 

A l t h o u g h n e c e s s a r y from taxonomic v i e w p o i n t , t h e c o l o r d e l i n e a t i o n 

a t f l i n t y s t a g e c o u l d n o t be u n d e r t a k e n because o f t h e l i m i t a t i o n s o f 

p e e l i n g t e c h n i q u e . * However, a l e u r o n e c o l o r s were d e l i n e a t e d as l a t e i n 

*The a l e u r o n e c o l o r s o f f l i n t y k e r n e l s a r e now d e l i n e a t e d by t h e method 
d e s c r i b e d i n Sec.21. 
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development as p r a c t i c a b l e . I t w i l l be n o t e d from A p p e n d i x , T a b l e s 27.1 

t o 27.XX t h a t t h e a l e u r o n e c o l o r s o f a l l v a r i a n t s a t l a t e h a r d dough s t a g e 

(IV), and whenever p o s s i b l e , a t e a r l y f l i n t y s t a g e (V) were d e l i n e a t e d 

from Ridgway's c o l o r c h a r t s . The a l e u r o n e c o l o r s , r e c o r d e d i n A p p e n d i x 

( S e c . 2 7 ) , a t e a r l y s t a g e o f k e r n e l m a t u r a t i o n were n o t d e l i n e a t e d from t h e 

c o l o r c h a r t s . The c o l o r s d e t e r m i n e d from Ridgway's c h a r t s b e g i n w i t h 

c a p i t a l l e t t e r s i n t h e t e x t . The o b s e r v a t i o n s o f a l e u r o n e p i g m e n t a t i o n 

were made on a v e r y s m a l l sample, c o n s i s t i n g u s u a l l y o f f i v e k e r n e l s 

b ecause manual p e e l i n g i s t i m e - c o n s u m i n g . 

(a) P u r p l e s ( A p p e n d i x : T a b l e s 27.1 t o 27.IV) 

The c o l o r o f a l e u r o n e i n p u r p l e v a r i e t i e s i s w h i t e t o y e l l o w i s h 

w h i t e i n e a r l y s t a g e s . The a n t h o c y a n i c c o l o r s appear g e n e r a l l y by t h e 

end o f s o f t dough s t a g e , o r e a r l y h a r d dough s t a g e . B l a c k H u l l e s s and 

C . I . 5628 a r e r i c h i n ' b l u e ' a n t h o c y a n i n s . P a r t i c u l a r l y , i n t h e c a s e o f 

B l a c k H u l l e s s ( T a b l e 2 7 . 1 ) , f o r w h i c h adequate o b s e r v a t i o n s a r e a v a i l a b l e , 

t h e r e i s marked d e e p e n i n g o f a n t h o c y a n i n c o l o r s towards m a t u r i t y . The 

c o l o r o f B l a c k H u l l e s s a l e u r o n e a t l a t e h a r d dough ( s t a g e I V ) , i n g e n e r a l , 

i s P r u s s i a n B l u e ( M i l l ) a t t h e t i p s . D u r i n g e a r l y f l i n t y s t a g e ( V ) , t h e 

c e n t r a l r e g i o n s o f a l e u r o n e become D a r k M e d i c i B l u e and t h e r e s t o f t h e 

k e r n e l i s B l u i s h S l a t e B l a c k ( i n | | | | | | |) . 

I n t h e o t h e r two p u r p l e v a r i e t i e s , G o p a l and 71-Pr Pr-10 ( T a b l e s 

27.11 and 2 7 . I l l ) t h e a n t h o c y a n i n c o l o r s s c a r c e l y a p p e a r . I n G o p a l , 

however, d u r i n g s t a g e I V , t h e c e n t r a l r e g i o n s o f a l e u r o n e a r e N a p l e s 

Y e l l o w whereas a s m a l l a r e a around t h e t i p s i s L i g h t B l u e V i o l e t (+4+)• 

The c o l o r o f a l e u r o n e a t s t a g e V, however, was Deep O l i v e B u f f . I t i s 
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i n t e r e s t i n g t h a t when t h e b u f f y a l e u r o n e s were p l a c e d i n t h e a c i d i f i e d 

a l c o h o l , no a n t h o c y a n i n c o l o r was n o t e d ( s e e Sec. 4.3.2.9). F o r 71-Pr 

P r - 1 0 , r e a d i n g s f o r s t a g e V a r e n o t a v a i l a b l e ; d u r i n g s t a g e IV t h e a l e u r o n e 

i s Cream c o l o r and a n t h o c y a n i n c o l o r s a r e a b s e n t . 

(b) W h i t e s ( A p p e n d i x : T a b l e s 27.V t o 27.X) 

The a l e u r o n e o f G o l d e n P h e a s a n t ( T a b l e 2 7 . V I I ) i s N a p l e s Y e l l o w 

d u r i n g s t a g e I V ( l a t e h a r d dough) and Honey Y e l l o w d u r i n g s t a g e V ( e a r l y 

f l i n t y ) . T h a t o f D e f i c i e n s ( T a b l e 2 7 . V I I I ) i s M a i z e Y e l l o w d u r i n g s t a g e I V 

and B u f f y C i t r i n e d u r i n g s t a g e V. The a l e u r o n e s o f b o t h o f t h e s e v a r i e t i e s 

when p l a c e d i n t h e a c i d i f i e d s o l v e n t , do n o t d e v e l o p a n t h o c y a n i n c o l o r s . 

The a l e u r o n e o f 3 3 - b l b l - 1 3 ( T a b l e 27.X) a good w h i t e v a r i e t y , i s 

M aple Y e l l o w d u r i n g s t a g e I I I , s u r p r i s i n g l y , i t d e v e l o p s a n t h o c y a n i n c o l o r 

(0.1+) when p l a c e d i n t h e a c i d i f i e d s o l v e n t ; however, a t s t a g e V t h e c o l o r 

o f a l e u r o n e i s Honey Y e l l o w o r Chamois and t h e a n t h o c y a n i n r e a c t i o n i s n o t 

g i v e n . I n t h e c a s e o f 3 6 - b l b l - 2 1 and C-54-55 ( T a b l e s 27.V and 2 7 . V I ) , 

s m a l l q u a n t i t i e s o f a n t h o c y a n i n , l i k e t h e 3 3 - b l b l - 1 3 , become v i s i b l e o n l y 

when t h e t i s s u e s a r e p l a c e d i n t h e a c i d i f i e d s o l v e n t . 

I n t h e c a s e o f V a n t a g e , ( T a b l e 2 7 . I X ) , t h e s i t u a t i o n i s i n t e r e s t i n g 

i n s o f a r as i t i s c l a s s i f i e d as a p l a n t b r e e d e r ' s w h i t e v a r i e t y . A t s t a g e 

I V , i t i s N a p l e s Y e l l o w o r Cream c o l o r and y e t i t shows t h e p r e s e n c e o f 

a n t h o c y a n i n s (+) when p l a c e d i n t h e s o l v e n t ; t h e a l e u r o n e c o l o r , a t s t a g e 

V, i s Deep O l i v e B u f f o r Dark O l i v e B u f f (1.5+) ( s e e Sec. 4.3.2.9,) Enough 

a n t h o c y a n i n i s p r e s e n t a t e a r l y f l i n t y s t a g e , and t h e r e f o r e , i t s c l a s s i f i 

c a t i o n as a w h i t e v a r i e t y a p p e a r s t o be i n e r r o r . 
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( c ) Near W h i t e s and Grays ( A p p e n d i x : T a b l e s 27.XI and 2 7 . X I I ) . 

The a l e u r o n e o f 5090-10-4, ( T a b l e 27.X) though Cream c o l o r e d 

(0.5+) d u r i n g s t a g e IV and Honey Y e l l o w (0.3+) d u r i n g s t a g e V, a l s o 

d e v e l o p s a n t h o c y a n i n s when p l a c e d i n t h e s o l v e n t . 

The a l e u r o n e o f 5090-2-3, ( T a b l e 2 7 . X I I ) a g r a y o r near w h i t e 

v a r i e t y , i s D u l l C i t r i n e (+++) d u r i n g s t a g e I V and Dark O l i v e B u f f (1.5+) 

d u r i n g s t a g e V. A p p r e c i a b l e a n t h o c y a n i n i s p r e s e n t . 

(d) B l u e s A p p e n d i x : T a b l e s 2 7 . X I I I t o 2 7 . X V I I ) . 

I n 36-B1 B l - 2 1 , ( T a b l e 2 7 . X I I I ) a n t h o c y a n i n s appear e a r l y i n t h e 

s o f t dough s t a g e . The a l e u r o n e c o l o r i s Tea Green (1.5+) d u r i n g s t a g e IV 

and D u l l C i t r i n e (0.3+) d u r i n g s t a g e V. 

The a l e u r o n e o f Montcalm ( T a b l e 27.XIV) i s Tea Green w i t h p a t c h e s 

o f O l i v e Gray (+) d u r i n g s t a g e IV'and V e t i v e r G r e e n d u r i n g s t a g e V (0.2+). 

S i m i l a r l y , T r e b i ( T a b l e 27.XV) ? a p e c u l i a r b l u e v a r i e t y , i s D u l l C i t r i n e 

from t h e c e n t r e t o t h e t i p o f embryo and P a l e G r e e n - B l u e - G r a y from t h e 

c e n t r e t o t h e t i p o p p o s i t e t h e embryo (++) d u r i n g s t a g e IV and i s Deep 

O l i v e Gray (0.2+) d u r i n g s t a g e V. S i n c e t h e two v a r i e t i e s show l i t t l e 

a n t h o c y a n i n c o l o r i n a l e u r o n e a r o u n d e a r l y f l i n t y s t a g e , t h e y do n o t 

appear t o be good b l u e v a r i e t i e s . 

The a l e u r o n e o f 33-B1 B l - 1 3 ( T a b l e 27.XVII) i s p a r t l y D a r k O l i v e 

B u f f and p a r t l y V e t i v e r Green ( M i l l ) d u r i n g s t a g e I V and V e t i v e r Green 

t o O l i v e L ake (0.2+) d u r i n g s t a g e V ( s e e Sec. 4.3.2.9). 

The a l e u r o n e o f t h e p a l e b l u e l i n e , C-54-22 ( T a b l e 27.XVI) i s 
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Tea Green w i t h p a t c h e s o f L i g h t O l i v e Gray (+) d u r i n g s t a g e I V and some

what V e t i v e r Green d u r i n g s t a g e V. The c o l o r e x p r e s s i o n o f t h i s v a r i e t y 

i s f a i r l y s i m i l a r t o t h a t o f Montcalm, b u t s u r p r i s i n g l y , t h e i n t e n s i t y o f 

t h e V e t i v e r Green c o l o r o f Montcalm i s l e s s t h a n (0.2+) whereas t h a t o f 

C-54-22 i s (1.5+) ( s e e Sec. 4.3.2.9). 

The development o f a n t h o c y a n i n s i n a l e u r o n e o c c u r s . a r o u n d 

e a r l y h a r d dough s t a g e . I t cannot be r e l a t e d t o a p a r t i c u l a r s t a g e o f 

development because i n some v a r i e t i e s , t h e c o l o r a p p e a r s much e a r l i e r . 

(e) B l a c k s ( A p p e n d i x : T a b l e s 2 7 . X V I I I t o 27.XX) 

The a l e u r o n e o f L i o n ( T a b l e 27.XIX) i s Cream c o l o r (0.05+ t o 

0) d u r i n g s t a g e IV and D u l l C i t r i n e ( a n t h o c y a n i n a b s e n t ) d u r i n g s t a g e V 

( s e e Sec. 4.3.2.9). F o r a l l p r a c t i c a l p u r p o s e s , t h e a l e u r o n e does n o t 

show a n t h o c y a n i n s . 

The a l e u r o n e o f K i t c h e n ( T a b l e 27.XX) d e v e l o p s a n t h o c y a n i n s 

d u r i n g s t a g e I I I . The c o l o r o f a l e u r o n e d u r i n g s t a g e I V i s N a p l e s Y e l l o w 

i n t h e c e n t r e and S e r p e n t i n e Green a t t h e t i p s , whereas d u r i n g s t a g e V, 

t h e c o l o r i s S e r p e n t i n e Green. A n t h o c y a n i n s do n o t appear d u r i n g s t a g e s 

I V and V, when t h e t i s s u e s were p l a c e d i n t h e s o l v e n t . 

The a l e u r o n e o f Gatami ( T a b l e 2 7 . X V I I I ) d e v e l o p s a n t h o c y a n i n 

c o l o r s d u r i n g s t a g e I I ; d u r i n g s t a g e I V t h e c o l o r o f a l e u r o n e i s Deep 

O l i v e Gray a t t h e c e n t r e and P a l e Green B l u e Gray a t t h e edges and d u r i n g 

s t a g e V, some o f t h e a l e u r o n e s a r e D u l l C i t r i n e (0.5+). 

I t i s c l e a r from t h e above r e s u l t s t h a t t h e a l e u r o n e c o l o r s v a r y 

m a r k e d l y a t d i f f e r e n t s t a g e s o f k e r n e l m a t u r a t i o n . Whether t h e v a r i a t i o n 

i s d e v e l o p m e n t a l , due t o g e n e t i c s e g r e g a t i o n o r l a r g e l y e n v i r o n m e n t a l 
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remains t o be i n v e s t i g a t e d . I t i s a l s o a b u n d a n t l y c l e a r t h a t t h e 

p r e s e n c e o f a n t h o c y a n i n s , p a r t i c u l a r l y i n t h e a l e u r o n e t i s s u e s , s h o u l d 

a l w a y s be a s c e r t a i n e d by t h e a c i d r e a c t i o n ; t h e i r p r e s e n c e i n Cream 

c o l o r e d o r N a p l e s Y e l l o w a l e u r o n e s , w i t h o u t t h e a c i d t r e a t m e n t , c o u l d 

s c a r c e l y have been e x p e c t e d . The n e c e s s i t y o f c a r r y i n g out r o u t i n e a c i d 

t r e a t m e n t o f t h e a l e u r o n e t i s s u e s becomes a l l t h e more a p p a r e n t from t h e 

f o l l o w i n g s e c t i o n . 

4.3.2.9. R e l a t i o n s h i p o f Ridgway's C o l o r D e s i g n a t i o n t o t h e 
C o n c e n t r a t i o n o f A n t h o c y a n i n s i n A l e u r o n e 

I t was o b s e r v e d i n S e c t i o n 4.3.2.8 t h a t a l e u r o n e o f s e v e r a l 

c o l o r v a r i a n t s , g e n e r a l l y d u r i n g h a r d dough s t a g e , was v i s i b l y c o l o r l e s s 

( a n t h o c y a n i n - f r e e ) as d e n o t e d by i t s c o l o r s such as Cream C o l o r , D u l l 

C i t r i n e , N a p l e s Y e l l o w , and so on ( s e e T a b l e 4 . I V ) . S u r p r i s i n g l y , t h e 

c o l o r l e s s a l e u r o n e s showed f r e q u e n t l y t h e g r a d u a l development o f a n t h o 

c y a n i n c o l o r s , when t h e y were p l a c e d i n t h e a c i d i c s o l v e n t . The r e a s o n s 

f o r t h e g r a d u a l development o f c o l o r a r e d e a l t w i t h i n S e c t i o n 6. How

e v e r , on t h e b a s i s o f some o f t h e o b s e r v a t i o n s r e p o r t e d i n S e c t i o n s 6 

and 22 and t h e o t h e r s , y e t t o be c o m p i l e d , i t i s c o n c l u d e d t h a t t h e 

development o f a n t h o c y a n i n c o l o r i n t h e o t h e r w i s e c o l o r l e s s a l e u r o n e i s 

due t o a n t h o c y a n i n pseudo b a s e s , and n o t due t o l e u c o a n t h o c y a n i n s . The 

o c c u r r e n c e o f a n t h o c y a n i n pseudo b a s e s i n n a t u r e s u g g e s t t h a t t h e pH o f 

t h e c o l o r l e s s a l e u r o n e t i s s u e s i s ' n e u t r a l ' and t h a t o f t h e b l u e a l e u r o n e 

t i s s u e s r e l a t i v e l y a l k a l i n e . T h i s s u g g e s t i o n c a n now be s u b s t a n t i a t e d 

b ecause a t e c h n i q u e f o r s t u d y i n g t h e p h y s i o l o g i c a l a c t i v i t y o f a l e u r o n e 

has been d e v e l o p e d r e c e n t l y ( S e e s . 21 and 2 2 ) . T h i s i s s u e c o n c e r n i n g 
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C l a s s i f i c a t i o n 
o f L i n e s A l e u r o n e C o l o r A nthocy D e v e l o p 

A c c o r d i n g a c c o r d i n g a n i n Con ment 
V a r i e t y t o C o l o r Ridgway's C h a r t c e n t r a t i o n S t a g e 

Vantage W h i t e Cream C o l o r + I V 
5090-10-4 n e a r - W h i t e 0.5+ IV 
L i o n B l a c k 0.05+ I V 
7 1 - P r P r - 1 0 P u r p l e N i l I I I 

5090-2-3 n e a r - W h i t e D u l l C i t r i n e +++ I V 
o f Gray 

Gatami B l a c k 0.5+ V 
3 6 - B l B l - 2 1 B l u e 0.3+ V 
L i o n B l a c k N i l V 

Vantage W h i t e N a p l e s Y e l l o w + I V 
3 6 - b l b l - 2 1 W h i t e 0.1+ IV 
3 3 - b l b l - 1 3 W h i t e 0.1+ IV 
K i t c h e n B l a c k N i l I V 
G olden-
Pheasant W h i t e N i l I V 

5090-2-3 n e a r - W h i t e Deep O l i v e B u f f 1.5+ V 
or Gray 

G o p a l P u r p l e N i l V 
3 6 - b l b l - 2 1 W h i t e 0.1+ V 

Deep O l i v e B u f f 
V a n t a g e W h i t e o r 1.5+ V 

Dark O l i v e B u f f 

C-54-55 W h i t e Dark O l i v e B u f f 0.2+ V 

V e t i v e r Green 
33-B1 B l - 1 3 B l u e and II 1 1 1 1 I V 

Dark O l i v e B u f f 

C-54-22 p a l e B l u e V e t i v e r G r e e n 1.5+ V 
Montcalm B l u e 0.2+ V 
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t h e i n f l u e n c e o f pH on t h e jLn v i v o a n t h o c y a n i n t r a n s f o r m a t i o n s i s i m p o r t a n t 

b o t h f u n d a m e n t a l l y , i n b i o g e n e s i s , and i n d u s t r i a l l y i n e l u c i d a t i n g 

r e l a t i o n s h i p s o f b e e r c h i l l h aze t o l e u c o a n t h o c y a n i n s , p r o t e i n bound 

l e u c o a n t h o c y a n i n s , a n t h o c y a n i n s , p r o t e i n - b o u n d a n t h o c y a n i n s ( S e c . 6 ) , and 

a n t h o c y a n i n pseudo b a s e s , a l l o f w h i c h a r e r e l a t e d s t r u c t u r a l l y and o c c u r 

' s i d e by s i d e ' i n t h e a l e u r o n e t i s s u e . 

A n o t h e r i m p o r t a n t o b s e r v a t i o n e s t a b l i s h e s t h a t t h e a p p a r e n t c o l o r 

o f t h e a l e u r o n e g i v e s m i s l e a d i n g i n d i c a t i o n s c o n c e r n i n g t h e t o t a l antho

c y a n i n c o n t e n t as i l l u s t r a t e d b r i e f l y i n T a b l e 4.IV. I t w i l l be n o t e d t h a t 

i n some l i n e s , t h e a l e u r o n e c o l o r as g i v e n from R i d g w a y 1 s C h a r t s , i s 

i d e n t i c a l , b u t , n o t w i t h s t a n d i n g , s i g n i f i c a n t d i f f e r e n c e s i n a n t h o c y a n i n 

q u a n t i t y a r e o b s e r v e d when t h e a l e u r o n e s a r e p l a c e d i n a c i d i f i e d s o l v e n t . 

The v a r i a t i o n s i n 'pseudo base' c o n c e n t r a t i o n s i n t h e c o l o r l e s s a l e u r o n e s , 

namely, Cream C o l o r , D u l l C i t r i n e , and Maple Y e l l o w , range from n i l , 0.1+, 

0.3+, 0.5+ t o as h i g h as +++. The a l e u r o n e c o l o r s , such as Deep o r D a r k 

O l i v e B u f f , and V e t i v e r Green, s i m u l a t e b l u e c o l o r s o f a l e u r o n e , and can 

be m i s t a k e n e a s i l y f o r b l u e a n t h o c y a n i n s , p a r t i c u l a r l y so when t h e u n p e e l e d 

k e r n e l s a r e examined. I t w i l l be n o t e d from T a b l e 4.IV t h a t , l i k e t h e 

c o l o r l e s s a l e u r o n e t i s s u e s , t h e s e c o l o r e d a l e u r o n e s a l s o show s i g n i f i c a n t 

d i f f e r e n c e s i n a n t h o c y a n i n q u a n t i t y on expo s u r e t o t h e a c i d i c s o l v e n t . The 

v a r i a t i o n s i n a n t h o c y a n i n c o n c e n t r a t i o n , a g a i n , range from n i l , 0.1+, 0.2+, 

1.5+ t o as h i g h as M i l l . The o b s e r v a t i o n s , t h e r e f o r e , s u g g e s t t h a t t h e 

c o l o r s such as Deep or Dark O l i v e B u f f and V e t i v e r Green, w h i c h o t h e r w i s e 

s i m u l a t e b l u e a n t h o c y a n i n c o l o r s , may n o t feapdue t o anthocyanins', ->The 

v a r i a t i o n s i n a n t h o c y a n i n c o n c e n t r a t i o n s a p p e a r s l a r g e l y t o be due t o 

a n t h o c y a n i n pseudo b a s e s . 

The o b s e r v a t i o n s l e a d t o t h e c o n c l u s i o n t h a t a n t h o c y a n i n pseudo 
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b ases o c c u r i n n a t u r e n o t o n l y i n t h e hood v e i n s o f K i t c h e n but a l s o i n 

a l e u r o n e o f many v a r i e t i e s . I t i s a l s o c l e a r t h a t v i s u a l o b s e r v a t i o n s on 

t h e n a t u r e o f a l e u r o n e p i g m e n t a t i o n can be h i g h l y m i s l e a d i n g , a p o i n t t h a t 

d e s e r v e s c a r e f u l a t t e n t i o n from t a x o n o m i s t s and b r e e d e r s . 

4.4. DISCUSSION 

The s t u d i e s o f pigment development i n d i f f e r e n t p a r t s o f t h e b a r l e y 

p l a n t and i n d i f f e r e n t l i n e s o f b a r l e y were u n d e r t a k e n t o g a i n f a m i l i a r i t y 

w i t h t h e outward o r v i s u a l r e l a t i o n s h i p s o f a n t h o c y a n i n s , r e l a t e d f l a v o 

n o i d s , and m e l a n i c pigments p r i o r t o u n d e r t a k i n g b i o c h e m i c a l and g e n e t i c a l 

s t u d i e s . The r a p i d c h e m i c a l s u r v e y t e s t were used t o augment t h e o c u l a r 

o b s e r v a t i o n s . These o b s e r v a t i o n s may be r e w a r d i n g i n s e v e r a l ways. I n any 

s t u d y w h i c h hopes t o examine t h e b i o c h e m i c a l b a s i s o f gene a c t i o n , i t i s 

e s s e n t i a l t o d e t e r m i n e t h e n a t u r e and d u r a t i o n o f p i g m e n t a t i o n as t h e 

b a r l e y p l a n t s grow. C o n c e i v a b l y t h e s t u d y m i g h t a i d i n d e l i n e a t i n g 

a p p r o p r i a t e s t a g e s s u i t a b l e f o r t h e s t u d y o f pigment p r e c u r s o r s , sub

s t i t u t i o n e x p e r i m e n t s , r e l a t e d c o m p e t i n g , b l o c k e d and c o u p l e d r e a c t i o n s , 

and p e r h a p s , t h e s t a g e o f development a t w h i c h t h e ' t i m e genes' become 

a c t i v e and r e l e a s e t h e enzymes f o r t h e g e n e s i s o r t r a n s f o r m a t i o n o f antho

c y a n i n s , and r e l a t e d p i g m e n t s . 

A n t h o c y a n i n p r o d u c t i o n i n g e n e r a l , and, p a r t i c u l a r l y i n b a r l e y , i s 

g r e a t l y i n f l u e n c e d by e n vironment ( A b e r g and Wiebe, 1948). The b r o a d 

o b s e r v a t i o n s on pigment 'ontogeny' show t h a t pigment p r o d u c t i o n i n some 

t i s s u e s a p p e ars s i m p l e , but i n o t h e r s i t a p p e a r s t o be complex, w i t h p h y s i o 

l o g i c a l o v e r t o n e s . F o r i n s t a n c e , g i v e n g e n e t i c competence, t h e development 
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o f some pigmen t s were ma x i m a l , o r r e s t r i c t e d t o t h e t i s s u e exposed t o 

d i r e c t s u n l i g h t . That s o l a r r a d i a t i o n may d i r e c t l y c o n t r o l t h e e x p r e s s 

i v i t y o f genes g o v e r n i n g a n t h o c y a n i n p r o d u c t i o n i s i l l u s t r a t e d by 

o b s e r v a t i o n s on t h e nodes o f C-54-55. The f o r m a t i o n o f a pigmented r i n g 

upon removal o f t h e l e a f s h e a t h , w h i c h p a r t i a l l y e n c i r c l e d t h e node 

s u g g e s t s t h a t , a l t h o u g h genes f o r c o l o r i n g a r e p r e s e n t , t h e w a v e l e n g t h s 

o f l i g h t a b s o r b e d o r f i l t e r e d by t h e g r e e n s h e a t h s d e t e r m i n e t h e g e n e t i c 

e x p r e s s i v i t y . A l t h o u g h Emerson l o n g ago r e p o r t e d on t h e i n f l u e n c e o f l i g h t 

i n r e l a t i o n t o c e r t a i n a n t h o c y a n i n genes i n c o r n , t h e mechanism o f antho

c y a n i n p r o d u c t i o n i n such c a s e s i s f a r from u n d e r s t o o d . K a n d l e r (1958) 

showed t h a t upon p r e t r e a t m e n t o f young b l a c k m u s t a r d s e e d l i n g s w i t h 

c h l o r a m p h e n i c o l o r s t r e p t o m y c i n , t h e p r o t e i n m e t a b o l i s m was b l o c k e d 

r e s u l t i n g i n t h e a c c u m u l a t i o n o f a r o m a t i c amino a c i d s . T h i s a c c u m u l a t i o n 

b r o u g h t about t h e p r o d u c t i o n o f a n t h o c y a n i n s b e c a u s e i t was p r o p o s e d b o t h 

a r o m a t i c amino a c i d s and a n t h o c y a n i n s a r e d e r i v e d f r o m t h e same p r e c u r s o r , 

s h i k i m i c a c i d . T h e o r e t i c a l l y , t h e p r o d u c t i o n o f a n t h o c y a n i n s i n t h e node, 

upon r e m o v a l o f t h e e n c i r c l e d l e a f s h e a t h , may be b r o u g h t about i f t h e 

i n t e r m e d i a t e s l i k e a r o m a t i c amino a c i d s a r e made a v a i l a b l e by t h e a c t i o n 

o f s u n l i g h t . I n t h i s c o n n e c t i o n i t i s n o t e w o r t h y t h a t pigments by a c t i n g 

as f i l t e r s o f r a d i a t i o n (Manning, 1950) may i n f l u e n c e t h e m e t a b o l i s m . F o r 

i n s t a n c e , t h e R u s s i a n w o r k e r s V o s k r e s e n s k a y a (1950) and Kurs a n o v (1954) 

have found t h a t l e a v e s s y n t h e s i s e m a i n l y c a r b o h y d r a t e s i n r e d l i g h t b u t 

a c c u m u l a t e p r o t e i n s i n b l u e l i g h t . 

The i n f l u e n c e o f l i g h t on t h e a n t h o c y a n i n development i n t h e node 

as i n o t h e r p l a n t s , e.g., a p p l e s , i s l o c a l i z e d t o t h e c e l l s w h i c h a r e n o t 

p r o t e c t e d a g a i n s t d i r e c t s u n l i g h t . Thus, i t seems p r o b a b l e t h a t w h i l e t h e 

node i s c o v e r e d by t h e s h e a t h , t h e s o l a r r a d i a t i o n f i l t e r e d t h r o u g h t h e 
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s h e a t h may promote s y n t h e s i s o f p r o t e i n s ; upon removal o f t h e s h e a t h , t h e 

r a t e o f p r o t e i n s y n t h e s i s may be r e d u c e d r e s u l t i n g i n t h e p r o b a b l e 

a c c u m u l a t i o n , o r e x t r a a v a i l a b i l i t y o f a r o m a t i c amino a c i d s and e v e n t u a l 

s y n t h e s i s o f a n t h o c y a n i n s as s u g g e s t e d by K a n d l e r ( 1 9 6 0 ) . The d e v e l o p 

m e n t a l f e a t u r e s o f a n t h o c y a n i n s a t nodes, t h e r e f o r e , w a r r a n t e x t e n s i v e 

s t u d i e s t o g a i n u n d e r s t a n d i n g o f t h e s p e c i f i c components o f environment 

t h a t i n f l u e n c e a n t h o c y a n i n development, and t h e r e f o r e , gene e x p r e s s i o n . 

The r e p o r t on p i g m e n t a t i o n changes as th e y o c c u r i n t h e s e p a r a t e 

p l a n t p a r t s such as l e a f s h e a t h o r awn i s i n c o m p l e t e w i t h o u t a s t a t e m e n t 

on a s s o c i a t e d changes. A s s o c i a t e d changes o r , as e a r l y w o r k e r s i n pigment 

g e n e t i c s termed them, l i n k a g e s , m i g h t advance t h e u n d e r s t a n d i n g , w h i c h a t 

p r e s e n t i s s l i g h t , o f t h e r o l e o f f l a v o n o i d pigments i n p l a n t s . I n deg r e e 

a t l e a s t , t h e f l a v o n o i d pigments a r e c h e m i c a l e n t i t i e s w h i c h can be seen. 

Not o n l y may c o l o r r e l a t i o n s h i p s from p a r t t o p a r t o f t h e p l a n t be e x p l o r e d 

b u t a l s o t h e r e l a t i o n s h i p s o f t h e c o l o r may be r e l a t e d t o s p e c i f i c 

p r o c e s s e s i n development. I n L i o n , f o r example, as c o l o r i n t h e upper 

a u r i c l e s f a d e s i t deepens i n t h e awns; a l s o t h i s c o r r e l a t e d c o l o r change 

seems t o t a k e p l a c e as p o l l i n a t i o n o c c u r s and can be used as a g u i d e i n 

h y b r i d i z a t i o n . E r m o l a e v a .et a l . , ( 1 9 4 8 ) , B o t t a z i (1950) and M u l l i c k (1959) 

g i v e o t h e r a s s o c i a t e d changes. 

O c u l a r o b s e r v a t i o n s per se y i e l d some i n f o r m a t i o n and c h e m i c a l 

t e s t s e x t e n d s i t . To i l l u s t r a t e , when t h e c o l o r l e s s young hoods o f t h e 

b l a c k v a r i e t y K i t c h e n a r e d i p p e d i n a c i d i f i e d m e t h anol t h e hood v e i n s t u r n 

r e d . L a t e r c h e m i c a l s t u d i e s s u g g e s t e d t h a t c o l o r l e s s pseudobases o f 

a n t h o c y a n i n s e x i s t i n g i n t h e hoods were r a p i d l y t r a n s f o r m e d t o t h e 

f l a v y l i u m s a l t s t a t e i n a c i d m e dia. 
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I n a l f a l f a and many o t h e r p l a n t s t h e c o n s p i c u o u s pigments 

( c h l o r o p h y l l s e x c e p t e d , may c l e a r l y b e l o n g t o two systems, one a s o - c a l l e d 

c a r o t e n o i d c o l o r system and a n o t h e r , a f l a v o n o i d c o l o r system. . I n b a r l e y 

t h e c a r o t e n o i d system a p p e a r s t o be a m i n o r one but H a r l a n e a r l y i n t h i s 

c e n t u r y d i f f e r e n t i a t e d , as i m p o r t a n t , a f l a v o n o i d ( a n t h o c y a n i n ) s y s t e m and 

a m e l a n i n system. F o l l o w i n g t h e c o l o r sequence o b s e r v a t i o n s a que r y a r o s e 

as t o whether o r not t h e c o n s p i c u o u s pigments o f b a r l e y were one sys t e m o r 

two. L i t t l e i s known about t h e n a t u r e o f m e l a n i n s i n p l a n t s and v e r y l i t t l 

e v i d e n c e s u p p o r t s t h e v i e w t h a t t h e d a r k pigments o f b a r l e y a r e m e l a n i n s . 

Perhaps t h e b i o c h e m i c a l r e l a t i o n s h i p s o f t h e a n t h o c y a n i n s and m e l a n i n s a r e 

q u i t e i n t i m a t e t h r o u g h common p r e c u r s o r s o r perhaps i n t e r c o n v e r s i o n s . 

The c o l o r sequence s t u d i e s , a t t i m e s , s u g g e s t e d t h a t such 

r e l a t i o n s h i p s d i d e x i s t and t h a t , i n m e t a b o l i s m , t h e a n t h o c y a n i c and 

m e l a n i c pigments were r e l a t e d . I t was o b s e r v e d t h a t , i n L i o n and o t h e r 

b l a c k v a r i e t i e s , as a n t h o c y a n i n s f a d e d m e l a n i c pigments appeared a l t h o u g h 

u s u a l l y a f t e r an i n t e r v e n i n g o c h r o l e u c o u s s t a g e . 

I n h e r i t a n c e s t u d i e s s u g g e s t a r e l a t i o n s h i p between t h e two pigment 

c l a s s e s . R e g e l (1911) r e p o r t s two i n s t a n c e s o f spontaneous m u t a t i o n i n 

b l a c k - c h a f f b a r l e y t o w h i t e - c h a f f . Tschermak (1923) from a c r o s s o f b l a c k -

c h a f f and p u r p l e - c h a f f v a r i e t i e s o b t a i n e d an F 2 d i s t r i b u t i o n o f 12 b l a c k -

c h a f f : 3 p u r p l e - c h a f f and 1 w h i t e - c h a f f . I n a n o t h e r c r o s s o f b l a c k - s e e d 

and yellow."seed,' he o b t a i n e d b l a c k , p u r p l e t i n g e d w i t h ,green, y e l l o w - g r e e n , 

and g r e e n s e g r e g a t e s . S a v i n s k a j a (1941) o b t a i n e d from c r o s s e s o f b l a c k 
s' 

seeded and w h i t e - s e e d e d v a r i e t i e s , 6 p u r p l e , 62 b l a c k 1 and 10 w h i t e F 2 p l a n t 

I n n a t u r a l s e l e c t i o n and i n e v o l u t i o n a r y sequences t h e m e l a n i n s 

and a n t h o c y a n i n s appear t o be a s s o c i a t e d f o r i t has o f t e n been o b s e r v e d 

t h a t d a r k - c o l o r genes a r e f a v o r e d i n t h e low l a t i t u d e s . I n t r o p i c a l 



A m e r i c a b l a c k and p u r p l e m aize p l a n t s a r e common i n c u l t i v a t i o n whereas 

d i l u t e s u n - r e d s a r e common i n t h e c o r n b e l t . 

S p e c u l a t i o n t h e r e f o r e i n t h e e s s e n t i a l u n i t y o f t h e a n t h o c y a n i c 

and m e l a n i c pigments may be i n s t r u c t i v e . 

The p i g m e n t s , g e n e r a l l y r e f e r r e d t o as p l a n t m e l a n i n s a r e 

b a s i c a l l y o f two t y p e s : t h o s e t h a t c o n t a i n n i t r o g e n and those t h a t a r e 

n i t r o g e n - f r e e . The forme r i s d e f i n e d as " a d a r k pigment formed d u r i n g 

normal ontogeny,, o r f o l l o w i n g upon i n j u r y , i n t i s s u e s known t o c o n t a i n t h e 

t y r o s i n e - t y r o s i n a s e system" (Thompson, 1962b). The n i t r o g e n - f r e e m e l a n i n s 

may be due t o s e v e r a l r e a c t i o n s : t h e y may o r i g i n a t e by e n z y m a t i c o x i d a t i o n 

o f p o l y p h e n o l s t o q u i n o n e s ( b r o w n i s h c o l o r s ) , o r l i g h t i n d u c e d p o l y m e r i 

z a t i o n o f p o l y a c e t y l e n i c and r e l a t e d u n s a t u r a t e d s u b s t a n c e s t o a d a r k 

p r o d u c t (Thompson, 1962, a and b ) . The g l y c o s i d e a u c u b i n ( I ) upon 

h y d r o l y s i s w i t h y S - g l y c o s i d a s e p r o d u c e s t h e a g l y c o n e a u c u b i g e n i n ( I I ) , w h i c h 

OH OH 

•Black :. 
p r o d u c t 

I I I 



upon a i r o x i d a t i o n g i v e s a b l a c k p r o d u c t ( F u j i s e e t a l . , 1960; Grimshaw 

e t a l . , 1960; and H a e g e l e e t a l . , 1961). The above g l y c o s i d e may be r e s 

p o n s i b l e f o r b l a c k e n i n g o f s e v e r a l p l a n t p r o d u c t s ( K a r r e r , 1958) . 

I n t h e c o u r s e o f work on t h e p u r i f i c a t i o n o f b a r l e y a n t h o c y a n i n s , 

i t was n o t e d t h a t , under c e r t a i n c o n d i t i o n s , h i g h l y p u r i f i e d a n t h o c y a n i n 

e l u a t e s upon d r y i n g i n a vacuum oven gave r i s e t o a j e t b l a c k p o l y m e r i z e d 

p r o d u c t ( S e c . 1 9.3.3.). Whether t h e a n t h o c y a n i n s p o l y m e r i z e t o a b l a c k 

p r o d u c t , i n v i v o , i n a manner s i m i l a r t o t h a t o f a u c u b i n remains t o be 

e x p l o r e d . 

A l t h o u g h , t h e c h e m i c a l n a t u r e o f b a r l e y m e l a n i n s i s unknown i f i t 

happens t h a t t h e y a r e produced from a t y r o s i n e - t y r o s i n a s e system, t h e n t h e 

b i o g e n e t i c u n i t y o f m e l a n i n s and f l a v o n o i d s can be r e a d i l y seen ( F i g . 4 . 2 ) . 

I t has r e c e n t l y been e s t a b l i s h e d t h a t a r o m a t i c amino a c i d s ( p h e n y l a l a n i n e 

and t y r o s i n e ) , and f l a v o n o i d s a r i s e f r o m a common p r e c u r s o r .: s h i k i m i c a c i d 

( B ogorod, 1958; N e i s h , 1960). The a r o m a t i c amino a c i d s a r e a l s o t h e 

p r e c u r s o r s o f m e l a n i n s (Thompson, 1962a and b ) . I n b a r l e y , t h e f l a v o n o i d s 

d e v e l o p e a r l y i n ontogeny and m e l a n i n s a r e produced l a t e r . Thus, i n v i e w 

o f t h e above b i o g e n e t i c r e l a t i o n s h i p , i t a p p e a r s p o s s i b l e t h a t , a t a 

c e r t a i n s t a g e i n ontogeny, t h e a r o m a t i c amino acid-ammonia l y a s e s ( e g . 

p h e n y l a l a n i n e - a m m o n i a l y a s e and so on) may be i n a c t i v a t e d under t h e d i r e c t 

or i n d i r e c t i n f l u e n c e o f ' t i m e genes', t h e r e b y s h i f t i n g r e a c t i o n s towards 

m e l a n o g e n e s i s . 

The v a l u e o f b a s a l l e a f s h e a t h s o f b a r l e y f o r s t u d i e s o f f l a v o n o i d 

pigments s h o u l d be n o t e d . I n many v a r i e t i e s t h e y a r e d e v o i d o f c h l o r o p h y l l 

but may be w h i t e o r v a r i o u s r e d s . As s h e a t h s a r e removed new ones 

commonly a r i s e t o p r o v i d e a c o n t i n u o u s s u p p l y o f m a t e r i a l o f t h e same 

g e n e t i c a l c o n s t i t u t i o n , a m a t t e r o f i m p o r t a n c e i n h y b r i d p l a n t s where 
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F i g . 4.2. 
Pathways showing p o s s i b l e b i o g e n e t i c u n i t y o f m e l a n i n s and f l a v o n o i d s i n 
b a r l e y . 



numbers of plants may be l i m i t e d . The fact that s l i g h t l y d i f f e r e n t en

vironmental conditions p r e v a i l i n g at the time of t i l l e r i n i t i a t i o n may 

lead to pigmented or non-pigmented t i l l e r s on the same plant may be of 

value i n the design of phy s i o l o g i c a l experiments (see F i g . 4.3). 

Fig.4.3. 
Variations i n pigmentation of 
barley t i l l e r s i n i t i a t e d at 
d i f f e r e n t states under a 
changing environment. The 
plant (71-Pr Pr-10 x 71-pr 
pr-10) planted i n the green
house Aug. 4, 1961, f i r s t 
headed c_a. Nov. 10. U n t i l 
mid January 1962 t i l l e r s 
lacked color; t i l l e r s heading 
a f t e r mid February were i n 
creasingly pigmented. 

SMOU PLANT SM OWING 

CULM INITIATION 
BATE 1 ON COLOUR (it , | . PMXNT 

1 71 P r P r 10 • 71 prpr 10 1 

4.5. SUMMARY 

As a preface to biochemico-genetical studies, an intimate know

ledge of the nature and duration of pigments, i n d i f f e r e n t tissues, during 

plant development i s necessary. Observations were made on the development 
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o f f l a v o n o i d a l , a n t h o c y a n i c and m e l a n i c pigments i n each pigment-competent 

t i s s u e , p a r t i c u l a r l y t h e p e r i c a r p , spermoderm and a l e u r o n e t i s s u e s , o f 

s e v e r a l c o l o r v a r i a n t s by d i r e c t e x a m i n a t i o n . Ridgway's c o l o r d e s i g n a t i o n s 

were used f o r d e t e r m i n i n g a l e u r o n e c o l o r s ( A p p e n d i x : T a b l e s 27.1 t o 27.XX), 

however, s i m p l e c o l o r d e s i g n a t i o n s were used f o r a l l o t h e r t i s s u e s . 

I n g e n e r a l , a l l t i s s u e s ( e x c e p t p e r i c a r p ) , w h i c h a r e g r e e n i n i 

t i a l l y become p a l e g r e e n . Then d e p e n d i n g upon t h e g e n e t i c competence, 

t h e y d e v e l o p e i t h e r y e l l o w and e v e n t u a l l y d u l l y e l l o w c o l o r s , o r antho

c y a n i c and e v e n t u a l l y d u l l brown and d u l l y e l l o w c o l o r s , o r a n t h o c y a n i c 

and m e l a n i c c o l o r s , o r o n l y m e l a n i c c o l o r s . . T h e r e i s a p i g m e n t a t i o n c y c l e 

i n a l l p l a n t t i s s u e s . Whereas m e l a n i n s may d e v e l o p i n a t i s s u e f o l l o w i n g 

t h e appearance o f y e l l o w and/or a n t h o c y a n i c c o l o r s , t h e a n t h o c y a n i n s n e v e r 

d e v e l o p f o l l o w i n g t h e appearance o f m e l a n i c c o l o r s . [ 

A l t h o u g h , t h e pigment dynamism i n each t i s s u e i s c o n s i s t e n t , 

environment g r e a t l y i n f l u e n c e s t h e ontogeny o f p i g m e n t s . F o r example t h e 

t i l l e r s from t h e g e n e t i c a l l y p u r p l e s t o c k s , w h i c h headed between November 

t o J a n u a r y i n greenhouses l a c k e d a n t h o c y a n i n s , and t h o s e w h i c h headed a f t e r 

m i d - J a n u a r y showed i n c r e a s i n g a n t h o c y a n i n s i n t h e g r a i n and s p i k e t i s s u e s . 

A n t h o c y a n i n s d e v e l o p i n t h e node i n r e g i o n s n o t c o v e r e d by t h e 

s h e a t h . Removal o f t h e s h e a t h c a u s e s a n t h o c y a n i n p r o d u c t i o n . Thus, 

a l t h o u g h , t h e genes f o r c o l o r i n g a r e p r e s e n t , l i g h t f i l t e r e d by g r e e n 

s h e a t h s d e t e r m i n e s t h e g e n e t i c e x p r e s s i o n . 

A l a r g e number o f t h e v a r i a n t s , whether t h e y do o r do n o t d e v e l o p 

a n t h o c y a n i n s i n o t h e r p a r t s o f t h e s p i k e , do d e v e l o p a n t h o c y a n i n s , a t l e a s t 

e p h e m e r a l l y , i n t h e awn t i p s as soon as t h e t i p s a r e e x s e r t e d . Marked 

pigment changes o c c u r i n t h e awn r e m a i n d e r s . . The p i g m e n t a t i o n c y c l e i n 

t h e glume t i p and glume r e m a i n d e r , w i t h i n a s i n g l e s t o c k , i s i d e n t i c a l t o 
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t h a t o f t h e awn t i p and awn r e m a i n d e r . A n t h o c y a n i n s i n h u l l v e i n s and 

i n t e r v e i n s a r e d e t e r m i n e d l i k e l y by ind e p e n d e n t s e t s o f genes. S t e r i l e 

f l o r e t s o f t h e p u r p l e v a r i a n t s a r e r e a d i l y r e c o g n i z e d because t h e y d e v e l o p 

a n t h o c y a n i n s ahead o f t h e f e r t i l e f l o r e t s . The r a c h i s d e v e l o p s a n t h o 

c y a n i n s p r o f u s e l y i n t h e p u r p l e v a r i a n t s . The p e r i c a r p i s a c o l o r l e s s 

t i s s u e i n t h e w h i t e , n e a r - w h i t e , g r a y and b l u e v a r i a n t s ; i t d e v e l o p s 

m e l a n i c pigments ( l a t e dough s t a g e s ) i n t h e b l a c k v a r i a n t s , and antho

c y a n i n s , i f a t a l l , n e a r t h e t i p s ( o p p o s i t e t h e embryo) o f t h e p u r p l e 

v a r i a n t s . The spermoderm i s c h l o r o p h y l l o u s u n t i l e a r l y dough and i s a 

p r i n c i p a l a n t h o c y a n i n - c o n t a i n i n g t i s s u e o f t h e p u r p l e v a r i a n t s . I t d e v e l o p s 

a n t h o c y a n i n s e p h e m e r a l l y a t t h e s l i t bounded by lemma and p a l e a i n the 

b l a c k and s e v e r a l o t h e r v a r i a n t s . The p e r i c a r p t i s s u e , however, does n o t 

d e v e l o p a n t h o c y a n i n s a t t h e s l i t . 
j 

The d e v e l o p i n g a l e u r o n e t i s s u e s o f s e v e r a l v a r i a n t s , w h i c h a r e 

v i s u a l l y a n t h o c y a n i n - f r e e , d e v e l o p a n t h o c y a n i n s on e x p o s u r e t o a c i d due 

t o t h e o c c u r r e n c e , i n n a t u r e , o f a n t h o c y a n i n pseudo b a s e s , and not due t o 

l e u c o a n t h o c y a n i n s . The o c c u r r e n c e o f a n t h o c y a n i n pseudo ba s e s i n n a t u r e 

was a l s o r e c o r d e d f o r t h e hood v e i n s o f t h e b l a c k v a r i e t y , G a t a m i . Thus 

s u r f i c i a l e x a m i n a t i o n o f a t l e a s t some t i s s u e s i s i n s u f f i c i e n t f o r t h e 

d e t e c t i o n o f a n t h o c y a n i n s . The p o i n t d e s e r v e s a t t e n t i o n o f b r e e d e r s and 

t a x o n o m i s t s . 

The d e t a i l e d o b s e r v a t i o n s on a) t h e ontogeny and d u r a t i o n o f 

f l a v o n o i d a l , a n t h o c y a n i c and m e l a n i c p i g m e n t s , b) t h e p o l y m e r i z a t i o n o f 

a n t h o c y a n i n s t o brown and j e t b l a c k c o l o r s ( S e c . 19.3.3.)j and c) t h e 

known h y b r i d i z a t i o n d a t a and t h e r e c o r d s o f spontaneous m u t a t i o n s s u g g e s t 

t h a t m e l a n i c , f l a v o n o i d a l and a n t h o c y a n i c systems a r e r e l a t e d i n b i o g e n e s i s 

p r o b a b l y i r r e s p e c t i v e o f whether m e l a n i n s a r i s e from t h e t y r o s i n e -
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t y r o s i n o s e s y s t e m or p o l y p h e n o l i c p o l y m e r i s a t i o n . 

The o b s e r v a t i o n s w i l l a i d d e l i n e a t i o n o f a p p r o p r i a t e s t a g e s o f 

p l a n t development f o r s t u d y i n g s e q u e n t i a l gene a c t i o n w i t h t h e i n t e r - t i s s u e 

c o m p l e m e n t a t i o n t e c h n i q u e and f o r o t h e r b i o g e n e t i c s t u d i e s . 



i 
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BIOCHEMICAL DIFFERENTIATION OF ANTHOCYANIN PHENOTYPES 

( S e c t i o n s 5 - 8 ) 

The i n h e r i t a n c e o f c o l o r i n b a r l e y has been e x t e n s i v e l y s t u d i e d 

by g e n e t i c i s t s and b r e e d e r s and has been r e v i e w e d on a number of o c c a s i o n s 

( S m i t h , 1951; N i l a n , 1964; R o b e r t s o n , Weibe, Shands, and Hagberg, 1965). 

The c h e m i s t r y and b i o c h e m i s t r y o f t h e pigments o f b a r l e y have, however, 

been g i v e n v e r y l i t t l e a t t e n t i o n a l t h o u g h a s u b s t a n t i a l l i t e r a t u r e e x i s t s 

on t h e pigments o f many o t h e r p l a n t s some o f w h i c h a r e o t h e r graminaceous 

c r o p p l a n t s such as maize ( Z a r u d a n a y a , 1950; Coe, 1955a, 1955b, and 1957; 

S t r a u s , 1959, 160; Reddy and Coe, 1962; Reddy, 1963, and 1964). U n t i l 

r e c e n t l y , t h e c h e m i c a l s t u d y o f p l a n t pigments r e l i e d on a r e l a t i v e l y few 

and o f t e n l a b o r i o u s t e c h n i q u e s w h i c h g e n e r a l l y gave v e r y i n c o m p l e t e 

p a t t e r n s . More r e c e n t l y t e c h n i q u e s such as chromatography, e l e c t r o 

p h o r e s i s and s p e c t r a l a n a l y s i s have been employed v e r y e f f e c t i v e l y . 

H a v i n g f i r s t examined o c u l a r l y t h e c o l o r p a t t e r n s o f a number o f v a r i e t i e s , 

l i n e s and t i s s u e s o f b a r l e y , t h e y were n e x t s c r u t i n i z e d c h r o m a t o g r a p h i -

c a l l y . The g e n e r a l r e s u l t s o f t h i s s c r u t i n y a r e r e p o r t e d i n t h e n e x t 

s e c t i o n s . I t might i n f a c t be s a i d t h a t h a v i n g examined t h e o c u l a r 

phenotype, t h e c h r o m a t o g r a p h i c o r b i o c h e m i c a l phenotypes were examined 

t h e n . 
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BIOCHEMICAL DIFFERENTIATION OF ANTHOCYANIN PHENOTYPES 

5. ANTHOCYANINS OF THE SEPARATE MATERNAL TISSUES OF THE GRAIN 

I t i s h i g h l y d e s i r a b l e to determine i f there are d i f f e r e n c e s i n 

the pigments of the separate t i s s u e s of the g r a i n f o r , i t i s w e l l known, 

there are fundamental g e n e t i c a l d i f f e r e n c e s (and, ipso f a c t o , biochemical 

d i f f e r e n c e s ) between them. In the e a r l y studies of g r a i n pigments, f o r 

lack of b e t t e r techniques, the chromatography had to be conducted on com

p o s i t e t i s s u e s , i . e . , p e a r l i n g s of the outer coverings and aleurone t i s s u e s . 

The development of the p e e l i n g technique, described i n s e c t i o n 3, made a 

r e f i n e d chromatographic study p o s s i b l e . An i n v e s t i g a t i o n to d e l i n e a t e the 

biochemical phenotypes of the c o l o r i n d i f f e r e n t maternal, and maternal-

p a t e r n a l t i s s u e s was undertaken i n the summer of 1958. I t was shown i n 

Sections 3 and 4, that i n purple v a r i e t i e s , the major development of 

anthocyanins occurs i n the spermoderm l a y e r ; the p e r i c a r p proper p o s s i b l y 

develops i f at a l l , only minor concentrations of anthocyanins near the 

a p i c a l end (see Sec. 8 ) . The anthocyanins present i n the p e r i c a r p proper 
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and spermoderm l a y e r s were i n v e s t i g a t e d s e p a r a t e l y . The r e s u l t s were 

p a r t l y c o m p i l e d ( M u l l i c k , 1959). A l t h o u g h s e v e r a l u n u s u a l f e a t u r e s o f 

t h e s e pigments were n o t e d , no s a t i s f a c t o r y e x p l a n a t i o n s were f o r t h c o m i n g 

a t t h a t t i m e . I t was not u n t i l 1961-62, when t h e i d e n t i f i c a t i o n s t u d i e s 

on t h e a n t h o c y a n i n pigments were u n d e r t a k e n ( S e c . 19) t h a t the i n h e r e n t 

c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s was a p p r e c i a t e d . The r e s u l t s o f t h e 

1958 summer s t u d i e s were r e - e v a l u a t e d and a f t e r r e - e v a l u a t i o n a r e p r e s e n t e d 

i n t h i s s e c t i o n . 

5.1. MATERIALS AND METHODS 

5.1.1. C o l l e c t i o n o f M a t e r i a l s 

Two p u r p l e v a r i e t i e s , G o p a l and B l a c k H u l l e s s , w h i c h d e v e l o p 

a n t h o c y a n i n s i n g r a i n t i s s u e s p r o f u s e l y were chosen f o r t h i s s t u d y . The 

m a t e r i a l s were p l a n t e d a t the U n i v e r s i t y Farm on May 15, 1958. The f o l l o w 

i n g g r a i n t i s s u e s , namely awn t i p s , lemma, p e r i c a r p , spermoderm and 

a l e u r o n e , were c o l l e c t e d f o r a n a l y s i s i n e a r l y A u g u s t , 1958. 

The p l a n t m a t e r i a l was n o t gr a d e d on t h e b a s i s of c o l o r i n t e n s i t y , 

as was done i n 1959 ( S e c . 8 ) . A l t h o u g h t h e c o l l e c t i o n o f m a t e r i a l s was a t 

random, i n g e n e r a l , o n l y t h o s e p a r t s o f t i s s u e s showing c o l o r ( p r o b a b l y , 

e q u i v a l e n t t o s t a g e I I I o f 1959: Sec. 8.1.1) were c o l l e c t e d u s i n g s t a i n 

l e s s s t e e l s c i s s o r s . The c a r y o p s i s l a y e r s were c o l l e c t e d by manual p e e l i n g 

( S e c . 3 ) . The l a y e r s cannot be p e e l e d a f t e r l a t e h a r d dough s t a g e , t h e 

s t a g e around w h i c h f o r t u n a t e l y t h e y d e v e l o p maximum pigment. O n l y i n t h e 

case o f G o p a l was an a d d i t i o n a l c o l l e c t i o n o f a l l t h e g r a i n t i s s u e s made 

a t the s t a g e when a n t h o c y a n i n s had j u s t s t a r t e d t o d e v e l o p ( e q u i v a l e n t o f 

s t a g e I o f t h e 1959 s t u d i e s ) . 



I n a d d i t i o n t o t h e d e v e l o p i n g p l a n t m a t e r i a l m entioned above, 

th e p e a r l e d d u s t o b t a i n e d f r o m t h e mature b a r l e y k e r n e l s o f G o p a l 

( S e c . 6.3.1.c) was a l s o used l a t e r i n 1962 f o r t h i s s t u d y . 

5.1.2. E x t r a c t i o n 

The m a t e r n a l t i s s u e s were e x t r a c t e d w i t h e t h a n o l c o n t a i n i n g 1% 

cone. H C l . The awn t i p s , and lemmas ( h u l l s ) were e x t r a c t e d a t the r a t e o f 

1 gm t i s s u e per 15 ml and 20 ml s o l v e n t , r e s p e c t i v e l y . 

The c o l l e c t i o n o f p e r i c a r p and spermoderm t i s s u e s i s t i m e -

consuming. I n o r d e r , t h e r e f o r e , t o m i n i m i z e a u t o l y s i s , t h e s e t i s s u e s 

were e x t r a c t e d d i r e c t l y i n t h e s o l v e n t f o l l o w i n g p e e l i n g ; w e i g h i n g was not 

u n d e r t a k e n . The t i s s u e s were u s u a l l y e x t r a c t e d o v e r n i g h t on a s h a k e r , 

d e c a n t e d , c e n t r i f u g e d and c o n c e n t r a t e d _in vacuo a t 30°C t o o b t a i n a h i g h l y 

c o n c e n t r a t e d a n t h o c y a n i n e x t r a c t . A t l e a s t two h i g h speed c e n t r i f u g a t i o n s 

(8000 rpm), one i n t h e p r o c e s s o f , and t h e o t h e r a t the end o f , volume 

r e d u c t i o n jLn v a c u o , were e s s e n t i a l t o o b t a i n a c l e a r a n t h o c y a n i n e x t r a c t 

f o r chromatography. I n g e n e r a l , t h e e x t r a c t i o n , c o n c e n t r a t i o n and s p o t t i n g 

f o r chromatography were c o m p l e t e d w i t h i n two days. 

The p e a r l e d d u s t o f G o p a l was e x t r a c t e d i n 1962 w i t h 0.1% 

m e t h a n o l i c H C l a t the r a t e o f 20 ml per gram d u s t by s h a k i n g f o r 6 hours 

a t room t e m p e r a t u r e . The e x t r a c t was c e n t r i f u g e d a t h i g h speed, concen

t r a t e d in vacuo a t 30°C and banded i m m e d i a t e l y on Whatman paper No. 3. 

The chromatography was c a r r i e d out i n t h e BAW s o l v e n t by a s c e n t as 

d e s c r i b e d e l s e w h e r e ( S e c . 1 0 ) . Thus t h e e x t r a c t i o n and chromatography was 

comp l e t e d on t h e same day w i t h i n about 10 h o u r s . 
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5.1.3. H y d r o l y s i s 

The a n t h o c y a n i n e x t r a c t s were h y d r o l y s e d by t h e f o l l o w i n g method. 

To 0.5 ml o f c o n c e n t r a t e d a l c o h o l i c e x t r a c t was added 1 ml o f 1% aqueous 

H C l , and t h e m i x t u r e h e a t e d g e n t l y f o r about two m i n u t e s t o e v a p o r a t e most 

of t h e a l c o h o l . Then 1 ml cone. H C l was added, and t h e m i x t u r e was h y d r o 

l y s e d f o r 10 m i n u t e s . The h y d r o l y s a t e was c e n t r i f u g e d a t 3000 rpm f o r 

f i v e m i n u t e s and t h e a g l y c o n e s were d i s p l a c e d i n t o a few drops o f i s o a m y l 

a l c o h o l t o o b t a i n a h i g h l y c o n c e n t r a t e d s o l u t i o n f o r chromatography. 

5.1.4. Paper Chromatography 

The chromatography o f a n t h o c y a n i n s and a n t h o c y a n i d i n s was c a r r i e d 

out on Whatman Paper No. 1, a t 30°C, by a s c e n t . The a n t h o c y a n i n e x t r a c t s 

were s p o t t e d i m m e d i a t e l y a f t e r p r o c e s s i n g on a t l e a s t t h r e e s h e e t s u s i n g 

d i f f e r e n t amounts t o d e t e r m i n e t h e optimum amount o f t h e e x t r a c t f o r good 

r e s o l u t i o n . The a n t h o c y a n i n s were r e s o l v e d i n BAW s o l v e n t c o n s i s t i n g o f 

1 - b u t a n o l - a c e t i c a c i d - w a t e r ( 4 ; 1 : 5 ; v / v ; upper phase) and a n t h o c y a n i d i n s 

i n F o r e s t a l s o l v e n t c o n s i s t i n g of a c e t i c a c i d cone. H C l - w a t e r (30:3:10; 

v / v ) . The v a l u e measurements were made t o t h e l e a d i n g edge o f t h e s p o t . 

The chromatograms were examined under v i s i b l e and u l t r a v i o l e t 

l i g h t . The f e r r i c c h l o r i d e t e s t was c a r e f u l l y a p p l i e d t o a n t h o c y a n i n 

s p o t s ; c o n c e n t r a t i o n was i m p o r t a n t and was v a r i e d f r o m 0.05 t o 1 p e r c e n t 

t o s u i t t h e c i r c u m s t a n c e s . The l e a s t c o n c e n t r a t i o n was used i n t h e c a s e 

of weak a n t h o c y a n i n s p o t s . S p o t s t o be t e s t e d were c u t out and s l i p p e d 

s l o w l y sideways i n t o t h e f e r r i c c h l o r i d e s o l u t i o n , p l a c e d i n a f l a t 

enamel t r a y . 
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5.2. OBSERVATIONS AND RESULTS 

5.2.1. A n t h o c y a n i n s , G e n e r a l 

The c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f t h e a n t h o c y a n i n s o f awn 

t i p , lemma, p e r i c a r p * and spermoderm t i s s u e s o f B l a c k H u l l e s s and G o p a l 

a r e shown i n F i g . 5.1 and 5.3., r e s p e c t i v e l y . The'R^ v a l u e s , c o l o r s 

( v i s i b l e and u l t r a v i o l e t ) , and f e r r i c c h l o r i d e r e a c t i o n s of t h e spermoderm 

a n t h o c y a n i n s o f B l a c k H u l l e s s a r e shown i n T a b l e 5.1; t h e d a t a f o r the 

f i r s t two a n t h o c y a n i n s p o t s ( R f 0.23, 0.31) were t a k e n f r o m G o p a l s p e r 

moderm I I I ( F i g . 5.3). The c o l o r s and f e r r i c c h l o r i d e r e a c t i o n s o f o t h e r 

t i s s u e s a r e s i m i l a r t o t h o s e o f t h e spermoderm t i s s u e s . 

Because o f t h e i n s t a b i l i t y o f b a r l e y a n t h o c y a n i n s , t h e i d e n t i f i 

c a t i o n work posed s e v e r a l problems ( s e e Sees 11, 12, 13 and 1 5 ) , and t h e 

i n i t i a l e f f o r t s p r o v e d f r u i t l e s s . A c c o r d i n g l y , any a t t e m p t t o r e l a t e the 

i d e n t i t y o f one s p o t w i t h the o t h e r on p h y s i c a l p a r a m e t e r s , such a s , 

c o l o r s , Rf v a l u e s e t c . , a l o n e appears h a z a r d o u s . A l t h o u g h , chromato

graphy by a s c e n t a f f o r d s e x c e l l e n t r e s o l u t i o n ( A c h e s o n , H a r p e r and 

McNaughton, 1956) t h e Rf v a l u e s a r e f o u n d t o be h i g h l y v a r i a b l e . (The 

a n t h o c y a n i n s p o t s i n t h e f i g u r e s , t h e r e f o r e , have n o t been d e s i g n a t e d i n 

o r d e r t o e l i m i n a t e any i m p l i c a t i o n o f t h e i r c o r r e s p o n d e n c e t o one a n o t h e r ) . 

However, f o r ease o f r e f e r e n c e , t h e s p o t s w i l l be numbered w i t h a r a b l e 

n u m e rals i n t h e t e x t , t h e numbering b e g i n n i n g from t h e s p o t c l o s e s t t o t h e 

* I t became a p p a r e n t s u b s e q u e n t l y t h a t t h e pigments f r o m p e r i c a r p o b t a i n e d 
i n t h i s s t u d y must have o r i g i n a t e d f r o m t h e l a c e r a t e d spermadermal t i s s u e s 
a t t h e t i m e o f manual p e e l i n g (c_f_. Sees. 3, 4 and 8 ) . 



s t a r t i n g l i n e . Some i d e a of the c h r o m a t o g r a p h i c r e l a t i o n s h i p o f one s p o t 

t o a n o t h e r may be g a i n e d by r e f e r e n c e t o t h e p o s i t i o n of c r e s c e n t - s h a p e d 

f l u o r e s c e n t s p o t s shown i n t h e chromato-diagrams. The f l u o r e s c e n t s p o t , 

p r o b a b l y , a r i s e s f r o m t h e paper. 

TABLE 5.1. 
R f VALUES (ASCENDING), COLORS AND FERRIC CHLORIDE, REACTIONS OF THE ANTHO
CYANINS FROM THE SPERMODERM LAYER OF BLACK HULLESS. 

R f x 100 C o l o r s F e C i 3 

0.05% (BAW) V UV 
F e C i 3 

0.05% 

23 R e d d i s h 1 D u l l b l u i s h p u r p l e B l u e 
31 R e d d i s h * D u l l b l u i s h mauve B l u e 
46 Rose Red D u l l p u r p l e - m a g e n t a B l u e 
50 Rose Red D u l l p u r p l e - m a g e n t a B l u e 2 

55 Rose Red D u l l mauve B l u e 2 

613 R e d d i s h (wk) D u l l (wk) B l u e 
703 R e d d i s h (wk) D u l l (wk) B l u e 
953 Rose Red D u l l b l u i s h p u r p l e B l u e 
993 Rose Red D u l l b l u e B l u e 

1. C o l o r i s r e d d u r i n g chromatography, i t t u r n s 
b l u i s h r e d when chromatograms a r e d r i e d . The 
r e d c o l o r r e a p p e a r s a f t e r 3-4 d ays. 

2. A l t h o u g h most o f t h e a n t h o c y a n i n c o l o r a t t h i s 
s p o t t u r n s b l u e and d i s a p p e a r s upon r e a c t i n g 
w i t h 0.057» f e r r i c c h l o r i d e ; a s m a l l p o r t i o n of 
t h e r e d c o l o r does p e r s i s t , . 

3. Note t h a t t h e ' f a s t - m o v i n g ' a n t h o c y a n i n s do n o t 
show t h e f l u o r e s c e n c e c h a r a c t e r i s t i c of a n t h o 
c y a n i d i n s . 

The p h o t o g r a p h o f a n t h o c y a n i n s i n d i f f e r e n t t i s s u e s o f B l a c k 

H u l l e s s ( F i g . 5.1) d e m o n s t r a t e s s e v e r a l s t r i k i n g f e a t u r e s . F i r s t , t h e 

p r e s e n c e o f a t l e a s t two ' f a s t - m o v i n g ' ( R f above 0.5 i n BAW) a n t h o c y a n i n s 

may be n o t e d . These a n t h o c y a n i n s show u l t r a v i o l e t a b s o r p t i o n and g i v e 



65 

f e r r i c chloride and ammonia reactions c h a r a c t e r i s t i c of anthocyanins 

(Table 5.1.) . The fast-moving anthocyanins, s u r p r i s i n g l y , were not 

F i g . 5.1. 
Chromatograms of a c i d i f i e d 
ethanolic extracts from 
the spermoderm, S, p e r i 
carp, P, h u l l , H, and awn 
t i p s , A, of immature 
Black Hulless barley grain 
showing novel anthocyanins 
with high Rf values i n BAW 
solvent. 

recovered from the combined tissues of mature caryopsis reported pre

viously (Mullick et a l . , 1958: F i g . 1, pp. 449). Add i t i o n a l observations 

on the fast-moving anthocyanins are given l a t e r i n t h i s section and in 

sections 7 and 8. 

The patterns of the major anthocyanin spots i n the 2n grain 

tissues of Black Hulless are not uniform ( F i g . 5.1). The lemma and sper

moderm tissues show, a d d i t i o n a l l y , weak spots of 'slow moving' (Rf below 

0.5 in BAW) anthocyanins not present i n pericarp and awn t i p s . The 

patterns of anthocyanin d i s t r i b u t i o n of lemma and spermoderm, i f the fast 
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moving a n t h o c y a n i n s are e x c l u d e d , compares w e l l w i t h t h o s e of t h e mature 

c a r y o p s i s of B l a c k H u l l e s s ( M u l l i c k , e t al., 1958). A few o b s e r v a t i o n s may 

be added: F i r s t , the chromatography of a n t h o c y a n i n s i n F i g s . 5.1 and 5.2 

was done by a s c e n t and t h a t i n the e a r l y work by d e s c e n t ; the Rf v a l u e 

d i f f e r e n c e s may, t h e r e f o r e , be more a p p a r e n t t h a n r e a l . Second, t h e most 

prominent spot i n the t i s s u e s of F i g . 5.1 (Rf v a l u e s r a n g i n g f r o m 0.43 t o 

0.46) i s , p r o b a b l y , e q u i v a l e n t t o the B l a c k H u l l e s s s p o t C i n the e a r l y 

work. T h i r d , a l t h o u g h the two s p o t s D and E of the e a r l y work may appear 

t o be e q u i v a l e n t s of t h e two s p o t s above t h e p r o m i n e n t spot ( R f 0.43-0.46) 

i n F i g . 5.1, t h e y p o s s e s s d i f f e r e n t c o l o r s and g i v e d i f f e r e n t f e r r i c 

c h l o r i d e r e a c t i o n s ; upon t r e a t m e n t w i t h f e r r i c c h l o r i d e , the two s p o t s of 

F i g 5.1 t u r n e d b l u e and l e f t v e r y weak r e d d i s h c o l o r s ( T a b l e 5.1); t h e s p o t s 

D and E o f e a r l y work d i d n o t change. 

The r e s u l t s u s i n g G o p a l t i s s u e s , s t a g e I and s t a g e I I I a r e 

diagrammed i n F i g . 5.2. A l l t i s s u e s show t h e p r e s e n c e of t h e f a s t - m o v i n g 

a n t h o c y a n i n s . The p a t t e r n s of a n t h o c y a n i n d i s t r i b u t i o n i n a l l t i s s u e s a t 

the same s t a g e o f development a r e s i m i l a r ; the s t a g e I c o l l e c t i o n s , how

e v e r , do n o t show the slow-moving a n t h o c y a n i n s . The a n t h o c y a n i n d i s t r i 

b u t i o n , a t s t a g e I I I , i n a l l G o p a l t i s s u e s i s s i m i l a r t o t h e B l a c k H u l l e s s 

spermoderm t i s s u e s . F u r t h e r , spot No. 3 ( i n a l l t i s s u e s r e p r e s e n t i n g 

s t a g e I I I ) appears t o be s i m i l a r t o s p o t No. 1 o f t i s s u e s a t s t a g e I . The 

c o n c e n t r a t i o n of t h i s s p o t i s a t a maximum a t s t a g e I I I and a t a minimum 

i n s t a g e I . The s p o t s No. 2 and 3 of s t a g e I a r e w e l l d e v e l o p e d when 

compared t o the c o r r e s p o n d i n g s p o t s No. 4 and 5 of s t a g e I I I ; t h e n a t u r e 

of the two s p o t s of s t a g e I , most p r o b a b l y , i s d i f f e r e n t from t h a t of 

s t a g e I I I . I t was r e c o r d e d i n t h e 1958 s t u d y ( M u l l i c k , e t a l , , ) t h a t the 

s p o t B ( F i g . 5.2) gave b l u i s h r e d ( i . e . p u r p l e ) c o l o r i n B l a c k H u l l e s s , 
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F i e . 5.2. 
Chromatograms o f a c i d i f i e d e t h a n o l i c e x t r a c t s from the spermoderm, 
p e r i c a r p , h u l l s , and awn t i p s , o f d e v e l o p i n g ( s t a g e s I and I I I ) 
G o p a l b a r l e y g r a i n showing n o v e l a n t h o c y a n i n s w i t h h i g h Rf v a l u e s 
i n BAW s o l v e n t . A n t h o c y a n i n s do not o c c u r i n p e r i c a r p s t a g e I . 
Spermoderm a n t h o c y a n i n s s t a g e I I I e x t r a c t , a f t e r one y e a r ' s s t o r a g e 
a t 5°C i s a l s o shown ( S - I I I - a ) . S o l v e n t (B:A:W, 4:1:5), S, spermoderm. 

and b r o w n i s h r e d c o l o r i n Go p a l v i s u a l l y , and a l s o ' g a v e b l u e b l a c k and 

b l u e c o l o r s w i t h f e r r i c c h l o r i d e , r e s p e c t i v e l y . I t was o b s e r v e d t h a t 

none o f the s p o t s i n F i g . 5.1, and F i g . 5.3, showed t h e p u r p l e c o l o r 

v i s u a l l y o r gave b l u e b l a c k c o l o r w i t h f e r r i c c h l o r i d e ( T a b l e 5.1). 

5v2.2. A n t h o c y a n i n s . ' F a s t - M o v i n g ' 

The a n t h o c y a n i n e x t r a c t s d e s c r i b e d i n the p r e c e d i n g s e c t i o n were 

p r o c e s s e d , p r i o r t o chromatography, by the p r o c e d u r e d e s c r i b e d by M u l l i c k , 

e t a l . . ( 1 9 5 8 ) : the a c i d i f i e d a l c o h o l i c e x t r a c t s o f a n t h o c y a n i n s were 

p u r i f i e d by t r a n s f e r r i n g t o an a c i d i f i e d aqueous system t o f a c i l i t a t e the 
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removal of c o n t a m i n a n t s and r e l a t e d n o n - a n t h o c y a n i n f l a v o n o i d s by e t h y l 

a c e t a t e , p e t r o l e u m e t h e r , and benzene s c r u b b i n g . E l a b o r a t e d , the 

p r o c e d u r e c o n s i s t e d o f e v a p o r a t i n g the a l c o h o l i c a n t h o c y a n i n e x t r a c t s : 

( a ) , t o near d r y n e s s , i n v a c u o , and t h e n d i s s o l v i n g the a n t h o c y a n i n s i n 

w a t e r c o n t a i n i n g 17o cone. H C l , ( b ) , the volume r e d u c t i o n i n vacuo was 

c o n t i n u e d u n t i l most o f the methanol had e v a p o r a t e d ; the aqueous e x t r a c t 

was c o n c e n t r a t e d by w a s h i n g w i t h 3 t o 4 t i m e s the q u a n t i t y o f e t h y l 

a c e t a t e . The e t h y l a c e t a t e , a p a r t from e x t r a c t i n g r e l a t e d f l a v o n o i d s , 

a l s o e x t r a c t s w a t e r and thus c o n c e n t r a t e s the aqueous e x t r a c t o f a n t h o 

c y a n i n s . The chromatograms o f the a n t h o c y a n i n s e x t r a c t s ( a ) , and (b) 

ar e shown i n F i g . 5 . 3 . I t w i l l be noted t h a t when the a n t h o c y a n i n 

L L & i 5 , 3 . 
A n t h o c y a n i n s from awn t i p s , A, 
h u l l s , H, p e r i c a r p , P, and s p e r 
moderm, S, o f G o p a l . I , 
e x t r a c t e d w i t h and chromato
graphed from 17o cone, h y d r o c h l o r i c 
a c i d i n e t h a n o l . I I , e x t r a c t e d 
w i t h 1% cone, h y d r o c h l o r i c a c i d 
i n e t h a n o l and chromatographed 
from 17o cone, h y d r o c h l o r i c a c i d 
i n w a t e r . ( S o l v e n t B:A:W, 
4 : 1 : 5 ) . 

e x t r a c t s o f awn t i p s , h u l l s , p e r i c a r p and spermoderm were chromatographed 

d i r e c t l y from 1% e t h a n o l i c H C l , t h e y showed f a s t moving a n t h o c y a n i n s 

above the wavy f l u o r e s e n t l i n e ( F i g . 5 . 3 ) . Upon t r a n s f e r o f the a c i d i f i e d 

e t h a n o l i c e x t r a c t s t o the c o r r e s p o n d i n g a c i d i f i e d aqueous system, the 

f a s t - m o v i n g a n t h o c y a n i n s d i s a p p e a r e d ( F i g . 5 . 3 ) . I n the c o u r s e o f 
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r e p e a t e d chromatography o f the a c i d i f i e d e t h a n o l i c and aqueous e x t r a c t s , 

i t was o b s e r v e d t h a t f a s t - m o v i n g a n t h o c y a n i n s t r e a k s were p r e s e n t above 

the f l u o r e s c e n t wavy l i n e i n the aqueous sy s t e m f o r the f i r s t f i v e h o urs 

o f c h r o m a t o g r a p h i c development; the s t r e a k s g r a d u a l l y v a n i s h e d , when the 

chromatograms were a l l o w e d the u s u a l time o f development ( c a . 20 h o u r s ) . 

The f a s t moving a n t h o c y a n i n s , t h u s , a r e e x t r e m e l y l a b i l e . The f a c t o r s 

a f f e c t i n g t h e i r l a b i l i t y a r e u n d e r s t o o d p o o r l y . 

I t was o b s e r v e d t h a t whenever volume r e d u c t i o n i n vacuo f o l l o w e d 

the t r a n s f e r o f a n t h o c y a n i n s from the a l c o h o l i c t o the aqueous s y s t e m , 

a p a r t from t h e g e n e r a l p r e c i p i t a t i o n o f a l c o h o l s o l u b l e - w a t e r i n s o l u b l e 

m a t e r i a l , a s m a l l f r a c t i o n o f a n t h o c y a n i n s , f l o a t e d on the s u r f a c e o f 

the aqueous system. The ' f l o a t i n g ' m a t e r i a l appeared d u r i n g the e v a p o r a 

t i o n o f the a l c o h o l i n vacuo. I t was c o l l e c t e d by c e n t r i f u g a t i o n , 

r e d i s s o l v e d i n a few drops o f the a c i d i f i e d e t h a n o l , and chromatographed. 

The chromatogram showed a s t r o n g , v e r y w e l l r e s o l v e d s p o t , w h i c h by 

c o - c h r o m a t o g r a p h y was found t o be i d e n t i c a l t o s p o t No. 3 ( F i g . 5.3). 

The s p o t No. 3, i n t u r n , i s i d e n t i c a l t o the band No. 5, w h i c h i s a 

c y a n i d i n d e r i v a t i v e ( T a b l e 1 9 . V I I I . 5 ) . I n a d d i t i o n , i t gave a s p o t 

e q u i v a l e n t i n Rf v a l u e t o s p o t No. 1' ( F i g . 5 . 3 ) , w h i c h , i n t u r n , i s 

i d e n t i c a l t o band No. 1, a l s o i s a c y a n i d i n d e r i v a t i v e ( S e c . 19.3.7.3), 

and a b r o w n i s h r e d weak t r a i l e x t e n d i n g , both above and below the w e l l 

r e s o l v e d major s p o t . 

A n o t h e r o b s e r v a t i o n on the f a s t - m o v i n g a n t h o c y a n i n s came from 

the 1958 spermoderm e x t r a c t s ( F i g . 5.2, Spermoderm s t a g e I I I ) , w h i c h 

were chromatographed a f t e r s t o r a g e i n a r e f r i g e r a t o r (-5°G) f o r a y e a r . 

The r e s u l t s were shown a t S - I I I - a i n F i g . 5.2. Upon e x t e n d e d s t o r a g e , 

the f a s t moving a n t h o c y a n i n s , w h i c h were p r e s e n t i n the o r i g i n a l e x t r a c t , 



70 

completely disappear; the i n t e n s i t y of slow-moving anthocyanins increases, 

and spot No. 3 emerges as a major spot. The differences between the Rf 

values of the two adjacent spermoderm extracts (S-III, and S-III-a) are, 

probably, due to temperature v a r i a t i o n during chromatography. The crescent 

shaped fluorescent spot, used as a reference mark, also shows a corres

ponding Rf change. 

5.2.3. Anthocyanins. F l i n t y Stage Grain 

The chromatographic r e s u l t s from the anthocyanins of the pearled 

dust obtained from the f l i n t y grains of Gopal, which was extracted and 

processed within a day under mild conditions ( c f . , Sec. 23) are shown in 

F i g . 5.A. I t i s clear that no fast moving anthocyanins are present i n the 

mature barley grain. The fast moving anthocyanins were also absent from 

the mature kernels of Black Hulless under i d e n t i c a l conditions (cf.. , Sec. 

F i g . 5.A. 
A chromatogram of antho
cyanins from the pearlings 
obtained from the f l i n t y 
Gopal grains. The pearlings 
were extracted with 0.17., 
methanolic HC1, and chroma-
tographed i n the BAW solvent 
on the same day. Note, the 
chromatogram does not show 
the fast-moving anthocyanins. 

P£ ARLINGS 
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5.2.4. A n t h o c y a n i d i n s 

The a n t h o c y a n i n e x t r a c t s from the t i s s u e s , l i s t e d i n F i g s . 

5.1 and 5.2, were h y d r o l y s e d s e p a r a t e l y and chromatographed i n F o r e s t a l 

s o l v e n t . O n l y two a n t h o c y a n i d i n s p o t s , a major and a m i n o r , were 

r e c o v e r e d from a l l e x t r a c t s . The i d e n t i t y o f the major s p o t was e s t a 

b l i s h e d as c y a n i d i n by co-chromatography w i t h a s y n t h e t i c sample, by 

c o m p a r i s o n o f v i s i b l e and u l t r a v i o l e t c o l o r s and by the f e r r i c c h l o r i d e 

t e s t . The m i n o r s p o t always appeared on chromatograms as a weak t r a i l 

b e g i n n i n g from the c y a n i d i n s p o t and a p p r o a c h i n g the Rf v a l u e s o f s y n t h e t i c 

p e l a r g o n i d i n . D e s p i t e r e p e a t e d chromatography, the t r a i l i n g c o u l d hot be 

e l i m i n a t e d . S i n c e the c o l o r o f the t r a i l was weak, i t s t r u e v i s i b l e , 

u l t r a v i o l e t and f e r r i c c h l o r i d e c h a r a c t e r i s t i c s c o u l d not be a s c e r t a i n e d 

w i t h c e r t a i n t y . T h e r e f o r e , no d e f i n i t e i d e n t i t y c o u l d be a s s i g n e d t o the 

t r a i l . The c o l o r appears t o resemble t h a t o f p e o n i d i n . r a t h e r t h a n 

p e l a r g o n i d i n . I t was a p p r e c i a t e d s u b s e q u e n t l y t h a t p e o n i d i n and p e l a r 

g o n i d i n cannot be r e s o l v e d d e p e n d a b l y i n F o r e s t a l s o l v e n t ( S e c . 1 7 ) . 

T h i s p o i n t was not r e a l i z e d i n the e a r l i e r s t u d i e s when the weak 

a n t h o c y a n i d i n t r a i l was c o n s i d e r e d t o be due t o p e l a r g o n i d i n ( M u l l i c k n 

1959). I t now appears t h a t the weak t r a i l c o u l d e i t h e r be due t o 

p e o n i d i n o r a m i x t u r e o f p e o n i d i n and p e l a r g o n i d i n . The same o b s e r v a t i o n 

may a p p l y t o the p e l a r g o n i d i n s p o t found i n the mature c e r y o p s i s t i s s u e s 

o f the p u r p l e v a r i e t i e s ( M u l l i c k , e t a l M 1958). I t i s s i g n i f i c a n t t h a t 

d e l p h i n i d i n , w h i c h was p r e s e n t i n the combined p e a r l i n g s o f c e r y o p s i s 

( M u l l i c k , a t a l . . i b i d . ) was not r e c o v e r e d from the p e e l i n g s o f the 

spermoderm and p e r i c a r p and o t h e r m a t e r n a l t i s s u e s . 
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5.3. DISCUSSION 

The p e e l i n g t e c h n i q u e , a l t h o u g h s i m p l e , has been t h e means by 

w h i c h t h e b i o c h e m i c a l phenotypes i n the s e p a r a t e m a t e r n a l t i s s u e s of t h e 

g r a i n a r e d i f f e r e n t i a t e d . The r e s u l t s of a n t h o c y a n i n h y d r o l y s i s e s t a b 

l i s h t h a t c y a n i d i n d e r i v a t i v e s a r e t h e m a j o r , and p e o n i d i n and ( o r ) 

p e l a r g o n i d i n d e r i v a t i v e s a r e t h e minor a n t h o c y a n i n s of t h e m a t e r n a l g r a i n 

t i s s u e s of G o p a l and B l a c k H u l l e s s . S i g n i f i c a n t l y , n e i t h e r d e l p h i n i d i n , 

nor i t s d e r i v a t i v e s , w h i c h were p r e s e n t i n t h e c o m p o s i t e d p e a r l i n g s of 

p e r i c a r p , spermoderm, and a l e u r o n e o f c a r y o p s i s as examined by M u l l i c k 

e t a l . , 1958; M u l l i c k , 1959, were r e c o v e r e d from t h e s e p a r a t e t i s s u e s of 

p e r i c a r p and spermoderm. D e l p h i n i d i n d e r i v a t i v e s , t h u s by d e d u c t i o n , 

o r i g i n a t e f r o m a l e u r o n e l a y e r . C o n s e q u e n t l y , the m a t e r n a l ( r e d d i s h p u r p l e ) 

and m a t e r n a l - p a t e r n a l ( b l u e ) t i s s u e s have n o t o n l y p h e n o t y p i c d i f f e r e n c e s 

but a l s o d i s t i n c t b i o c h e m i c a l d i f f e r e n c e s . These o b s e r v a t i o n s l e n d added 

i n t e r e s t t o t h e b i o c h e m i c o - g e n e t i c a l s t u d i e s , inasmuch as the c o l o r d e v e l o p 

ment i n the m a t e r n a l and a l e u r o n e t i s s u e s i s d e t e r m i n e d by i ndependent s e t s 

of genes l o c a t e d on d i f f e r e n t chromosomes ( r e v i e w : N i l a n , 1964). 

On t h e b a s i s of c u r r e n t l i t e r a t u r e ( N i l a n , 1964; R o b e r t s o n , Wiebe, 

Shands and Hagberg, 1965), i t appears t h a t the d e t e r m i n a t i o n o f p u r p l e 

c o l o r i n lemma and p e r i c a r p * (+spermoderm) i n some g e n e t i c s t o c k s i s 

c o n d i t i o n e d by a s i n g l e gene, w h i l e i n o t h e r s by t h e a c t i o n o f two com

p l e m e n t a r y genes. The same genes a r e b e l i e v e d t o d e t e r m i n e t h e p u r p l e 

*The pigment competent t i s s u e i s l a r g e l y spermoderm and not p e r i c a r p 
( j c f . , Sees. 3, 4 and 8 ) . 
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c o l o r i n t h e t h r e e m a t e r n a l t i s s u e s , namely, lemma, and p e r i c a r p 

( + spermoderm). The p u r p l e v s . n o n - p u r p l e c o l o r development i n t h e t h r e e 

t i s s u e s i s d e t e r m i n e d by t h e genes Re r e l o c a t e d i n chromosome No. 2, and 
2 2 

( o r ) Re r e a s s o c i a t e d w i t h chromosome No. 5. That t h e same genes may 

c o n t r o l t h e c o l o r development i n t h e t h r e e t i s s u e s i s s u p p o r t e d by t h e 

c h r o m a t o g r a p h i c f i n d i n g s , inasmuch as t h e b i o c h e m i c a l phenotypes o f c o l o r 

o f a l l the m a t e r n a l t i s s u e s o f G o p a l ( F g . 5.2, s t a g e I I I ) a r e a l m o s t 

i d e n t i c a l . 

The c o l o r development i n lemma i s under g e n e t i c c o n t r o l , and, i t 

has been shown t h a t t h r e e dominant gene p a i r s ( P - 1 ; P g - ? ; P^ -?) c o n t r o l 

the c o l o r development i n lemma v e i n s ( B u c k l e y , 1930). I n t h e case o f the 

two p u r p l e v a r i e t i e s , G o p a l and B l a c k H u l l e s s , t h e a n t h o c y a n i n s f i r s t 

d e v e l o p i n t h e i n t e r v e i n a l r e g i o n of lemma when t h e v e i n s a r e s t i l l g r e e n ; 

t h e c o l o r i n t h e v e i n s d e v e l o p s a few days l a t e r ( S e c . 4 ) . Thus i t i s 

l i k e l y t h a t the c o l o r i n v e i n s and i n t e r v e i n a l r e g i o n o f lemma may be de

t e r m i n e d by an ind e p e n d e n t s e t of genes. T h i s p o s s i b i l i t y was n o t a p p r e 

c i a t e d a t t h e t i m e t h e s e s t u d i e s were u n d e r t a k e n . No a t t e n t i o n t o t h e s e 

a s p e c t s has been g i v e n by e a r l i e r w o r k e r s . I t was n o t e d i n t h e case o f 

a l l v a r i e t i e s i n c l u d e d i n T a b l e 2.1. t h a t whenever lemma i n t e r v e i n s a r e 

c o l o r e d t h e v e i n s a r e a l s o c o l o r e d ; t h e r e v e r s e , however i s n o t t r u e . F o r 

i n s t a n c e 71-Pr Pr-10 or 71-pr pr-10 has c o l o r i n v e i n s b u t no c o l o r i n 

i n t e r v e i n s . F u r t h e r work appears h i g h l y d e s i r a b l e t o d i s c e r n i f d i f f e r e n 

ces between t h e b i o c h e m i c a l phenotypes o f lemma i n t e r v e i n s and lemma v e i n s , 

s i m i l a r t o t h a t o f t h e m a t e r n a l and a l e u r o n e t i s s u e s , a r e i n v o l v e d . I f 

the complementary f a c t o r h y p o t h e s i s i s a c c e p t e d t h e n , t h e o r e t i c a l l y , t h e 

genotype o f t h e v a r i e t i e s i n v e s t i g a t e d w o u l d be Re R e 2 P c P e Pf f o r lemma, 

and Re Re, f o r spermoderm. 
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I t i s l i k e l y t h a t t h e g e n e t i c c o n s t i t u t i o n o f t h e s t o c k s may s t i l l 

be f u r t h e r confounded. A l t h o u g h , t h e c u r r e n t s t u d i e s i n d i c a t e t h a t the 

same genes may c o n t r o l c o l o r development i n the t h r e e m a t e r n a l t i s s u e s , i t 

was o b s e r v e d t h a t i n t h e p u r p l e v a r i e t i e s t h e genes c o n t r o l l i n g c o l o r 

development i n t h e t i s s u e s do n o t become a c t i v e a t t h e same t i m e : t h e c o l o r 

f i r s t a ppears i n lemma, t h e n i n spermoderm, and f i n a l l y perhaps i n p e r i c a r p . 

The ontogeny o f a n t h o c y a n i n s i n t h e p e r i c a r p p r o p e r i s t h e h a r d e s t t o d i s 

c e r n towards t h e l a t e r s t a g e s o f k e r n e l m a t u r a t i o n . I t i s c l e a r f r o m the 

s t u d i e s d e s c r i b e d e l s e w h e r e (S e c . 3, 4 and 8, and see a l s o A p p e n d i x : 

Sec. 27) t h a t p e r i c a r p t i s s u e may d e v e l o p a n t h o c y a n i n s a t h a r d dough s t a g e , 

a t b e s t , o n l y n ear the a p i c a l end. A l t h o u g h t h e p e r i c a r p t i s s u e s i n F i g s . 

5.1 and 5.3 show p a t t e r n s o f a n t h o c y a n i n s i d e n t i c a l t o t h o s e of spermoderm, 

most o f t h e p i g m e n t s , i f n o t a l l , w o u l d have a r i s e n f r o m the l a c e r a t e d 

spermodermal t i s s u e s ( S e e s . , 3, 4, and 8 ) . N o n e t h e l e s s , t h e p o i n t has been 

made t h a t t h e development o f pigments i n the t h r e e m a t e r n a l t i s s u e s i s not 

r e l a t e d t e m p o r a l l y . Thus i t r e m a i n s t o be d e m o n s t r a t e d t h a t i f the c o l o r 

development i n t h e t h r e e m a t e r n a l t i s s u e s i s g o v e r n e d by t h e same gene o r 

s e t o f genes, v i z . Re Re^ Pc Pe P^, t h e n what gov e r n s t h e t e m p o r a l a s p e c t s 

o f gene a c t i v a t i o n ? The s t u d i e s on t h e time gene r e l a t i o n s appear t o be t o o 

i n v o l v e d t o be h a n d l e d by t h e g e n e t i c a l t e c h n i q u e s a l o n e . C o n t i n u i n g b i o 

c h e m i c a l s t u d i e s on p i g m e n t s , i t a p p e a r s , w i l l p r o v i d e f r u i t f u l f o u n d a t i o n s 

f o r f u r t h e r g e n e t i c a l work. 

The c h r o m a t o g r a p h i c r e s u l t s i n c l u d e d i n F i g s . 5.1 and 5.2 demon

s t r a t e t h a t t h e m a t e r n a l t i s s u e s o f B l a c k H u l l e s s and G o p a l do n o t show t h e 

p r e s e n c e of the p u r p l e a n t h o c y a n i n spot B o f e a r l i e r work ( M u l l i c k e_t a l . , 

1958) w h i c h gave th e b l u e b l a c k c o l o r w i t h f e r r i c c h l o r i d e . The p u r p l e 

spot w h i c h i s a d e l p h i n i d i n d e r i v a t i v e ( S e c . 19.3.7.3), was p r e s e n t o n l y 
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i n B l a c k H u l l e s s , t h e b l u e a l e u r o n e v a r i e t y , and not i n G o p a l , t h e n o n - b l u e 

a l e u r o n e v a r i e t y ( M u l l i c k e t a l _ . , 1958). The f a c t t h a t d e l p h i n i d i n d i d n o t 

o c c u r i n t h e spermoderm or p e r i c a r p o f G o p a l o r B l a c k H u l l e s s i s s u p p o r t e d 

by t h a t f a c t t h a t i t s g l y c o s i d e ( e q u i v a l e n t o f t h e s p o t B) d i d not o c c u r 

i n t h e s e t i s s u e s e i t h e r . 

The f a s t - m o v i n g a n t h o c y a n i n s show n o v e l c h r o m a t o g r a p h i c c h a r a c t e r 

i s t i c s , inasmuch as t h e Rf v a l u e s o f the a n t h o c y a n i n s , b o t h s i m p l e and 

a c y l a t e d , r e p o r t e d i n the l i t e r a t u r e t h u s f a r do n o t exceed _ca. 0.5 i n t h e 

BAW s o l v e n t . I n t h i s s o l v e n t , p o l y g l y c o s y l a t e d a n t h o c y a n i n s g i v e low R f 

v a l u e s and m o n o g l y c o s y l a t e d h i g h R f v a l u e s ( H a r b o r n e , 1959a). S e v e r a l 

a c y l a t e d a n t h o c y a n i n s a r e g e n e r a l l y h i g h l y g l y c o s y l a t e d and g i v e R f 

v a l u e s as h i g h as t h e i r c o r r e s p o n d i n g m o n o g l y c o s i d e s ; t h e h i g h e r R f v a l u e s 

a r e due t o t h e g r e a t e r s o l u b i l i t y o f t h e a c y l components i n t h e o r g a n i c 

phase of t h e s o l v e n t . A n o t e w o r t h y o b s e r v a t i o n may be c i t e d i n t h i s 

c o n n e c t i o n . A row o f s e m i l u n a r f l u o r e s c e n t s p o t s ( F i g s . 5.1, 5.2), or a 

wavy f l u o r e s c e n t l i n e ( F i g . 5.3); sometimes forms on the chromatograms. 

I t was o b s e r v e d t h a t when wet chromatograms, a f t e r development by a s c e n t , 

were hung t o d r y , t h e r e g i o n above t h e f l u o r e s c e n t row d r i e d f a s t e r t h a n 

t h e r e g i o n below. The o b s e r v a t i o n s u g g e s t s t h a t most o f t h e aqueous phase 

of t h e BAW s o l v e n t i s p a r t i t i o n e d and h e l d by c e l l u l o s e below the wavy 

l i n e , and t h a t t h e r e g i o n above t h e l i n e c o n t a i n s p r e d o m i n a n t l y t h e 

o r g a n i c phase. The c o n c e n t r a t i o n of t h e aqueous phase o f t h e s o l v e n t , 

p a r t i c u l a r l y i n a s c e n d i n g chromatography, i s a maximum near t h e s t a r t i n g 

l i n e and a minimum a t the s o l v e n t f r o n t . The c o n c e n t r a t i o n of t h e o r g a n i c 

phase i s a minimum near t h e s t a r t i n g l i n e and a maximum a t the s o l v e n t 

f r o n t . Because of the p r eponderance o f t h e o r g a n i c phase near t h e s o l v e n t 

f r o n t , a n t h o c y a n i d i n s and r e l a t e d p l a n a r compounds, w h i c h a r e s p a r i n g l y 
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s o l u b l e i n w a t e r , g i v e h i g h Rf v a l u e s i n BAW s o l v e n t ; t h e h i g h l y g l y c o 

s y l a t e d a n t h o c y a n i n s , w h i c h p o s s e s s g r e a t e r s o l u b i l i t y i n aqueous phase 

as compared t o t h e m o n o g l y c o s i d e s , g i v e lower Rf v a l u e s . The Rf v a l u e s o f 

t h e a c y l a t e d a n t h o c y a n i n s ( w h i c h a r e h i g h l y g l y c o s y l a t e d ) , as h i g h as t h o s e 

o f t h e i r c o r r e s p o n d i n g m o n o g l y c o s i d e s , a r e d o u b t l e s s l y a t t r i b u t a b l e t o t h e 

g r e a t e r s o l u b i l i t y of t h e a c y l f u n c t i o n ( i n c o n t r a s t t o t h e g l y c o s i d i c 

f u n c t i o n ) i n t h e o r g a n i c phase, t h e c o n c e n t r a t i o n o f w h i c h i n c r e a s e s i n t h e 

d i r e c t i o n of the s o l v e n t f r o n t . 

The e x t r a o r d i n a r i l y h i g h Rf v a l u e s o f t h e f a s t moving a n t h o c y a n i n s 

s u g g e s t t h a t t h e y have a n o v e l t y p e o f o r g a n i c r e s i d u e , r e a d i l y s o l u b l e i n 

th e o r g a n i c phase o f BAW. These a n t h o c y a n i n s a r e n o t o n l y found t o be un

s t a b l e when s t o r e d f o r a y e a r (c_f. , S - I I I and S - I I I - a , F i g . 5.2; a l s o 

r e f e r Sees. 7, and 8 ) , but a l s o when s t o r e d f o r a few hours ( S e c . 7 ) . 

The ' f l o a t i n g ' f r a c t i o n o f a n t h o c y a n i n s , o b t a i n e d upon the 

t r a n s f e r o f t h e a l c o h o l i c e x t r a c t s t o t h e aqueous media, r e q u i r e , as do 

the f a s t — m o v i n g a n t h o c y a n i n s , f u r t h e r s c r u t i n y . C e r t a i n f e a t u r e s o f t h e 

f l o a t i n g f r a c t i o n such as l a b i l i t y , t he p r e s e n c e o f a b r o w n i s h - r e d t r a i l 

above t h e major s p o t , and o t h e r c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s s u g g e s t 

t h a t the f l o a t i n g m a t e r i a l c o u l d be t h e f a s t moving a n t h o c y a n i n s , and 

a c y l groups may be r e s p o n s i b l e f o r t h e b e h a v i o u r i n aqueous media. 

A f t e r a y e a r ' s s t o r a g e o f t h e spermoderm e x t r a c t s o f 1958 

( F i g . 5.2: £f. , S T I H , and S - I I I - a ) , t h e f a s t - m o v i n g a n t h o c y a n i n s d i s 

a p p e a r , the slow-moving ones i n c r e a s e i n i n t e n s i t y w i t h spot No. 3 

emerging as a major a n t h o c y a n i n . The s l o w e s t moving spot No. 1, and a l s o 

s p o t No. 3, on t h e b a s i s o f i d e n t i f i c a t i o n d a t a d e s c r i b e d e l s e w h e r e ( S e c . 

1 9 ) , a r e t h e g l y c o s i d e s o f c y a n i d i n . Inasmuch as t h e s e s p o t s i n t e n s i f y 

upon the d i s a p p e a r a n c e o f the f a s t - m o v i n g a n t h o c y a n i n s , and inasmuch as 
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t h e major a n t h o c y a n i d i n d e r i v e d f r o m the h y d r o l y s i s of t h e e x t r a c t s c o n t a i n 

i n g the f a s t - m o v i n g a n t h o c y a n i n s i s c y a n i d i n , i t a p p e a r s v e r y l i k e l y t h a t 

t h e f a s t - m o v i n g a n t h o c y a n i n s a r e c y a n i d i n d e r i v a t i v e s . F u r t h e r o b s e r v a 

t i o n s on t h e n a t u r e of f a s t - m o v i n g a n t h o c y a n i n s w i l l be found i n Sees. 7, 

8, 19.4.4, and 22. 

The f a s t - m o v i n g a n t h o c y a n i n s were r e c o v e r e d o n l y f r o m t h e d e v e l o p 

i n g g r a i n t i s s u e s ; t h e y were a b s e n t i n t h e c o m p o s i t e d p e a r l i n g s f r o m f l i n t y 

c a r y o p s i s o f e a r l i e r work ( M u l l i c k e t al., 1958). The s t u d i e s on t h e g r a i n 

t i s s u e s were r e p e a t e d i n 1959 and 1960 ( S e c . 8 ) . When t h e r e s u l t s of t h e s e 

and subsequent s t u d i e s were c o m p i l e d , i t became c l e a r t h a t t h e f a s t moving 

a n t h o c y a n i n s were h i g h l y l a b i l e d u r i n g h a n d l i n g and s t o r a g e . T h i s 

s u g g e s t e d t h a t t h e combined t i s s u e s o f mature c a r y o p s i s c o u l d have con

t a i n e d t h e f a s t - m o v i n g a n t h o c y a n i n s , and t h a t t h e absence of t h e s e pigments 

i n t h e 1958 a n a l y s i s ( M u l l i c k e t a l , , ) was o n l y due t o h a n d l i n g and p r o 

c e s s i n g . A c c o r d i n g l y , the work was r e p e a t e d i n 1962 ( S e c . 23) u s i n g a 

' m i l d ' t r e a t m e n t ; t h e e x t r a c t i o n , p r o c e s s i n g and chromatography was com

p l e t e d t h e same day, but a g a i n t h e f a s t - m o v i n g a n t h o c y a n i n s were n o t 

r e c o v e r e d . Inasmuch as t h e f a s t - m o v i n g a n t h o c y a n i n s , as i n d i c a t e d by t h e i r 

c h r o m a t o g r a p h i c p r o p e r t i e s , may be a c y l a t e d , t h e t o t a l o b s e r v a t i o n s 

i n d i c a t e t h a t the g r a i n t i s s u e a n t h o c y a n i n s a r e p r o b a b l y d e a c y l a t e d 

towards t h e f i n a l s t a g e s o f k e r n e l m a t u r a t i o n . 

5.4. SUMMARY 

The m a t e r n a l t i s s u e s f r o m t h e d e v e l o p i n g s p i k e and g r a i n , 

namely awn t i p s , h u l l s and spermoderm, of t h e p u r p l e v a r i e t i e s , G o p a l 

and B l a c k H u l l e s s , show, by s t a n d a r d methods, e i g h t i d e n t i c a l a n t h o c y a n i n s . 
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Three o f t h e e i g h t a n t h o c y a n i n s show n o v e l c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s 

(Rf 0.5 t o 0.99 i n BAW). Such e x c e e d i n g l y f a s t - m o v i n g a n t h o c y a n i n s were 

not r e c o v e r e d f r o m the f l i n t y g r a i n t i s s u e ( s e e M u l l i c k , F a r i s , B r i n k and 

Ach e s o n , 1958). I t i s p o s t u l a t e d on t h e b a s i s o f c h r o m a t o g r a p h i c 

p r o p e r t i e s t h a t the f a s t - m o v i n g a n t h o c y a n i n s a r e a c y l a t e d w i t h n o v e l 

t y p e ( s ) o f o r g a n i c r e s i d u e ( s ) . 

The i d e n t i t y o f t h e pigment p a t t e r n s i n t h e m a t e r n a l t i s s u e s 

s u p p o r t s t h e p r e v i o u s l y r e p o r t e d g e n e t i c s o f a n t h o c y a n i n s , inasmuch as t h e 

same genes a r e known t o goven a n t h o c y a n i n p r o d u c t i o n b o t h i n t h e lemma and 

p e r i c a r p (The pigment-competent t i s s u e , i n f a c t , i s l a r g e l y spermoderm 

(se e Sec. 3 and 4 ) , and n o t p e r i c a r p ) . However, t h e a n t h o c y a n i n genes 

i n t h e m a t e r n a l t i s s u e s do n o t become a c t i v e s i m u l t a n e o u s l y . Thus, t h e 

t e m p o r a l a s p e c t s o f a n t h o c y a n i n development a r e l i k e l y c o n t r o l l e d by t h e 

'time' genes. 
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BIOCHEMICAL DIFFERENTIATION OF ANTHOCYANIN PHENOTYPES 

6. THE BLUE ANTHOCYANIN PIGMENTS OF THE ALEURONE LAYER 

6.1. INTRODUCTION 

As a r e s u l t o f d o u b l e f e r t i l i z a t i o n t h e a l e u r o n e t i s s u e i s com

posed o f c e l l s w i t h t r i p l o i d n u c l e i i n w h i c h 2/3 o f t h e c h r o m a t i n comes 

f r o m the m a t e r n a l p a r e n t and 1/3 fr o m t h e p a t e r n a l p a r e n t . I n b a r l e y a 

x e n i a e f f e c t may be o b s e r v e d i n a l e u r o n e p i g m e n t a t i o n when p o l l e n c a r r y i n g 

genes f o r ' b l u e ' produces b l u e a l e u r o n e a f t e r p o l l i n a t i n g a 'homozygous 

c o l o r l e s s 1 m a t e r n a l s t y l e . 

B r e e d e r s and t a x o n o m i s t s have used a l e u r o n e c o l o r i n c l a s s i f y i n g 

b a r l e y v a r i e t i e s . I n Canada, a rou g h d i s t i n c t i o n has been m a i n t a i n e d t 

between f e e d v a r i e t i e s and m a l t i n g v a r i e t i e s i n t h a t t h e forme r have 

g e n e r a l l y w h i t e a l e u r o n e and t h e l a t t e r b l u e a l e u r o n e . More r e c e n t l y the 



80 

b r e w i n g and m a l t i n g i n d u s t r i e s have d i s p l a y e d i n t e r e s t i n the a l e u r o n e 

p i g m e n t s , because of t h e i r r e l a t i o n s h i p t o the c h i l l haze and f l a v o r 

( s e e r e v i e w by P o l l o c k , 1963). 

C o l o r i n h e r i t a n c e f o r the a l e u r o n e t i s s u e has been r e v i e w e d by 

S m i t h (1951) and N i l a n ( 1 9 6 4 ) . The c h e m i s t r y o f a l e u r o n e p i g m e n t a t i o n 

has r e c e i v e d s c a n t a t t e n t i o n . The f a c t t h a t the pigmented t i s s u e s , p e r i 

p h e r a l t o t h e a l e u r o n e , can be p e e l e d away ( s e e S e c t i o n 3) made a d e f i n i 

t i v e c h e m i c a l s t u d y p o s s i b l e . 

I n t h e spermoderm and p e r i c a r p , w h i c h a r e m a t e r n a l and d i p l o i d , 

a n t h o c y a n i n s when p r e s e n t a r e r e d ; i n the a l e u r o n e , w h i c h i s t r i p l o i d , 

a n t h o c y a n i n s , when th e y o c c u r , a r e b l u e ( S e c t i o n 4 ) . A l t h o u g h i t i s w e l l 

known t h a t the r e d c o l o r o f a n t h o c y a n i n s i s due t o oxonium s a l t f o r m a t i o n , 

how the blue" and v i o l e t c o l o r t r a n s f o r m a t i o n i s b r o u g h t about i s n o t known. 

" D e s p i t e a l l e f f o r t s o f many i n v e s t i g a t o r s , " s t a t e s H a y a s h i ( 1 9 6 2 ) , " t h i s 

i n t r i g u i n g phenomenon s t i l l r e m a i n s e n i g m a t i c . " 

The pH, the c o - p i g m e n t a t i o n and t h e a d s o r p t i o n t h e o r i e s , as put 

f o r w a r d t o e x p l a i n f l o w e r c o l o r v a r i a t i o n s , a r e w e l l known. New l i g h t 

shed on t h e m a t t e r has been c o m p e t e n t l y r e v i e w e d by H a y a s h i ( 1 9 6 2 ) . O n l y 

a few comments a r e t h e r e f o r e g i v e n h e r e . 

K a r r e r and h i s c o-worker s ( 1 9 2 7 ) , on the b a s i s of q u a l i t a t i v e and 

q u a n t i t a t i v e a n a l y s i s of the ash c o n t e n t of f l o w e r s , found t h a t the ash o f 

r e d f l o w e r s i m p a r t e d an a c i d i c r e a c t i o n , and t h a t o f b l u e f l o w e r s an 

a l k a l i n e r e a c t i o n t o t h e i r c e l l s a p s . The r e s u l t s o b t a i n e d by s e v e r a l 

o t h e r w o r k e r s , however, showed t h a t i t was the c o m p l e x i n g of m e t a l s 

( p r e s e n t i n ash) such a s , aluminum, magnesium, c a l c i u m , p o t a s s i u m , i r o n , 

e t c . , w i t h a n t h o c y a n i n s t h a t p l a y e d an i m p o r t a n t r o l e i n the f o r m a t i o n 

of b l u e r f l o w e r c o l o r s . S h i b a t a , H a y a s h i and I s a k a ( 1 9 4 9 ) , and S h i b a t a 
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and H a y a s h i (1949a and 1949b) c l a i m e d t h a t no s i m p l e r e l a t i o n s h i p e x i s t s 

between ash c o n t e n t and f l o w e r c o l o r . A c c o r d i n g t o them, t h e b l u e c o l o r 

o f the f l o w e r s i s due t o an a l c o h o l i n s o l u b l e , o r g a n o - m e t a l l i c - a n t h o c y a n i n 

complex c o n t a i n i n g magnesium and c a l c i u m . 

R e c e n t l y , the p r o p e r t i e s of c e r t a i n b l u e a n t h o c y a n i n s , w h i c h have 

been i s o l a t e d f r o m n a t u r a l s o u r c e s i n a h i g h l y pure form, i n d i c a t e t h a t the 

b l u e c o l o r s may, i n d e e d , be due t o o r g a n o - m e t a l l i c - a n t h o c y a n i n complexes. 

H a y a s h i , Abe, and M i t s u i (1958) have i s o l a t e d a b l u e a n t h o c y a n i n 

" c o m m e l i n i n " as c r y s t a l l i n e b r i l l i a n t - b l u e p r i s m a t i c n e e d l e s f r o m t h e 

f l o w e r s of Comme1ina communis. Commelinin i s s o l u b l e i n w a t e r but i s i n 

s o l u b l e , o r does n o t r e t a i n i t s c o l o r , i n common o r g a n i c s o l v e n t s . I t i s 

n o n - d i a l y z a b l e , i s n e i t h e r an a c i d nor a b a s e , and r e t a i n s i t s b l u e c o l o r 

even i n t h e p r e s e n c e o f 1% H C l s o l u t i o n . T e n t a t i v e l y , c o m m e l i n i n con

s i s t s o f 4 moles o f d e l p h i n i d i n - 3 , 5 - d i g l u c o s i d e p l u s 1 mole o f p-coumaric 

a c i d , h e l d t o g e t h e r by 1 atom o f magnesium. I n a d d i t i o n , two atoms of 

p o t a s s i u m , p r o b a b l y as t h e p h e n o l i c s a l t s of t h e h y d r o x y l groups i n t h e 

a n t h o c y a n i n m o i e t y , and a f a i n t l y y e l l o w f l a v o n o i d s u b s t a n c e , w h i c h c o u l d 

be the cause of the s t a b i l i t y o f the b l u e c o l o r , a r e a l s o p r e s e n t 

( H a y a s h i , 1962). S i m i l a r l y , a b l u e a n t h o c y a n i n , " p r o t o l u p i n i n " i s o l a t e d 

f r o m L u p i n u s polyphema by Bayer (1959) i s a n o n - d i a l y z a b l e h i g h m o l e c u l a r 

w e i g h t s u b s t a n c e i n w h i c h d e l p h i n i d i n g l y c o s i d e i s complexed w i t h 

aluminum and i r o n . Bayer (1958, 1960) h a s , a l s o , i s o l a t e d f r o m c o r n 

f l o w e r s , a b l u e a n t h o c y a n i n " p r o t o c y a n i n , " w h i c h i s complexed w i t h 

aluminum ( 0 . 2 7 % ) , i r o n ().547„) and an unknown n i t r o g e n o u s s u b s t a n c e o f 

c o l l o i d a l n a t u r e . 
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6.2. MATERIALS 

The f o l l o w i n g b a r l e y v a r i e t i e s , B l a c k H u l l e s s ( p u r p l e ) , Kwan, 

Montcalm and T r e b i ( b l u e s ) , and Gatami ( b l a c k ) were chosen f o r t h i s i n 

v e s t i g a t i o n . The v a r i e t i e s G o p a l ( p u r p l e ) , L i o n ( b l a c k ) and G o l d e n 

Pheasant ( w h i t e ) were n o t used because t h e y e i t h e r do n o t d e v e l o p , o r , 

d e v e l o p as t r a c e s , b l u e a n t h o c y a n i n s i n t h e a l e u r o n e l a y e r ( s e e s e c t i o n 

4 and A p p e n d i x I ) . A l l of t h e a f o r e m e n t i o n e d v a r i e t i e s were used i n an 

e a r l i e r s t u d y by M u l l i c k , F a r i s , B r i n k and Acheson ( 1 9 5 8 ) . 

6.3. METHODS 

6.3.1. E x t r a c t i o n f r o m the A l e u r o n e o f F l i n t y G r a i n s 

(a) The a l e u r o n e o f B l a c k H u l l e s s o b t a i n e d f r o m mature ( f l i n t y ) g r a i n s , 

by p e e l i n g a f t e r s o f t e n i n g ( S e c . 3 ) , were l e f t a t room e n v i r o n m e n t f o r 

t h r e e months i n methanol c o n t a i n i n g 1% cone. H C l , i n 1% cone. H C l ( a q u e o u s ) , 

and i n m e t h a n o l . 

(b) About 3 t o 5 grams of mature k e r n e l s o f each v a r i e t y were l e f t i n 

25 ml 1% cone. H C l i n methanol f o r s e v e r a l d a y s . The e x t r a c t i o n was 

h a s t e n e d by s h a k i n g f o r about 12 hours a t a t i m e . The e x t r a c t i o n by 

s h a k i n g , i n t h e case of B l a c k H u l l e s s was r e p e a t e d s e v e r a l t i m e s u s i n g 

f r e s h s o l v e n t each t i m e . 
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(c) The b a r l e y g r a i n s were f i r s t d e h u l l e d by p e a r l i n g . L i b e r a l 

q u a n t i t i e s o f t h e d e h u l l e d g r a i n s were p e a r l e d t o o b t a i n d u s t ( p e a r l i n g s ) 

f r o m the o u t e r c o v e r i n g s and a l e u r o n e l a y e r w i t h as l i t t l e endosperm 

m a t e r i a l as p o s s i b l e . The d u s t was t h o r o u g h l y scanned w i t h a magnet t o 

remove m e t a l l i c b r i s t l e s . About 3 t o 5 grams of t h e powder was p l a c e d 

i n an e r l e n m e y e r f l a s k c o n t a i n i n g 50 ml 17„ cone. H C l i n e t h a n o l , ex

t r a c t e d on a shaker f o r about 12 h o u r s , and c e n t r i f u g e d . The p e l l e t was 

r e - e x t r a c t e d s e v e r a l t i m e s u s i n g f r e s h s o l v e n t . The p e a r l e d d u s t , l a t e r , 

was a l s o e x t r a c t e d i n 17» cone. H C l i n m e t h a n o l , i n t h e manner d e s c r i b e d 

above. 

(d) To 8 grams of t h e d u s t , was added 17° cone. H C l i n methanol a t t h e 

r a t e o f 10 ml per gram o f d u s t . The m i x t u r e was e x t r a c t e d i n a 10 KC 

Raytheon s o n i c o s c i l l a t o r f o r 30 m i n u t e s , w i t h d r a w n a f t e r e x t r a c t i o n , and 

c e n t r i f u g e d a t 14,000 rpm f o r 5 t o 7 m i n u t e s . The p e l l e t was r e - e x t r a c t e d 

by s o n i c a t i o n , i n s e v e r a l c a s e s up t o 10 t i m e s , u s i n g f r e s h s o l v e n t a t the 

r a t e o f 5 ml per gram o f d u s t . 

I n g e n e r a l , t h e d u s t was f i r s t e x t r a c t e d f o r a few t i m e s i n 

a c i d i f i e d m e t h a n o l by s o n i c a t i o n , u n t i l most o f the r e a d i l y e x t r a c t a b l e 

pigments had been e x t r a c t e d . The p e l l e t , o b t a i n e d a f t e r c e n t r i f u g a t i o n 

o f the l a s t e x t r a c t , was d i s s o l v e d i n 1% cone. H C l aqueous (5 ml per gram 

d u s t ) , e x t r a c t e d i n t h e s o n i c o s c i l l a t o r and c e n t r i f u g e d . The p e l l e t was 

r e e x t r a c t e d as above u s i n g 170 cone. H C l i n m e t h a n o l . A l t e r n a t e 

e x t r a c t i o n s w i t h the a c i d i f i e d aqueous and m e t h a n o l i c s o l v e n t s were 

*The e x t r a c t i o n s o l v e n t used p r e v i o u s l y ( M u l l i c k e t a l , 1958; M u l l i c k , 
1959) a l s o c o n t a i n e d 1% cone. H C l , and n o t 1% H C l . The e r r o r i s 
r e g r e t t e d . 



84 

r e p e a t e d as o f t e n as n e c e s s a r y . The aqueous s u p e r n a t a n t s , w h i c h c o n t a i n e d 

some c o l l o i d a l m a t e r i a l were combined; t h e c o l l o i d a l m a t t e r was removed as 

d e s c r i b e d i n S e c t i o n 6.3.4. The combined a l c o h o l i c s u p e r n a t a n t s were 

e v a p o r a t e d t o near d r y n e s s in vacuo a t 30°C, and t h e aqueous s u p e r n a t a n t 

f r e e d of c o l l o i d a l m a t t e r was added. The combined e x t r a c t s were r e d u c e d i n 

volume i n vacuo t o about 10 m l , c e n t r i f u g e d , washed w i t h e t h y l a c e t a t e and 

benzene as u s u a l ( M u l l i c k e_t ad., 1958; see Sec. 5 ) , and f u r t h e r concen

t r a t e d JLn vacuo, and r e c e n t r i f u g e d t o o b t a i n a h i g h l y c o n c e n t r a t e d e x t r a c t 

f o r chromatography. 

6.3.2. D e t e c t i o n o f P r o t e i n s 

The p r e s e n c e of p r o t e i n s was d e t e c t e d by t h e s t a n d a r d A.O.A.C., 

q u a l i t a t i v e t e s t s , v i z . , b i u r e t t e s t and x a n t h o p r o t e i c t e s t . 

6.3.3. E x a m i n a t i o n o f A l e u r o n e C o l o r s 

The a l e u r o n e c o l o r s were always o b s e r v e d by p e e l i n g the o u t e r 

c o v e r i n g s o f the c a r y o p s i s ( s e e Sec. 3 ) . 

6.3.4. Removal o f C o l l o i d a l M a t e r i a l 

The aqueous e x t r a c t s of a n t h o c y a n i n s , o b t a i n e d f r o m t h e d u s t , 

c o n t a i n e d c o l l o i d a l m a t e r i a l s w h i c h o v e r l o a d e d t h e chromatography paper. 

S e v e r a l methods, such as p r e c i p i t a t i o n w i t h 4-10% t r i c h l o r a a c e t i c a c i d , 

b u t a n o l and i - p e n t a n o l e x t r a c t i o n s were t r i e d t o o b t a i n c o l l o i d - f r e e 

a n t h o c y a n i n e x t r a c t . The c o l l o i d s , however, were removed i n l a r g e 
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q u a n t i t i e s by s i m p l e f r e e z i n g and t h a w i n g . The aqueous e x t r a c t was f r o z e n 

a t - 1 5 ° C f o r , a t l e a s t , 4 8 hours i n a b e a k e r . On u n d i s t u r b e d t h a w i n g , t h e 

c o l l o i d s c o a l e s c e d as a t h i n d i s c , and were removed by c e n t r i f u g a t i o n . 

6 . 3 . 5 . E x t r a c t i o n f r o m t h e A l e u r o n e o f D e v e l o p i n g G r a i n s 

(a) Three hundred and f i f t y B l a c k H u l l e s s g r a i n s a t h a r d dough s t a g e 

f r o m w h i c h t h e p e r i c a r p and spermoderm had been p e e l e d b u t on w h i c h t h e 

a l e u r o n e e n v e l o p e ( c f . , Sec. 3 ) and a l e u r o n e l a y e r r emained i n t a c t , were 

d e p o s i t e d , one by one, i n 1 5 - 2 0 ml 1% cone. H C l i n m e t h a n o l , o v e r a p e r i o d 

of 2 t o 3 d a y s , i n amber b o t t l e s as d e s c r i b e d e l s e w h e r e ( S e c . 8 . 1 . 2 ) . The 

e x t r a c t was d i s c a r d e d . F i v e o f t h e p e e l e d g r a i n s were l e f t f o r s e v e r a l 

months i n t h e a c i d i f i e d m e t h a n o l , i n d a r k n e s s , b o t h a t room en v i r o n m e n t and 

i n a r e f r i g e r a t o r ( _5°C) f o r f u r t h e r o b s e r v a t i o n s . A t t e m p t s were a l s o 

made t o e x t r a c t a n t h o c y a n i n s from the p e e l e d g r a i n s by h o m o g e n i z a t i o n . A 

few of the e x t r a c t e d a l e u r o n e s were homegenized i n 17o cone. H C l aqueous. 

The homogenate was c e n t r i f u g e d , t h e s u p e r n a t a n t was t r e a t e d w i t h 4%, and, 

a l s o , 107o t r i c h l o r o a c e t i c a c i d , and c e n t r i f u g e d . The s u p e r n a t a n t , as w e l l 

a s , t h e p e l l e t a f t e r r e h o m o g e n i z a t i o n , was shaken s e p a r a t e l y w i t h b u t a n o l 

and i - p e n t a n o l . The r e m a i n i n g p e e l e d g r a i n s were p e a r l e d and t h e d u s t 

e x t r a c t e d as d e s c r i b e d i n Sec. 6 . 3 . l . d . 

(b) F i v e hundred and s e v e n t y p e e l e d g r a i n s w i t h i n t a c t a l e u r o n e s f r o m 

the c r o s s between ' B l a c k H u l l e s s ' (£) , and ' 3 3 - b l b l - 1 3 ' (cf) were d e p o s i t e d , 

one by one, in an amber b o t t l e , c o n t a i n i n g about 4 0 ml 0 . 1 7 o H C l i n 

methanol o v e r a p e r i o d o f 1 0 days i n the summer o f 1 9 6 2 . The amber b o t t l e s 

were kept c o l d as d e s c r i b e d e l s e w h e r e ( S e c . 8 . 1 . 2 ) . On th e b a s i s o f 
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c e r t a i n o b s e r v a t i o n s , t o be r e f e r r e d t o l a t e r , made on t h i s e x t r a c t , t h e 

c o n c e n t r a t i o n o f a c i d i n the m e t h a n o l i c s o l v e n t was a d j u s t e d t o one per 

ce n t h y d r o c h l o r i c a c i d . 

The e x t r a c t was f i l t e r e d t h r o u g h g l a s s w o o l , c o n c e n t r a t e d i n 

vacuo a t 30°C, t o 8-10 m l , c e n t r i f u g e d , passed t h r o u g h c e l i t e column and 

e l u t e d w i t h 0.01% H C l i n m e t h a n o l . The e l u a t e was a g a i n c o n c e n t r a t e d i n  

vac u o , c e n t r i f u g e d and chromatographed. I t i s t o be n o t e d t h a t t h e e x t r a c t 

was o n l y c o n c e n t r a t e d b u t never d r i e d a t any s t a g e p r i o r t o chromatography. 

(c) The d e h u l l e d k e r n e l s o f B l a c k H u l l e s s around h a r d dough s t a g e 

( r e p r e s e n t i n g F i e l d C o l l e c t i o n s No. 272, 274, and 278: S e c t i o n 19) were 

e x t r a c t e d i n 1% cone. H C l i n methanol on a l a r g e s c a l e i n an e r l e n m e y e r 

f l a s k . The e r l e n m e y e r was p l a c e d i n a f r e e z e r (-15°C) f o r about two months 

when the e x t r a c t was d e c a n t e d f o r i d e n t i f i c a t i o n work. F r e s h s o l v e n t was 

added and t h e e r l e n m e y e r remained i n t h e f r e e z e r f o r a n o t h e r few months 

when t h e second e x t r a c t was removed. A t h i r d e x t r a c t was o b t a i n e d a f t e r 

s t o r a g e f o r a n o t h e r few months. 

I n a n o t h e r c a s e , B l a c k H u l l e s s seeds a t h a r d dough s t a g e were 

e x t r a c t e d t w i c e i n A u g u s t , 1959, as above. The a c i d i f i e d s o l v e n t was 

added t o the e x t r a c t e d k e r n e l s w h i c h were l e f t f o r s t o r a g e i n t h e f r e e z e r 

u n t i l May, 1965, when f u r t h e r o b s e r v a t i o n s were made. 

6.3.6. The h y d r o l y s i s was c a r r i e d out by the method d e s c r i b e d e l s e w h e r e 

( S e c . 8.1.4). The chromatography o f a n t h o c y a n i n s was c a r r i e d out i n t h e 

BAW s o l v e n t , and of a n t h o c y a n i d i n s i n F o r e s t a l s o l v e n t on Whatman paper 

No.3 by b a n d i n g ( s e e Sec. 10.2.2). 
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6.4. OBSERVATIONS AND RESULTS 

6.4.1. O b s e r v a t i o n s on the A l e u r o n e o f F l i n t y G r a i n s 

(a) When t h e i n t a c t b l u e a l e u r o n e s o f ' B l a c k H u l l e s s , ' o b t a i n e d by 

p e e l i n g s o f t e n e d mature k e r n e l s ( 6 . 3 . 1 . a ) , were p l a c e d i n the a c i d i f i e d 

m e t h a n o l , t h e b l u e c o l o r g r a d u a l l y became v i o l e t p u r p l e and, f i n a l l y , 

b r i g h t r o s e - r e d w i t h i n h a l f an hou r . A l t h o u g h , s m a l l amounts o f a n t h o 

c y a n i n s d i f f u s e d i n t o t h e s o l v e n t , t h e b u l k o f t h e a n t h o c y a n i n remained 

i n s i t u , u n e x t r a c t e d , o v e r a p e r i o d o f t h r e e months. The _in s i t u a n t h o 

c y a n i n s c o u l d n o t be e x t r a c t e d c o m p l e t e l y even by r e p e a t e d e x t r a c t i o n s w i t h 

f r e s h s o l v e n t . The pigment e x t r a c t degraded i n t h e c o u r s e o f volume r e 

d u c t i o n i n vacuo. 

change f r o m b l u e t o r e d t o o k a s l i g h t l y l o n g e r p e r i o d o f t i m e . The 

b e h a v i o u r o f t h e a l e u r o n e was, o t h e r w i s e , s i m i l a r t o t h a t i n the a c i d i f i e d 

a l c o h o l , e x c e p t t h a t the aqueous e x t r a c t , as e x p e c t e d , showed t u r b i d i t y 

owing t o t h e d i f f u s i o n o f w a t e r s o l u b l e p r o t e i n s f r o m t h e a l e u r o n e ( i n t a c t 

w i t h endosperm). The a l e u r o n e s on s t a n d i n g i n t h e aqueous medium became 

soggy, b u t i n t h e m e t h a n o l i c medium, t h e y remained f i r m . An o b s e r v a t i o n , 

w h i c h needs more s u b s t a n t i a t i o n , I n d i c a t e d t h a t the e x t r a c t a b l e a n t h o 

c y a n i n s were more s t a b l e i n t h e a c i d i f i e d aqueous t h a n i n t h e a l c o h o l i c 

medium. 

When t h e b l u e a l e u r o n e s were p l a c e d i n a c i d i f i e d w a t e r , t h e c o l o r 

When p l a c e d i n m e t h a n o l , 

r e t a i n e d t h e i r o r i g i n a l b l u e c o l o r f o r s e v e r a l weeks; t h e b l u e c o l o r f a d e d 

g r a d u a l l y about t h r e e months. 
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(b) When the i n t a c t mature k e r n e l s o f ' B l a c k H u l l e s s ' a r e p l a c e d i n 

a c i d i f i e d m ethanol ( 6 . 3 . 1 . b ) , t h e a n t h o c y a n i n s a r e e x t r a c t e d s l o w l y f r o m 

th e spermoderm and p e r i c a r p of t h e g r a i n (cjE., 6.4.2.c). However, when 

the k e r n e l s a r e e x t r a c t e d by s h a k i n g o v e r a p e r i o d o f s e v e r a l days w i t h 

f r e q u e n t changes of s o l v e n t , t he a n t h o c y a n i n s f r o m t h e spermoderm and 

p e r i c a r p a r e , v i r t u a l l y , e x t r a c t e d c o m p l e t e l y . 

A few f u r t h e r o b s e r v a t i o n s appear i n o r d e r . The e x t r a c t i o n f r o m 

the i n t a c t k e r n e l s r e q u i r e s b o t h l a r g e q u a n t i t i e s o f t h e a c i d i c s o l v e n t and 

exte n d e d p e r i o d s o f l a b o r a t o r y p r o c e s s i n g . B o t h o f t h e s e r e q u i r e m e n t s a r e 

u n d e s i r a b l e f r o m the s t a b i l i t y o f a n t h o c y a n i n s ( S e c . 2 3 ) , hence, t h i s 

method of e x t r a c t i o n f r o m t h e i n t a c t mature k e r n e l s (6.3.1.b) was d i s 

c o n t i n u e d . 

When the B l a c k H u l l e s s k e r n e l s were added t o t h e a c i d i c s o l v e n t , 

the c o l o r o f t h e p e r i c a r p and spermoderm was such a dense deep r e d , t h a t 

the b l u e c o l o r o f the a l e u r o n e c o u l d n o t be o b s e r v e d i n a m a j o r i t y o f t h e 

k e r n e l s , e x c e p t by p e e l i n g o r s c r a p i n g t h e o u t e r c o v e r i n g s . However, i n 

a few k e r n e l s , t h e b l u e c o l o r o f the a l e u r o n e was d i s c e r n i b l e , i n d i c a t i n g 

t h e r e b y t h a t c o l o r e x p r e s s i o n i n t h e p e r i c a r p and spermoderm was n o t 

u n i f o r m . The b e h a v i o u r o f t h e b l u e c o l o r and i t s e x t r a c t i o n c h a r a c t e r i s 

t i c s , when t h e o u t e r c o v e r i n g s a r e i n t a c t , w i l l be p r e s e n t e d l a t e r 

( 6 . 4 . 2 . C ) . When t h e i n t a c t mature k e r n e l s o f the b l u e and b l a c k v a r i e t i e s 

a r e p l a c e d i n the s o l v e n t , a n t h o c y a n i n s a r e n o t e x t r a c t e d . I t w i l l be 

r e c a l l e d t h a t s m a l l amounts o f a n t h o c y a n i n s , however, a r e e x t r a c t e d f r o m 

th e p e e l e d a l e u r o n e s ( 6 . 4 . 1 . a ) . 

( c ) F o l l o w i n g e a r l y s t u d i e s by M u l l i c k ejt a l . , i n 1958, i t was 

a s c e r t a i n e d ( S e c . 4) t h a t t he n o n - p u r p l e v a r i e t i e s used i n t h i s s t u d y , do 



n o t c o n t a i n a n t h o c y a n i n s i n the spermoderm and p e r i c a r p a t m a t u r i t y . Thus 

th e p e a r l e d d u s t ( 6 . 3 . 1 . c ) , o b t a i n e d f r o m t h e mature g r a i n s o f t h e t h r e e 

b l u e , and one b l a c k v a r i e t i e s , namely, Montcalm, Kwan, T r e b i , and G a t a m i , 

c o n t a i n s b l u e a n t h o c y a n i n s f r o m t h e a l e u r o n e o n l y . I t was o b s e r v e d , t h a t 

d e s p i t e r e p e a t e d e x t r a c t i o n s o f t h e p e a r l i n g s f r o m t h e b l u e and t h e b l a c k 

v a r i e t i e s w i t h a c i d i f i e d e t h a n o l or m e t hanol by s h a k i n g ( 6 . 3 . l . c ) , o n l y a 

s m a l l q u a n t i t y o f e x t r a c t a b l e a n t h o c y a n i n was o b t a i n e d ; t h e b u l k o f t h e 

a n t h o c y a n i n s remained i n t h e p e l l e t . The improvement i n e x t r a c t i o n w i t h 

t h e a c i d i f i e d m ethanol was s m a l l . 

The p e a r l e d d u s t , i n c o n t r a s t t o the i n t a c t k e r n e l s , o f ' B l a c k 

H u l l e s s 1 gave a f a r h e a v i e r y i e l d o f a n t h o c y a n i n s b o t h i n t h e a c i d i f i e d 

e t h a n o l and a c i d i f i e d m e t h a n o l . The e x t r a c t i o n w i t h the l a t t e r was some

what b e t t e r . I t was n o t e d t h a t most o f the c o l o r f r o m t h e d u s t c o u l d be 

e x t r a c t e d by 4 t o 5 r e p e t i t i o n s . The p e l l e t o b t a i n e d a f t e r the e x t r a c 

t i o n s was, i n v a r i a b l y , r e d . Repeated e x t r a c t i o n s removed o n l y a s m a l l 

q u a n t i t y o f the c o l o r f r o m t h e p e l l e t . The e x t r a c t a b i l i t y o f t h e ' B l a c k 

H u l l e s s ' p e l l e t , i s about t h e same as t h a t o f the p e l l e t s o b t a i n e d f r o m 

the b l u e and t h e b l a c k v a r i e t i e s . S i n c e t h e c o l o r f r o m t h e p e r i c a r p and 

spermoderm i s e x t r a c t e d c o m p l e t e l y , i t i s c l e a r t h a t what goes i n the 

e x t r a c t a r e l a r g e l y t h e a n t h o c y a n i n s of t h e p e r i c a r p and spermoderm and 

what rem a i n s i n t h e p e l l e t a r e t h e a n t h o c y a n i n s o f t h e a l e u r o n e . The 

d i f f e r e n t i a l e x t r a c t a b i l i t y o f a n t h o c y a n i n s f r o m t h e d i f f e r e n t c a r y o p i n s 

t i s s u e s , and t h e l o c a l i z a t i o n of a n t h o c y a n i n s i n t h e b l u e and b l a c k 

v a r i e t i e s e x c l u s i v e l y i n t h e a l e u r o n e were a p p r e c i a t e d o n l y a f t e r the 

development o f p e e l i n g t e c h n i q u e ( S e c . 3 ) . 
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(d) The poor e x t r a c t a b i l i t y o f a n t h o c y a n i n s f r o m t h e n o n - p u r p l e 

v a r i e t i e s , and the l o n g t i m e t a k e n f o r pigment e x t r a c t i o n by s h a k i n g 

n e c e s s i t a t e d t h e e x t r a c t i o n o f the p e a r l e d d u s t by s o n i c a t i o n ( M u l l i c k 

e t a l . , 1958). S e v e r a l i n t e r e s t i n g f e a t u r e o f e x t r a c t i o n by s o n i c a t i o n , 

e s p e c i a l l y , o f t h e B l a c k H u l l e s s d u s t , w h i c h were b r i e f l y r e p o r t e d e a r l i e r 

( M u l l i c k , 1959), w i l l be e l a b o r a t e d i n t h e l i g h t o f t o t a l e x p e r i e n c e . The 

s o n i c a t i o n improved t h e r a t e o f e x t r a c t i o n immensely; t h e number o f days 

t a k e n p r e v i o u s l y f o r e x t r a c t i o n by s h a k i n g were r e d u c e d t o about the same 

number of hours by s o n i c a t i o n . 

I t was o b s e r v e d t h a t most o f t h e c o l o r f r o m B l a c k H u l l e s s 

p e a r l i n g s c o u l d be r e a d i l y e x t r a c t e d i n the f i r s t few e x t r a c t i o n s i n 

a c i d i f i e d a l c o h o l by s o n i c a t i o n ( 6 . 3 . 1 . d ) . The p e l l e t o b t a i n e d by c e n t r i -

f u g a t i o n , when most of the e x t r a c t a b l e c o l o r had been removed, was al w a y s 

r e d . The r e d d i s h c o l o r f r o m t h e p e l l e t c o u l d n o t be e x t r a c t e d c o m p l e t e l y 

even a f t e r about twe n t y e x t r a c t i o n s by s o n i c a t i o n u s i n g a c i d i f i e d m e t h anol 

each t i m e . The e x t r a c t a b i l i t y o f the d u s t o f t h e n o n - p u r p l e v a r i e t i e s was 

g r e a t l y improved by s o n i c a t i o n , b u t as w i t h B l a c k H u l l e s s , t h e c o l o r 

c o u l d n o t be e x t r a c t e d c o m p l e t e l y f r o m t h e p e l l e t . 

The r e d d i s h p e l l e t s o f a l l v a r i e t i e s o b t a i n e d f r o m t h e a c i d i f i e d 

m e thanol were found t o be r i c h i n p r o t e i n a c e o u s m a t t e r , because t h e y were 

p o s i t i v e t o b i u r e t and x a n t h o p r o t e i c t e s t s . The e x t r a c t i o n o f t h e r e d d i s h 

p e l l e t w i t h \% H C l aqueous by s o n i c a t i o n gave a c o l l o i d a l s u p e r n a t a n t 

c o n t a i n i n g weak a n t h o c y a n i n c o l o r , and a r e d d i s h p e l l e t . A r e l a t i v e l y 

good " y i e l d o f a n t h o c y a n i n s was o b t a i n e d when t h e r e d d i s h p e l l e t was r e -

e x t r a c t e d by s o n i c a t i o n w i t h a c i d i f i e d m e t h anol ( M u l l i c k , 1959). 

A l t e r n a t e e x t r a c t i o n s w i t h t h e a c i d i f i e d aqueous and a l c o h o l i c s o l v e n t s 

e x t r a c t e d the h a r d - t o - e x t r a c t a n t h o c y a n i n s f r o m t h e p e l l e t i n good y i e l d . 
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N e v e r t h e l e s s , a c o l o r - f r e e p e l l e t was n e i t h e r o b t a i n e d f r o m t h e p u r p l e n or 

fro m t h e n o n - p u r p l e v a r i e t i e s d e s p i t e e x t e n s i v e r e p e t i t i o n s . The r e d d i s h 

p e l l e t was s t i l l p o s i t i v e t o t h e p r o t e i n t e s t s . When the c o l l o i d a l s u p e r -

n a t a n t s , o b t a i n e d f r o m the aqueous e x t r a c t i o n s , were combined, t h e y a l s o 

gave p o s i t i v e b i u r e t and x a n t h o p r o t e i c t e s t s . A l t h o u g h s e v e r a l methods 

such as t r i c h l o r o a c e t i c a c i d p r e c i p i t a t i o n , e x t r a c t i o n w i t h i - p e n t a n o l 

( 6 . 3 . 4 ) , t o o b t a i n p r o t e i n - f r e e a n t h o c y a n i n e x t r a c t s , were t r i e d , t he 

f r e e z i n g and t h a w i n g o f t h e aqueous e x t r a c t s o n l y was t r u l y s u c c e s s f u l . 

When t h e combined aqueous and a l c o h o l i c e x t r a c t , a f t e r volume r e d u c t i o n 

( 6 . 3 . 1 . d ) , was shaken w i t h e t h y l a c e t a t e , a s l i g h t l y r e d d i s h coagulum was 

o b s e r v e d a t t h e i n t e r f a c e . T h i s was removed by c e n t r i f u g a t i o n , and the 

e x t r a c t was f u r t h e r c o n c e n t r a t e d i n vac u o , as d e s c r i b e d i n Sec. 6.3.1.d, 

f o r chromatography. I t i s w o r t h n o t i n g t h a t o n l y 4-5 a p p l i c a t i o n s o f t h i s 

e x t r a c t caused o v e r l o a d i n g o f t h e chromatography p a p e r , p r o b a b l y , due t o 

the p r e s e n c e o f s o l u b l e p r o t e i n a c e o u s m a t t e r . S a t i s f a c t o r y c h r o m a t o g r a p h i c 

r e s o l u t i o n o f a n t h o c y a n i n s c o u l d not be o b t a i n e d . S i n c e , t h e aqueous 

e x t r a c t i o n s were l a r g e l y r e s p o n s i b l e f o r t h e p r o t e i n a c e o u s m a t t e r i n t h e 

e x t r a c t , t h e y were d i s c o n t i n u e d . 

6.4.2. O b s e r v a t i o n s on t h e A l e u r o n e o f D e v e l o p i n g G r a i n 

(a) I n the few p r e l i m i n a r y o b s e r v a t i o n s on t h e e x t r a c t i o n o f a n t h o 

c y a n i n f r o m a l e u r o n e d e s c r i b e d e l s e w h e r e ( M u l l i c k , 1959), i t was n o t e d 

t h a t a n t h o c y a n i n s , f r o m b o t h t h e mature and d e v e l o p i n g a l e u r o n e , c o u l d 

n o t be e x t r a c t e d . L a t e r on, i n the c o u r s e o f c o l o r c l a s s i f i c a t i o n o f t h e 

d e v e l o p i n g a l e u r o n e ( S e c . 4 ) , i t was n o t e d t h a t a n t h o c y a n i n c o l o r d i d 

d i f f u s e f r o m t h e young a l e u r o n e s when t h e y were p l a c e d i n 1% H C l i n 



m e t h a n o l . A c c o r d i n g l y , when t h e 350 p e e l e d a l e u r o n e s of B l a c k H u l l e s s 

were d e p o s i t e d i n t h e s o l v e n t ( 6 . 3 . 5 . a ) , one by one, t h e e x t r a c t i o n o f 

a n t h o c y a n i n s i n the i n i t i a l p e r i o d o f c o l l e c t i o n was o b s e r v e d . A f t e r 

t h e c o m p l e t i o n o f p e e l i n g , w h i c h t o o k a p e r i o d o f about a week, th e amber 

b o t t l e was s t o r e d i n t h e f r e e z e r . A few days l a t e r , when th e b o t t l e was 

removed f o r p r o c e s s i n g , i t was n o t e d t h a t the e x t r a c t had d e c o l o r i s e d . 

The a l e u r o n e , however, was s t i l l c o l o r e d and c o n t a i n e d a n t h o c y a n i n s i n  

s i t u . On t h e b a s i s o f p r e v i o u s e x p e r i e n c e ( M u l l i c k , 1959), t h e de-

c o l o r i s a t i o n o f t h e e x t r a c t was r e l e g a t e d t o t h e i n s t a b i l i t y . The de

c o l o r i s e d e x t r a c t was d i s c a r d e d and a t t e n t i o n was d e v o t e d t o t h e e x t r a c 

t i o n o f a n t h o c y a n i n s s t i l l p r e s e n t i n t h e a l e u r o n e . 

A few of the e x t r a c t e d g r a i n s w i t h i n t a c t a l e u r o n e s , when 

p l a c e d i n t h e a c i d i f i e d m e t h a n o l , a t room t e m p e r a t u r e and t h e r e f r i g e r a t o r 

t e m p e r a t u r e s a l l o w e d o n l y s m a l l amounts o f t h e c o l o r t o be e x t r a c t e d even 

a f t e r months o f s t a n d i n g . The e x t r a c t i o n by h o m o g e n i z a t i o n (6.3.5.a) was 

a l s o u n s u c c e s s f u l . I t may, however, be n o t e d t h a t when th e c e n t r i f u g e d 

homogenates were shaken w i t h i - p e n t a n o l , a s l i g h t l y r e d d i s h coagulum was 

o b s e r v e d a t i n t e r f a c e . Owing t o t h e l i m i t e d a v a i l a b i l i t y o f p e e l e d 

a l e u r o n e s , f u r t h e r s t u d i e s on t h e i n t e r f a c e coagulum were not u n d e r t a k e n . 

I n s t e a d , t h e r e m a i n i n g p e e l e d g r a i n s were p e a r l e d . The p e a r l i n g o f v e r y 

s m a l l q u a n t i t y o f m a t e r i a l s i s d i f f i c u l t , and t h e r e f o r e , o n l y a s m a l l 

q u a n t i t y o f t h e p e a r l e d d u s t c o u l d be o b t a i n e d . A l t h o u g h , some c o l o r was 

e x t r a c t e d f r o m t h i s d u s t by t h e a l t e r n a t e e x t r a c t i o n s w i t h the aqueous 

and t h e a l c o h o l i c s o l v e n t s on t h e s o n i c o s c i l l a t o r ( S e c . 6.3.1.d); t h e 

p e l l e t , as u s u a l , c o u l d n o t be f r e e d of t h e r e d c o l o r c o m p l e t e l y . The 

q u a n t i t y o f a n t h o c y a n i n i n the e x t r a c t was too s m a l l and s u f f e r e d breakdown 

upon volume r e d u c t i o n . Because o f the d i f f i c u l t i e s o f e x t r a c t i o n f r o m the 



a l e u r o n e , no f u r t h e r a t t e n t i o n was d e v o t e d t o t h i s t i s s u e , u n t i l by chance, 

towards t h e f i n a l s t a g e s of t h i s r e s e a r c h program i n 1962, a s i m p l e but 

r e v e a l i n g o b s e r v a t i o n was made as d e s c r i b e d i n t h e f o l l o w i n g s e c t i o n . 

(b) I t became n e c e s s a r y t o r e d u c e t h e c o n c e n t r a t i o n of H C l i n t h e 

e x t r a c t i o n s o l v e n t t o 0.17„ i n subsequent s t u d i e s ( S e c . 2 3 ) . The spermoderm 

and p e r i c a r p t i s s u e s of 570 seeds (6.3.5.b) of t h e h y b r i d B l a c k H u l l e s s x 

3 3 - b l b l - 1 3 ( s t u d i e s on t h e h y b r i d s t o c k s a r e n o t r e p o r t e d i n t h e t h e s i s ) , 

a f t e r p e e l i n g , were e x t r a c t e d i n 0.1% m e t h a n o l i c H C l and t h e p e e l e d 

a l e u r o n e s were a l s o d e p o s i t e d i n about 40 ml o f t h i s s o l v e n t f o r t h e 

d e t e c t i o n o f i n s i t u a n t h o c y a n i n s f o r t h e p u r p o s e s of g e n e t i c c l a s s i f i 

c a t i o n o f a l e u r o n e c o l o r . ( D e t a i l s o f t h i s work c o u l d not be r e p o r t e d i n 

t h e t h e s i s ) . The a l e u r o n e e x t r a c t c e r t a i n l y showed a good r e d c o l o r i n 

t h e c o u r s e of p e e l i n g w h i c h t o o k a p e r i o d o f 10 days. L i k e t h e p r e v i o u s 

o b s e r v a t i o n s o f 1959 ( s e e 6.4.2.a), t h e e x t r a c t , a g a i n , became c o l o r l e s s 

when examined a f t e r s e v e r a l d a y s . S i n c e t h e a l e u r o n e l a y e r i s b e l i e v e d t o 

be a l k a l i n e and s i n c e t h e c o n c e n t r a t i o n o f a c i d i n t h e s o l v e n t was low, 

t h e a l e u r o n e c o u l d have n e u t r a l i s e d t h e s o l v e n t . I n d e e d , upon a c i d i f i c a t i o n 

b r i l l i a n t r e d a n t h o c y a n i n s r e a p p e a r e d . From t h e n on t h e c o n c e n t r a t i o n o f 

a c i d i n t h e e x t r a c t i o n s o l v e n t f o r t h e d e v e l o p i n g a l e u r o n e s was i n c r e a s e d 

t o 1% H C l i n m e t h a n o l . The e x t r a c t was c o n c e n t r a t e d i n vacuo and 

chromatographed. The r e s u l t s a r e shown i n F i g u r e 6.1; t h e Rf v a l u e s (by 

a s c e n t ) , r e l a t i v e c o n c e n t r a t i o n r a t i o s , and v i s i b l e c o l o r s o f a n t h o c y a n i n s 

a r e g i v e n i n T a b l e 6.1. I t was e s t a b l i s h e d f r o m subsequent s t u d i e s t h a t 

a l e u r o n e a n t h o c y a n i n s a r e d e r i v e d l a r g e l y f r o m d e l p h i n i d i n and p e t u n i d i n 

( S e c . 2 2 ) . 
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TABLE 6.1. 
Rp VALUES, RELATIVE CONCENTRATION RATIOS , AND V I S I B L E COLORS OF ALEURONE 
ANTHOCYANINS FROM A HYBRID BETWEEN BLACK HULLESS AND 3 3 - b l b l - 1 3 
(GREENHOUSE COLLECTION 448) 

Band No. R f x 100 R e l . Cone. V i s i b l e C o l o r 

? 17 wk'. Weak 
1 20 15 R e d d i s h p u r p l e t o 

c armine 
2 22 1 Weak 
3 24 .'.;5 B l u i s h r e d 
4 27 l B l u i s h r e d 
5 29. 3 B l u i s h r e d 
6 34 3 B l u i s h r e d 

E s t i m a t e d v a l u e s . 

( c ) L i k e the mature g r a i n t i s s u e s , the a n t h o c y a n i n s from the spermo

derm and p e r i c a r p of the d e v e l o p i n g B l a c k H u l l e s s i n t a c t g r a i n s ( C o l l e c r -

t i o n s No. 217, 270, 272, 274 and 278; Sec. 19) were e x t r a c t e d almost, 

c o m p l e t e l y by the second e x t r a c t i o n (6.3.5-.c).; however, the a l e u r o n e of 

the m a j o r i t y o f k e r n e l s r e m a i n e d , d i s t i n c t l y , b l u e ( n o t e : b l u e i n the 

a c i d i c s o l v e n t ) . I n a n o t h e r c a s e , B l a c k H u l l e s s k e r n e l s , w h i c h a f t e r two 

e x t r a c t i o n s had been l e f t i n s t o r a g e f o r s i x y e a r s showed c o l o r l e s s s p e r 

moderm and p e r i c a r p , b u t t h e m a j o r i t y of a l e u r o n e s were s t i l l d i s t i n c t l y 

b l u e i n the a c i d i c s o l v e n t . However, i n k e r n e l s , w h i c h showed m u t i l a t e d 

embryos, the s o l v e n t had seeped t h r o u g h the c o v e r i n g s , a p p a r e n t l y , i n 

t r a c e amounts, because the b l u e a l e u r o n e c o l o r had become r e d d i s h - v i o l e t 

or p u r p l i s h b u t n o t r e d . S e v e r a l a l e u r o n e l a y e r s were, a l s o r e d , l a r g e l y 

because o f c h i p p i n g or o t h e r i n j u r i e s . 

The chromatography o f the f i r s t and the t h i r d e x t r a c t s ( 6 . 3 . 5 . c ) 

from u n p e e l e d B l a c k H u l l e s s c a r y o p s e s ( C o l l e c t i o n 272) i s shown i n 

F i g i 6.2, chromatograms 2.72S-1 and 2 7 2 S - I I I , r e s p e c t i v e l y . The f i r s t 
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F i g . 6.1. Chromatogram of 
anthocyanins obtained from 
young aleurone tissues of 
the hybrid Black Hulless x 
33-blbl-13. The tissues 
were peeled manually and 
extracted i n 0.17, methanolic 
HCl. The extract, which be
came c o l o r l e s s on standing, 
was r e a c i d i f i e d with 17, 
methanolic HCl p r i o r to 
chromatography. 

BLACK HULLESS 

BLACK HULLESS 
CARYOPSIS 

F i g . 6.2. Chromatography of the f i r s t 
and the t h i r d extracts from i n t a c t 
Black Hulless caryopses ( f i e l d C o l l e c 
t i o n 272). The pigments obtained from 
the f i r s t extract are la r g e l y of sper-
modermal o r i g i n , and those from the 
t h i r d extract are l a r g e l y derived from 
chipped or damaged aleurone. Note the 
differences in Rf values of the two 
extracts. 

extract contains at le a s t nine anthocyanins most of which are highly 

complex as revealed by their i d e n t i f i c a t i o n c h a r a c t e r i s t i c s described 

elsewhere i n Section 19.3.7.3. The t h i r d extract shows fewer anthocyanins 
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t h a n the f i r s t e x t r a c t . M o r e o v e r , the Rf v a l u e s of the a n t h o c y a n i n s a r e 

n o t a b l y q u i t e d i f f e r e n t f r o m t h o s e o f the a n t h o c y a n i n s of f i r s t e x t r a c t . 

The R f v a l u e s , i n f a c t , c o r r e s p o n d t o t h o s e of the a l e u r o n e a n t h o c y a n i n s 

shown b o t h i n F i g . 6.1. and e l s e w h e r e i n F i g . 22.1. 

I t has been e s t a b l i s h e d on t h e b a s i s of d e t a i l e d c h a r a c t e r i z a t i o n 

o f each a n t h o c y a n i n t h a t the f i r s t e x t r a c t of 1960 c a r y o p s e s c o l l e c t i o n s 

217, 270, 272, 274 and 278 c o n s i s t s o f c y a n i d i n , p e o n i d i n , p e l a r g o n i d i n 

and d e l p h i n i d i n d e r i v a t i v e s ( S e c . 1 9 ) . I t w i l l be r e c a l l e d t h a t d e l 

p h i n i d i n d e r i v a t i v e s were n o t r e c o v e r e d from t h e 1958 m a t e r n a l g r a i n 

t i s s u e s , p a r t i c u l a r l y , spermoderm ( S e c . 5 ) . D e l p h i n i d i n was a l s o a b s e n t 

from the 1959 m a t e r n a l g r a i n t i s s u e s , i n c l u d i n g spermoderm ( S e c . 8 ) . 

A d e t a i l e d c h a r a c t e r i z a t i o n o f the a n t h o c y a n i n s o b t a i n e d f r o m 

the t h i r d e x t r a c t of C o l l e c t i o n 272 was not u n d e r t a k e n . However, on the 

b a s i s o f d i r e c t i L h y d r o l y s i s on paper by the t e c h n i q u e s d e s c r i b e d i n S e c t i o n 

20, i t was e s t a b l i s h e d t h a t t h e a n t h o c y a n i n band No. 3 ( F i g . 6.2, 

chromatogram 2 7 2 S - I I I ) i s a d e l p h i n i d i n d e r i v a t i v e ( F i g . 1 9 . 6 ) . The band 

No. 3 o f the;chromatogram 272S-I ( F i g . 6.2) i s a l s o a d e l p h i n i d i n d e r i 

v a t i v e ( S e c . 19.3.7.3). The r e l a t i v e c o n c e n t r a t i o n r a t i o o f the d e l p h i 

n i d i n d e r i v a t i v e i s s t r i k i n g l y v e r y weak on Chromatogram 272S-I as 

compared t o Chromatogram 2 7 2 S - I I I . 

The r e s u l t s o b t a i n e d f r o m the h y d r o l y s a t e s o f the f i r s t and the 

t h i r d e x t r a c t s o f c o l l e c t i o n s 272 and 278, i n F o r e s t a l s o l v e n t , a re shown 

i n F i g . 6.3, Chromatograms 272S-I, 2 7 2 S - I I I , 278S-I, and 2 7 8 S - I I I . On t h e 

b a s i s of t h e i r R f v a l u e s i n F o r e s t a l , t h e f i r s t two bands from the s t a r t i n g 

l i n e have been i d e n t i f i e d as d e l p h i n i d i n and c y a n i d i n . I n the f i r s t 

e x t r a c t s (Chromatograms 272S-I and 2 7 8 S - I ) , c y a n i d i n i s p r e s e n t as a v e r y 

s t r o n g band, and d e l p h i n i d i n a b a r e l y d e t e c t a b l e band. I n o t h e r words, 
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F i g . 6.3. Chromatograms obtained 
from the hydrolysates of the f i r s t 
and the t h i r d extracts of Black 
Hulless caryopses c o l l e c t i o n s 272 
and 278. Note, delphinidin i s 
present i n very small amounts in 
the f i r s t extracts (chromatograms 
272S-I and 278S-I), and large 
amounts in the t h i r d extracts 
(chromatograms 272S-III and 278S-III). 

the r a t i o of delphinidin to cyanidin i s very low. In the t h i r d extracts 

(Chromatograms 272S-III and 278S-III), however, the r a t i o of delphinidin to 

cyanidin i s very high; in fact, the del p h i n i d i n band i s stronger than the 

cyanidin* band i n chromatogram 278S-III. The r e s u l t s obtained from 

*The second band from the hydrolysates of t h i r d extracts, 
chromatograms 272S-III and 278S-III probably i s a mixture of cyanidin 
and petunidin (see Section 22). 
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h y d r o l y s a t e s of t h e f i r s t and the t h i r d e x t r a c t s o f B l a c k H u l l e s s c a r y o p s e s 

C o l l e c t i o n s No. 270 and 274 were i d e n t i c a l t o t h o s e shown i n F i g . 6.3. 

The d i f f e r e n c e s i n a n t h o c y a n i n p a t t e r n s o b t a i n e d f r o m t h e f i r s t , 

and t h e t h i r d e x t r a c t s a l s o b r i n g out t h e d i f f i c u l t i e s o f w o r k i n g w i t h t h e 

g r a i n t i s s u e s . 

6.5. DISCUSSION 

6.5.1. The p r e p a r a t i o n o f a l e u r o n e t i s s u e s by manual p e e l i n g i s a 

l a b o r i o u s u n d e r t a k i n g . The o b s e r v a t i o n s on s e v e r a l o c c a s i o n s had t o be 

r e s t r i c t e d t o s m a l l samples. Moreover, i t was d i f f i c u l t t o make d e t a i l e d 

and r e p e a t o b s e r v a t i o n s i n e v e r y c a s e , because t h e d e v e l o p i n g a l e u r o n e 

t i s s u e s a r e a v a i l a b l e f o r o b s e r v a t i o n s o n l y once a y e a r f o r a s h o r t p e r i o d . 

N o n e t h e l e s s , i t i s c l e a r f r o m t h i s s t u d y t h a t the a l e u r o n e l a y e r o f b a r l e y 

c o n t a i n s two t y p e s of a n t h o c y a n i n s , (a) t h o s e t h a t a r e s o l u b l e i n the 

a c i d i f i e d w a t e r or m e t h a n o l , and (b) t h o s e t h a t a r e v i r t u a l l y u n e x t r a c t -

a b l e , and a r e t i s s u e bound. The s o l u b l e a n t h o c y a n i n s f r o m the p e e l e d 

a l e u r o n e o f d e v e l o p i n g g r a i n s , i n c o n t r a s t t o the mature g r a i n s , a r e 

r e a d i l y e x t r a c t e d . The t i s s u e bound a n t h o c y a n i n s o f t h e d e v e l o p i n g , as 

w e l l a s , mature a l e u r o n e s cannot be e x t r a c t e d by t h e u s u a l means. That 

t h e a l e u r o n e p o s s e s s e s two t y p e s o f a n t h o c y a n i n s i s a l s o s u p p o r t e d by t h e 

s t u d i e s on t h e p e a r l i n g s o f the b l u e and t h e b l a c k v a r i e t i e s w h i c h c o n t a i n 

a n t h o c y a n i n s o n l y i n the a l e u r o n e . The p e a r l i n g s , l i k e t h e p e e l e d 

a l e u r o n e s , a l s o , showed the p r e s e n c e o f the two t y p e s of a n t h o c y a n i n s , 

inasmuch a s , the p e l l e t c o u l d not be f r e e d of a n t h o c y a n i n s by e x t e n s i v e 

t r e a t m e n t s r a n g i n g f r o m s o n i c waves t o p r o t e i n p r e c i p i t a n t s . The 

b e h a v i o u r o f t h e p e a r l i n g s o f t h e p u r p l e v a r i e t y , B l a c k H u l l e s s , f o l l o w i n g 
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t h e i n i t i a l e x t r a c t i o n s t o remove a n t h o c y a n i n s o f spermoderm and p e r i c a r p 

i s s i m i l a r t o the p e a r l i n g s o f v a r i e t i e s w i t h o u t a n t h o c y a n i n s i n spermoderm 

-and p e r i c a r p . 

6.5.2. The o n l y method by w h i c h t h e h a r d - t o - e x t r a c t a n t h o c y a n i n s c o u l d 

be e x t r a c t e d f r o m the p e l l e t was t h a t o f the a l t e r n a t e e x t r a c t i o n w i t h t h e 

aqueous and a l c o h o l i c s o l v e n t s accompanied by s o n i c a t i o n . S u r p r i s i n g l y , 

a good y i e l d o f a n t h o c y a n i n s was o b t a i n e d when th e r e d d i s h p e l l e t , 

e x t r a c t e d w i t h t h e aqueous s o l v e n t , was r e e x t r a c t e d w i t h t h e a l c o h o l i c 

s o l v e n t by s o n i c a t i o n ( 6 . 4 . 1 ) , but o n l y a poor y i e l d was o b t a i n e d i f t h e 

r e d d i s h p e l l e t s were no t e x t r a c t e d f i r s t w i t h t h e aqueous s o l v e n t . T h i s 

b e h a v i o u r of t h e p e l l e t i s i n t r i g u i n g and, u n d o u b t e d l y , r e q u i r e s f u r t h e r 

a t t e n t i o n . I t i s , however, c l e a r t h a t t h e aqueous s o l v e n t does remove some 

p r o t e i n a c e o u s coagulum, and, a l s o , some a n t h o c y a n i n s , and once t h e 

m a t e r i a l s s o l u b l e i n the aqueous s o l v e n t a r e removed, a n t h o c y a n i n s f r o m 

th e p e l l e t a r e a g a i n e x t r a c t a b l e . S i n c e t h e p e l l e t , a f t e r t h e s e r i e s of 

a l t e r n a t e e x t r a c t i o n s , s t i l l r e t a i n s p r o t e i n s and a n t h o c y a n i n s , i t was 

p o s t u l a t e d ( M u l l i c k , 1959) t h a t i t i s t h e p r o t e i n w h i c h i s h o l d i n g t h e 

a n t h o c y a n i n s i n t h e p e l l e t . 

I t i s w e l l known t h a t p h e n o l i c h y d r o x y l groups o f f l a v o n o i d 

compounds, such a s , t a n n i n s , and l e u c o a n t h o c y a n i n s a l s o , known as a n t h o -

cyanogens) cause p r e c i p i t a t i o n o f g e l a t i n and o t h e r p r o t e i n s ( s e e r e v i e w 

by F r e u d e n b e r g e t a l . , 1962). I t a p p e a r s t h a t t h e a t t a c h m e n t o f t a n n i n s 

t o p r o t e i n s , _in v i t r o , o c c u r s by a d s o r p t i o n . However, i t i s n o t c l e a r , 

w h e t h e r t h e anthocyanogen bound h o r d e i n f r a c t i o n s of b a r l e y ( P o l l o c k , 

K i r s o p and P o o l , 1959; K l o o s , 1961; M c F a r l a n e and Sword 1962), a r e h e l d 

t o p r o t e i n s , _in v i v o , by a c h e m i c a l bond or m e r e l y by a d s o r p t i v e f o r c e s . 
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S t u d i e s r e p o r t e d e l s e w h e r e i n d i c a t e t h a t a c h e m i c a l l i n k a g e may be i n v o l v e d 

( M u l l i c k , 1964a; 1964b). The f a c t s t h a t a n t h o c y a n i n s abound i n p h e n o l i c 

h y d r o x y l s , t h a t the b l u e a n t h o c y a n i n s i s o l a t e d f r o m o t h e r p l a n t s , u s u a l l y 

c o n t a i n h i g h m o l e c u l a r w e i g h t n i t r o g e n o u s c o n s t i t u e n t s ( B a y e r l o c . c i t . ; 

H a y a s h i , l o c c i t . ) , and t h a t the c o l o r o f the a l e u r o n e a n t h o c y a n i n s i s 

i n v a r i a b l y b l u e , f u r t h e r s u p p o r t the p o s t u l a t e t h a t the h a r d - t o - e x t r a c t 

a n t h o c y a n i n f r a c t i o n o f the a l e u r o n e may, i n f a c t , be p r o t e i n bound or 

l i n k e d . S e v e r a l o t h e r o b s e r v a t i o n s , w h i c h w i l l be d i s c u s s e d s u b s e q u e n t l y , 

a l s o s u p p o r t t h i s v i e w . 

6.5.3. The e x t r a c t i o n o f t h e s o l u b l e a n t h o c y a n i n s f r o m t h e mature 

a l e u r o n e was e x t r e m e l y s l o w , and t h a t f r o m the p e a r l i n g s r e l a t i v e l y f a s t . 

The d i f f e r e n t i a l r a t e o f e x t r a c t i o n o f t h e s o l u b l e a n t h o c y a n i n s i s , 

p r o b a b l y , i n f l u e n c e d by two f a c t o r s . F i r s t , t he a l e u r o n e e n v e l o p e ( S e c . 3) 

may a c t as a b a r r i e r t o the movement o f s o l v e n t s , , f o r on expo s u r e t o the 

a c i d i c s o l v e n t s , t h e b l u e a n t h o c y a n i n s o f a l e u r o n e change t o r e d c o l o r 

f a s t e r i n p e a r l i n g s t h a n i n mature g r a i n s f r o m w h i c h p e r i c a r p and spermo

derm have been removed. The l a t t e r may g e n e r a l l y t a k e as l o n g as h a l f an 

hour f o r t h e g r a d u a l t r a n s f o r m a t i o n f r o m b l u e t o the r e d s t a t e . Second, 

t h e s l o w e r e x t r a c t a b i l i t y f r o m the i n t a c t mature a l e u r o n e , as compared t o 

the p e a r l e d d u s t , may, a l s o , be due t o the s t e r e o s p e c i f i c arrangement o f 

t h e e x t r a c t a b l e pigment m o l e c u l e s w i t h i n t h e a l e u r o n e c e l l s a t m a t u r i t y . 

I t i s t o be r e c k o n e d t h a t the a l e u r o n e l a y e r i s b e l i e v e d t o be r i c h i n 

l i p o i d a l , g l u t i n o u s and o t h e r p r o t e i n a c e o u s m a t t e r ( C o l l i n s , 1918; Mann 

and H a r l a n , 1915) w h i c h i s l a i d down i n a l e u r o n e c e l l s towards m a t u r i t y . 

I t i s , t h e r e f o r e , p o s s i b l e t h a t r i c h d e p o s i t s of the c o l l o i d a l m a t e r i a l s 

i n t h e a l e u r o n e may p r e v e n t f a s t e r d i f f u s i o n o f a n t h o c y a n i n s towards t h e 
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l a t e r s t a g e s of m a t u r i t y . I t was e a r l i e r s t a t e d (6.5.2) t h a t t h e s u p e r i o r 

y i e l d of a n t h o c y a n i n s f r o m t h e p e l l e t p r e v i o u s l y e x t r a c t e d w i t h the 

a c i d i f i e d aqueous s o l v e n t i s p o o r l y u n d e r s t o o d . However, i t s u g g e s t s t h a t 

t h e r e l e a s e of a n t h o c y a n i n s f r o m t h e p e l l e t i s b l o c k e d by p r o t e i n s , w h i c h 

a r e s o l u b l e i n a c i d i f i e d w a t e r b u t i n s o l u b l e i n a c i d i f i e d m e t h a n o l ; as soon 

as t h e a c i d i f i e d w a t e r - s o l u b l e p r o t e i n s a r e removed, the a n t h o c y a n i n s can 

be e x t r a c t e d i n the a l c o h o l i c s o l u t i o n . T h i s o b s e r v a t i o n , though c i r c u m 

s t a n t i a l , s u p p o r t s t h e v i e w t h a t t h e e x t r a c t i o n i s i n f l u e n c e d by s t e r o -

s p e c i f i c arrangements ( a l s o see b e l o w ) . 

Other o b s e r v a t i o n s , y e t , i n d i c a t e t h a t the e x t r a c t a b i l i t y may n o t 

m e r e l y be i n f l u e n c e d by p h y s i c a l b a r r i e r s . F o r i n s t a n c e , t h e s o l u b l e 

a n t h o c y a n i n s f r o m t h e young i n t a c t a l e u r o n e s a r e r e a d i l y e x t r a c t e d i n h i g h 

y i e l d , but from t h e p e a r l i n g s o f mature a l e u r o n e s (when most of the 

p h y s i c a l b a r r i e r s a r e e l i m i n a t e d by p e a r l i n g ) t h e y a r e e x t r a c t e d i n low 

y i e l d , even w i t h s o n i c a t i o n . T h i s d i f f e r e n t i a l e x t r a c t a b i l i t y w i t h 

m a t u r i t y , a p p a r e n t l y , i s due t o f u n d a m e n t a l p h y s i o l o g i c a l changes. D u r i n g 

e a r l y s t a g e s o f k e r n e l m a t u r a t i o n , the major p a r t o f a n t h o c y a n i n complement 

i n a l e u r o n e may e x i s t i n a ' f r e e ' s t a t e ( s o l u b l e f o r m ) , and o n l y a minor 

p a r t i n a c o n j u g a t e d s t a t e . However, a t m a t u r i t y , i t appears t h a t most 

o f t h e a n t h o c y a n i n s a r e c o n j u g a t e d w i t h p r o t e i n s . I t i s t e m p t i n g t o 

s p e c u l a t e t h a t t h e c o n j u g a t i o n may be a mechanism o f i n a c t i v a t i n g some 

enzymes a t m a t u r i t y o f t h e g r a i n . 

6.5.4. I t i s known t h a t some o f t h e o u t e r c o v e r i n g s o f b a r l e y c a r y o p s i s 

a c t as a semi-permeable membrane and a l l o w o n l y a l i m i t e d exchange o f 

w a t e r . Brown (1907; 1909) f e l t t h a t the s e m i p e r m e a b i l i t y i n v o l v e d t h e 

n u c e l l a r e p i d e r m i s i n a p r i m a r y way ( s e e Sec. 3 ) , whereas C o l l i n s (1918) 
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m a i n t a i n e d t h a t t h e tegmen was p r i m a r i l y i n v o l v e d . C o l l i n s ( i b i d . ) a l s o 

e s t a b l i s h e d t h a t l i t t l e exchange o f w a t e r o c c u r r e d f r o m t h e o u t e r 

c o v e r i n g s , and t h a t a b s o r p t i o n o f w a t e r m a i n l y o c c u r r e d t h r o u g h t h e s h e a f 

o f c h a l a z a l c e l l s , w h i c h a l s o a c t e d as a semipermeable membrane. Brown 

( 1 9 0 7 ) , however, made an e x c e l l e n t e m p i r i c a l o b s e r v a t i o n w h i c h has not been 

g i v e n much a t t e n t i o n . He n o t e d t h a t when undamaged g r a i n s o f b l u e b a r l e y 

a r e s t e e p e d i n a d i l u t e a c i d i c s o l u t i o n , a l t h o u g h the c o n t e n t s of the g r a i n 

become s o f t and s w o l l e n , t h e a l e u r o n e c e l l s r e t a i n t h e i r o r i g i n a l b l u e 

c o l o r a t l e a s t f o r a week. However, t h e s e e d s , on e x t e n d e d s t e e p i n g i n a 

N s u l p h u r i c a c i d , o r N h y d r o c h l o r i c a c i d become r e d w i t h i n a p e r i o d r a n g i n g 

from 7 t o 24 days (Brown, 1909). Thus, t h e s e m i - p e r m e a b i l i t y e i t h e r of t h e 

c o v e r i n g s or o f the a b s o r p t i o n r e g i o n ( c h a l a z a ) i s i m p a i r e d a f t e r a week 

when th e a c i d , a l o n g w i t h w a t e r , seeps t h r o u g h . Our o b s e r v a t i o n s t h a t the 

a l e u r o n e s o f t h e u n p e e l e d d e v e l o p i n g k e r n e l s remained b l u e i n m e t hanol 

c o n t a i n i n g 1% cone. H C l , even a f t e r s i x y e a r s ' s t o r a g e , a p a r t from 

s u p p o r t i n g t h e e a r l i e r o b s e r v a t i o n s of Brown ( l o c . c i t . ) a l s o i n d i c a t e s 

t h a t the s e m i - p e r m e a b i l i t y o f the undamaged seeds i n the a c i d i f i e d 

m e t h a n o l i c s o l u t i o n s i s r e t a i n e d i n d e f i n i t e l y . The o b s e r v a t i o n s on the 

d i f f e r e n t i a l e x t r a c t a b i l i t y and the s e m i - p e r m e a b i l i t y were l a t e r e x p l o i t e d 

i n t h e development o f a method f o r t h e c o l o r c l a s s i f i c a t i o n and b i o 

c h e m i c a l s t u d i e s of a l e u r o n e pigments ( S e c . 2 1 ) . I t i s because o f t h e 

s e m i - p e r m e a b i l i t y t h a t i n the e a r l y s t a g e s of t h i s r e s e a r c h program ( F a r i s , 

1956; M u l l i c k , 1959), the a n t h o c y a n i n s f r o m t h e i n t a c t k e r n e l s of 

v a r i e t i e s , o t h e r t h a n the p u r p l e s , c o u l d not be e x t r a c t e d , and p e a r l i n g 

and e v e n t u a l l y s o n i c a t i o n had t o be r e s o r t e d t o . 

The o b s e r v a t i o n s i n Sec. 6.4.1 and 6.4.2 a l s o e s t a b l i s h t h a t 

s i n c e t h e a l e u r o n e of t h e i n t a c t seeds m a i n t a i n s i t s b l u e c o l o r i n -
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d e f i n i t e l y under our c o n d i t i o n s , t h e s o l u b l e pigments o f a l e u r o n e cannot 

be e x t r a c t e d f r o m undamaged k e r n e l s b o t h d u r i n g development and a t m a t u r i t y . 

I t was, however, m e n t i o n e d (6.4.2.c) t h a t t h e young a l e u r o n e o f t h e damaged 

seeds ( u n p e e l e d ) o f s e v e r a l c o l l e c t i o n s , f o r i n s t a n c e , Nos. 272, 274, and 

278, showed r e d t o r e d d i s h - v i o l e t c o l o r s d epending upon e x t e n t of the 

damage. The chromatography o f t h e f i r s t e x t r a c t o f the c o l l e c t i o n No. 272 

o f t h e young u n p e e l e d k e r n e l s showed o n l y a s m a l l amount o f t h e d e l p h i n i d i n 

d e r i v a t i v e ( F i g . 6.3, chromatograms 272S-I, and 2 7 8 S I ) , however, th e t h i r d 

e x t r a c t , ( F i g . 6.3, chromatogram 2 7 2 S - I I I , and 2 7 8 S I I I ) , w h i c h d i d n o t 

c o n t a i n t h e pigments o f p e r i c a r p and spermoderm ( 6 . 4 . l . c , and 6.4.2.c) 

showed o n l y t h e p r e p o n d e r a n c e o f d e l p h i n i d i n . The c o n c e n t r a t i o n o f t h e 

d e l p h i n i d i n d e r i v a t i v e , as a s c e r t a i n e d by t h e d i r e c t h y d r o l y s i s , was 

s e v e r a l f o l d ( c a . lOx) g r e a t e r i n t h e t h i r d e x t r a c t t h a n t h e f i r s t ex

t r a c t . These o b s e r v a t i o n s c l e a r l y i n d i c a t e t h e i n f l u e n c e of t h e d u r a t i o n 

o f e x t r a c t i o n on t h e e x t r a c t a b i l i t y o f s o l u b l e a n t h o c y a n i n s , b o t h q u a l i 

t a t i v e l y and q u a n t i t a t i v e l y , f r o m t h e g r a i n t i s s u e s . F u t u r e work must t a k e 

i n t o a c c o u n t t h i s d i f f e r e n t i a l e x t r a c t a b i l i t y . 

S i n c e no d e l p h i n i d i n d e r i v a t i v e s were r e c o v e r e d f r o m t h e p e r i c a r p 

and spermoderm t i s s u e s o f ' B l a c k H u l l e s s ' ( S e c . 5) a t any s t a g e o f d e v e l o p 

ment ( S e c . 8 ) , the d e l p h i n i d i n must o r i g i n a t e w i t h t h e a l e u r o n e i n t h e 

t h i r d e x t r a c t o f t h e c o l l e c t i o n No. 272 and 274. A l t h o u g h , t h e o r i g i n of 

t h e d e l p h i n i d i n d e r i v a t i v e s c o u l d have been e s t a b l i s h e d c o n c l u s i v e l y by 

t h e d i r e c t h y d r o l y s i s o f t h e a l e u r o n e e x t r a c t o f t h e c r o s s between B l a c k 

H u l l e s s and 3 3 - b l b l - 1 3 ( S e c . 7.4.2.b), t h i s c o u l d n o t be done owing t o t h e 

s m a l l q u a n t i t y o f t h e e x t r a c t . However, th e c o l o r s of t h e lowermost band 

( F i g . 6.1) a r e s i m i l a r t o t h e d e l p h i n i d i n band No. 3 o f t h e t h i r d e x t r a c t 

( F i g . 6.2), an o b s e r v a t i o n , w h i c h f u r t h e r s u p p o r t s the f a c t t h a t t h e 
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d e l p h i n i d i n d e r i v a t i v e o f t h e t h i r d e x t r a c t must have o r i g i n a t e d f r o m t h e 

a l e u r o n e . S i n c e t h e s o l u b l e a n t h o c y a n i n s cannot be e x t r a c t e d f r o m un

damaged seeds, i t i s c o n c l u d e d t h a t t h e d e l p h i n i d i n d e r i v a t i v e , and a l s o 

o t h e r s o l u b l e a n t h o c y a n i n s o f a l e u r o n e l a y e r ( F i g . 6.1), i n the t h i r d 

e x t r a c t must have d i f f u s e d i n t o t h e e x t r a c t t h r o u g h the c h i p p e d and damaged 

d e v e l o p i n g seeds. 

On t h e b a s i s of t h e f o r e g o i n g o b s e r v a t i o n s and t h o s e d e s c r i b e d 

e l s e w h e r e ( S e c . 2 1 ) , a method f o r e x t r a c t i o n o f p e r i c a r p - s p e r m o d e r m and 

a l e u r o n e pigments s e p a r a t e l y w i t h o u t the i n t e r v e n t i o n of p e e l i n g t e c h n i q u e 

has been worked o u t ; d e t a i l s o f t h e method w i l l be p r e s e n t e d i n S e c t i o n 22. 

6.5.5. The d e c o l o r i z a t i o n o f t h e a n t h o c y a n i n s i n a c i d e x t r a c t s f r o m 

d e v e l o p i n g a l e u r o n e s , on s t a n d i n g i n d a r k n e s s ( 6 . 4 . 2 . a ) , i s a r a t h e r un

u s u a l phenomenon. The r e g e n e r a t i o n o f t h e r e d c o l o r upon a c i d i f i c a t i o n 

i n d i c a t e s t h a t t h e d e c o l o r i z a t i o n must have been b r o u g h t about by the 

a l k a l i n e e x u d a t e s f r o m t h e a l e u r o n e l a y e r . T h i s i s b e c a u s e , a n t h o c y a n i n s 

( I ) under m i l d l y a l k a l i n e c o n d i t i o n s l o s e a p r o t o n , and g i v e r i s e t o 

c o l o r e d anhydro bases ( I I ) w h i c h upon s t a n d i n g , or d i l u t i o n , f o r m c o l o r l e s s 

I I I I I I 

pseudo b a s e s . The psendo base formed i n aqueous medium i s c a l l e d a 

c a r b i n o l ( I I I ) , and i n m e t h a n o l i c medium, used i n t h i s i n v e s t i g a t i o n , 

i s c a l l e d a m e t h y l e t h e r o f c a r b i n o l or more c o n v e n i e n t l y , a m e t h y l e t h e r 

base. The c o l o r l e s s m e t h y l e t h e r bases upon a c i d i f i c a t i o n g i v e r i s e t o 
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t h e f l a v y l i u m s a l t f o r m ( I ) o f a n t h o c y a n i n s (Wawzonek, 1951; J u r d , 1963). 

I t was t h e a p p r e c i a t i o n o f t h i s f a c t , w h i c h f i n a l l y l a i d t h e b a s i s f o r 

e x t r a c t i o n of s o l u b l e a n t h o c y a n i n s f r o m t h e a l e u r o n e l a y e r . A c c o r d i n g l y 

t h e a n t h o c y a n i n s f r o m the a l e u r o n e were e x t r a c t e d w i t h 1% H C l i n m e t h a n o l 

as a g a i n s t 0.1?o H C l i n m e t h a n o l used f o r a l l o t h e r t i s s u e s i n l a t e r s t u d i e s 

( S e c . 2 3 ) . I t may be emphasized t h a t t h e a l e u r o n e e x t r a c t s were o n l y 

c o n c e n t r a t e d i n vacuo ( 6 . 3 . 5 . b ) , but n e v e r d r i e d . The d r y i n g o f e x t r a c t s , 

a l t h o u g h recommended by o t h e r s ( H a r b o r n e , 1958) was n o t u n d e r t a k e n because 

b a r l e y a n t h o c y a n i n e x t r a c t s i n 170 H C l i n m e t h a n o l s u f f e r e d a g r e a t d e a l of 

d e g r a d a t i o n ( S e c . 2 3 ) . I t i s e v i d e n t f r o m t h e s t u d i e s d e s c r i b e d i n 

S e c t i o n s 23, and 15 t h a t b a r l e y a n t h o c y a n i n s a r e e x t r e m e l y l a b i l e i n a c i d ; 

s t a n d a r d e x t r a c t i o n p r o c e d u r e s a r e n o t s a t i s f a c t o r y and t h e e x t r a c t i o n 

s o l v e n t f o r a l e u r o n e a n t h o c y a n i n s , i n v i e w of t h e o b s e r v a t i o n s w i l l have 

t o be m o d i f i e d . 

6.5.6. The chromatography o f t h e a l e u r o n e e x t r a c t s o f t h e c r o s s between 

B l a c k H u l l e s s , and 3 3 - b l b l - 1 3 ( F i g . 6.1) shows t h a t a l e u r o n e p o s s e s s e s 

s e v e r a l a n t h o c y a n i n s w h i c h a r e d i f f e r e n t f r o m t h o s e of t h e m a t e r n a l 

t i s s u e s . Thus, t h e b i o c h e m i c a l d i f f e r e n c e s s u p p o r t t h e g e n e t i c a l f i n d i n g s 

t h a t t h e a n t h o c y a n i n development i n a l e u r o n e , as compared t o m a t e r n a l 

t i s s u e s of t h e g r a i n , a r e d e t e r m i n e d by d i f f e r e n t genes. The p r e s e n c e 

o f a n t h o c y a n i n s i n a l e u r o n e i s d e t e r m i n e d by one gene p a i r , i n c e r t a i n 

c a s e s by two gene p a i r s ( s e e r e v i e w by N i l a n , 1964) and i n o t h e r s by t h e 

complementary i n t e r a c t i o n o f two-gene p a i r s ( s e e r e v i e w by S m i t h , 1951). 

U n d o u b t e d l y , more b i o c h e m i c a l work w i l l have t o be u n d e r t a k e n on t h e 

a l e u r o n e pigments o f a l a r g e number o f b a r l e y c o l o r v a r i a n t s t o s e t t h e 

s t a g e f o r combined b i o c h e m i c o - g e n e t i c a l s t u d i e s on t h e mechanism o f gene 
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a c t i o n . 

6.5.7. The d i f f e r e n t i a l e x t r a c t a b i l i t y o f a n t h o c y a n i n s f r o m t h e s p e r -

moderm-pericarp t i s s u e s on one hand and t h e a l e u r o n e on the o t h e r , and 

t h e l o c a l i z a t i o n o f a n t h o c y a n i n s i n t h e b l u e , and t h e b l a c k v a r i e t i e s , 

e x c l u s i v e l y , i n t h e a l e u r o n e were n o t w e l l r e c o g n i z e d u n t i l a f t e r t h e 

development o f p e e l i n g t e c h n i q u e ( S e c . 3 ) . Thus, t h e two a n t h o c y a n i n s o f 

t h e v a r i e t i e s , Montcalm, Kwan, T r e b i and G a t a m i , w h i c h were p r e v i o u s l y 

c o n s i d e r e d t o have been d e r i v e d f r o m p e r i c a r p and a l e u r o n e t i s s u e s ( M u l l i c k , 

F a r i s , B r i n k and Acheson, 1958), i n f a c t , r e p r e s e n t t h e b l u e a n t h o c y a n i n s 

o f a l e u r o n e l a y e r . I t was a l s o shown t h a t o f t h e two a n t h o c y a n i n s , t h e 

major a n t h o c y a n i n was t h e d e l p h i n i d i n d e r i v a t i v e and t h e minor a c y a n i d i n 

d e r i v a t i v e . These a n t h o c y a n i n s were o b t a i n e d by aqueous and a l c o h o l i c 

e x t r a c t i o n s by s o n i c a t i o n ; t h e p r o t e i n a c e o u s coagulum f r o m t h e e x t r a c t s 

was removed by f r e e z i n g and t h a w i n g ( M u l l i c k e_t a l . , i b i d ; see a l s o 

Sec. 6.3.4). A l t h o u g h t h e s i g n i f i c a n c e of t h e s e o b s e r v a t i o n s was n o t 

r e a l i z e d a t f i r s t , o n l y a few a p p l i c a t i o n s o f t h e e x t r a c t s o v e r l o a d e d t h e 

chromatography paper. I t was the p r e s e n c e o f p r o t e i n a c e o u s m a t t e r i n t h e 

e x t r a c t s , as found i n t h e l a t t e r s t u d i e s ( 6 . 4 . l . d ) , t h a t must have been 

r e s p o n s i b l e f o r t h e o v e r l o a d i n g . T h i s , a t b e s t , i s c i r c u m s t a n t i a l 

e v i d e n c e t h a t t h e p r o t e i n s were, p r e s e n t i n t h e e x t r a c t b u t i t does n o t 

i n d i c a t e t h a t t h e p r o t e i n s were bound t o t h e a n t h o c y a n i n s . On the b a s i s 

of t h e i r c h r o m a t o g r a p h i c b e h a v i o u r , i t a p p e a r s , t h a t t h e two a n t h o c y a n i n s 

a r e not t h e p r o t e i n - b o u n d but t h e s o l u b l e a n t h o c y a n i n s o f a l e u r o n e . The 

s o l u b l e a n t h o c y a n i n s o f the a l e u r o n e , most p r o b a b l y , e x i s t f r e e o f p r o 

t e i n a c e o u s m a t t e r . The f u t u r e i n v e s t i g a t i o n s must e s t a b l i s h t h i s p o i n t 

c o n c l u s i v e l y . 
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6.5.8. A l t h o u g h , t h e d i f f i c u l t i e s i n e x t r a c t i n g t h e b l u e a n t h o c y a n i n s 

f r o m a l e u r o n e have been b e l i e v e d f o r some ti m e t o be due t o b i n d i n g o r 

c o n j u g a t i o n w i t h t i s s u e p r o t e i n s , t h e e s t a b l i s h m e n t o f t h e f a c t has been 

b r o u g h t n e a r e r by t h e o b s e r v a t i o n s i n c l u d e d i n Sec. 6.5.2 and 6.5.3, and 

by t h e r e c e n t i s o l a t i o n o f b l u e a n t h o c y a n i n s bound w i t h h i g h m o l e c u l a r 

w e i g h t n i t r o g e n o u s s u b s t a n c e s ( B a y e r , 1958, 1959, 1960; H a y a s h i , 1962). 

No e f f o r t has been made t o i s o l a t e t he p r o t e i n bound a n t h o c y a n i n s ; t h e 

f a c t t h a t t h e y a r e a n t h o c y a n i n s i s s u p p o r t e d by q u a l i t a t i v e t e s t s . The 

r e d a l e u r o n e t i s s u e s , f r o m w h i c h e x t r a c t a b l e a n t h o c y a n i n s have been removed, 

on e x p o s u r e t o ammonia fumes t u r n f r o m r e d t o g r e e n i s h b l u e t o g r e e n i s h 

y e l l o w . I n d i l u t e sodium a c e t a t e and d i l u t e sodium h y d r o x i d e s o l u t i o n , 

t h e r e d c o l o r s g r a d u a l l y become d e c o l o r i s e d and y e l l o w i s h c o l o r s appear 

i n t h e a l e u r o n e . I n a l l c a s e s , however, when t h e k e r n e l s a f t e r the 

a l k a l i n e t r e a t m e n t s a r e exposed t o a c i d s o l u t i o n s , t h e r e d c o l o r i s r e 

g e n e r a t e d . These o b s e r v a t i o n s c o n f i r m t h a t t h e u n e x t r a c t a b l e r e d c o l o r 

t h a t r e m a i n s i n t h e a l e u r o n e i s due t o a n t h o c y a n i n p i g m e n t s . 

A d i s c u s s i o n on t h e n a t u r e o f t h e p r o t e i n bound a n t h o c y a n i n s 

a p p e ars t o be c o n n e c t e d w i t h t h e p r o t e i n bound anthocyanogens ( l e u c o 

a n t h o c y a n i n s ) o f b a r l e y k e r n e l s . I t i s w e l l known t h a t b o t h - m a l t and 

b a r l e y c o n t a i n l e u c o a n t h o c y a n i n s ( H a r r i s , 1956; M u l l i c k e_t a l _ . , 1958). 

The l e u c o a n t h o c y a n i n s may e x i s t i n a f r e e s t a t e as t h e d e l p h i n i g e n s and 

c y a n i g e n o f R e y n o l d , A t t e r t o n , K i r s o p and P o o l ( 1 9 6 1 ) , may e x i s t as e t h y l 

a c e t a t e s o l u b l e and i n s o l u b l e a n t hocyanogens, may e x i s t as h o r d e i n bound 

anthocyanogen ( P o l l o c k , K i r s o p and P o o l , 1959; P o l l o c k and P o o l , 1959; 

K l o o s , 1961; M c F a r l a n e and Sword, 1962), may e x i s t as a l b u m i n bound a n t h 

ocyanogens ( M e r e d i t h , 1963), and may e x i s t as bound t o t r u e p r o t e i n s , low 

m o l e c u l a r w e i g h t p r o t e i n s , and t o s e v e r a l o t h e r f r a c t i o n s w h i c h a r e 
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s o l u b l e and i n s o l u b l e i n s e v e r a l c o n c e n t r a t i o n s o f ammonium s u l f a t e 

( M u l l i c k , 1964b). Thus, b a r l e y c o n t a i n s s e v e r a l k i n d s of anthocyanogens 

and t h e s e assume i m p o r t a n c e i n t h i s d i s c u s s i o n because t h e y a r e l o c a l i z e d 

i n a l e u r o n e l a y e r ( S e c . 9) a s , i n d e e d , a r e a l s o t h e b l u e a n t h o c y a n i n s . 

The q u e s t i o n a r i s e s t h a t f o l l o w i n g t h e r e p e a t e d e x t r a c t i o n o f 

t h e s o l u b l e a n t h o c y a n i n s , i s t h e u n e x t r a c t a b l e r e d c o l o r t h a t remains i n 

t h e a l e u r o n e due t o a n t h o c y a n i n s per s e , o r due t o t h e t r a n s f o r m a t i o n o f 

l e u c o a n t h o c y a n i n s t o t h e c o r r e s p o n d i n g f l a v y l i u m s a l t s t a t e . S i n c e the 

l e u c o a n t h o c y a n i n s a r e t r a n s f o r m e d t o t h e r e d f l a v y l i u m s t a t e g r a d u a l l y 

even i n w e a k l y a c i d i f i e d a l c o h o l i c s o l u t i o n s ( R o b i n s o n and R o b i n s o n , 1933), 

i t i s p r o b a b l e t h a t i n the c o u r s e of e x t r a c t i o n o f t h e s o l u b l e a n t h o 

c y a n i n s , t h e l e u c o a n t h o c y a n i n s o f a l e u r o n e c o u l d have t u r n e d r e d . Thus, 

t h e h a r d - t o - e x t r a c t r e d c o l o r , f r o m t h i s p o i n t o f v i e w , may n o t be due t o 

a n t h o c y a n i n bound p r o t e i n s but l e u c o a n t h o c y a n i n bound p r o t e i n s . 

I t was shown i n S e c t i o n 4 and A p p e n d i x ( S e c . 27) t h a t g r a i n s o f 

s e v e r a l v a r i e t i e s , w i t h a l e u r o n e exposed by p e e l i n g , do not d e v e l o p b l u e 

a n t h o c y a n i n s . However, when t h e s e a l e u r o n e t i s s u e s were p l a c e d i n 1% cone. 

H C l i n m e t h a n o l , o r i n 1% cone. H C l aqueous, some showed g r a d u a l i n t e n s i f i 

c a t i o n o f r e d c o l o r . A s i m i l a r o b s e r v a t i o n was made i n t h e hood v e i n s o f 

t h e b l a c k v a r i e t y , K i t c h e n ( A p p e n d i x : T a b l e 27.XX) d u r i n g e a r l y s t a g e s o f 

development, when th e c o l o r l e s s v e i n s on e x p o s u r e t o a c i d i f i e d a l c o h o l 

d e v e l o p e d r e d a n t h o c y a n i n c o l o r a t i o n ( S e c . 4 ) . However, t h e c o l o r i n t e n s i 

f i c a t i o n i n t h e v e i n s was f a s t e r t h a n t h e a l e u r o n e . The slow development 

o f r e d c o l o r b o t h i n t h e c o l o r l e s s and b l u e a l e u r o n e s i s l i k e l y t o be i n 

f l u e n c e d , as a l r e a d y d i s c u s s e d , by t h e b a r r i e r s of t h e a l e u r o n e e n v e l o p e , 

o r the s t e r e o s p e c i f i c arrangement o f t h e pigment m o l e c u l e s w i t h i n t h e 

a l e u r o n e c e l l s . Once t h e s e b a r r i e r s a r e r u p t u r e d , as i n t h e p e a r l e d d u s t , 
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t h e r e d c o l o r i n t h e d u s t may d e v e l o p a l m o s t as f a s t as i n t h e hood v e i n s . 

The r a p i d t r a n s f o r m a t i o n o f c o l o r l e s s t o t h e c o l o r e d s t a t e , i n w e a k l y 

a c i d i f i e d a l c o h o l i c s o l u t i o n s , as i s w e l l e s t a b l i s h e d ( R o b i n s o n and 

R o b i n s o n , l o c . e f t . ) , i s n o t due t o l e u c o a n t h o c y a n i n s b u t pseudo base 

t r a n s f o r m a t i o n s . Thus, i t i s c l e a r t h a t t h e r a p i d development o f c o l o r , a t 

l e a s t , i n t h e hood v e i n s o f K i t c h e n i s most l i k e l y t o be due t o t h e t r a n s 

f o r m a t i o n o f a n t h o c y a n i n pseudo bases and c e r t a i n l y n o t due t o l e u c o 

a n t h o c y a n i n s . The pseudo bases o f a n t h o c y a n i n s , c o n t r a r y t o t h e e x i s t i n g 

b e l i e f , a r e v e r y s t a b l e ( S e c . 24; a l s o see b e l o w ) . T h i s , t h e n , a p p ears t o 

be t h e f i r s t d e m o n s t r a t i o n o f t h e o c c u r r e n c e o f a n t h o c y a n i n pseudo base 

m o d i f i c a t i o n i n n a t u r e . The s i g n i f i c a n c e o f t h i s o b s e r v a t i o n i n b i o g e n e t i c 

and phytochrome s t u d i e s i s s e l f e v i d e n t . 

On t h e bases o f s t u d i e s r e p o r t e d e l s e w h e r e ( M u l l i c k , i n p r e s s ) , 

a few a d d i t i o n s t o t h e o b s e r v a t i o n s o f t h e R o b i n s o n s ( l o c . c i t . ) on t h e 

r a p i d v e r s u s g r a d u a l t r a n s f o r m a t i o n s o f t h e pseudo bases and l e u c o 

a n t h o c y a n i n s t o t h e i r c o r r e s p o n d i n g f l a v y l i u m s a l t s , upon a c i d i f i c a t i o n , 

may be made. I t was found t h a t a l t h o u g h t h e pseudo b a s e s o f a n t h o c y a n i n s 

upon a c i d i f i c a t i o n t r a n s f o r m t o t h e f l a v y l i u m s t a t e r a p i d l y even upon 

ex t e n d e d s t a n d i n g f o r s e v e r a l d a y s , t h a t o f t h e a g l y c o n e s a r e t r a n s f o r m e d 

r a p i d l y o n l y i f a c i d i f i e d w i t h i n a few h o u r s . Under a p p r o p r i a t e c o n d i 

t i o n s , i t was f u r t h e r shown ( M u l l i c k , i n p r e s s ) t h a t the t r a n s f o r m a t i o n o f 

the pseudo base of c y a n i d i n o c c u r s o n l y g r a d u a l l y . The g r a d u a l r e 

g e n e r a t i o n o f t h e t i n c t o r i a l i n t e n s i t y o f c y a n i d i n f r o m i t s pseudo base 

l e n d s c r e d e n c e t o t h e v i e w t h a t o f t h e s e v e r a l k i n d s o f l e u c o a n t h o c y a n i n s 

p r e s e n t i n t h e a l e u r o n e , p o s s i b l y some may be due t o t h e pseudo base 

m o d i f i c a t i o n s . T h i s p o s s i b i l i t y i s f u r t h e r s u p p o r t e d by the r e c e n t 

d e m o n s t r a t i o n o f t h e g r a d u a l t r a n s f o r m a t i o n o f c h a l c o n e - p s e u d o base 
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m o d i f i c a t i o n s o f s e v e r a l f l a v y l i u m s a l t s l a c k i n g 3 - s u b s t i t u e n t , t o t h e i r 

c o r r e s p o n d i n g f l a v y l i u m s t a t e by J u r d and Geissman ( 1 9 6 3 ) . A l t h o u g h , 

t h e pseudo bases of a n t h o c y a n i d i n s _in v i t r o a r e u n s t a b l e , i t i s p o s s i b l e 

t h a t t h e y may be s t a b i l i z e d i n v i v o by c o l l o i d a l ' b i n d i n g ' or a d s o r p t i o n 

( p r e s u m a b l y , due t o t h e i r p h e n o l i c h y d r o x y l s ) . D o u b t l e s s l y , t h i s a p p e ars 

t o be a d e s i r a b l e a r e a f o r f u r t h e r i n v e s t i g a t i o n s . 

I t i s n e c e s s a r y t o l o o k i n t o t h e n a t u r e o f t h e b l u e a l e u r o n e 

c o l o r . Because t h e b l u e a l e u r o n e becomes r e d upon a c i d i f i c a t i o n , t h e b l u e 

c o l o r may be due t o the anhydro base f o r m d i r e c t l y due t o t h e pH e f f e c t . 

However, th e pH o f t h e c e l l s ap, as b e i n g t h e d e t e r m i n a t i v e f a c t o r * f o r 

f l o w e r c o l o r v a r i a t i o n , o f l a t e has l o s t i t s s u p p o r t , because o f t h e 

e x t e n s i v e s t u d i e s o f S h i b a t a , H a y a s h i and I s a k a ( 1 9 4 9 ) , B a yer ( 1 9 5 8 ) , and 

o t h e r s ( s e e r e v i e w by H a y a s h i , 1962). These s t u d i e s i n d i c a t e t h a t the 

pH v a r i a t i o n o f 0.5 t o 1.0 u n i t s f r o m t h e a v e r a g e pH range 4-6 i s t o o 

s m a l l t o a c c o u n t f o r t h e c o l o r v a r i a t i o n o f a n t h o c y a n i n s i n v i v o . I t i s , 

however, t h e pH range 4-6, c o n t r a r y t o t h e e a r l i e r b e l i e f s , t h a t a p p e ars 

t o be most i m p o r t a n t f o r t h e c o l o r t r a n s f o r m a t i o n s o f a n t h o c y a n i n s ( J u r d 

and Geissman, 1963). pH and time i s i m p o r t a n t l y i n v o l v e d i n such t r a n s 

f o r m a t i o n s . The o n l y f a c t o r t h a t may n e g a t e t h e p r o p o s i t i o n t h a t t h e b l u e 

c o l o r o f t h e a l e u r o n e i s due t o anhydro base t r a n s f o r m a t i o n s i s t h e 

d e m o n s t r a t e d i n s t a b i l i t y o f t h e anhydro bases ( c f _ . , J u r d and Geissman, 

l o c . c i t . ) . A l t h o u g h , i t w i l l n o t be p o s s i b l e t o r e c o r d a t t h i s p o i n t , 

t h e w r i t e r ' s s t u d i e s on t h e f a c t o r s a f f e c t i n g t h e s t a b i l i t y o f anhydro 

bases ( w h i c h , i n p a r t , were prompted i n r e f e r e n c e t o t h e b l u e c o l o r s of 

a l e u r o n e ) , i t may, n o n e t h e l e s s , be d e f i n i t e l y s t a t e d t h a t t h e i n s t a b i l i t y 

o f anhydro bases i s due t o a r t i f i c i a l c o n d i t i o n s i n t h e _in v i t r o 

e n v i r o n m e n t : t h e w r i t e r has been a b l e t o keep anhydro bases s t a b l e f o r 



I l l 

weeks. I n s u p p o r t o f t h e w i d e l y h e l d b e l i e f ( r e v i e w : Weibe and R e i d , 1961) 

t h a t a l e u r o n e i s an a l k a l i n e t i s s u e , t h e o b s e r v a t i o n on t h e d e c o l o r i z a t i o n 

of a n t h o c y a n i n e x t r a c t s o f a l e u r o n e on s t a n d i n g ( S e c . 6.5.5) do i n d i c a t e 

t h a t t h e pH o f t h e a l e u r o n e e x u d a t e s i s d u f f i c i e n t l y h i g h even t o n e u t r a 

l i s e t h e a c i d i c s o l v e n t and t o cause pseudo base m o d i f i c a t i o n s o f t h e 

f l a v y l i u m s t a t e o f a n t h o c y a n i n s . Thus, above a l l o t h e r r e a s o n s , t h e 

a l k a l i n e n a t u r e o f t h e a l e u r o n e t i s s u e r e i n f o r c e s t h e b e l i e f t h a t t h e b l u e 

c o l o r o f t h e a l e u r o n e may be o n l y due t o anydro base m o d i f i c a t i o n s . 

On t h e b a s i s o f t h e i r e x t r a c t a b i l i t y f r o m t h e young and i n -

e x t r a c t a b i l i t y f r o m t h e mature a l e u r o n e s , i t was s u g g e s t e d i n Sec. 6.5.3 

t h a t t h e a n t h o c y a n i n may become p r o t e i n bound towards m a t u r i t y . Thus, t h e 

anhydro base s t a t e o f a n t h o c y a n i n s c o u l d be s t a b i l i z e d I n v i v o by c o l l o i d a l 

a d s o r p t i o n as o r i g i n a l l y p r o p o s e d by R o b i n s o n and R o b i n s o n ( 1 9 3 1 ) . The 

s i t u a t i o n o f t h e b l u e a n t h o c y a n i n s o f a l e u r o n e towards m a t u r i t y may be 

s i m i l a r t o t h e b l u e a n t h o c y a n i n s bound w i t h n i t r o g e n o u s m a t e r i a l s i s o l a t e d 

by Bayer ( l o c . c i t . ) and H a y a s h i e t a l . ( l o c . c i t . ) . The n a t u r e o f t h e s e 

a n t h o c y a n i n s , however, s t i l l r e m a i n s s k e t c h y . 

I t was n o t e d f r o m o b s e r v a t i o n s made e l s e w h e r e ( M u l l i c k , 1963; 

1964a) t h a t when t h e p e a r l e d d u s t o f t h e b l u e v a r i e t i e s i s e x t r a c t e d i n 

n e u t r a l s o l v e n t s such as methanol o r a c e t o n e , t h e b l u e c o l o r o f t h e 

a l e u r o n e i s h a r d l y v i s i b l e i n t h e d u s t . The c o l o r i s much l e s s l i k e l y t o 

be seen i n b a r l e y g r i s t as commonly used i n t h e i s o l a t i o n o f p r o t e i n bound 

anthocyanogens by t h e t r a d e . I t i s a l s o l i k e l y t h a t t h e b l u e a n t h o c y a n i n s 

i n t h e g r i s t w o u l d have undergone pseudo base t r a n s f o r m a t i o n i n t h e 

p r e s e n c e o f u n a c i d i f i e d s o l v e n t s g e n e r a l l y used f o r t h e i s o l a t i o n . Thus, 

a t l e a s t , p a r t o f t h e c o l o r l e s s anthocyanogens of b a r l e y , as d e s c r i b e d i n 

the b r e w i n g and m a l t i n g l i t e r a t u r e , may not be i n t h e o r i g i n a l sense 
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anthocyanogens but may be due t o a n t h o c y a n i n bound p r o t e i n s , and a l s o o t h e r 

pseudo base m o d i f i c a t i o n s as a l r e a d y d i s c u s s e d . U n d o u b t e d l y , t h e above 

d i s c u s s i o n s t r e s s e s t h e need f o r d e t a i l e d i n v e s t i g a t i o n s o f t h e a l e u r o n e 

p i g m e n t s . 

6.6. SUMMARY 

D e t a i l e d s t u d i e s on t h e a l e u r o n e t i s s u e s a r e d i f f i c u l t t o make 

because of t h e l i m i t a t i o n s o f manual p e e l i n g o f c a r y o p s e s p a s t h a r d dough 

s t a g e , and because o f t h e a v a i l a b i l i t y o f d e v e l o p i n g a l e u r o n e s o n l y once 

a y e a r f o r a s h o r t p e r i o d o f t i m e . 

The s t u d i e s i n d i c a t e t h a t b l u e a n t h o c y a n i n s o f a l e u r o n e a r e o f 

two k i n d s : a) t h o s e t h a t a r e s o l u b l e , and b) t h o s e t h a t a r e t i s s u e bound 

and most l i k e l y p r o t e i n bound. D u r i n g dough s t a g e , a major p a r t o f t h e 

a n t h o c y a n i n s e x i s t s i n t h e s o l u b l e o r ' f r e e ' s t a t e , and o n l y a minor p a r t 

i n the bound o r c o n j u g a t e d s t a t e . The s i t u a t i o n , however, i s r e v e r s e d a t 

f l i n t s t a t e m a t u r i t y , when th e b u l k o f t h e a n t h o c y a n i n s e x i s t i n t h e 

c o n j u g a t e d s t a t e . The b l u e a n t h o c y a n i n s a r e , t h e r e f o r e , p h y s i o l o g i c a l l y 

i m p o r t a n t , and i t i s p r o b a b l e t h a t t h e i r c o n j u g a t i o n may be a mechanism 

f o r i n a c t i v a t i o n o f some enzymes towards m a t u r i t y . 

A n t h o c y a n i n s e x t r a c t e d f r o m t h e a l e u r o n e t i s s u e s w i t h 0.-1% 

m e t h a n o l i c H C l become c o l o r l e s s on s t a n d i n g due t o pseudo base m o d i f i c a t i o n . 

The m o d i f i c a t i o n c o n f i r m s t h a t t h e a l e u r o n e i s an a l k a l i n e t i s s u e and t h a t 

the b l u e c o l o r o f a l e u r o n e i s due t o t h e anhydro base s t a t e . 

The c h r o m a t o g r a p h i c p a t t e r n s o f a n t h o c y a n i n s o b t a i n e d f r o m t h e 

m a t e r n a l - p a t e r n a l a l e u r o n e d i f f e r m a r k e d l y f r o m t h o s e o f t h e m a t e r n a l 

t i s s u e s , such a s , spermoderm, awns, and h u l l s . The c h r o m a t o g r a p h i c 
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a n t h o c y a n i n p a t t e r n s f r o m t h e i n t a c t seeds o f B l a c k H u l l e s s , w h i c h c o n t a i n s 

a n t h o c y a n i n s b o t h i n t h e spermoderm and a l e u r o n e , d i f f e r m a r k e d l y f r o m 

t h o s e o f t h e t h i r d e x t r a c t f r o m t h e same seeds. The o b s e r v a t i o n i n d i c a t e s 

t h e d i f f i c u l t i e s o f w o r k i n g w i t h t h e g r a i n t i s s u e s , and a l s o s u g g e s t s t h a t 

the f i r s t e x t r a c t c o n t a i n s a n t h o c y a n i n s l a r g e l y f r o m t h e o u t e r i n v e s t m e n t s 

o f t h e c a r y o p s i s and t h e t h i r d e x t r a c t l a r g e l y f r o m t h e a l e u r o n e t i s s u e s o f 

c h i p p e d and u n h e a l t h y seeds. I t i s d e m o n s t r a t e d t h a t a n t h o c y a n i n s f r o m t h e 

a l e u r o n e o f h e a l t h y seeds ( u n p e e l e d ) cannot be e x t r a c t e d even when t h e 

seeds remained i n t h e a c i d i f i e d m e t h a n o l f o r s i x y e a r s . These o b s e r v a t i o n s 

were e x p l o i t e d l a t t e r l y i n t h e development o f a method f o r e x t r a c t i o n f r o m 

t h e s e p a r a t e l a y e r s o f t h e c a r y o p s e s w i t h o u t manual p e e l i n g ( S e c . 2 2 ) . 

The s t u d i e s i n d i c a t e t h a t t h e two a n t h o c y a n i n s o f t h e v a r i e t i e s 

Montcalm, Kwan, T r e b i and G a t a m i , w h i c h were o b t a i n e d f r o m t h e c o m p o s i t e d 

p e a r l i n g s o f t h e p e r i c a r p and a l e u r o n e t i s s u e s ( M u l l i c k e t a l . , 1958), i n 

r e a l i t y , a r e t h e b l u e a n t h o c y a n i n s o f a l e u r o n e . 

The i m p o r t a n c e o f t h e above o b s e r v a t i o n s i n r e f e r e n c e t o beer 

c h i l l haze i s d i s c u s s e d b r i e f l y . 
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BIOCHEMICAL DIFFERENTIATION OF ANTHOCYANIN PHENOTYPES 

7. THE ANTHOCYANINS OF THE BASAL LEAF SHEATHS, NODES AND AURICLES 

A l t h o u g h the g e n e t i c s o f g r a i n t i s s u e a n t h o c y a n i n s has been 

e x t e n s i v e l y i n v e s t i g a t e d , o n l y c u r s o r y a t t e n t i o n has been g i v e n t h e gen

e t i c s o f p l a n t t i s s u e s ( S m i t h , 1951; N i l a n 1964). The l a c k o f a t t e n t i o n , 

p r e s u m a b l y , i s due t o v a r i a b i l i t y i n c o l o r e x p r e s s i o n a t t r i b u t a b l e t o en

v i r o n m e n t a l i n f l u e n c e s ( A b e r g and Weibe, 1948). The a n t h o c y a n i n c h e m i s t r y 

of p l a n t t i s s u e s , has n o t been i n v e s t i g a t e d p r e v i o u s l y . The s t u d i e s r e 

p o r t e d i n t h i s s e c t i o n were u n d e r t a k e n (a) t o d e l i n e a t e q u a l i t a t i v e l y t he 

a n t h o c y a n i n p a t t e r n s o f d i f f e r e n t v a r i e t i e s and l i n e s o f b a r l e y , and (b) 

t o compare a t the b i o c h e m i c a l l e v e l , p a t t e r n s i n p l a n t and g r a i n ( e x c l u 

d i n g a l e u r o n e ) t i s s u e s . The p a t t e r n s o b t a i n e d f r o m the g r a i n t i s s u e s o f 

s e v e r a l c o l o r v a r i a n t s were r e p o r t e d p r e v i o u s l y ( M u l l i c k , F a r i s , , B r i n k and 

Ach e s o n , 1958). 
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The s t u d i e s w i l l a l s o e x t e n d our u n d e r s t a n d i n g of t h e i n t e r 

r e l a t i o n s h i p o f a n t h o c y a n i n p r o d u c t i o n and o f the m o l e c u l a r b a s i s o f 

a n t h o c y a n i n p o t e n t i a t i o n by phytochrome, inasmuch as b a r l e y l e a f s h e a t h s 

have been used i n the p i o n e e r i n g i n v e s t i g a t i o n s o f the phytochrome 

p i g m e n t s . 

7.1. MATERIALS AND METHODS 

The b a r l e y s t o c k s l i s t e d e l s e w h e r e ( T a b l e 2.1) were p l a n t e d on 

May 15, 1958 a t the U n i v e r s i t y Farm. The s t o c k s were n o t h a r v e s t e d i n 

the F a l l . L a t e i n O c t o b e r , 1958, i t was n o t i c e d t h a t s e v e r a l v a r i e t i e s 

d e v e l o p e d b r i l l i a n t a n t h o c y a n i n s i n p l a n t t i s s u e s , p a r t i c u l a r l y i n the 

b a s a l l e a f s h e a t h s . The f o l l o w i n g s t o c k s namely, L i o n ( b l a c k ) , C-54-55 

( a near w h i t e ) , Hanna and G o l d e n Pheasant ( w h i t e s ) , Montcalm, Kwan and 

T r e b i ( b l u e s ) , and B l a c k H u l l e s s and G o p a l ( p u r p l e s ) were chosen f o r t h e i r 

r e d c o l o r s i n the b a s a l l e a f s h e a t h s . These two p u r p l e v a r i e t i e s were 

e a r l i e r employed f o r a n t h o c y a n i n s t u d i e s of the m a t e r n a l g r a i n t i s s u e s i n 

A u g ust and September, 1958 ( S e c . 5 ) . The b a s a l l e a f s h e a t h s of a l l the 

n i n e v a r i e t i e s , the a u r i c l e s o f L i o n and C-54-55, and the nodes o f C-54-55 

o n l y were used f o r the pigment a n a l y s e s . I t was shown i n S e c t i o n 4 t h a t 

t h e nodes of C-54-55 d e v e l o p a n t h o c y a n i n s i n the r e g i o n n o t c o v e r e d by the 

s h e a t h , and t h a t upon r e m o v a l o f the s h e a t h , a n t h o c y a n i n s d e v e l o p i n the 

r e g i o n p r e v i o u s l y c o v e r e d by the s h e a t h . I n t h i s s t u d y , however, o n l y the 

a n t h o c y a n i n c o n t a i n i n g p o r t i o n s o f the node were us e d . The b a s a l l e a f 

* V a r i e t i e s a r e c h a r a c t e r i z e d by g r a i n and head c o l o r , n o t by 
p l a n t c o l o r . 
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s h e a t h s , a f t e r h a r v e s t i n g , were washed w i t h w a t e r and d r i e d between paper 

t o w e l s . The w a s h i n g , however, was d i s c o n t i n u e d because a n t h o c y a n i n s 

l e a c h e d out d u r i n g w a s h i n g . I n s t e a d , the l e a f s h e a t h s , a f t e r h a r v e s t i n g , 

were c l e a n e d of s o i l p a r t i c l e s w i t h a h a r d h a i r b r u s h . The a n t h o c y a n i n 

c o n t a i n i n g p o r t i o n s o f the t i s s u e s were s n i p p e d o f f w i t h s t a i n l e s s s t e e l 

s c i s s o r s and e x t r a c t e d i n e t h a n o l c o n t a i n i n g 1% cone. H C l a t the r a t e of 

1 gm t i s s u e per 20 ml s o l v e n t . The t i s s u e s were e x t r a c t e d f o r 3-4 h o urs 

on a s h a k e r . The e x t r a c t i o n was r e p e a t e d once and o c c a s i o n a l l y t w i c e . 

The p r o c e d u r e s f o r p r o c e s s i n g t h e a n t h o c y a n i n e x t r a c t s , h y d r o 

l y s i s and chromatography have been d e s c r i b e d p r e v i o u s l y ( S e c . 5.1). The 

optimum q u a n t i t y o f e x t r a c t t h a t showed the maximum number of a n t h o c y a n i n s , 

w i t h o u t i n t e r f e r i n g w i t h t h e r e s o l u t i o n , was d e t e r m i n e d e m p i r i c a l l y by 

d e p o s i t i n g a s e r i e s of c o n c e n t r a t i o n s of each e x t r a c t . The a n a l y s i s o f t h e 

t i s s u e s r e p o r t e d i n t h i s s e c t i o n was commenced on O c t o b e r 31, 1958, and 

c o n c l u d e d on December 11, 1958. 

7.2. RESULTS 

7.2.1. F i r s t Chromatography of P l a n t E x t r a c t s 

The d i s t r i b u t i o n p a t t e r n of a n t h o c y a n i n s i n b a s a l l e a f s h e a t h s 

of the n i n e b a r l e y v a r i e t i e s , i n a u r i c l e s of L i o n and C-54-55, and i n nodes 

o f C-54-55 i s chromato-diagrammed i n F i g . 7.1. Whenever n e c e s s a r y , the 

a n t h o c y a n i n s a r e numbered b e g i n n i n g w i t h the s p o t n e a r e s t the s t a r t i n g 

l i n e . The c o l o r of a l l a n t h o c y a n i n s was r e d w i t h a s l i g h t b l u i s h hue, 

e x c e p t a few, marked w i t h an a s t e r i s k , were e i t h e r orange r e d or e l s e t h e i r 

c o l o r was n o t c l e a r c u t . When t r e a t e d w i t h f e r r i c c h l o r i d e , a n t h o c y a n i n s , 
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i n g e n e r a l , t u r n e d b l u e ; t h o s e marked w i t h an a s t e r i s k gave d o u b t f u l 

r e a c t i o n s . 

TISSUES 
LS A LS A N LS LS LS LS LS LS LS 

, L L , , C C C , , H GP , , M K T, , BH G , 
black near white white blue purple 

VARIETY 81 COLORS 
©Dark ©Medium ©Light 0 V e r y light 

F i g . 7.1. 
A n t h o c y a n i n p a t t e r n s f r o m l e a f s h e a t h s ( L S ) , a u r i c l e s (A) and nodes (N) of 
the b l a c k v a r i e t y , L i o n ( L ) , t h e n e a r - w h i t e v a r i e t y C-54-55 ( C ) , t h e w h i t e 
v a r i e t i e s Hanna (H) and G o l d e n Pheasant ( G P ) , the b l u e v a r i e t i e s , Montcalm 
(M) , Kwan (K) and T r e b i (T) and the p u r p l e v a r i e t i e s , B l a c k H u l l e s s (BH) and 
Go p a l ( G ) . Note the p a t t e r n s i m i l a r i t y f o r BH and G; n o t e t h e m a r k e d l y 
d i f f e r e n t p a t t e r n o f GP. N o t a b l e a l s o a r e the a n t h o c y a n i n s w i t h h i g h Rf 
v a l u e s , t he " f a s t - m o v i n g " a n t h o c y a n i n s . 

I t was shown i n S e c t i o n 5 t h a t g r a i n t i s s u e s c o n t a i n n o v e l t y p e s 

of f a s t - m o v i n g a n t h o c y a n i n s , w h i c h a r e l i k e l y a c y l a t e d , and t h a t t h e s e 

a c y l a t e d a n t h o c y a n i n s were d e t e c t e d o n l y i n the d e v e l o p i n g g r a i n t i s s u e s and 

not i n the p e a r l i n g s o b t a i n e d f r o m mature g r a i n s . I t w i l l be n o t e d f r o m 

F i g . 7.1, t h a t s i m i l a r f a s t - m o v i n g a c y l a t e d a n t h o c y a n i n s a r e p r e s e n t i n a l l 

t i s s u e s and v a r i e t i e s w i t h the n o t a b l e e x c e p t i o n o f C-54-55 nodes and G o l d e n 

Pheasant s h e a t h s . The c o l o r s of the a c y l a t e d a n t h o c y a n i n s a r e i d e n t i c a l t o 

th o s e r e c o r d e d i n T a b l e 5.1 ( S e c . 5 ) . They a r e g e n e r a l l y b l u i s h r e d i n the 
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c o u r s e of c h r o m a t o g r a p h i c development, and t u r n b l u e w i t h i n a few hours o f 

r e m o v a l from t h e chromatography t a n k ; the r e d d i s h c o l o r , however, i s r e s 

t o r e d , e i t h e r a u t o m a t i c a l l y o v e r a p e r i o d o f a few d a y s , or i m m e d i a t e l y 

upon e x p o s u r e t o h y d r o c h l o r i c a c i d fumes. The a n t h o c y a n i n s p o t No. 1, and 

i n some c a s e s No. 2, n o t a b l y f r o m L i o n , C-54-55, Kwan, G o p a l , and most 

p r o b a b l y , f r o m a l l s t o c k s and t i s s u e s , a l s o undergo t h e c h a r a c t e r i s t i c 

t r a n s f o r m a t i o n s o f c o l o r f r o m r e d t o b l u e t o r e d upon s t a n d i n g , as do the 

a c y l a t e d a n t h o c y a n i n s . 

No i d e n t i f i c a t i o n work was u n d e r t a k e n i n t h i s p i l o t s t u d y . How

e v e r , an a t t e m p t was made t o r e l a t e the s i m i l a r i t i e s and d i f f e r e n c e s i n t h e 

p a t t e r n f r o m one v a r i e t y o r t i s s u e t o a n o t h e r . Each e x t r a c t o f the b a s a l 

l e a f s h e a t h s was chromatogrammed s e p a r a t e l y , and a l s o i n m i x t u r e w i t h each 

e x t r a c t f r o m each o f the o t h e r v a r i e t i e s . A l t h o u g h s e v e r a l a n t h o c y a n i n 

s p o t s when r u n f r o m m i x t u r e s , r e s o l v e d a t the same c h r o m a t o g r a p h i c l o c i , 

t h e i r c h r o m a t o g r a p h i c c o r r e s p o n d e n c e c o u l d n o t be c o n c l u d e d because the 

e x t r a c t s showed c o n s i d e r a b l e d e g r a d a t i o n upon r e p e a t chromatography f o l l o w 

i n g a b r i e f p e r i o d o f s t o r a g e ( s e e Sec. 7.2.2.). I t was, however, 

e s t a b l i s h e d t h a t t h e prominent s p o t No. 1 o f G o l d e n P h e a s a n t , w h i c h c h a r a c 

t e r i s t i c a l l y t u r n s d u l l b l u e upon s t a n d i n g , i s d i f f e r e n t f r o m a l l a n t h o 

c y a n i n s i n c l u d e d i n F i g . 7.1. S i n c e Rf v a l u e s by a s c e n t were f o u n d t o be 

v a r i a b l e some i d e a of the c o r r e s p o n d e n c e of one s p o t w i t h a n o t h e r may be 

o b t a i n e d i n r e f e r e n c e t o the s e m i l u n a r f l u o r e s c e n t s p o t (cf_. , Sec. 5.2). 

I t may, however, be n o t e d , t h a t d a t a i n t h e chromatodiagrams o f F i g . 7.1 

were drawn f r o m f o u r s e p a r a t e chromatograms. The d a t a of the w h i t e and t h e 

b l u e v a r i e t i e s were o b t a i n e d f r o m a s i n g l e chromatogram, the d a t a of t h e 

p u r p l e v a r i e t i e s f r o m a n o t h e r chromatogram, t h a t of L i o n and C-54-55 l e a f 

s h e a t h s , and C-54-55 a u r i c l e s f r o m a n o t h e r chromatogram, and t h e d a t a of 
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L i o n a u r i c l e s and C-54-55 nodes f r o m s t i l l a n o t h e r chromatogram. The 

e x t r a c t s , on the f o u r chromatograms, were s p o t t e d as soon as t h e y were 

p r o c e s s e d . 

The a u r i c l e s and b a s a l l e a f s h e a t h s o f L i o n and C-54-55 show 

s i m i l a r a n t h o c y a n i n d i s t r i b u t i o n , e x c e p t t h a t L i o n s h e a t h s have a few 

a d d i t i o n a l s p o t s . The a n t h o c y a n i n d i s t r i b u t i o n i n nodes i s n o t i c e a b l y 

d i f f e r e n t . The d i s t r i b u t i o n i n the w h i t e v a r i e t i e s i s h i g h l y v a r i a b l e , 

b u t i n the b l u e s somewhat s i m i l a r ; T r e b i , however, showed e x t r e m e l y s t r o n g 

a c y l a t e d a n t h o c y a n i n s p o t s . The p a t t e r n o f a n t h o c y a n i n d i s t r i b u t i o n i n 

G o p a l and B l a c k H u l l e s s , r e m a r k a b l y , i s a l m o s t i d e n t i c a l . 

The h y d r o l y s e s o f the a n t h o c y a n i n e x t r a c t s chromatogrammed i n 

F i g . 7.1 y i e l d e d a major s p o t and a minor s p o t . The c o n c e n t r a t i o n r a t i o 

o f the major and minor s p o t , as d e t e r m i n e d v i s u a l l y , was about 20:1 f o r 

a l m o s t a l l v a r i e t i e s . The major s p o t was i d e n t i f i e d as c y a n i d i n ; i t Rf 

v a l u e s on co-chromatography w i t h s y n t h e t i c c y a n i d i n , b o t h i n m i x t u r e and 

s e p a r a t e l y on the same chromatogram were i d e n t i c a l . The second s p o t d i d 

n o t r e s o l v e p r o p e r l y ; i t t r a i l e d above c y a n i d i n t o the Rf v a l u e o f s y n t h e t i c 

p e l a r g o n i d i n , w h i c h was r u n on t h e same s h e e t . The i d e n t i t y o f t h i s t r a i l 

c o u l d n o t be c o n c l u d e d . The t r a i l a ppears t o be s i m i l a r t o t h a t o b t a i n e d 

f r o m the g r a i n t i s s u e s (cf_. , Sec. 5 ) ; i t , p r o b a b l y , i s a m i x t u r e c o n s i s t i n g 

l a r g e l y o f p e o n i d i n and t r a c e s of p e l a r g o n i d i n . The s u g g e s t i o n i s based on 

the o b s e r v a t i o n t h a t o n l y L i o n showed a d i s t i n c t orange r e d s p o t marked w i t h 

an a s t e r i s k (*) i n F i g . 7.1; the p r e s e n c e of orange r e d a n t h o c y a n i n i n o t h e r 

e x t r a c t s c o u l d n o t be e s t a b l i s h e d beyond doubt. I t i s s i g n i f i c a n t t h a t 

d e l p h i n i d i n was n o t p r e s e n t i n any e x t r a c t . Thus, t h e p a t t e r n of a n t h o 

c y a n i d i n d i s t r i b u t i o n i s v e r y s i m i l a r t o t h a t o b s e r v e d f o r the m a t e r n a l 

t i s s u e s of d e v e l o p i n g g r a i n ( S e c . 5 ) . 
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7.2.2. Changes i n A n t h o c y a n i n E x t r a c t s i n S t o r a g e 

I t was i n d i c a t e d e a r l i e r t h a t when t h e chromatography t o r e l a t e 

the s i m i l a r i t i e s and d i f f e r e n c e s i n the b i o c h e m i c a l phenotypes of d i f f e r e n t 

v a r i e t i e s ( F i g . 7.1) was u n d e r t a k e n , the e x t r a c t s showed c o n s i d e r a b l e 

m o d i f i c a t i o n s . P r i m a r i l y , because o f the m o d i f i c a t i o n s , no v a l i d chroma

t o g r a p h i c i d e n t i t i e s o f a n t h o c y a n i n s p o t s between the v a r i e t i e s c o u l d be 

e s t a b l i s h e d . The r e s u l t s shown i n F i g . 7.1 r e p r e s e n t e d t h o s e of t h e 

chromatograms, w h i c h were s p o t t e d i m m e d i a t e l y a f t e r the e x t r a c t i o n and 

p r o c e s s i n g had been c o m p l e t e d . B e f o r e d e s c r i b i n g t h e r e s u l t s o b t a i n e d 

when chromatography of the e x t r a c t s , shown i n F i g . 7.1, was r e p e a t e d 

( F i g . 7.2), i t i s n e c e s s a r y t o s t a t e the a p p r o x i m a t e t i m e t a k e n f r o m 

e x t r a c t i o n and p r o c e s s i n g t o s p o t t i n g o f t h e a n t h o c y a n i n e x t r a c t s 

( F i g . 7.1). The i n f o r m a t i o n i s i n c l u d e d i n T a b l e 7.1. I n column 4 o f t h e 

t a b l e ( F i r s t Chromatography) a r e i n c l u d e d the d a t e s on w h i c h the t i s s u e 

e x t r a c t s of F i g # . 7.1 . were chromatographed i m m e d i a t e l y a f t e r 

p r o c e s s i n g was c o m p l e t e d . I n column 5 (Subsequent Chromatography) i s 

r e c o r d e d the p e r i o d of t i m e , the a p p r o p r i a t e e x t r a c t s remained i n s t o r a g e 

i n a d a r k c o l d room (0°C) u n t i l r e c h r o m a t o g r a p h y was u n d e r t a k e n . ( F i g . 7.2). 

I t i s c l e a r f r o m T a b l e 7.1 t h a t a n t h o c y a n i n e x t r a c t i o n , p r o 

c e s s i n g and chromatography shown i n F i g . 7.1 was c o m p l e t e d w i t h i n two 

days a t t h e maximum. The t y p i c a l r e s u l t s o f r e c h r o m a t o g r a p h y of o n l y a 

few of t h e s e e x t r a c t s , a f t e r a p e r i o d o f s t o r a g e s p e c i f i e d i n T a b l e 7.1, 

a r e shown i n F i g . 7.2. The B l a c k H u l l e s s b a s a l l e a f s h e a t h e x t r a c t , t h e 

p r o c e s s i n g o f w h i c h was c o m p l e t e d on November 12, 1958 ( T a b l e 7.1: 

Column 4) was chromatographed a f t e r s t o r a g e of 0 day (Row I ) , 1 day 

(Row I I ) , and 15 days (Row I I I ) as shown i n F i g . 7.2. I t w i l l be n o t e d 
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V A R I E T Y 

BH BH BH C C K K H GP M K T L C 

1 o o e e e e e e e e e e e e 
0 I 15 0 I 0 I « approximately 7 • 

T „ D A Y S IN S T O R A G E F i g . 7.2. 
Anthocyanin behaviour i n storage. Black H u l l e s s (BH) I to I I I showing 
disappearance of fast-moving anthocyanins over a 15 day storage period. 
C-54-55(C) and Kwan (K) anthocyanin patterns (IV to VII) over a 24 hour 
storage period showing somewhat s i m i l a r trends. Chromatopatterns V I I I 
to XIV were obtained a f t e r 7 days storage of e x t r a c t s whose day one 
chromatopatterns-.are shown i n F i g . 7.1 where Hanna (H) , Golden Pheasant 
(GP), Montcalm (M), Kwan (K ) , T r e b i ( T ) , L i o n (L) and C-54-55(C) are the 
v a r i e t i e s used. Again the disappearance of c e r t a i n anthocyanins i n 
storage i s to be noted. 

that w i t h i n one day of storage, the f a s t e s t moving anthocyanin (Rf 0.97) 

disappears, the major spot No. 4 (Rf 0.56) s u f f e r s a considerable degrada

t i o n , and the r e l a t i v e c o n c e n t r a t i o n of the spot at Rf 0.81 decreases. 

F u r t h e r , as these spots degrade, the co n c e n t r a t i o n of the spot Nos. 1, 3, 

and 5 (Row I I ) increases g r e a t l y . Upon standing f o r another 15 days, the 

fast-moving anthocyanin (R f 0.81) i s s c a r c e l y detectable (Row I I I ) . I t 

was observed from other chromatograms that spot No. 6 (Row I I ) disappears 

w i t h i n three days of storage. The i n t e n s i t y , and number of anthocyanins 

below the f l u o r e s c e n t l i n e , i n Row I I I are almost s i m i l a r to those of 
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TABLE 7.1 
TIME TAKEN FOR EXTRACTION, PROCESSING, AND SPOTTING OF THE ANTHOCYANIN 
EXTRACTS PRIOR TO FIRST CHROMATOGRAPHY ( F I G . 7.1) AND TIME THE EXTRACTS 
REMAINED IN STORAGE PRIOR TO SECOND CHROMATOGRAPHY ( F I G . 7.2) 

Date of F i r s t Subsequent 
V a r i e t y T i s s u e E x t r a c t i o n Chromatography Chromatography 

L i o n S h e a t h * 21. 1001958 2 .11. 1958 A f t e r s e v e r a l days 
L i o n A u r i c l e 6. 11. 1958 7 .11. 1958 -
C-54-55 S h e a t h * 31. 10. 1958 2 .11. 1958 A f t e r s e v e r a l days 
C-54-55 A u r i c l e 31. 10. 1958 2 .11. 1958 -
C-54-55 Node 6. 11. 1958 7 ,11. 1958 -
Hanna S h e a t h * .18. 11. 1958 19 .11. 1958 
G o l d e n 
Pheasant S h e a t h * 18. 11. 158 19 .11. 1958 Dependable r e c o r d s 

Montcalm S h e a t h * 18. 11. 1958 19 .11. 1958 n o t a v a i l a b l e ; 
Kwan S h e a t h * 18. 11. 1958 19 .11. 1958 chromatography 
T r e b i S h e a t h * 18. 11. 1958 19 .11. 1958 r e p e a t e d b e f o r e 

end o f Nov. 1958. 
B l a c k 
H u l l e s s S h e a t h * 10. 11. 1958 12 .11. 1958 A f t e r 1 day & a f t e 

15 d a y s. 
G o p a l S h e a t h * 10. 11. 1958 12 .11. 1958 A f t e r 1 day & 

a f t e r 3 days. 
C-54-55 S h e a t h * 7. 12. 1958 8 .12. 1958 A f t e r 1 day. 
Kwan S h e a t h * 7. 12. 1958 8 .12. 1958 A f t e r 1 day. 

* B a s a l l e a f s h e a t h . 

Row I I . I t was o b s e r v e d i n F i g . 7.1 t h a t the a n t h o c y a n i n p a t t e r n s of the 

p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l a r e r e m a r k a b l y s i m i l a r . The 

a n t h o c y a n i n p a t t e r n s o f B l a c k H u l l e s s l e a f s h e a t h s shown i n Row I I I 

( F i g . 7.2) i s a l s o s i m i l a r t o t h a t o f G o p a l l e a f s h e a t h s o b t a i n e d i n 

1960 ( s e e F i g . 10.3). I t w i l l be n o t e d f r o m T a b l e 7.1 t h a t G o p a l b a s a l 

l e a f s h e a t h s were e x t r a c t e d , p r o c e s s e d and chromatographed a t the same 

ti m e as t h o s e o f B l a c k H u l l e s s . The chromatography o f t h e one- and t h r e e -

day o l d G o p a l e x t r a c t s was s i m i l a r t o t h a t o f t h e s i m i l a r B l a c k H u l l e s s 
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e x t r a c t s and, t h e r e f o r e , has n o t been shown h e r e . I t i s , however, n o t a b l e 

t h a t the chromatograms of G o p a l , r u n a f t e r t h r e e days of s t o r a g e , showed 

a n t h o c y a n i n p a t t e r n s - p a r a l l e l t o t h o s e o f B l a c k H u l l e s s r u n a f t e r 15 days 

of s t o r a g e . 

The r e s u l t s o f t h e b a s a l l e a f s h e a t h a n t h o c y a n i n e x t r a c t s o f t h e 

w h i t e (Hanna, and G o l d e n P h e a s a n t ) , and the b l u e (Montcalm, Kwan and T r e b i ) 

c o l o r v a r i a n t s when chromatographed i m m e d i a t e l y a f t e r p r o c e s s i n g 

(November 19) a r e shown i n F i g . 7.1. Repeat chromatography o f t h e s e 

e x t r a c t s a f t e r a few days' s t o r a g e ( s e e T a b l e 7.1) gave the r e s u l t s shown 

i n F i g . 7.2, Rows V I I I , I X , X, X I and X I I . On c o m p a r i s o n o f the r e s u l t s 

shown i n F i g s . 7.1 and 7.2, i t w i l l be n o t e d t h a t t h e f a s t - m o v i n g a n t h o 

c y a n i n s o f Hanna d i s a p p e a r upon s t a n d i n g (Row V I I I ) and, s e e m i n g l y , do not 

g i v e r i s e t o any new a n t h o c y a n i n . G o l d e n Pheasant (Row IX) shows con

s i d e r a b l e d e g r a d a t i v e m o d i f i c a t i o n s . From Montcalm (Row X) and Kwan 

(Row X I ) , the f a s t moving a n t h o c y a n i n s d i s a p p e a r , t h e s p o t around R^ 0.33 

emerges as a major s p o t , and t h e r e l a t i v e c o n c e n t r a t i o n o f spot No. 1 i n 

b o t h c a s e s i n c r e a s e s s l i g h t l y . I n T r e b i , t h e f a s t - m o v i n g a n t h o c y a n i n s , 

w h i c h were p r e s e n t i n l a r g e q u a n t i t y when the e x t r a c t was f i r s t chromato

graphed ( F i g . 7.1) a l m o s t d i s a p p e a r f o l l o w i n g t h e s t o r a g e (Row X I I : 

F i g 7.2); the c o n c e n t r a t i o n o f t h e s p o t around R^ 0.33 i n c r e a s e s appre

c i a b l y , and, a p p a r e n t l y , no o t h e r change i n t h e slow-moving a n t h o c y a n i n s i s 

n o t i c e a b l e . 

The r e s u l t s o f L i o n ( b l a c k ) , and C-54-55 ( n e a r w h i t e ) b a s a l l e a f 

s h e a t h s upon f i r s t chromatography a r e a l s o shown i n F i g . 7.1. The r e s u l t s 

of subsequent chromatography a f t e r s e v e r a l days ( T a b l e 7.1) a r e shown i n 

F i g . 7.2, Rows X I I I and XIV. On c o m p a r i s o n , i t w i l l be n o t e d t h a t the 

f a s t - m o v i n g a n t h o c y a n i n s d i s a p p e a r f r o m b o t h the e x t r a c t s . I n L i o n t h e 
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number o f a n t h o c y a n i n s p o t s p r e s e n t below the f l u o r e s c e n t l i n e ( i ^ e . , t he 

number o f slow-moving a n t h o c y a n i n s ) undergo a p p r e c i a b l e m o d i f i c a t i o n s 

d u r i n g s t o r a g e ; the s p o t s No. 1 and 3 f i n a l l y emerge as major s p o t s . I n 

C-54-55, s p o t No. 3 emerges as the major s p o t (Row X I I I ) . 

The f o r e g o i n g r e s u l t s c l e a r l y i n d i c a t e t h a t b a r l e y a n t h o c y a n i n s 

a r e h i g h l y l a b i l e upon s t o r a g e . The r e s u l t s o b t a i n e d from e x t r a c t s o f 

B l a c k H u l l e s s and G o p a l show t h a t , t h e l a b i l i t y i s a maximum i n the f i r s t 

24 hours o f s t o r a g e , and, pre s u m a b l y , a l s o d u r i n g e x t r a c t i o n and p r o - . 

c e s s i n g . Because o f t h e l a b i l i t y , t he work was r e p e a t e d on November 26, 

1958 f o r b a s a l l e a f s h e a t h s o f G o l d e n P h e a s a n t , B l a c k H u l l e s s and L i o n , 

and on November 29, 1958 f o r the b a s a l l e a f s h e a t h s o f a l l the n i n e 

v a r i e t i e s used i n t h i s s t u d y . The e x t r a c t i o n , p r o c e s s i n g and chromato

graphy of the e x t r a c t s o f November 26, 1958 was completed, w i t h i n a day, 

and t h a t o f the November 29, 1958 w i t h i n two days. The chromatograms o f 

most v a r i e t i e s e i t h e r d i d n o t show, or e l s e showed a weak c o n c e n t r a t i o n o f 

the f a s t - m o v i n g a n t h o c y a n i n s . S i n c e the r e s u l t s d i d n o t c o r r e s p o n d w i t h 

t h o s e o f F i g . 7.1, the d i s c r e p a n c i e s were a t t r i b u t e d t o the breakdown o f 

a n t h o c y a n i n s d u r i n g p r o c e s s i n g and h a n d l i n g o f the e x t r a c t s . 

The work was r e p e a t e d on b a s a l l e a f s h e a t h s o f s e v e r a l v a r i e t i e s 

on December 7, 1958; t h e p r o c e s s i n g , and chromatography was c o m p l e t e d w i t h 

i n a day ( T a b l e 7 .1). The r e s u l t s o f o n l y two v a r i e t i e s , C-54-55, Rows IV 

and V and Kwan, Rows V I and V I I a r e shown i n F i g . 7.2. The p a t t e r n and 

r e l a t i v e c o n c e n t r a t i o n o f a n t h o c y a n i n s o b t a i n e d i n C-54-55 s h e a t h e x t r a c t s 

(Row IV) a r e n o t a b l y d i f f e r e n t from t h o s e found i n the November 2, 1958 c h r 

matography ( T a b l e 7.1), w h i c h i s shown i n F i g . 7 . 1 . Upon r e p e a t chromato-
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graphy o f t h e December 8 e x t r a c t ( T a b l e 7.1) 24 h o u r s l a t e r , t he f a s t -

moving a n t h o c y a n i n s d i s a p p e a r (Row V ) . The r e s u l t s of t h e December 8 

e x t r a c t o f Kwan on the f i r s t chromatography ( s e e T a b l e 7.1) a r e shown 

i n F i g . 7.2, Row V I . On c o m p a r i s o n w i t h F i g . 7.1, i t i s c l e a r t h a t t h e 

f a s t - m o v i n g a n t h o c y a n i n s d i s a p p e a r and s e v e r a l new slow-moving a n t h o 

c y a n i n s appear. Upon r e c h r o m a t o g r a p h y o f e x t r a c t a f t e r 24 h o u r s , the 

s p o t s No. 6, 7, and 8 (Row V I ) , d i s a p p e a r and o n l y f i v e s p o t s r e m a i n 

(Row V I I ) . 

7.2.3. L a t e r Chromatography o f A n t h o c y a r i i r i s f r o m B a s a l L e a f Sheaths 

I t became e x c e e d i n g l y d i f f i c u l t t o a s c r i b e t h e absence of t h e 

f a s t - m o v i n g a n t h o c y a n i n s i n t h e November 26, 29 and December 7 e x t r a c t s 

o n l y t o the l a b i l i t y , because the t e c h n i q u e s of e x t r a c t i o n and p r o c e s s i n g 

were comparable. A c c o r d i n g l y , t h e work was r e p e a t e d on December 11, 1958 

t a k i n g as l i t t l e t i me f o r e x t r a c t i o n and p r o c e s s i n g as p o s s i b l e . The 

e x t r a c t i o n , p r o c e s s i n g , and chromatography was h a n d l e d i n s e m i - d a r k n e s s 

and c o m p l e t e d i n a c o n t i n u o u s o p e r a t i o n l a s t i n g 20 h o u r s ; t h e r e s u l t s o f 

L i o n , Hanna, G o l d e n P h e a s a n t , and T r e b i b a s a l l e a f s h e a t h s , and C-54-55 

a u r i c l e s a r e chromato-diagrammed i n F i g . 7.3. The f i g u r e a l s o shows the 

r e s u l t s o f Kwan t r a n s p o s e d f r o m F i g . 7.2. A d d i t i o n a l l y , t h e r e s u l t s o f 

the second l e a f s h e a t h ( f r o m t h e base) of C-54-55, w h i c h showed f a i r l y 

dead l e a f b l a d e s and w h i c h was e x t r a c t e d and p r o c e s s e d on December 7 and 

chromatographed w i t h i n a day a r e a l s o i n c l u d e d i n F i g . 7.3. The p u r p l e 

v a r i e t i e s , G o p a l and B l a c k H u l l e s s , and t h e b l u e , Montcalm, were not 

a n a l y s e d because t h e y d i d n o t show s u f f i c i e n t pigment. 

The c o l o r s o f a l l a n t h o c y a n i n s shown i n F i g . 7.3 were b l u i s h r e d , 
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e x c e p t t h o s e marked w i t h an a s t e r i s k , w h i c h a r e n o t known w i t h c e r t a i n t y . 

A l l s p o t s , e x c e p t t h o s e (*) , t u r n e d b l u e w i t h 0.057o f e r r i c c h l o r i d e ; (*) 

s p o t s gave d o u b t f u l r e a c t i o n s , e x c e p t the s p o t No. 4 of Hanna, No. 7 of 

Kwan and No. 3 o f T r e b i . A p o r t i o n o f t h e a n t h o c y a n i n o f t h e l a t t e r s p o t s 

remained r e d a f t e r t he f e r r i c c h l o r i d e r e a c t i o n . The lower most a n t h o 

c y a n i n s p o t s of a l l v a r i e t i e s showed the u s u a l c o l o r t r a n s f o r m a t i o n s 

Basal Leaf Sheaths - 6 Varieties 

-e e e e e e e-
, L , , C ,H GP, J< , C , 

black near white blue near 
white white 
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% Dark @ Medium © Light QVery light 

F i g . 7.3. 
P a t t e r n s o f a n t h o c y a n i n s e x t r a c t e d , p u r i f i e d and chromatographed i n 
p a r a l l e l as q u i c k l y as p o s s i b l e (20 h r . p e r i o d ) . F a s t - m o v i n g a n t h o 
c y a n i n s a r e o b t a i n e d o n l y f r o m Hanna (H) l e a f s h e a t h s and from C-54-55 (C) 
a u r i c l e s . The number of a n t h o c y a n i n s o b t a i n e d f r o m t h e a f o r e m e n t i o n e d 
v a r i e t i e s and fr o m G o l d e n Pheasant ( G P ) , Kwan ( K ) , and T r e b i (T) i s 
g r e a t e r t h a n t h e number o b t a i n e d f r o m the c o r r e s p o n d i n g v a r i e t i e s 
i n c l u d e d i n F i g . 7.1. 

on chromatograms f r o m r e d t o b l u e t o r e d upon s t a n d i n g w i t h o u t any t r e a t 

ment . 
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S e v e r a l i m p o r t a n t d i f f e r e n c e s a r e n o t i c e a b l e on c o m p a r i s o n of the 

r e s u l t s of F i g s . 7.1 and 7.3. I n g e n e r a l , the f a s t - m o v i n g a n t h o c y a n i n s a r e 

absent ( e x c e p t i o n : C-54-55 a u r i c l e s ) f r o m the December 11, 1958 c o l l e c t i o n . 

S i n c e no i d e n t i f i c a t i o n work was u n d e r t a k e n , no e x t e n d e d e f f o r t t o r e a d 

between t h e d i f f e r e n c e s shown by a p a r t i c u l a r v a r i e t y f r o m one s t a g e of 

development ( F i g . 7.1) t o a n o t h e r s t a g e of development ( F i g . 7.2) has been 

made. N o n e t h e l e s s , a g e n e r a l s c r u t i n y o f t h e two chromato-diagrams r e v e a l s 

s e v e r a l d i s t i n c t i v e d i f f e r e n c e s . F o r i n s t a n c e , t h e number of s p o t s below 

the s e m i l u n a r f l u o r e s c e n t l i n e i n c r e a s e s ; G o l d e n P h e a s a n t , Kwan, and Hanna 

show a r e l a t i v e l y l a r g e r number of s p o t s t h e r e b y i n d i c a t i n g the p r e s e n c e of 

a d d i t i o n a l a n t h o c y a n i n s . A l s o , the d i f f e r e n c e s i n t h e i n t e n s i t y of antho

c y a n i n s p o t s of t h e same e x t r a c t below t h e f l u o r e s c e n t l i n e as shown i n 

F i g s . 7.1 and 7.3 a r e n o t a b l e . I n g e n e r a l , when the f a s t - m o v i n g a n t h o 

c y a n i n s p o t s a r e p r e s e n t , the number, and i n t e n s i t y o f t h e s p o t s below the 

f l u o r e s c e n t l i n e i s l e s s , b u t when th e y a r e n o t p r e s e n t , i t i s , s i g n i f i 

c a n t l y , more. The appearance of more a n t h o c y a n i n s i n t h e same e x t r a c t , 

b o t h , i n q u a n t i t y and q u a l i t y , upon the d i s a p p e a r a n c e of the f a s t - m o v i n g 

a n t h o c y a n i n s must be due t o m o d i f i c a t i o n s r a t h e r t h a n the d e g r a d a t i o n o f 

f a s t - m o v i n g a n t h o c y a n i n s ( s e e d i s c u s s i o n ) . 

The a n t h o c y a n i n e x t r a c t s of F i g . 7.3 were l e f t i n the f r e e z e r 

(-5°) u n t i l September 1960 by o v e r s i g h t . The e x t r a c t s however, d i d n o t 

show any v i s u a l d e g r a d a t i o n and were h y d r o l y s e d . The p e r i o d of h y d r o l y s i s 

was e x t e n d e d t o 30 m i n u t e s . L i o n and Kwan b a s a l l e a f s h e a t h s and C-54-55 

a u r i c l e s , gave t h e same two s p o t s , c y a n i d i n , and p e o n i d i n or p a l a r g o n i d i n 

t r a i l , as r e c o r d e d f o r t h e : h y d r o l y s a t e s of F i g . 7.1. G o l d e n Pheasant gave 

two d i s t i n c t s p o t s ; t h e v a l u e s were i d e n t i c a l t o t h o s e of c y a n i d i n and 

p e o n i d i n . The r e s u l t s of C-54-55, Hanna and T r e b i b a s a l l e a f s h e a t h s were 
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d i s t i n c t l y d i f f e r e n t ; t h e y gave o n l y one major s p o t , a p o r t i o n of w h i c h was 

p u r p l e (mauve under u l t r a v i o l e t ) w i t h Rf v a l u e s o f p e t u n i d i n , and a n o t h e r 

p o r t i o n of w h i c h was magenta w i t h Rf v a l u e s of c y a n i d i n . The v i s u a l con

c e n t r a t i o n r a t i o o f the p e t u n i d i n and the s uperimposed c y a n i d i n s p o t was 

a p p r o x i m a t e l y 1:1. Inasmuch a s , the e x t r a c t s were h y d r o l y s e d a f t e r an 

e x t e n d e d p e r i o d o f s t o r a g e , and because the work was n o t r e p e a t e d , the above 

r e s u l t s of h y d r o l y s i s a r e o n l y t e n t a t i v e . 

7.3. DISCUSSION 

I t was o b s e r v e d i n the c o u r s e of s t u d i e s d e s c r i b e d i n S e c t i o n 4 

t h a t a n t h o c y a n i n c o l o r s o f b a s a l l e a f s h e a t h s of b a r l e y c o l o r v a r i a n t s such 

as p u r p l e s , b l u e s , w h i t e s , n e a r - w h i t e s and b l a c k s a r e i n v a r i a b l y r e d d i s h 

but they cannot be d i f f e r e n t i a t e d v i s u a l l y . From th e c o m p a r a t i v e i n v e s t i 

g a t i o n on the q u a l i t a t i v e d i s t r i b u t i o n o f l e a f s h e a t h a n t h o c y a n i n s i n the 

c o l o r v a r i a n t s chromatodiagrammed i n F i g . 7.1, i t i s c l e a r n e v e r t h e l e s s , 

t h a t the c o l o r s o f t h e v a r i a n t s a r e g i v e n by b i o c h e m i c a l l y d i s c r e t e pigments. 

Moreover some v a r i a n t s p o s s e s s pigments w h i c h a r e m i s s i n g i n o t h e r v a r i a n t s . 

F o r example, L i o n ( b l a c k ) shows a maximum number o f slow-moving antho

c y a n i n s ( R f v a l u e below c a . 0.5 i n BAW) and Hanna ( w h i t e ) , a minimum 

number. G o l d e n Pheasant ( w h i t e ) , has pigments w h i c h c h a r a c t e r i z e i t a l o n e . 

That the c o l o r p o s s e s s e s b i o c h e m i c a l l y d i s c r e t e d i f f e r e n c e s i s f u l l y 

s u p p o r t e d by the r e s u l t s chromatodiagrammed i n F i g . 7.3. Thus, whereas 

the v i s u a l phenotypes of the c o l o r v a r i a n t s a r e u n d i f f e r e n t i a b l e , the 

b i o c h e m i c a l phenotypes a r e r e a d i l y d i f f e r e n t i a b l e . 

The p a t t e r n s from the two p u r p l e v a r i e t i e s , G o p a l and B l a c k 

H u l l e s s , however, a r e i d e n t i c a l , and i p s o f a c t o , the two v a r i a n t s s h o u l d 
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have i d e n t i c a l g e n e t i c b a c kground. That the p a t t e r n s of the two p u r p l e 

v a r i e t i e s a r e s i m i l a r does n o t i m p l y t h a t t h e p a t t e r n s of a l l p u r p l e 

v a r i e t i e s a r e s i m i l a r . F o r i n s t a n c e , t h e p a t t e r n s o b t a i n e d from the 

p u r p l e i s o l i n e , 71-Pr P r - 1 0 , and t h e w h i t e i s o l i n e , 71-pr p r - 1 0 , i n 1961 

and 1962 ( n o t r e p o r t e d i n t h i s t h e s i s ) , a l t h o u g h s i m i l a r , d i f f e r e d i n 

s e v e r a l r e s p e c t s from t h o s e o f G o p a l and B l a c k H u l l e s s . 

A l t h o u g h , the v a r i a n t s s t u d i e d show d i f f e r e n c e s i n p a t t e r n s , a l l 

p o s s e s s s e v e r a l a n t h o c y a n i n s i n common. Only G o l d e n Pheasant appears t o 

p o s s e s s a few a n t h o c y a n i n s , e q u i v a l e n t s of w h i c h were no t e n c o u n t e r e d i n 

t h e o t h e r l i n e s . The f a c t t h a t some o f the v a r i a n t s p o s s e s s v e r y s i m i l a r 

a n t h o c y a n i n c h e m i s t r y and some do n o t , o f f e r s some i n t r i g u i n g p o s s i b i l i 

t i e s f o r b i o g e n t i c s t u d i e s of a n t h o c y a n i n s . E x t e n d e d t o a c h r o m a t o g r a p h i c 

s u r v e y o f w o r l d b a r l e y s such s t u d i e s m i g h t be of v a l u e i n d e l i n e a t i n g 

g e o g r a p h i c and e v o l u t i o n a r y r e g i o n s of s p e c i e s , and s u b - s p e c i e s and r a c e s 

w i t h i n t h e genus. 

I t w i l l be n o t e d t h a t the a n t h o c y a n i n p a t t e r n s f r o m a u r i c l e s and 

b a s a l l e a f s h e a t h s of L i o n a r e e s s e n t i a l l y s i m i l a r , and t h o s e f r o m C-54-55 

al m o s t i d e n t i c a l ( F i g . 7.1). I t was shown i n a p r e v i o u s i n v e s t i g a t i o n t h a t 

the p a t t e r n s from s e v e r a l m a t e r n a l g r a i n t i s s u e s were a l s o chromato-

g r a p h i c a l l y i d e n t i c a l ( F i g . 5.1). A l t h o u g h t h e p a t t e r n s f r o m B l a c k 

H u l l e s s g r a i n t i s s u e s ( F i g . 5.2) d i d show some d i f f e r e n c e s , t h e d i f f e r 

ences are more a p p a r e n t t h a n r e a l p r o b a b l y because of t h e d e v e l o p m e n t a l 

dynamism o f the pigments ( S e c . 8 ) . The p a t t e r n s of b a s a l l e a f s h e a t h 

a n t h o c y a n i n s of G o p a l and B l a c k H u l l e s s a r e n o t o n l y s i m i l a r , b u t t h e y 

compare w e l l w i t h t h o s e of the c o r r e s p o n d i n g g r a i n t i s s u e s . I t i s w e l l 

e s t a b l i s h e d t h a t i ndependent genes c o n t r o l the development o f a n t h o 

c y a n i n s i n d i f f e r e n t t i s s u e s of b a r l e y p l a n t ( r e v i e w s : N i l a n , 1964; 
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S m i t h , 1951). The b r o a d c h r o m a t o g r a p h i c i d e n t i t i e s of a n t h o c y a n i n s i n 

d i f f e r e n t t i s s u e s i m p l y t h a t a n t h o c y a n i n genes i n a l l t i s s u e s a r e i d e n t i c a l 

and t h e y a c t i n the same f a s h i o n , e x c e p t t h a t t h e y a c t a t d i f f e r e n t s t a g e s 

o f p l a n t development (because the e x p r e s s i o n of c o l o r i n d i f f e r e n t t i s s u e s 

does n o t o c c u r s i m u l t a n e o u s l y ) . Thus, the t e m p o r a l e x p r e s s i o n o f a n t h o 

c y a n i n s appears t o be c o n t r o l l e d by 'time genes'. 

I n o r d e r t o p l a c e the g e n e t i c a l o v e r t o n e s o f t h i s i n v e s t i g a t i o n 

on a sound f o o t i n g , i t i s n e c e s s a r y t h a t a d e t a i l e d c h a r a c t e r i z a t i o n of 

a n t h o c y a n i n s must be u n d e r t a k e n . To meet t h e s e o b j e c t i v e s , i t was i n t e n d e d , 

as a f i r s t s t e p , t o compare c h r o m a t o g r a p h i c a l l y t h e c o r r e s p o n d e n c e s of 

a n t h o c y a n i n s of d i f f e r e n t c o l o r v a r i a n t s by cochromatography o f t h e i r 

e x t r a c t s i n s u i t a b l e m i x t u r e s . These o b j e c t i v e s , as i s c l e a r f r o m t h e 

r e s u l t s p r e s e n t e d i n F i g . 7.2, c o u l d n o t be a t t a i n e d because e x t e n s i v e 

a n t h o c y a n i n m o d i f i c a t i o n s o c c u r r e d i n the e x t r a c t s i m m e d i a t e l y f o l l o w i n g 

a b r i e f p e r i o d o f s t o r a g e . 

I t i s c l e a r f r o m t h e r e s u l t s p r e s e n t e d i n F i g . 7.2 t h a t e x t e n s i v e 

changes i n c h r o m a t o g r a p h i c p a t t e r n s of a n t h o c y a n i n s ('nins) o c c u r 

i m m e d i a t e l y f o l l o w i n g the p r e p a r a t i o n o f e x t r a c t s . F o l l o w i n g b r i e f 

s t o r a g e , the f a s t - m o v i n g a n t h o c y a n i n s ( R f 0.5 t o 0.98 i n a l l c a s e s d i s 

appear. On the b a s i s of o t h e r o b s e r v a t i o n s t h a t were made i n subsequent 

s t u d i e s ( n o t r e p o r t e d i n t h i s t h e s i s ) i t may be added t h a t the f a s t - m o v i n g 

' n i n s i n s e v e r a l i n s t a n c e s were o b s e r v e d t o d i s a p p e a r i n t h e c o u r s e of 

p r e p a r a t i v e chromatography i n the BAW s o l v e n t . The o b s e r v a t i o n s i n the 

c o u r s e of p r e p a r a t i v e development were f a c i l i t a t e d because the chromato

graphy was c a r r i e d out by b a n d i n g r a t h e r t h a n s p o t t i n g . F r e q u e n t l y , l e s s 

t h a n a q u a r t e r l e n g t h o f the f a s t - m o v i n g ' n i n band showed a n t h o c y a n i n 

c o l o r a t i o n , w h i l e the r e s t of the band was c o l o r l e s s . P r e c i s e r e a s o n s 
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f o r t h e i r d i s a p p e a r a n c e i n the c o u r s e o f c h r o m a t o g r a p h i c development a r e 

n o t known. Inasmuch as the n a t u r e o f the f a s t - m o v i n g a n t h o c y a n i n s has n o t 

been i n v e s t i g a t e d so f a r e x c e p t the p a r t i a l i n v e s t i g a t i o n o f a n t h o c y a n i n s 

K and L of the greenhouse c o l l e c t i o n s 407 and 408 ( S e c . 19.3.7.2), a few 

comments on t h e i r n a t u r e appear . a p p r o p r i a t e . 

I t was n o t e d f r o m t h e r e c h r o m a t o g r a p h y o f t h e s t o r e d e x t r a c t s 

( F i g . 7.2), t h a t as the f a s t - m o v i n g ' n i n s d i s a p p e a r , c o n s p i c u o u s changes 

o c c u r i n the number and c o n c e n t r a t i o n o f the slow-moving ' n i n s . I n 

p a r t i c u l a r , t he c o n c e n t r a t i o n o f the s p o t around 0.30 t o 0.35 i n c r e a s e s 

i n v a r i a b l y . The i n c r e a s e i n the c o n c e n t r a t i o n s u g g e s t s t h a t a t l e a s t some 

of the f a s t - m o v i n g ' n i n s do n o t degrade b u t a r e m o d i f i e d t o the slow-moving 

' n i n s p o t , Rf 0.30 t o 0.35. The s p o t i s e q u i v a l e n t t o the a n t h o c y a n i n 

DE-400s, and has been i d e n t i f i e d as -a complex m i x t u r e o f c y a n i d i n d e r i v a 

t i v e s i n s t u d i e s d e s c r i b e d e l s e w h e r e i n S e c t i o n 19.3.7.2. The i d e n t i f i c a 

t i o n o f t h e s p o t s t r o n g l y s u p p o r t s t h e e a r l i e r s u g g e s t i o n ( S e c . 5.3) t h a t 

some o f the f a s t - m o v i n g a n t h o c y a n i n s a r e c y a n i d i n d e r i v a t i v e s . 

I t was o b s e r v e d i n a p r e v i o u s s t u d y ( S e c . 5) t h a t as the f a s t -

moving a n t h o c y a n i n s o f B l a c k H u l l e s s and G o p a l g r a i n t i s s u e s d i s a p p e a r , 

a p a r t f r o m t h e s p o t , Rf 0.30 t o 0.35, t h e c o n c e n t r a t i o n o f the lowermost 

s p o t , a l s o , i n c r e a s e s . The r e s u l t s o f B l a c k H u l l e s s l e a f s h e a t h a n t h o 

c y a n i n s shown i n F i g . 7.2 (Rows I and I I ) and a l s o t h o s e o f G o p a l l e a f 

s h e a t h s s u p p o r t t h e above o b s e r v a t i o n . However, the r e s u l t s o f Hanna and 

T r e b i ( F i g . 7.2: Rows V I I I and X I I ) s u g g e s t t h a t upon d i s a p p e a r a n c e , the 

f a s t - m o v i n g a n t h o c y a n i n s do n o t g i v e r i s e t o the lower-most s p o t , b u t o n l y 

t h e spot around R f 0.30-0.35. The lowermost s p o t i n B l a c k H u l l e s s ( e . g . , 

F i g . 7.2: Rows I and I I ) and, a l s o i n G o p a l l e a f s h e a t h s , t h e r e f o r e , c o u l d 

have a r i s e n f r o m the t r a n s f o r m a t i o n o f the a n t h o c y a n i n s p o t a t R f 0.56. 
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D o u b t l e s s l y , the t r a n s f o r m a t i o n p r o c e s s i s more complex ( s e e Sec. 1 9 ) , 

than i s r e v e a l e d by the above d e d u c t i o n s and a d e t a i l e d s t u d y i s w a r r a n t e d . 

The f a s t - m o v i n g ' n i n s i n the BAW s o l v e n t r e s o l v e a t the anth o 

c y a n i d i n r e g i o n . I t was, because of t h e i r g r e a t e r m o b i l i t y i n t h e o r g a n i c 

phase, p o s t u l a t e d t h a t the f a s t - m o v i n g ' n i n s a r e a c y l a t e d w i t h a n o v e l t y p e 

of o r g a n i c r e s i d u e ( s ) , w h i c h promote t h e i r s o l u b i l i t y i n the m o b i l e o r g a n i c 

phase of the s o l v e n t ( s e e Sec. 5 ) . The c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s o f 

the f a s t - m o v i n g a n t h o c y a n i n s p r e s e n t e d i n F i g . 7.1 f u r t h e r s u p p o r t the 

p o s t u l a t e . 

The r e s u l t s i n F i g . 7.2 show t h a t d u r i n g s t o r a g e o f t h e concen

t r a t e d e x t r a c t s i n d a r k n e s s , the f a s t - m o v i n g a n t h o c y a n i n s a r e f a r more 

l a b i l e t h a n the slow-moving a n t h o c y a n i n s . The d i f f e r e n t i a l l a b i l i t y , 

t h e r e f o r e , i s n o t i n d u c e d by l i g h t . S i n c e the c o n c e n t r a t e d e x t r a c t s , 

o t h e r f a c t o r s b e i n g e q u a l , c o n t a i n g r e a t e r c o n c e n t r a t i o n s o f a c i d ( c f . , 

Sees. 15 and 2 3 ) , tha n the n o n - c o n c e n t r a t e d e x t r a c t s , the l a b i l i t y appears 

t o be i n d u c e d by a c i d . The r e s u l t s p r e s e n t e d e l s e w h e r e ( S e c . 23) 

s t r e n g t h e n t h e view because a marked i n c r e a s e i n a c i d c o n c e n t r a t i o n o c c u r s 

f o l l o w i n g f l a s h e v a p o r a t i o n . I t i s i n t e r e s t i n g t h a t the l a b i l i t y t o a c i d 

s u p p o r t s a c y l a t i o n , and the a c y l a t i o n s u p p o r t s t h e l a b i l i t y t o a c i d . S i n c e 

t h e e s t e r l i n k a g e of a c y l components a r e l a b i l e t o a c i d s , i t i s l i k e l y t h a t 

n o v e l k i n d of o r g a n i c r e s i d u e s o f t h e f a s t moving components a r e d i r e c t l y 

e s t e r i f i e d t o the a n t h o c y a n i n m o l e c u l e . The e s t e r i f i c a t i o n o f t h e b a r l e y 

a n t h o c y a n i n s does n o t appear t o be t h r o u g h the sugar m o l e c u l e , as has been 

p o s t u l a t e d by Harborne (1960) f o r t h e a c y l a t e d a n t h o c y a n i n s o f p o t a t o . 

T h i s i s because, H a r b o r n e ' s p o s t u l a t e ( t h a t the a c y l a t i o n was t h r o u g h the 

sugar m o l e c u l e ) i s based on t h e o b s e r v a t i o n t h a t t h e a c y l l i n k a g e o f 

p o t a t o a n t h o c y a n i n s i s s t a b l e t o a c i d . 
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I t i s c l e a r f r o m the r e s u l t s p r e s e n t e d and from o t h e r chromato

g r a p h i c o b s e r v a t i o n s made i n t h e c o u r s e of t h i s tudy t h a t s e v e r a l changes 

i n the number and c o n c e n t r a t i o n of t h e slow moving a n t h o c y a n i n s a l s o o c c u r 

w i t h i n a b r i e f p e r i o d of s t o r a g e : f o r i n s t a n c e , compare the r e s u l t s o f 

B l a c k H u l l e s s s h e a t h s Rows I , I I , and I I I ( F i g . 7.2). However, f o l l o w i n g 

the b r i e f p e r i o d of s t o r a g e , the a n t h o c y a n i n p a t t e r n s , f o r example, t h o s e 

o b t a i n e d i n Row I I I ( F i g . 7.2), undergo no a p p a r e n t m o d i f i c a t i o n and a r e 

t h e r e f o r e r e p r o d u c i b l e on r e p e a t chromatography. T h i s r e p r o d u c i b i l i t y i n 

p a t t e r n s of the slow-moving a n t h o c y a n i n s was o b s e r v e d t h r o u g h o u t t h e 

s t u d i e s ( s e e Sees 8, 10 and 1 9 ) . T h i s i s , however, n o t t o i m p l y t h a t 

d e g r a d a t i o n of a n t h o c y a n i n e x t r a c t s does n o t o c c u r i n s t o r a g e ; d e g r a d a t i o n 

does o c c u r f o r t h e i n t e n s i t y o f s e v e r a l s p o t s i s r e d u c e d and the a n t h o 

c y a n i n s p o t around Rf 0.30-0.35 emerges as a major s p o t ( s e e a l s o Sec. 

19.3.7.2). However, upon e x t e n d e d s t o r a g e , some s p o t s were found t o 

d i s a p p e a r c o m p l e t e l y but n o t the major s p o t , R^ 0.33. Thus, the a n t h o 

c y a n i n s of b a r l e y have d i f f e r e n t i a l s t a b i l i t y , some degrade q u i c k l y , o t h e r s 

s l o w l y , w h i l e s t i l l o t h e r s r e m a i n s t a b l e f o r y e a r s i f s t o r e d i n a f r e e z e r 

(-15°C), and i n d a r k n e s s . The d i f f e r e n t i a l s t a b i l i t y o f b a r l e y a n t h o 

c y a n i n s w i l l be f u r t h e r e l a b o r a t e d upon i n S e c t i o n s 11, and 12. 

I t i s a l s o c l e a r f r o m the c h r o m a t o g r a p h i c c o m p a r i s o n o f B l a c k 

H u l l e s s l e a f s h e a t h e x t r a c t s shown i n Rows I , I I and I I I ( F i g . 7.2) and 

a l s o f r o m t h o s e of G o p a l l e a f s h e a t h e x t r a c t s t h a t , of t h e f a s t - m o v i n g 

a n t h o c y a n i n s , the s p o t a t Rf 0.97, and 0.56 a r e h i g h l y l a b i l e . The d i s 

appearance of the f a s t e s t - m o v i n g ' n i n s p o t , R^ 0.97, f o l l o w i n g a p e r i o d 

of b r i e f s t o r a g e , i s a l s o o b s e r v e d c o n s i s t e n t l y i n t h e h u l l s , awns, and 

spermoderm e x t r a c t s ( S e c . 5 ) . However, the major f a s t - m o v i n g ' n i n spot 

(R v a l u e s 0.8 t o 0.9; F i g . 7.1) i s s t a b l e f o r s e v e r a l days under t h e 
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c o n d i t i o n s employed. I t i s , p r i m a r i l y , on the o b s e r v a t i o n t h a t f a s t -

moving ' n i n s a re d e t e c t a b l e o n l y o v e r a p e r i o d o f b r i e f s t o r a g e t h a t t h e 

a n t h o c y a n i n e x t r a c t i o n , p r o c e s s i n g and chromatography of the December 11 

e x t r a c t s shown i n F i g . 7.3 was c a r r i e d out i n a 20-hour c o n t i n u o u s 

o p e r a t i o n . Thus, the p r e s e n c e o f the f a s t - m o v i n g ' n i n s i n the November 2 

e x t r a c t s ( F i g . 7.1) and t h e i r absence f r o m the December 11 e x t r a c t s 

( F i g . 7.3) seems t o be due t o the d i f f e r e n c e s i n the p h y s i o l o g i c a l s t a t e 

of t h e p l a n t s , r a t h e r t h a n t o the l a b i l i t y . The o b s e r v a t i o n s (a) t h a t the 

p a t t e r n s o b t a i n e d f o l l o w i n g s t o r a g e ( F i g . 7.2) a r e q u i t e d i f f e r e n t f r o m 

t h o s e o b t a i n e d w i t h o u t s t o r a g e ( F i g . 7.3), b o t h , i n the number and r e l a 

t i v e c o n c e n t r a t i o n o f a n t h o c y a n i n s , and, (b) t h a t t h e p a t t e r n s o f f a s t -

moving ' n i n s o f C-54-55 a u r i c l e s o b t a i n e d f r o m the December 11 chromato

graphy ( F i g . 7.3) a r e d i f f e r e n t f r o m t h o s e o b s e r v e d i n the November 2 

chromatography ( F i g . 7.1) s u p p o r t t h e v i e w t h a t t h e d i f f e r e n c e s o b s e r v e d 

i n F i g . 7.1 and F i g . 7.3 are due t o p h y s i o l o g i c a l d i f f e r e n c e s . The 

r e s u l t s of h y d r o l y s i s t e n d t o s t r e n g t h e n the vie w f u r t h e r because p e t u n i 

d i n was r e c o v e r e d o n l y f r o m the December 11, 1958 e x t r a c t s and n o t fr o m 

t h e November 2, 1958 e x t r a c t s . I t i s n o t a b l e t h a t B o c k i a n e t a l v ( 1 9 5 8 ) , 

N u t s u b i d z e e t al_.j ( 1 9 5 9 ) , A l b a c h e t a l . , (1959) have shown t h e e x i s t e n c e 

of a d e v e l o p m e n t a l sequence o f a n t h o c y a n i n s and a n t h o c y a n i d i n s i n grape 

and a l s o the o c c u r r e n c e o f c o n s i d e r a b l e q u a l i t a t i v e and q u a n t i t a t i v e 

v a r i a t i o n s o f a n t h o c y a n i n s f r o m y e a r t o y e a r and f r o m l o c a t i o n t o l o c a t i o n . 

The s t u d i e s on t h e g r a i n t i s s u e s i n S e c t i o n 5 ( h u l l s , spermoderm 

and awns) i n d i c a t e t h a t f a s t - m o v i n g a n t h o c y a n i n s appear d u r i n g development 

and d i s a p p e a r a t m a t u r i t y . The f o r e g o i n g r e s u l t s and d i s c u s s i o n i n d i c a t e 

t h a t a s i m i l a r dynamism o f pigment appearance and d i s a p p e a r a n c e e x i s t s 

f o r the p l a n t t i s s u e s . 
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I t i s c l e a r t h a t , b i o c h e m i c a l l y , the a n t h o c y a n i n s v a r y b o t h w i t h 

i n and between g e n o t y p e s . The v a r i a b i l i t y makes d e s i r a b l e the d e l i n e a t i o n 

o f d i s t i n c t b i o c h e m i c a l p h e n o t y p e s . The d e v e l o p m e n t a l dynamism c o m p l i c a t e s 

the d e l i n e a t i o n of a d i s t i n c t p henotype. I t w i l l be shown i n subsequent 

i n v e s t i g a t i o n s t h a t the p e l a r g o n i d i n d e r i v a t i v e ( s ) , G-130, G-138 ( S e c . 1 3 ) , 

w h i c h was r e c o v e r e d from the f i e l d grown l e a f s h e a t h s was a b s e n t f r o m the 

greenhouse grown s h e a t h s ( S e c . 1 9 ) . Thus e n v i r o n m e n t s i n f l u e n c e the 

e x p r e s s i v i t y of genes f o r a n t h o c y a n i n . The t e n t a t i v e i d e n t i f i c a t i o n of 

p e t u n i d i n from the December 11, 1958 e x t r a c t s i n d i c a t e s t h a t t h e o c c u r r e n c e 

of p e t u n i d i n may be due t o w i n t e r c o n d i t i o n s i n the f i e l d . Thus*, b o t h 

d i f f e r e n c e s i n e n v i r o n m e n t and development may c o m p l i c a t e the d e l i n e a t i o n 

o f a d i s t i n c t b i o c h e m i c a l p h e n o t y p e . How t h e p e t u n i d i n or p e l a r g o n i d i n 

'genes' c o u l d r e m a i n dormant s p e c i f i c a l l y , w h i l e the r e s t , o f t h e a n t h o 

c y a n i n gene m i l e a u r e m a i n e d p e n e t r a n t i s a c h a l l e n g i n g a r e a f o r f u t u r e work. 

The c o n c l u s i o n s f r o m t h i s i n v e s t i g a t i o n a r e , namely ( a ) t h a t t h e 

l e a f s h e a t h c o l o r s o f t h e s e v e r a l l i n e s are n o t d i f f e r e n t i a b l e v i s u a l l y 

b u t t h e y a r e d i f f e r e n t i a b l e b i o c h e m i c a l l y ( b ) t h a t l e a f s h e a t h c o l o r 

c a n n o t be t r e a t e d as a m o n o f a c t o r i a l m e n d e l i a n . e n t i t y ( c ) t h a t t h e b i o 

c h e m i c a l mutants i n n a t u r e can be d i f f e r e n t i a t e d , b y c h r o m a t o g r a p h i c s u r v e y . 

I t may be assumed th e number o f ' a n t h o c y a n i n genes' i n d i f f e r e n t m a t e r n a l 

t i s s u e s o f the one i n d i v i d u a l must be i d e n t i c a l ; however, t h e a n t h o c y a n i n s 

a r e a c t i v e i n m e t a b o l i s m and d e a c l y a t i o n may o c c u r towards l a t e r s t a g e s 

o f development. T h e r e f o r e , c o l o r , a l t h o u g h on the s u r f a c e i s s t a t i c , 

i s d e v e l o p m e n t a l l y dynamic. A l t h o u g h , the c o n c l u s i o n s appear t o be sound, 

i t appears h i g h l y d e s i r a b l e t h a t the r e s u l t s s h o u l d be r e - a p p r a i s e d 

by the m i l d e r t e c h n i q u e s t o be d e s c r i b e d i n subsequent s e c t i o n s of 
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t h e t h e s i s . 

7.4. SUMMARY 

The b a s a l l e a f s h e a t h s , when grown under w i n t e r f i e l d c o n d i t i o n s , 

showed deep a n t h o c y a n i n c o l o r a t i o n . The l e a f sheath,node, and a u r i c l e 

a n t h o c y a n i n s f r o m b l a c k , n e a r - w h i t e , w h i t e , b l u e and b l a c k v a r i a n t s , w h i c h 

were e x t r a c t e d on November 2 and December 11, were a n a l y s e d chromato-

g r a p h i c a l l y by s t a n d a r d methods. The p u r p l e v a r i a n t s , G o p a l and B l a c k 

H u l l e s s , show s i m i l a r c h r o m a t o g r a p h i c p a t t e r n s . The p a t t e r n s , however, 

d i f f e r between t h e o t h e r v a r i a n t s . The b a s a l l e a f s h e a t h c o l o r o f t h e 

v a r i a n t s i s so homogeneous t h a t i t cannot be d i f f e r e n t i a t e d v i s u a l l y . Thus, 

whereas the v i s u a l phenotypes of t h e c o l o r v a r i a n t s a r e u n d i f f e r e n t i a b l e , 

t h e b i o c h e m i c a l phenotypes a r e d i f f e r e n t i a b l e . The a n t h o c y a n i n c o l o r i n 

b a r l e y i s t h e r e f o r e a complex g e n e t i c c h a r a c t e r . 

A l t h o u g h s e v e r a l v a r i a n t s show d i f f e r e n c e s i n a n t h o c y a n i n 

p a t t e r n s , t h e y seem to p o s s e s s s e v e r a l a n t h o c y a n i n s i n common. A w o r l d 

s u r v e y o f t h e d i f f e r e n c e s i n a n t h o c y a n i n c h e m i s t r y of t h e c o l o r v a r i a n t s 

o f f e r i n t r i g u i n g p o s s i b i l i t i e s i n b i o g e n e t i c and e v o l u t i o n a r y s t u d i e s . 

The s i m i l a r i t i e s o f c h r o m a t o g r a p h i c p a t t e r n s o b t a i n e d f r o m b a s a l 

l e a f s h e a t h s , a u r i c l e s and o t h e r m a t e r n a l t i s s u e s o f t h e same p l a n t 

i n d i c a t e a_ p r i o r i t h a t t h e a n t h o c y a n i n genes i n d i f f e r e n t m a t e r n a l 

t i s s u e s a r e s i m i l a r and t h a t t h e y a c t i n an i d e n t i c a l f a s h i o n . However, 

the d i f f e r e n c e s i n t h e t e m p o r a l e x p r e s s i v i t y o f a n t h o c y a n i n s i n d i f f e r e n t 

t i s s u e s i n d i c a t e t h a t t h e genes a c t a t d i f f e r e n t s t a g e s o f p l a n t d e v e l o p 

ment. Thus, the t e m p o r a l e x p r e s i v i t y o f a n t h o c y a n i n s appears t o be 
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c o n t r o l l e d by 'time' genes. 

The November 2 sheaths from a l l variants showed the novel f a s t -

moving anthocyanins i n patterns i d e n t i c a l to those recorded e a r l i e r for 

the grain tissues (see Sec. 5). It i s shown that the fast-moving antho

cyanins are highly unstable i n storage. Accordingly., the December 11 

sheaths were processed and chromatographed within 20 hours, but the f a s t -

moving anthocyanins were not recovered. Thus, either the developmental 

dynamism, or the i n s t a b i l i t y or both complicate the de l i n e a t i o n of a 

d i s t i n c t biochemical phenotype. 
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BIOCHEMICAL DIFFERENTIATION OF ANTHOCYANIN PHENOTYPES 

8. PRELIMINARY STUDIES OF THE DYNAMICS OF ANTHOCYANINS 
I N AWNS, HULLS, PERICARP AND SPERMODERM 

T h i s i n v e s t i g a t i o n was u n d e r t a k e n i n the summer d f 1959 t o con

f i r m and e x t e n d the f i e l d o b s e r v a t i o n s on the dynamics o f pigment d e v e l o p 

ment ( S e c . 4 ) , and t o d e t e r m i n e i f t h e r e were, i n d e e d , ' o n t o g e n e t i c ' 

development o f a n t h o c y a n i n s i n the g r a i n t i s s u e s , namely, awn t i p , h u l l , 

p e r i c a r p , and spermoderm, the ' i n d i c a t i o n s f o r w h i c h were f i r s t o b t a i n e d 

from the 1958 s t u d y (Sec. 5 ) . 

A t the time t h e s e s t u d i e s were i n i t i a t e d , l i t t l e was known o f 

the s t e p w i s e development o f a n t h o c y a n i n s . S u b s e q u e n t l y , s e v e r a l p a p e r s 

have appeared on the d e v e l o p m e n t a l sequence o f a n t h o c y a n i n s i n grape 

( B o c k i a n e t a l . , 1955; A l b a c h e t a l _ . , 1959; N u t s u b i d z e ^et a l , 1959; and 

C o l a g r a n d e e_t a l . , 1960). 
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8.1. MATERIALS AND METHODS 

The two p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l , and a b l u e 

i s o g e n i c l i n e 36-B1 B l - 2 1 , p l a n t e d on the U n i v e r s i t y Farm A p r i l 24, 1959, 

were used i n t h i s s t u d y . The a n a l y s i s was c o n d u c t e d on awn t i p , lemma and 

p a l e a ( h u l l s ) , p e r i c a r p , and spermoderm. 

8.1.1 G r a d i n g P l a n t M a t e r i a l by St a g e s o f Development 

P r o g r e s s i o n i n a n t h o c y a n i n development was d e l i n e a t e d as 

f o l l o w s : 

Stage I : when a n t h o c y a n i n s j u s t make t h e i r appearance i n a t i s s u e 
Stage l i t when a n t h o c y a n i n s show f u r t h e r i n t e n s i f i c a t i o n 
Stage I I I : when a n t h o c y a n i n s show maximum development, and 
Stage I V : when a n t h o c y a n i n s show g r a d u a l d i s a p p e a r a n c e . 

The d i f f e r e n t l a y e r s o f c a r y o p s i s ( F i g . 4.1) were s e p a r a t e d by 

manual p e e l i n g ( S e c . 3 ) . The 'ontogeny' o f a n t h o c y a n i n s i n the d i f f e r e n t 

l a y e r s o f the c a r y o p s i s does not o c q u r s i m u l t a n e o u s l y (cf.. , Sec. 4 ) . S i n c e 

p e r i c a r p p i g m e n t a t i o n i s a b s e n t o r weak, and spermoderm p i g m e n t a t i o n , 

comparably s t r o n g and, s i n c e p e e l i n g o f t h e s e t i s s u e s i s l a b o r i o u s , c o l 

l e c t i o n s t a g e was d e t e r m i n e d by the degree of- p i g m e n t a t i o n i n the spermo

derm. S i n c e spermoderm i s the f i r s t c a r y o p s i s t i s s u e t o d e v e l o p a n t h o c y a n i n s , 

when spermoderm s t a g e I i s c o l l e c t e d , p e r i c a r p s t a g e I i s c o l o r l e s s . 

Whenever the c o l o r g r a d a t i o n c o u l d be e a s i l y seen i n h u l l o r 

c a r y o p s i s , m a t e r i a l was c o l l e c t e d a t a l a r g e number o f s t a g e s . I n o r d e r 

t o m a i n t a i n the d e s i g n a t i o n o f the main s t a g e s o f c o l l e c t i o n , the i n t e r -

grades o r s u b - c o l l e c t i o n s were numbered I l i a , I l l b , e t c . , o r I V a , I V b , 

e t c . , as the case may be. 

The awn t i p c o l l e c t i o n s were made by r e f e r e n c e t o the development 

of pigment i n h u l l s . However, s i n c e the c o l o r i n awn t i p s d e v e l o p s f i r s t , 
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the e a r l i e s t s t a g e o f c o l l e c t i o n o f awn t i p s was a l r e a d y l a t e i n t e r m s . o f 

development and w e l l p a s t the maximum s t a g e o f c o l o r i n g f o r t h i s o r g a n . 

8.1.2. E x t r a c t i o n 

The t i s s u e s were e x t r a c t e d i n methanol c o n t a i n i n g 1% cone. H C l 

not i n the a c i d i f i e d e t h e n o l as used i n s t u d i e s under S e c t i o n s 5 and 7. 

The e x t r a c t i o n was c a r r i e d out i n amber b o t t l e s , k e p t c o l d i n b e a k e r s 

f i l l e d w i t h i c e d u r i n g the p e r i o d o f t i s s u e c o l l e c t i o n by manual p e e l i n g . 

Whenever the p e e l i n g o p e r a t i o n was suspended o r c o m p l e t e d , the amber 

b o t t l e s were t r a n s f e r r e d t o a r e f r i g e r a t o r a t -15°C f o r e x t r a c t i o n and 

s t o r a g e . The deep f r e e z i n g a p p a r e n t l y b r e a k s the c e l l w a l l s , thus a i d i n g 

the e x t r a c t i o n . The c o l l e c t i o n o f d i f f e r e n t t i s s u e s took a p e r i o d o f 

about t h r e e weeks. The amber b o t t l e s c o n t a i n i n g the e x t r a c t s remained i n 

the r e f r i g e r a t o r r e a d y f o r use. 

I n g e n e r a l , s l i g h t l y l a r g e r q u a n t i t i e s o f t i s s u e s a t s t a g e I I I 

t h a n o f t i s s u e s a t o t h e r s t a g e s were c o l l e c t e d f o r p u r i f i c a t i o n and i d e n t i 

f i c a t i o n work. I n a few s p e c i f i e d c a s e s , a n t h o c y a n i n s were a l s o e x t r a c t e d 

w i t h m e t h a n o l - c o n c . H C l (97:3) ( H a r b o r n e , 1958) f o r c o m p a r a t i v e p u r p o s e s . 

8.1.3. P r o c e s s i n g P r i o r t o Chromatography 

The p r o c e s s i n g o f the a c i d i f i e d m e t h a n o l i c e x t r a c t s o f the g r a i n 

t i s s u e s had t o be m o d i f i e d f o r p r a c t i c a l r e a s o n s (see under d i s c u s s i o n ) . 

No s p e c i a l e x t r a c t i o n t e c h n i q u e s were needed, because e x t r a c t i o n p r o 

ceeded i n s t o r a g e . The e x t r a c t s , f o l l o w i n g f i l t r a t i o n t h r o u g h g l a s s w o o l , 

were c o n c e n t r a t e d t o o n e - t h i r d volume in. vacuo a t 30°C i n s e m i - d a r k 

c o n d i t i o n s , and c e n t r i f u g e d a t 10,000 rpm f o r 30 m i n u t e s . The s u p e r n a t a n t 

was p l a c e d i n the f r e e z e r . I n s t o r a g e , c h l o r o p h y l l a l o n g w i t h o t h e r 
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n o n - a n t h o c y a n i n c o n t a m i n a n t s p r e c i p i t a t e d , p a r t i c u l a r l y f rom the e x t r a c t s 

d e r i v e d from t i s s u e s where a n t h o c y a n i n s were b e g i n n i n g t o d e v e l o p ; from 

t i s s u e e x t r a c t s , where a n t h o c y a n i n s were p a s t maximum development, l a r g e 

q u a n t i t i e s o f y e l l o w and b r o w n i s h pigments a l s o p r e c i p i t a t e d . The ex

t r a c t s were p u r i f i e d by c e l i t e f i l t r a t i o n and h i g h speed c e n t r i f u g a t i o n . 

F u r t h e r volume r e d u c t i o n i n vacuo. w i t h i n t e r m i t t e n t e x p o s u r e t o c o l d , and 

h i g h speed c e n t r i f u g a t i o n were u n d e r t a k e n as o f t e n as n e c e s s a r y . T h i s 

e l i m i n a t e d most o f the n o n - a n t h o c y a n i n c o n t a m i n a n t s and gave a h i g h l y 

c o n c e n t r a t e d a n t h o c y a n i n e x t r a c t . A l t h o u g h the q u a n t i f i c a t i o n o f t h e s e 

a l m o s t c o n t a m i n a n t - f r e e a n t h o c y a n i n e x t r a c t s would have been u s e f u l , i t 

was not u n d e r t a k e n because o f unequal l o s s e s o f a n t h o c y a n i n s d u r i n g 

e x t r a c t i o n and p r o c e s s i n g , and because the q u a l i t a t i v e o b j e c t i v e s o f t h i s 

s t u d y , v i z . , the d e t e r m i n a t i o n o f t o t a l number o f a n t h o c y a n i n s p r e s e n t 

a t each s t a g e o f development c o u l d be r e a l i z e d by m a n i p u l a t i o n o f chroma

t o g r a p h y p r o c e d u r e (Sec. 8.1.5). 

8.1.4. H y d r o l y s i s 

A l i q u o t s o f the e x t r a c t s were h y d r o l y z e d f o r about 30 m i n u t e s 

as d e s c r i b e d i n S e c t i o n 5.1. 

8.1.5. Chromatography 

The chromatography was c a r r i e d out by a s c e n t a t about 25°C 

( c f . «, Sec. 5 ) . A l t h o u g h the b u l k o f n o n - a n t h o c y a n i n c o n t a m i n a n t s were 

e l i m i n a t e d i n p r o c e s s i n g (Sec. 8.1.3), e x t r a c t s r e p r e s e n t i n g e a r l i e r 

' a n a b o l i c ' s t a g e s , o r l a t e r ' c a t a b o l i c ' s t a g e s i n w h i c h the a n t h o c y a n i n s 

were r e l a t i v e l y weak had t o be a p p l i e d i n l a r g e r q u a n t i t i e s on the 

chromatography p a p e r . G e n e r a l l y , i n such c a s e s , t r i a l r uns were performed 
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to d e t e r m i n e the l i m i t s s e t by o v e r l o a d i n g ( o f chromatography p a p e r ) , and 

by the m i n i m a l amount r e q u i r e d f o r d e t e c t i o n o f a n t h o c y a n i n s on p a p e r . 

Once e x p e r i e n c e w i t h r e s p e c t t o the maximum q u a n t i t y o f e x t r a c t s t h a t can 

be a p p l i e d w i t h o u t s a c r i f i c i n g r e s o l u t i o n i s g a i n e d , chromatography be

comes s t r a i g h t f o r w a r d . A l t h o u g h t h i s p r o c e d u r e i s not q u a n t i t a t i v e , i n 

p r a c t i c e dependable " o n t o g e n e t i c 1 c o m p a r i s o n s were o b t a i n e d . 

8.1.6. E l u t i o n and P u r i f i c a t i o n o f A n t h o c y a n i n s 

A few t i s s u e s o f the p u r p l e v a r i e i t i e s were e x t r a c t e d on a 

f a i r l y l a r g e s c a l e f o r p u r i f i c a t i o n and i d e n t i f i c a t i o n o f t h e i r a n t h o 

c y a n i n s . The e x t r a c t s , a f t e r o b t a i n i n g R f v a l u e s , by an a f o r e m e n t i o n e d 

p r o c e d u r e ( S e c . 8.1.5) were banded on Whatman paper No. 3, and chromato-

graphed by d e s c e n t i n the BAW s o l v e n t , u s i n g "RSCO" c h r o m a t o e a b i n e t s . The 

s o l v e n t f r o n t s were r u n o f f as f a r as p o s s i b l e t o o b t a i n c l e a r s e p a r a t i o n s . 

The bands were c u t o u t , e l u t e d w i t h w a t e r - m e t h a n o l - a c e t i c a c i d 

( 2 5 : 7 0 ; 5 ; v / v ) ( H a r b o r n e , 1958), and the e x t r a c t s were c o n c e n t r a t e d i n vacuo 

a t 30°C, and r e c h r o m a t o g r a p h e d i n the BAW s o l v e n t ; the s o l v e n t f r o n t was 

a g a i n r u n o f f the s h e e t f o r maximum r e s o l u t i o n . The bands were a g a i n 

e l u t e d , and e l u a t e s c o n c e n t r a t e d , as d e s c r i b e d above, f o r r e p u r i f i c a t i o n 

i n an aqueous s o l v e n t . The e l u a t e s , whenever i t became n e c e s s a r y ( f o r 

c h r o m a t o g r a p h i c c o n s i d e r a t i o n s ) f o l l o w i n g volume e v a p o r a t i o n i n . v a c u o , 

were d i l u t e d w i t h , o r d i s s o l v e d i n methanol c o n t a i n i n g 1% cone. H C l . 

8.1.7 Chromatography. E l u t i o n and P u r i f i c a t i o n o f A n t h o c y a n i d i n s 

The a n t h o c y a n i n e x t r a c t s were h y d r o l y z e d and chromatographed i n 

F o r e s t a l s o l v e n t as d e s c r i b e d e l s e w h e r e (Sec. 5 ) . The e l u t i o n and p u r i f i 

c a t i o n was a t t e m p t e d by the p r o c e d u r e o f Harborne ( 1 9 5 8 ) . The h y d r o l y s a t e s 
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were banded on Whatman paper No. 3, d e v e l o p e d I n F o r e s t a l , e l u t e d w i t h the 

a n t h o c y a n i n e l u e n t and c o n c e n t r a t e d i n vacuo f o r r e c h r o m a t o g r a p h y as d e s 

c r i b e d i n Sec. 8.1.6. 

8.1.8. Spot T e s t 

F e r r i c c h l o r i d e s p o t t e s t was a p p l i e d as d e s c r i b e d i n Sec. 5.1.4 

8.2. RESULTS 

8.2.1. A n t h o c y a n i n s o f the P u r p l e V a r i e t i e s 

Some o f the d a t a on a n t h o c y a n i n development i n v a r i o u s g r a i n 

t i s s u e s o f B l a c k H u l l e s s and G o p a l a r e g i v e n i n F i g u r e s 8.1 and 8.2. 

A l l s p o t s up t o Rf 0.44 t u r n b l u e w i t h f e r r i c c h l o r i d e . The s p o t s above 

Rf 0.44 do not g i v e c l e a r c u t r e a c t i o n s ; most o f the r e d c o l o r d i s a p p e a r s 

w i t h o u t t u r n i n g b l u e . The e x t r a c t s marked w i t h an a s t e r i s k were ex

t r a c t e d w i t h H a r b o r n e ' s s o l v e n t ( l o c . c i t . . ) . 

Lemma and P a l e a ( H u l l s ) 

The r e s u l t s o f f o u r s u c c e s s i v e s t a g e s o f pigment 'ontogeny' i n 

B l a c k H u l l e s s h u l l s a r e shown i n F i g . 8.1. The s t a g e I c o l l e c t i o n was 

made when the lemma showed a s l i g h t a n t h o c y a n i n c o l o r i n g n ear the awn 

b a se; i t shows o n l y two a n t h o c y a n i n s and a d i s t i n c t p a l e y e l l o w u n r e s o l v e d 

s t r e a k . I t i s a p p a r e n t from the i n t e n s i t y o f s p o t s t h a t the s t a g e I 

a n t h o c y a n i n s c o u l d not be c o n c e n t r a t e d s u f f i c i e n t l y i n the e x t r a c t owing 

t o the p r e s e n c e o f n o n - a n t h o c y a n i n c o n t a m i n a n t s . An a d d i t i o n a l a n t h o c y a n i 

appears a t s t a g e I I , and the p a l e y e l l o w s t r e a k p e r s i s t s . By the time 

c o l o r i s a t a maximum ( s t a g e I I I ) , s e v e r a l a d d i t i o n a l a n t h o c y a n i n s appear; 
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Chromatograms o f a n t h o c y a n i n s a t d i f f e r e n t s t a g e s o f development o f 
lemma and p a l e a and o f spermoderm. V a r i e t i e s used were B l a c k H u l l e s s 
and G o p a l . Note the low< . i n t e n s i t y and'-paucity o f a n t h o c y a n i n s i n 
the e a r l y s t a g e s ; note a l s o the o c c u r r e n c e o f y e l l o w and r e d m a t e r i a l s 
o f low R f v a l u e s d u r i n g s t a g e s I and I I . 

the p a l e y e l l o w s t r e a k around s p o t No. 1 d i s a p p e a r s and becomes r e d d i s h 

y e l l o w i n the r e g i o n o f s p o t No. 2. A few days l a t e r when the c o l o r was 

s t i l l n e ar the maximum s t a g e , a n o t h e r c o l l e c t i o n marked s t a g e I l i a * 

( F i g . 8.1) was made u s i n g Harborne's s o l v e n t . I n the r e g i o n o f the 

r e d d i s h y e l l o w t r a i l ( s t a g e I I I ) , a d i s t i n c t a n t h o c y a n i n s p o t i s d e t e c 

t a b l e ; -the d i s t r i b u t i o n p a t t e r n does not change much e x c e p t t h a t s p o t s 

No. 4 and 5 became weak i n r e l a t i o n t o the i n t e n s i t y o f s p o t No. 3. 

The d e v e l o p m e n t a l p a t t e r n s o f G o p a l h u l l s , s t a g e I , I I and I I I 

( F i g . 8.1), a r e b r o a d l y s i m i l a r t o the p a t t e r n s f o r B l a c k H u l l e s s h u l l s . 
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The p r e s e n c e o f a d i s t i n c t l y y e l l o w i s h s t r e a k a t Stage I i n the r e g i o n o f 

spot No. 1 and 2 i s n o t a b l e . 

Spermoderm 

The r e s u l t s o f f o u r s u c c e s s i v e s t a g e s of: a n t h o c y a n i n development 

i n B l a c k H u l l e s s spermoderm a r e shown i n F i g . 8.1. The spermoderm i s 

c h l o r o p h y l l o u s u n t i l s o f t dough s t a g e ( S e e s . 3,4 and A p p e n d i x ) . L a t e r , 

as the c h l o r o p h y l l d i s a p p e a r s , s l i g h t development o f a n t h o c y a n i n and 

y e l l o w i s h pigments o c c u r i n r e s t r i c t e d a r e a s ( s t a g e I ) . A t t h i s s t a g e 

o n l y two, o r p o s s i b l y t h r e e a n t h o c y a n i n s , and.a l i g h t b r o w n i s h s t r e a k i s 

p r e s e n t . A t s t a g e I I , d i s t i n c t i v e changes o c c u r ; the b r o w n i s h s t r e a k 

( s t a g e I) becomes r e d d i s h brown, and an u n r e s o l v e d f a s t - m o v i n g -

a n t h o c y a n i n s t r e a k above the f l u o r e s c e n t l i n e a p p e a r s . A t the maximum 

s t a g e o f c o l o r development ( s t a g e I I I ) , the b r o w n i s h s t r e a k i n c r e a s e s i n 

i n t e n s i t y and two weak a n t h o c y a n i n s a r e c l e a r l y d i s c e r n i b l e . A p a r t . f r o m 

t h e appearance o f an a d d i t i o n a l a n t h o c y a n i n s p o t below the f l u o r e s c e n t 

l i n e , the f a s t - m o v i n g component ( s t a g e I I ) s p l i t s i n t o t w o - w e l l r e s o l v e d 

f a s t - m o v i n g a n t h o c y a n i n s . A n o t h e r c o l l e c t i o n ( s t a g e I l i a * ) was made a 

few days l a t e r u s i n g H a r b o r n e ' s s o l v e n t (97 p a r t s m e t h a n o l : 3 p a r t s cone. 

H C l ) . T h i s c o l l e c t i o n does not show the f a s t - m o v i n g a n t h o c y a n i n ; the 

changes i n the r e l a t i v e i n t e n s i t y o f s e v e r a l a n t h o c y a n i n s a r e n o t a b l e . 

Spermoderm cannot be r e a d i l y p e e l e d p a s t h a r d dough s t a g e and hence the 

chromatography o f l a t e r s t a g e s was not a t t e m p t e d . 

The d e v e l o p m e n t a l p a t t e r n s o f the spermoderm o f the p u r p l e 

v a r i e t y G o p a l a t s t a g e s I , I I and I I I ( F i g . 8.1) a r e s i m i l a r t o the 

spermoderm p a t t e r n s o f the p u r p l e v a r i e t y , B l a c k H u l l e s s . The a n t h o c y a n i n s 

o f s t a g e III show some d i f f e r e n c e s but even t h e s e a r e p r o b a b l y s i m p l y 
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e x p l a i n e d . • F o r example, the t r a i l i n g s p o t o f G o p a l near the s o l v e n t f r o n t , 

p r o b a b l y , i s an e q u i v a l e n t o f the f a s t - m o v i n g a n t h o c y a n i n s p o t o f B l a c k 

H u l l e s s s t a g e I I and I I I . However, spot No. 10 ( F i g . 8.1: Rf 0.61) o f 

spermoderm o f G o p a l a t s t a g e I I and I I I does not appear t o d e v e l o p i n the 

spermoderm o f B l a c k H u l l e s s a t any s t a g e o f development. E a r l i e r s t u d i e s 

on the two p u r p l e v a r i e t i e s , a l s o , c o n f i r m the a d d i t i o n a l p r e s e n c e o f the 

s p o t No. 10 i n G o p a l ( M u l l i c k e t a l . , 1958; F i g . 1, pp. 4 4 9 ) . 

P e r i c a r p 

T e m p o r a l l y , the pigments i n the d i f f e r e n t t i s s u e s o f the 

c a r y o p s i s d e v e l o p i n d e p e n d e n t l y . I n B l a c k H u l l e s s , a t s t a g e I o f the 

c o l o r development i n spermoderm - ( c o r r e s p o n d i n g t o s o f t dough s t a g e ) , t h e 

p e r i c a r p i s a c o l o r l e s s t i s s u e ( S e c . 4 ) . Chromatography w i t h s t r o n g 

c o n c e n t r a t i o n s o f the e x t r a c t a l s o does not show a n t h o c y a n i n s a t s t a g e I . 

The second c o l l e c t i o n o f the p e r i c a r p was made a t s t a g e I I o f the c o l o r 

development i n spermoderm ( c o r r e s p o n d i n g t o about mid dough s t a g e ) . 

A l t h o u g h the p e r i c a r p v i s u a l l y was c o l o r l e s s , i t d i d show a.weak antho -

c y a n i n s p o t ( F i g . 8.2). The p r e s e n c e o f a n t h o c y a n i n , p r e s u m a b l y , i s due 

t o d i f f u s i o n : i n . t h e p e e l i n g p r o c e s s , f i n g e r s and thumbs become p u r p l i s h 

due t o d i f f u s i o n o f a n t h o c y a n i n s from the spermoderm. T h i s p u r p l i s h 

c o l o r i s t r a n s f e r r e d t o the p e r i c a r p d u r i n g p e e l i n g . A t s t a g e I I I , 

p e r i c a r p can be p e e l e d a p a r t e a s i l y i n a c o l o r l e s s s t a t e from about two-

t h i r d o f the k e r n e l ; the p e e l i n g near the a p i c a l end, however, becomes 

d i f f i c u l t and the p e e l i n g s .from t h i s r e g i o n show r e d d i s h c o l o r . The 

r e d d i s h c o l o r , y e t t o be c o n f i r m e d by h i s t o l o g i c a l s t u d y i s , p r o b a b l y , 

due t o . p a r t i a l l y l a c e r a t e d spermoderm a d h e r i n g t o the p e r i c a r p p e e l i n g s . 

The p e r i c a r p a t s t a g e I I I shows t h r e e s p o t s on chromatography ( F i g . 8 . 2 ) 
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Chromatograms o f a n t h o c y a n i n s a t s e v e r a l s t a g e s o f development o f 
p e r i c a r p and awn t i p s . V a r i e t i e s used were B l a c k H u l l e s s and G o p a l . 
Note the d e c r e a s i n g number and lo w e r e d i n t e n s i t y o f a n t h o c y a n i n s as 
the t i s s u e s p r o g r e s s towards m a t u r i t y . The pigments shown as d e r i v e d 

from p e r i c a r p , p o s s i b l y a r e d e r i v e d from l a c e r a t e d spermoderm. 

w h i c h a r e s i m i l a r t o those found i n spermoderm. 

Awn T i p s 

The awn t i p s o f b o t h the p u r p l e v a r i e t i e s d e v e l o p a n t h o c y a n i n s 

as soon as t h e y a r e e x s e r t e d . The c o l o r i n g f o l l o w i n g e x s e r t i o n i s so 

r a p i d t h a t i t a t t a i n s maximum e x p r e s s i o n w i t h i n a day o r so. The awn 

t i p s c o u l d n ot be c o l l e c t e d d u r i n g t h i s e a r l y p e r i o d o f c o l o r development. 

However, c o l l e c t i o n s were made c o r r e s p o n d i n g t o the p r o g r e s s i v e s t a g e s o f 

pigment development i n lemma. Thus, the f i r s t awn t i p c o l l e c t i o n was 

made a t st a g e I o f lemma. S i n c e c o l o r development i n awn t i p s i s p a s t 

the maximum by t h i s t i m e , and f a d i n g has s e t i n , the f i r s t c o l l e c t i o n o f 

awn t i p s might be s a i d , i n an o n t o g e n e t i c s e n s e , t o be a t st a g e I V o f 
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a n t h o c y a n i n development. The r e s u l t s o f b o t h the p u r p l e v a r i e t i e s a r e 

shown i n F i g . 8.2. The v a r i e t i e s do not show f a s t - m o v i n g a n t h o c y a n i n s . 

The s l o w e s t moving a n t h o c y a n i n s a r e p r e s e n t o n l y i n t r a c e s . 

8.2.2. A n t h o c y a n i d i n s o f the P u r p l e V a r i e t i e s 

A l i q u o t s o f the a n t h o c y a n i n e x t r a c t s shown i n F i g . 8.1 and 8.2 

were h y d r o l y s e d ; the r e s u l t s a r e summarized i n T a b l e 8.1.. The chroma

t o g r a p h y o f the h y d r o l y s a t e s e i t h e r gave c y a n i d i n a l o n e , o r c y a n i d i n and 

the u s u a l t r a i l above the c y a n i d i n s p o t ( c f . , Sec. 5 a n d . 7 ) . I n o r d e r 

t o r e s o l v e the n a t u r e o f t h i s t r a i l , t he h y d r o l y s a t e s o f d i f f e r e n t s t a g e s 

o f the same t i s s u e were m i x e d , chromatographed and e l u t e d . The e l u a t e s , 

i n the c o u r s e o f volume r e d u c t i o n i n vacuo t u r n e d y e l l o w . The n a t u r e o f 

the t r a i l above c y a n i d i n , t h e r e f o r e , c o u l d not be r e s o l v e d . I t a p p ears 
* 

t h a t the t r a i l i s e i t h e r due t o p e o n i d i n o r a m i x t u r e o f p e o n i d i n and 

p e l a r g o n i d i n (cf.. , Sec. 5 and 7 ) . 

l" The r e l a t i v e c o n c e n t r a t i o n s of the two a n t h o c y a n i d i n s p o t s , 

e s t i m a t e d o c u l a r l y ( T a b l e 8.1), o b t a i n e d f r o m B l a c k H u l l e s s and G o p a l , 

are comparable a t the same s t a g e o f • d e v e l o p m e n t . F o r i n s t a n c e , lemma o f 

B l a c k H u l l e s s a t s t a g e s I and I I show the p r e s e n c e o f c y a n i d i n o n l y . The 

second a n t h o c y a n i n s p o t d e v e l o p s o n l y a t s t a g e I I I . The r e s u l t s o f G o p a l 

a r e b r o a d l y s i m i l a r . A l t h o u g h the d e t e r m i n a t i o n of r e l a t i v e c o n c e n t r a t i o n 

r a t i o , a t best., i s o n l y crude., n o n e t h e l e s s i t does i n d i c a t e p r o b a b l e 

t r e n d s ; the c o n c e n t r a t i o n o f the second s p o t i n c r e a s e s towards m a t u r i t y . 

The spermoderm h y d r o l y s a t e s o f b o t h the v a r i e t i e s show the two 

a n t h o c y a n i d i n s p o t s a t a l l s t a g e s . The c o n s p i c u o u s s h i f t s i n concen

t r a t i o n r a t i o s w i t h m a t u r i t y a r e n o t a b l e . 

The h y d r o l y s i s o f the a n t h o c y a n i n - f r e e e x t r a c t s o f p e r i c a r p 
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TABLE 8.1 
THE RELATIVE DISTRIBUTION OF ANTHOCYANIDINS IN DIFFERENT TISSUES 
OF GOPAL AND BLACK HULLESS AT,DIFFERENT STAGES 

A n t h o c y a n i d i n C o n c e n t r a t i o n * 

T i s s u e Stage B l a c k H u l l e s s G o p a l 

Peo. Cya. 
Peo. 

G y a - &/or Cya. &/or 
P e l a r . P e l a r . 

H u l l s I P P 
. I I P ? P t 

: I I I 1.0 0.1 1.0 0.2 
I l i a * 1.0 0.3 

Spermoderm I p t P t 
I I 1.0 0.1 1.0 0.4 
I I I 1.0 0.5 1.0 0.7 

P e r i c a r p I No l e u c o - a n t h o c y a n i n p r e s e n t 
I I I 1.0 0.1 1.0 0.4 

Awn t i p s I V 1.0 0.05 1.0 0.1 
IVa 1.0 0.05 1.0 0.1 
IVb 1.0 t 1.0 0.05 

it 
e s t i m a t e d v a l u e s . Cya. = c y a n i d i n 

p = p r e s e n t Pep. = P e o n i d i n 

t = t r a c e s P e l a r . = P e l a r g o n i d i n 

( s t a g e I ) o f b o t h the v a r i e t i e s d i d not r e v e a l the p r e s e n c e o f l e u c o ^ 

a n t h o c y a n i n s . The d i r e c t h y d r o l y s i s o f the c o l o r l e s s p e r i c a r p t i s s u e s 

i n 3N H C l ( B a t e - S m i t h , 1 954), a l s o d i d not r e v e a l the p r e s e n c e o f 

a n t h o c y a n i n s . The s t a g e I I I c o l l e c t i o n , however, shows two a n t h o c y a n i 

s p o t s i n b o t h v a r i e t i e s . 

The awn t i p s show the same two a n t h o c y a n i d i n s . The r e l a t i v e 

c o n c e n t r a t i o n o f the second s p o t g r a d u a l l y d e c r e a s e s w i t h m a t u r i t y . 
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8.2.3. A n t h o c y a n i n s and A n t h o c y a n i d i n s o f 36-B1 B l - 2 1 

H u l l s 

T h i s l i n e t y p i c a l o f so c a l l e d b l u e v a r i e t i e s d e v e l o p s a n t h o 

c y a n i n s o n l y i n the v e i n s o f lemma; the i n t e r v e i n a l r e g i o n d e v e l o p s 

y e l l o w i s h f l a v o n o i d s (c_f„ , Sec. 4 and A p p e n d i x I ) . The development o f 

a n t h o c y a n i n s p r o c e e d s o n l y a f t e r e a r l y s o f t , dough s t a g e . O n l y two c o l 

l e c t i o n s were made:, one f o r stage, I , and t h e , o t h e r f o r s t a g e I I I : o f 

pigment development. B o t h the a n t h o c y a n i n e x t r a c t s c o n t a i n e d a r e l a t i v e 

p r eponderance o f non a n t h o c y a n i n c o n t a m i n a n t s w h i c h caused o v e r l o a d i n g o f 

chromatography paper, The e x t r a c t s were chromatographed i n s u f f i c i e n t 

q u a n t i t y on Whatman paper No. 3. They showed a major 1 s p o t ( R f 0.26) and 

an e x t r e m e l y weak s p o t a t Rf 0.40. .The h y d r o l y s i s o f t h e . e x t r a c t s gave 

c y a n i d i n o n l y . The d i r e c t h y d r o l y s i s o f the lemmas, p r i o r t o a n t h o c y a n i n 

development, d i d not y i e l d e v i d e n c e o f l e u c o a n t h o c y a n i n s . 

;_' P e r i c a r p 

P e r i c a r p does not d e v e l o p a n t h o c y a n i n s a t any s t a g e o f 

development and f u r t h e r m o r e , d i r e c t h y d r o l y s i s d i d not y i e l d e v i d e n c e o f 

l e u c o a n t h o c y a n i n s . 

Spermoderm 

The a n t h o c y a n i n s i n spermoderm o f t h i s l i n e d e v e l o p o n l y a t 

the l a t e r a l s l i t not c o v e r e d by lemma and p a l e a ; t h e y a r e , n o t a b l y , 

a b s e n t i n p e r i c a r p even a t the s l i t . The spermoderm a n t h o c y a n i n d e v e l o p 

ment a t the s l i t i s e p h e m e r a l ; a n t h o c y a n i n s appear a t the end o f s o f t 

dough s t a g e and d i s a p p e a r d u r i n g the h a r d dough s t a g e . O n l y two a n t h o -
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c y a n i n s were r e c o v e r e d i n chromatograms d u r i n g t h e i r ephemeral o c c u r r e n c e . 

These a n t h o c y a n i n s were q u a l i t a t i v e l y and q u a n t i t a t i v e l y s i m i l a r t o t h o s e 

o f the h u l l v e i n s . T h e i r h y d r o l y s a t e s c o n t a i n e d c y a n i d i n o n l y . 

Awn T i p s 

To the eye a n t h o c y a n i n development i n awn t i p s i s s i m i l a r t o 

t h a t d e s c r i b e d f o r the p u r p l e v a r i e t i e s . The maximum s t a g e o f pigment 

development c o u l d not be c o l l e c t e d . N o n e t h e l e s s , t h r e e c o l l e c t i o n s were 

made: (a) two from the awn t i p s , the lemmas o f w h i c h were used f o r the 

two c o l l e c t i o n s o f a n t h o c y a n i n i n the lemma v e i n s , and (b) one from the 

awn t i p s from w h i c h a n t h o c y a n i n s d i s a p p e a r e d a t l a t e r s t a g e s o f d e v e l o p 

ment. The chromatography o f the two a n t h o c y a n i n e x t r a c t s showed the 

p r e s e n c e o f o n l y the major a n t h o c y a n i n ( R f 0.26), and t h a t o f the 

h y d r o l y s a t e s o n l y c y a n i d i n . H y d r o l y s i s o f the a n t h o c y a n i n - f r e e e x t r a c t 

d i d h o t show l e u c o a n t h o c y a n i n s . 

8.2.4. E l u t i o n and P u r i f i c a t i o n o f A n t h o c y a n i n s 

The e l u t i o n and p u r i f i c a t i o n o f a n t h o c y a n i n s of the s t a g e I I I 

e x t r a c t s o f the t i s s u e s i n c l u d e d i n F i g . 8.1, and a l s o o f G o p a l b a s a l 

l e a f s h e a t h s a n t h o c y a n i n s , posed s i m i l a r problems when p u r i f i c a t i o n was 

a t t e m p t e d . T y p i c a l r e s u l t s w i l l be i l l u s t r a t e d w i t h spermoderm s t a g e I I I 

e x t r a c t s o f G o p a l a n t h o c y a n i n s . 

A l t h o u g h i n t h i s s t u d y , a t t e n t i o n has s o l e l y been d e v o t e d t o 

a n t h o c y a n i n s , i t appears d e s i r a b l e t o i n d i c a t e t h a t spermoderm e x t r a c t s 

o f d i f f e r e n t v a r i e t i e s , w h e t h e r p u r p l e , b l u e , o r y e l l o w , show a t l e a s t 

two w e l l r e s o l v e d , and a few u n r e s o l v e d b r o w n i s h pigments below the 

the a n t h o c y a n i n s p o t No. 4 ( F i g . 8.1:. G o p a l spermoderm, s t a g e I I I ) . A 
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p h o t o g r a p h o f t h e s e s p o t s i s shown e l s e w h e r e ( F i g . . 1 9 . 3 ) . As no t e d by 

M u l l i c k , F a r i s , B r i n k , and A c h e s o n (1958)., the b r o w n i s h pigments c o n s i d e r 

a b l y i n f l u e n c e the r e s o l u t i o n and a l s o , the unambiguous d e t e c t i o n o f the 

a n t h o c y a n i n bands p r e s e n t i n t h a t r e g i o n . The r e s o l u t i o n and R f v a l u e s 

p a r t i c u l a r l y , o f the a n t h o c y a n i n s p o t s No. 1 and 2 o f the whole seed and 

spermoderm e x t r a c t s a r e , t h e r e f o r e , not p r e c i s e . W i t h t h i s b a c k g r o u n d , 

the r e s u l t s o f the spermoderm s t a g e I I I e x t r a c t s o f G o p a l w i l l be des

c r i b e d . 

The Rf v a l u e s o f the a n t h o c y a n i n s o f t h i s e x t r a c t a r e shown i n 

F i g . 8.1. F o r the purposes o f p u r i f i c a t i o n , t he e x t r a c t was banded on 
f 

Whatman paper No. 3. The s o l v e n t f r o n t was r u n o f f t o a c h i e v e g r e a t e r 

s e p a r a t i o n o f the bands. The f a s t - m o v i n g u n r e s o l v e d a n t h o c y a n i n component 

( F i g . 8.1) was not r e c o v e r e d . B a n d i n g was found t o be e x t r e m e l y s u p e r i o r 

t o s p o t t i n g inasmuch as i t l e n t a g r e a t e r measure o f c o n f i d e n c e i n the 

d e t e c t i o n o f even weak a n t h o c y a n i n s . I n the r e g i o n o f a n t h o c y a n i n s p o t 

No. 1 ( F i g . 8 . 1), i n f a c t , two a n t h o c y a n i n bands superimposed by the 

b r o w n i s h pigments were d e t e c t e d . The b r o w n i s h r e d e l u a t e s t u r n e d b l a c k i s h 

upon volume e v a p o r a t i o n t o d r y n e s s i n vacuo. The b l a c k i s h m a t e r i a l was 

q u i c k l y r e d i s s o l v e d i n the a c i d i f i e d m e t h a n o l , i t d i d t u r n s l i g h t l y 

r e d d i s h , but upon chromatography, no a n t h o c y a n i n s were r e c o v e r e d . A l l 

the r e m a i n i n g a n t h o c y a n i n ' e l u a t e s were chromatographed. s i m u l t a n e o u s l y , 

by b a n d i n g on Whatman paper No. 3 i n the BAW s o l v e n t . The s o l v e n t f r o n t s 

had t o be r u n o f f i n the i n t e r e s t o f r e s o l u t i o n . . The r e l a t i v e r e s o l u t i o n , 

o r the r e l a t i v e d i s t a n c e s t r a v e l l e d by the a n t h o c y a n i n s p o t s o b t a i n e d 

from each e l u a t e a r e shown i n F i g . 8,3. 

The v i s i b l e c o l o r s a r e no t e d on the l e f t and u l t r a v i o l e t on 

the r i g h t o f each s p o t ( F i g . 8.3). C o l o r d i f f e r e n t i a t i o n i s s u b j e c t i v e ; 
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S t a n d a r d c h r o m a t o g r a p h i c t e c h n i q u e s y i e l d e d many a n t h o c y a n i n s from 
few on re c h r o m a t o g r a p h y o f the spermoderm.eluates. The i n v i v o 
c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s , and t h e i r t e n d e n c y t o s p l i t i n  
v i t r o , i s i n d i c a t e d . The upper case l e t t e r s a s s o c i a t e d w i t h the 
ch r o m a t o s p o t s a r e c o l o r d e s i g n a t i o n s . 

the c o l o r s p e c i f i c a t i o n o f each a n t h o c y a n i n spot i s , t h e r e f o r e , t r y i n g . 

D i f f i c u l t i e s i n c o l o r judgment a r i s e due t o q u a n t i t a t i v e v a r i a t i o n o f 

a n t h o c y a n i n s , and t o s u p e r i m p o s i t i o n o f the y e l l o w i s h copigments on the 

paper. Wide v a r i a t i o n s i n hues and, o c c a s s i o n a l l y , i n b a s i c c o l o r d e s i g 

n a t i o n s o c c u r even i n the Ridgway's, the R o y a l H o r t i c u l t u r a l S o c i e t y ' s , 

and the P r i n t e r s ' c o l o r c h a r t s . A l l a n t h o c y a n i n s p o t s , b a s i c a l l y , were 

r e d , but t h e y showed d i s t i n c t i v e v a r i a t i o n s i n hue; the r e d were 'shaded' 

w i t h b l u e , brown o r orange. The hue o f the b a s i c r e d c o l o r o f the 

a n t h o c y a n i n s has been denoted by a d d i t i o n a l words, e.g., RBI means t h a t 

the s p o t i s b a s i c a l l y r e d but shows d e f i n i t e b l u e n e s s and so on. A l t h o u g h 

t h i s system o f c o l o r c l a s s i f i c a t i o n may l a c k p r e c i s i o n , i t n o n e t h e l e s s 
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shows the d i f f e r e n c e s between r e d s p o t s i n f a m i l i a r terms. 

I t w i l l be noted from F i g . 8.3 t h a t s e v e r a l a n t h o c y a n i n s p o t s 

o b t a i n e d from the r e c h r o m a t o g r a p h y o f each e l u a t e d i f f e r from one a n o t h e r 

on the b a s i s o f c o l o r . The a n t h o c y a n i n e l u a t e o f the spot No. 2 ( F i g . 

8.1) t u r n e d r e d d i s h y e l l o w brown i n the c o u r s e o f e v a p o r a t i o n i n v a c u o , 

and gave a weak a n t h o c y a n i n band; s e v e r a l y e l l o w i s h brown bands were a l s o 

p r e s e n t on the paper. The r e c h r o m a t o g r a p h y o f the o t h e r e l u a t e s was r e l a 

t i v e l y s t r a i g h t f o r w a r d , e x c e p t t h a t o f e l u a t e s No. 9 and 10, w h i c h a l s o 

showed a g r e a t d e a l o f d e g r a d a t i o n i n the c o u r s e o f t h e i r c o n c e n t r a t i o n 

i n vacuo. The e l u a t e marked '5-6' was o b t a i n e d from the r e g i o n between 

band No. 5 and 6; i t was not d e t e c t a b l e i n chromatograms r u n by s p o t t i n g 

( F i g . 8.1), and denotes the s u p e r i o r i t y o f b a n d i n g over, s p o t t i n g . I t 

s h o u l d be n o t e d from F i g , 8.3 t h a t some e l u a t e s s p l i t i n t o two major com

ponents (see e l u a t e No. 5-6 and, a l s o No. 3, the l a t t e r , however, does 

show the p r e s e n c e of two a n t h o c y a n i n s i n t r a c e s ) , w h i l e o t h e r s s p l i t i n t o 

s e v e r a l components. The s p l i t components r e s o l v e b o t h above and below 

the major component. F o r i n s t a n c e , the s p o t No. 4, o f e l u a t e No. 5 ( F i g , 

8.3) i s the e q u i v a l e n t o f s p o t No. 5 o f F i g . 8.1, and i t , shows two a n t h o 

c y a n i n s above and t h r e e below i t i n the same c h r o m a t o g r a p h i c s o l v e n t . I t 

w i l l be seen t h a t a t o t a l o f 37 a n t h o c y a n i n s were r e c o v e r e d from 10 

e l u a t e s . Some s p o t s must be i d e n t i c a l t o one a n o t h e r inasmuch as t h i s 

was o n l y the f i r s t p u r i f i c a t i o n and, t h e r e f o r e , does not i n d i c a t e an 

e q u i v a l e n t d i v e r s i t y i n , v i v o . E x t r a c t s were not a v a i l a b l e i n s u f f i c i e n t 

q u a n t i t y t o u n d e r t a k e f u r t h e r p u r i f i c a t i o n and i d e n t i f i c a t i o n . 
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8.3. DISCUSSION 

8.3.1. P r e p a r a t i o n and G r a d a t i o n o f D e v e l o p i n g P l a n t M a t e r i a l 

V a r i a t i o n s i n the t i m e s o f t i l l e r p r o d u c t i o n and v a r i a b i l i t y 

i n pigment e x p r e s s i o n a t t r i b u t a b l e t o c l i m a t i c changes makes the d e t e r -

m i n a t i o n o f p h y s i o l o g i c a l age d i f f i c u l t . 

The c r i t e r i o n used i n t h i s s t u d y f o r a p p r o x i m a t i n g the s u c 

c e s s i v e s t a g e s o f pigment development i s a r b i t r a r y but i s q u i t e dependable 

i n a r e l a t i v e way. Thus i f a l a r g e q u a n t i t y of p l a n t m a t e r i a l i s 

h a r v e s t e d a t a t i m e , the t i s s u e s showing d i f f e r e n t s t a g e s o f c o l o r 

development can be a s s o r t e d e a s i l y ; a n . o v e r l a p between the two s u c c e s s i v e 

s t a g e s when the d i f f e r e n t s t a g e s o f development a r e c o l l e c t e d a t one 

time i s , t h u s m i n i m i z e d . T h i s p r o c e d u r e , however, r e q u i r e d a l a r g e 

number o f p e r s o n s f o r manual p e e l i n g so t h a t the h a r v e s t e d m a t e r i a l 

c o u l d be p r o c e s s e d q u i c k l y and a u t o l y s i s m i n i m i z e d . 

8.3.2. E x t r a c t i o n 

I n t h e c o u r s e o f i n v e s t i g a t i o n s on the g r a i n t i s s u e s ( M u l l i c k 

e t a l , , 1958; M u l l i c k , 1 959), i t was o b s e r v e d t h a t m e t h a n o l , b e i n g m o r e 

p o l a r , gave b e t t e r e x t r a c t i o n of a n t h o c y a n i n s t h a n e t h a n o l . I t was a l s o 

o b s e r v e d (Sec. 5 and 7) t h a t a n t h o c y a n i n s showed v a r i a t i o n s i n s o l u b i l i t y 

i n the aqueous, and the e t h a n o l i c s o l v e n t s . A l t h o u g h the r e a s o n s f o r 

t h i s v a r i a b i l i t y a r e p o o r l y u n d e r s t o o d , i t was d e c i d e d t o use the s o l v e n t 

most commonly used by acknowledged a u t h o r i t i e s i n the f i e l d , f o r : 

i n s t a n c e Harborne ( 1 9 5 8 ) . A c c o r d i n g l y , e t h a n o l was r e p l a c e d by m e t h a n o l , 

the l a t t e r was t h e n c o n s i s t e n t l y used t h r o u g h o u t the c o u r s e o f i n v e s t i 

g a t i o n s r e p o r t e d h e r e i n . 
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The c o l l e c t i o n o f c a r y o p s i s t i s s u e s by p e e l i n g i n q u a n t i t i e s 

s u i t a b l e f o r a c c u r a t e w e i g h i n g i s a h i g h l y time' consuming p r o c e s s . . To 

m i n i m i z e a r t e f a c t p r o d u c t i o n due t o a u t o l y s i s , t he t i s s u e s f o l l o w i n g 

p e e l i n g were, t h e r e f o r e , i m m e d i a t e l y e x t r a c t e d i n the a c i d i f i e d m e t h a n o l . 

Thus, w e i g h i n g was not u n d e r t a k e n . I n e v i t a b l y , a compromise had t o be 

s t r u c k between q u a n t i f i c a t i o n on one hand and a r t e f a c t p r o d u c t i o n on the 

o t h e r . 

8.3.3. P r o c e s s i n g P r i o r t o Chromatography 

The chromatography o f a n t h o c y a n i n e x t r a c t s r e p r e s e n t i n g d i f f e r 

e n t s t a g e s o f a n t h o c y a n i n ontogeny posed p r a c t i c a l problems w h i c h 

n e c e s s i t a t e d a r e - e x a m i n a t i o n o f the p r o c e d u r e f o r p r o c e s s i n g a n t h o c y a n i n 

e x t r a c t s p r i o r t o chromatography. The t i s s u e s i n w h i c h a n t h o c y a n i n s a r e 

b e g i n n i n g t o d e v e l o p ( s t a g e I ) , as compared t o the same t i s s u e a t maximum 

c o l o r development ( s t a g e I I I ) , abound i n methanol s o l u b l e n o n - a n t h o c y a n i n 

c o n t a m i n a n t s . D i f f e r e n c e s i n the q u a n t i t y o f the non-artthocyanirt con

taminant's i n a n t h o c y a n i n e x t r a c t s a t d i f f e r e n t s t a g e s o f development 

c r e a t e d c h r o m a t o g r a p h i c p r o b l e m s ; r e l a t i v e l y fewer a p p l i c a t i o n s on the 

paper o f the e x t r a c t ( s t a n d a r d i z e d on the b a s i s o f t i s s u e d r y w e i g h t 

f o l l o w i n g p r e l i m i n a r y e x t r a c t i o n ) o f s t a g e I as compared t o s t a g e I I I 

caused o v e r l o a d i n g o f chromatography p a p e r . C o n s e q u e n t l y , e q u a l 

q u a n t i t i e s o f a n t h o c y a n i n s c o u l d not be d e p o s i t e d on the paper. I n 

r e a l i t y , q u a n t i f i c a t i o n was not n e c e s s a r y f o r t h i s p i l o t i n q u i r y w h i c h 

b a s i c a l l y sought t o d e t e r m i n e i f , i n d e e d , t h e r e were any d e v e l o p m e n t a l 

sequences o f a n t h o c y a n i n s . What was i m p o r t a n t i n t h i s s t u d y was the 

c h r o m a t o g r a p h i c r e s o l u t i o n o f the p i g m e n t s , and the d e t e r m i n a t i o n o f the 

number o f a n t h o c y a n i n s p r e s e n t a t each s t a g e o f development. Inasmuch 
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as the c h r o m a t o g r a p h i c r e s o l u t i o n i s i n f l u e n c e d , g r e a t l y by the p u r i t y o f 

the compounds, the method o f p r o c e s s i n g the a n t h o c y a n i n e x t r a c t s d e s c r i b e d 

i n s e c t i o n 8.1.3 was u n d e r t a k e n t o reduce c o n t a m i n a t i o n w i t h o u t l o s s o f 

a n t h o c y a n i n pigment. 

8.3.4. A n t h o c y a n i n s o f the P u r p l e V a r i e t i e s 

A l t h o u g h most o f the c o n c o m i t a n t s were removed d u r i n g p r o c e s s i n g , 

the s t a g e I e x t r a c t s c o u l d not be f r e e d o f a l l the C o n t a m i n a n t s . A l t h o u g h 

s t a g e I t i s s u e s had t o be e x t r a c t e d i n l a r g e r q u a n t i t i e s , as compared to 

the s t a g e I I I t i s s u e s , the e x t r a c t s o b t a i n e d i n no case gave as i n t e n s e 

e x t r a c t s . F u r t h e r c o n c e n t r a t i o n and removal o f c o n t a m i n a n t s from the 

s t a g e I e x t r a c t s was not a t t e m p t e d because the a n t h o c y a n i n s were o b s e r v e d 

t o fade i n the p r o c e s s o f volume r e d u c t i o n and h a n d l i n g . P e r h a p s , t h e 

c o n t a m i n a n t s would have been m i n i m i z e d , had o n l y the t i s s u e r e g i o n s 

c o n t a i n i n g a n t h o c y a n i n s been used f o r e x t r a c t i o n , as was done f o r the 

t i s s u e s used i n s e c t i o n 5. The s p o t t i n g o f s t a g e I e x t r a c t s , t h e r e f o r e , 

had t o be u n d e r t a k e n v e r y c a r e f u l l y . S e v e r a l - c h r o m a t o g r a m s w i t h d i f f e r 

e n t q u a n t i t i e s o f s t a g e I e x t r a c t s had t o be r u n t o make su r e o f the 

number o f a n t h o c y a n i n s p o t s p r e s e n t . 

I n a l l the t i s s u e s , e x c l u d i n g , awn t i p s , the number o f a n t h o 

c y a n i n s p o t s i n c r e a s e s w i t h t h e p r o g r e s s i v e s t a g e s o f pigment ontogeny 

i m p l y i n g s t e p - w i s e b i o g e n e s i s o f a n t h o c y a n i n s . A t s t a g e I , o n l y two o r 

a t most t h r e e a n t h o c y a n i n s p o t s were p r e s e n t . The slow-moving a n t h o 

c y a n i n s were c o n s p i c u o u s l y a b s e n t ; i n the chromatogram r e g i o n where on 

might e x p e c t them t o be p r e s e n t , was found a c l e a r - c u t p a l e y e l l o w s t r e a k , 

w h i c h d i d not show a n t h o c y a n i n c o l o r s even i n t r a c e s . I n h u l l s , the 

p a l e y e l l o w s t r e a k a l m o s t d i s a p p e a r e d when the slow-moving a n t h o c y a n i n s 



appear a t s t a g e I I I . The d i s a p p e a r a n c e o f the y e l l o w ' s t r e a k , i s sugges

t i v e but i s not a s t r o n g , argument i n f a v o u r c f ; t h e s t e p - w i s e o ntogeny, 

because t h e r e remains a p o s s i b i l i t y t h a t most o f the y e l l o w components o f 

the s t r e a k c o u l d have been e l i m i n a t e d i n the p r o c e s s i n g o f the e x t r a c t s 

(cf.- » Sec. 8.1.3). However, i t i s u n l i k e l y t h a t t h i s c o u l d have happened 

i n a l l c a s e s . 

The i n s t a b i l i t y o f the a n t h o c y a n i n e x t r a c t s i n s t o r a g e ( f u l l y 

a p p r e c i a t e d o n l y i n the f i n a l s t a g e s o f t h i s r e s e a r c h ) , may l i k e w i s e c a s t 

doubts on the i n v o l v e m e n t o f s t e p - w i s e b i o g e n e s i s . However, i t was 

e s t a b l i s h e d i n S e c t i o n 7 t h a t the slow-moving a n t h o c y a n i n s were r e l a t i v e l 

s t a b l e on e x t e n d e d s t o r a g e , and c e r t a i n l y f o r a p e r i o d o f about t h r e e 

weeks, the e x t r a c t s used i n t h i s i n v e s t i g a t i o n remained i n s t o r a g e . I t 

was a l s o f o u n d , as r e p o r t e d i n S e c t i o n 7 t h a t s e v e r a l a n t h o c y a n i n s o f 

b a r l e y were i n c r e a s i n g l y l a b i l e as the a c i d l e v e l s i n c r e a s e d as t h e 

a c i d i f i e d a l c o h o l i c e x t r a c t s o f a n t h o c y a n i n s , w e r e a c o n c e n t r a t e d r i n , vacuoy 

I t s h o u l d be n o t e d a l s o t h a t d u r i n g the three-week s t o r a g e p e r i o d , the 

amber b o t t l e s remained i n d a r k n e s s i n the r e f r i g e r a t o r and t h a t the 

e x t r a c t s were chromatographed soon a f t e r .volume r e d u c t i o n . The a n t h o 

c y a n i n s t h e r e f o r e remained i n an e n v i r o n m e n t o f h i g h a c i d i t y o n l y f o r a 

s h o r t t i m e . Inasmuch as the s t a g e I I I e x t r a c t s w h i c h were c o n c e n t r a t e d 

and chromatographed under s i m i l a r c o n d i t i o n s ; show d i s t i n c t l y the p r e s e n c e 

o f slow-moving a n t h o c y a n i n s , the absence o f the l a t t e r from s t a g e I 

e x t r a c t s does not appear t o be a consequence o f a n t h o c y a n i n d e g r a d a t i o n . 

A p a r t from the e v i d e n c e p r e s e n t e d above, the s t u d i e s d e s c r i b e d 

e l s e w h e r e , f o r i n s t a n c e the absence o f the slow-moving a n t h o c y a n i n s a t 

s t a g e I e x t r a c t s o f G o p a l ( F i g . 5 . 3 ) , the d e a c y l a t i o n o f a n t h o c y a n i n s 

and the p r e s e n c e o f s e v e r a l new a n t h o c y a n i n s toward m a t u r i t y ( S e c . 7) 
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s u p p o r t a dynamic view o f a n t h o c y a n i n development i n b a r l e y t i s s u e s . The 

c o n c l u s i o n r e c e i v e s s u p p o r t from work w i t h grape t i s s u e s and c u l t u r e d 

p e t a l s of I m p a t i e n s b a l s a m i n a . B o c k i a n e t a l . (1958) found t h a t the o r d e r 

o f pigment development i n m a t u r i n g grapes was: m a l v i d i h d i g l u c o s i d e , 

m a l v i d i n m o n o g l u c o s i d e , d e l p h i n i d i n g l u c o s i d e , p e t u n i d i n g l u c o s i d e , and 

f r e e m a l v i d i n . They s u g g e s t e d t h a t the o c c u r r e n c e o f f r e e m a l v i d i n towards 

m a t u r i t y was c o n t r a r y t o the h y p o t h e s i s t h a t i n the d e v e l o p i n g t i s s u e s , 

a n t h o c y a n i n s a r e formed a t the expense o f a n t h o c y a n i d i n s . The R u s s i a n 
• \ ' i 

w o r k e r s N u t s u b i d z e and G u l b a n i (1959) found t h a t f r e e a n t h o c y a n i d i n s are 

formed d u r i n g the p e r i o d o f r a p i d growth o f the v e g e t a t i v e t i s s u e s o f 

grape v i n e s . The a n t h o c y a n i n s i n the l e a v e s a r e formed towards the end 

o f growth p e r i o d . The m a l v i d i n and p e o n i d i n g l u c o s i d e s appear f i r s t i n 

g r e a t e s t c o n c e n t r a t i o n and a r e f o l l o w e d by t h o s e o f d e l p h i n i d i n and p e t u n i 

d i n . K l e i n and Hagan (1961) r e p o r t e d the m o n o g l y c o s i d e a p p e a r e d ^ b e f o r e 

the d i g l y c o s i d e s i n I m p a t i e n s b a l s a m i n a . 

No f r e e a n t h o c y a n i d i n s were d e t e c t e d i n t h i s i n v e s t i g a t i o n , ( s e e 

Sec. 10.3, band I , and Sec. 2 3 ) . I t may be added t h a t t h e , r e s u l t s o f 

a n t h o c y a n i n h y d r o l y s i s a l s o s u p p o r t the s t e p - w i s e e l a b o r a t i o n o f a n t h o -

c y a n i n s . 

The a n t h o c y a n i n changes o c c u r r i n g i n the s e p a r a t e t i s s u e s o f 

c a r y o p s i s p a s t e a r l y h a r d dough s t a g e c o u l d not be i n v e s t i g a t e d because 

p e e l i n g becomes d i f f i c u l t . I t was, however, n o t e d i n S e c t i o n 4 t h a t 

a n t h o c y a n i n s i n c e r t a i n t i s s u e s , f o r i n s t a n c e , lemmas and awn t i p s were 

o b s e r v e d t o f a d e under f i e l d c o n d i t i o n s upon m a t u r i t y . The r e s u l t s w i t h 

awn t i p s s u g g e s t t h a t even the d i s a p p e a r a n c e o f a n t h o c y a n i n s may be 

s t e p - w i s e ( F i g , 8.2): the a n t h o c y a n i n s w h i c h d e v e l o p l a t e may d i s a p p e a r 

e a r l y . I n g e n e r a l , l i t t l e i s known of t h e c a t a b o l i c pathways o f 
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a n t h o c y a n i n s . The o n l y work i n the a r e a i s t h a t of Paech a n d ' E b e r h a r d t 

(1952) who showed t h a t an a n t h o c y a n i n ' d e c o l o r i z i n g ' enzyme, w h i c h was 

a b s e n t i n young l e a v e s o f C y d o n i a . m a u l e i was a c t i v e i n o l d e r l e a v e s . B i o -

g e n e t i c a l c o n s i d e r a t i o n s n e c e s s i t a t e t h a t the c a t a b o l i s m o f a n t h o c y a n i n s i n 

awn t i p s must be e x p l o r e d f u r t h e r . Perhaps t o o much emphasis s h o u l d not be 

p l a c e d on the c a t a b o l i c breakdown o f a n t h o c y a n i n s r e p o r t e d above because 

o f the i t i v i t r o i n s t a b i l i t y o f a n t h o c y a n i n s t o be d e a l t w i t h i n subsequent 

s e c t i o n s o f the t h e s i s (see Sec. 11, 12, 13, 15, 19, 23 and 2 4 ) . 

A l t h o u g h the a n t h o c y a n i n p a t t e r n s i n a l l o f the m a t e r n a l g r a i n 

t i s s u e s o f G o p a l Were b a s i c a l l y s i m i l a r (Sec. 5 and F i g . 5.3), the p a t t e r n s 

i n the B l a c k H u l l e s s ( F i g . 5.1) showed some v a r i a t i o n from t i s s u e t o 

t i s s u e e s p e c i a l l y w i t h r e s p e c t t o the p r e s e n c e o f slow-moving a n t h o c y a n i n s . 

The absence o f t h e s e i n c e r t a i n t i s s u e s i s , on the b a s i s o f the d y n a m i c a l 

v i e w , u n d e r s t a n d a b l e , because the t i s s u e s were not always e q u i v a l e n t on 

the b a s i s o f c o l o r development. 

I t was c o n c l u d e d from e a r l i e r s t u d i e s (Sees. 5 and 7) t h a t the 

a n t h o c y a n i n d i s t r i b u t i o n i n the s e v e r a l m a t e r n a l t i s s u e s w i t h i n and 

between the p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l , was b r o a d l y s i m i l a r . 

However, c o m p a r i s o n o f F i g s . 8.1 and 8.2 shows t h a t the p a t t e r n i n d i f f e r 

e n t t i s s u e s o f G o p a l and B l a c k H u l l e s s changes from s t a g e t o s t a g e i n t i m e . 

A l s o , i n the 1958 s e a s o n G o p a l t i s s u e s ( F i g . 5.3) d i d not show as many 

a n t h o c y a n i n s as were found i n 1959 ( F i g s . 8.1 and 8.2). T h i s i s e x p e c t e d 

i f the s t e p w i s e e l a b o r a t i o n o f a n t h o c y a n i n s does o c c u r ; o t h e r w i s e the 

v a r i a t i o n i s a s c r i b a b l e t o the d e g r a d a t i o n o f a n t h o c y a n i n s d u r i n g h a n d l i n g . 

The i m p l i c a t i o n s of the s t e p w i s e b i o g e n e s i s o f a n t h o c y a n i n s i n 

s t u d i e s on gene a c t i o n , and i n t e r m e d i a r y m e t a b o l i s m a r e f u n d a m e n t a l , and 

the i s s u e cannot be d e t e r m i n e d h a s t i l y . A l t h o u g h the work on grape pigments 
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s u p p o r t s the b a r l e y f i n d i n g s , t he r e s u l t s o f the d i f f e r e n t . g r a p e w o r k e r s 

a r e n ot i n a c c o r d . F o r i n s t a n c e t h e r e i s the u n r e s o l v e d p o i n t r e g a r d i n g 

the o r d e r o f appearance o f a n t h o c y a n i d i n s . A g a i n B o c k i a n et. aJL.. ( l o c . c i t . ) 

. f o u n d s t h a t m a l v i d i n d i g l u c o s i d e appeared b e f o r e the m o n o g l u c o s i d e , y e t t h e 

c u r r e n t b e l i e f s i n d i c a t e t h a t s u g a r s are. added s t e p by s t e p from mono- t o 

d i - t o t r i - g l y c o s i d e s t a t e ( A l s t o n , 1964: p. 197). D u r m i s h i d z e (1955) 

found t h a t t h e r e was a c o n s i d e r a b l e q u a l i t a t i v e and q u a n t i t a t i v e v a r i a t i o n 

i n a n t h o c y a n i n s o f s e v e r a l v a r i e t i e s o f grape, y e t A l b a c h , Kepner and 

D i n s m o o r (1959) a n a l y s e d t he a n t h o c y a n i n s o f 125 v a r i e t i e s o f grapes and 

found o n l y q u a n t i t a t i v e v a r i a t i o n s . The work w i t h b a r l e y t o t h i s p o i n t 

b e g i n s t o p o i n t t o the f a c t t h a t c u r r e n t methods o f e x t r a c t i n g and 

s t u d y i n g a n t h o c y a n i n s r e s u l t i n c o n s i d e r a b l e d e g r a d a t i o n . F i r m d e c i s i o n s 

on the s t e p w i s e b i o g e n e s i s w o u l d be c o n t i n g e n t upon u n d e r s t a n d i n g the 

f a c t o r s a f f e c t i n g a n t h o c y a n i n s t a b i l i t y . F o r t h i s r e a s o n , t h i s s e c t i o n 

has been t i t l e d ' P r e l i m i n a r y ' . 

8.3.5. A c o m p a r i s o n o f the r e s u l t s ( F i g . 8.1) o b t a i n e d when the t i s s u e s 

were e x t r a c t e d w i t h MeOH - cone. H C l ( 9 9 : 1 ; v / v ) , and MeOH - cone. H C l 

(97:3; v / v ; Harborne l o c . c i t . ) i s i n f o r m a t i v e . S i n c e t he t i s s u e s used i n 

the e x t r a c t i o n s d i d not r e p r e s e n t the same p h y s i o l o g i c a l age, i t can not 

be s t a t e d w h e t h e r o r not the d i s a p p e a r a n c e o f c e r t a i n a n t h o c y a n i n s , when 

Harb o r n e ' s s o l v e n t was us e d , i s p h y s i o l o g i c a l l y i n d u c e d , o r s o l v e n t i n d u c e d 

(due t o e x c e s s a c i d ) . However, the s t u d i e s d e s c r i b e d i n S e c t i o n 23 i n d i c a t e 

t h a t the d i f f e r e n c e a r e l i k e l y t o be due t o the e x c e s s c o n c e n t r a t i o n o f 

a c i d i n H a r b o r n e ' s s o l v e n t . 

8.3.6. The f a s t e s t moving a n t h o c y a n i n component ( R f 0.97: see Sec. 5) was 

not d e t e c t e d i n any e x t r a c t ; i t s a b s e n c e , as e x p e c t e d , i s due t o the 
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extreme l a b i l i t y o f the a c y l a t e d o r g a n i c r e s i d u e ( S e c . 7.3.7). The second 

f a s t - m o v i n g component ( R f v a l u e range 0.8 t o 0.9: Sec. 5) was p r e s e n t o n l y 

i n the spermoderm t i s s u e s and gave R f v a l u e . o f o n l y 0.75 ( F i g . 8.1). The 

h i g h Rf v a l u e range found p r e v i o u s l y ( S e c , 5) appears t o be due t o tempera

t u r e v a r i a t i o n s . A t h i g h e r t e m p e r a t u r e (30°C) used e a r l i e r , t he s e a l i n g 

p e t r o l a t u m m e l t s and some s o l v e n t v a p o u r s escape t h e r e b y a f f e c t i n g the 

vapour e q u i l i b r i u m w i t h i n the chromatography j j a r , and i n t u r n the r a t e o f 

movement o f the s o l v e n t on the paper. T h i s f a s t - m o v i n g component was 

ab s e n t from o t h e r t i s s u e s . 

The work was r e p e a t e d i n 1960. The c o l l e c t i o n o f t i s s u e s t o o k 

a p e r i o d o f about t h r e e months. When the e x t r a c t s were p r o c e s s e d and 

chromatographed l a t e r , the f a s t - m o v i n g a n t h o c y a n i n s d i d not appear i n 

most c a s e s . Thus, the absence o f f a s t - m o v i n g a n t h o c y a n i n s may not be due 

t o p h y s i o l o g i c a l age but e n t i r e l y due t o t i m e - i n d u c e d d e g r a d a t i o n t h a t 

ensues i n s t o r a g e . The absence i n awn t i p s , however, c o u l d be due t o 

p h y s i o l o g i c a l age. These f a c t s were not a p p r e c i a t e d c l e a r l y u n t i l the 

d a t a i n c l u d e d i n S e c t i o n s 5 and 7 were r e c o m p i l e d w i t h r e f e r e n c e t o the 

time t a k e n i n e x t r a c t i o n , p r o c e s s i n g and s t o r a g e p r i o r t o the chromato

graphy. 

8.3.7. The C o l o r Competence o f P e r i c a r p 

The d e l i n e a t i o n o f c o l o r competence o i j - i p e r i c a r p l a y e r (c_f. , Sec. 

3, 4, 5 and,., a l s o T a b l e s 27.1 t o 27.XX) has been, p r o b l e m a t i c a l . I t was 

shown p r e v i o u s l y ( F i g . 5.1) t h a t p e r i c a r p c o n t a i n e d the same number o f 

a n t h o c y a n i n s as d i d the spermoderm. However i n t h i s s t u d y o n l y a few 

a n t h o c y a n i n s were r e c o v e r e d . The r e a s o n s f o r t h i s d i s c r e p a n c y were n o t e d 

i n the p e e l i n g p r o c e s s . S i n c e the p e r i c a r p t i s s u e b e g i n s d e v e l o p i n g 
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pigments ( i f a t a l l ) o n l y around the h a r d dough s t a g e , the s t a g e a t w h i c h 

the p e e l i n g o f p e r i c a r p near the a p i c a l end becomes d i f f i c u l t , the a n t h o 

c y a n i n s o f p e r i c a r p shown e l s e w h e r e i n F i g . 5.1 a r e l i k e l y d e r i v e d from 

the a d h e r i n g spermoderm. The p r e s e n c e o f a few a n t h o c y a n i n s r e c o r d e d i n 

F i g . 8.2 c o u l d have been due e i t h e r t o the t r a n s f e r e n c e o f c o l o r by f i n g e r s 

i n the p e e l i n g p r o c e s s , o r t o the minute a d h e r i n g spermoderm t i s s u e s . I t 

i s , however, e n t i r e l y p o s s i b l e t h a t the c o l o r may d e v e l o p i n h e r e n t l y i n 

the p e r i c a r p t i s s u e around the h a r d dough ,stage. I t i s n o t a b l e t h a t 

a l t h o u g h the spermoderm o f 36-B1 B l - 2 1 does, d e v e l o p a n t h o c y a n i n s a t the 

s l i t , t he p e r i c a r p remains a b s o l u t e l y c o l o r l e s s . 

The d i f f i c u l t y o f p e e l i n g p e r i c a r p near the a p i c a l end s u g g e s t s 

t h a t a d p o s i t i o n o f t h i s t i s s u e a g a i n s t spermoderm, o c c u r r i n g as a cons e 

quence o f g r a i n m a t u r i t y , b e g i n s from the a p i c a l end.. 

8.3.8. These s t u d i e s c o n f i r m the p r e v i o u s f i n d i n g s (Sec. 5) t h a t d e l p h i n 

i d i n i s a b s e n t from the m a t e r n a l g r a i n t i s s u e s . A l s o , no l e u c o a n t h o 

c y a n i n s were d e t e c t e d i n the c o l o r l e s s s t a g e o f t i s s u e s , b o t h when the 

t i s s u e s o r t h e i r e x t r a c t s were h y d r o l y z e d d i r e c t l y . 

8.3.9. The o b s e r v a t i o n s on the p r o b a b l e d e a c y l a t i o n o f a n t h o c y a n i n s d u r i n g 

development, and the e l a b o r a t i o n o f new a n t h o c y a n i n s toward m a t u r i t y (Sec. 

5 and 7) i n d i c a t e d t h a t a n t h o c y a n i n s a r e a c t i v e l y i n v o l v e d i n i n t e r m e d i a r y 

m e t a b o l i s m . The ephemeral p r e s e n c e o f a n t h o c y a n i n s i n the spermoderm a t 

the the lemma-palea s l i t (36-B1 B l - 2 1 ) f u r t h e r s u p p o r t s the i n v o l v e m e n t o f 

a n t h o c y a n i n s i n m e t a b o l i s m . S i n c e the r e g i o n o f the spermoderm c o v e r e d by 

the lemma-palea does not d e v e l o p a n t h o c y a n i n s , i t i s p o s s i b l e t h a t g e n e t i c 

e x p r e s s i v i t y o f a n t h o c y a n i n s i s i n f l u e n c e d by the w a v e l e n g t h s o f l i g h t 
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f i l t e r e d by lemma and p a l e a . 

8.3.10. I t i s g e n e t i c a l l y s i g n i f i c a n t t h a t o n l y two a n t h o c y a n i n s , one a 

s t r o n g and the o t h e r v e r y weak, were r e c o v e r e d from the lemma v e i n s o f 

3 6 - B l B l - 2 1 . Inasmuch as the a n t h o c y a n i n e x p r e s s i o n i n v e i n s i s d e t e r m i n e d 

by an i n d e p e n d e n t s e t o f t h r e e dominant gene p a i r s ( B u c k l e y , 1930), i t 

appears n e c e s s a r y t h a t s e p a r a t e a n a l y s i s o f b o t h the lemma v e i n s and the 

i n t e r v e i n a l r e g i o n o f lemma s h o u l d have been done f o r G o p a l and B l a c k 

H u l l e s s , w h i c h d e v e l o p a n t h o c y a n i n s i n b o t h the t i s s u e s . 

8.3.11. These s t u d i e s have e s t a b l i s h e d t h a t a t l e a s t two b r o w n i s h pigments 

o f the> slow-moving brown s t r e a k , o b s e r v e d o r i g i n a l l y i n the Combined 

t i s s u e s o f mature c a r y o p s i s ( M u l l i c k §_t a l _ . , 1958) a r e d e r i v e d from the 

spermoderm l a y e r . The n a t u r e o f t h e s e pigments remains t o be d e t e r m i n e d . . 

8.3.12. E l u t i o n and P u r i f i c a t i o n o f A n t h o c y a n i n s 

The r e s u l t s shown i n F i g . 8.3 have been i n c l u d e d o n l y t o show 

the c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s . I t i s w e l l e s t a b l i s h e d t h a t a c y 

l a t e d a n t h o c y a n i n s s p l i t o n l y i n two components upon r e c h r o m a t o g r a p h y i n 

b u t a n o l i c s o l v e n t owing t o the ease o f h y d r o l y s i s o f t h e i r e s t e r l i n k a g e 

( H a r b o r n e , 1959a, 1960). One o f the s p l i t components i s s t i l l a c y l a t e d , 

w h i l e the o t h e r d e a c y l a t e s , and i s , g e n e r a l l y , p o l y g l y c o s y l a t e d . The 

p r e s e n c e o f more t h a n two a n t h o c y a n i n s p o t s o b t a i n e d from each a n t h o c y a n i n 

band i s s u g g e s t i v e o f the g r e a t e r c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s . A t 

f i r s t i t was t h o u g h t t h a t the e x t r a components were due t o a d m i x t u r e from 

n e i g h b o u r i n g a n t h o c y a n i n bands. However, the work i n c l u d e d e l s e w h e r e 

(Sec . 19) has c l e a r l y shown t h a t the n a t u r e o f b a r l e y a n t h o c y a n i n s i s 

h i g h l y complex. The e l u t i o n and p u r i f i c a t i o n work, i n d i r e c t l y , s u p p o r t s 
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the c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s o b s e r v e d thus f a r . I t i s i m p o r t a n t 

t o i n d i c a t e t h a t t h i s type o f c o m p l e x i t y and a n t h o c y a n i n ' s p l i t t i n g ' was 

not n o t e d by Metche and U r i o n (1961) and U r i o n and Metche (1961) i n t h e i r 

s t u d i e s on the a n t h o c y a n i n pigments from the v a r i e t y v i o l e t G u i m a l a y e . 

8.4. SUMMARY 

T h i s p r e l i m i n a r y s t u d y on the ontogeny o f a n t h o c y a n i n s i n awns, 

h u l l s , and spermoderm o f the p u r p l e v a r i e t i e s , B l a c k H u l l e s s and G o p a l , 

by the u s u a l t e c h n i q u e s , s u g g e s t s t h a t t h e r e i s a s t e p w i s e b i o g e n e s i s o f 

a n t h o c y a n i n s . The c y a n i d i n d e r i v a t i v e s a r e formed f i r s t , and t h e n the 

p e o n i d i n and/or p e l a r g o n i d i n d e r i v a t i v e s . The f i n d i n g s a r e , i n a c c o r d w i t h 

the d e v e l o p m e n t a l dynamics o f a n t h o c y a n i n s i n g r a p e s . 

I m p o r t a n t l y , however, the a n t h o c y a n i n p a t t e r n s o b t a i n e d from t h i s 

s t u d y (1959 season) d i f f e r from t h o s e o f the s t u d i e s i n c l u d e d i n S e c t i o n 5 

(1958 s e a s o n ) , and from t h o s e o f the c o m p o s i t e d p e a r l i n g s o f f l i n t y g r a i n 

t i s s u e s ( M u l l i c k §_t a l _ . , 1958). A l t h o u g h the d i s c r e p a n c i e s a r e e x p l a i n a b l e 

i n terms o f the d e v e l o p m e n t a l dynamics, i n v e s t i g a t i o n s t o t h i s p o i n t began 

i n d i c a t i n g the f a c t t h a t the s t a n d a r d p r o c e d u r e s f o r p r o c e s s i n g a n t h o c y a n i n s 

r e s u l t i n c o n s i d e r a b l e a n t h o c y a n i n breakdown. Inasmuch as the i m p l i c a t i o n s 

o f the s t e p w i s e b i o g e n e s i s i n s t u d i e s on gene a c t i o n and i n t e r m e d i a r y 

m e t a b o l i s m a r e f u n d a m e n t a l , f i r m d e c i s i o n s on s t e p w i s e b i o g e n e s i s would be 

c o n t i n g e n t upon u n d e r s t a n d i n g the f a c t o r s a f f e c t i n g a n t h o c y a n i n s t a b i l i t y . 

T h i s s t u d y , a c c o r d i n g l y , i s e n t i t l e d ' p r e l i m i n a r y ' . 

The a n t h o c y a n i n competence o f the p e r i c a r p t i s s u e and the n e c e s s i t y 

f o r s t u d y i n g s e p a r a t e l y the a n t h o c y a n i n p a t t e r n s from lemma v e i n s and lemma 

i n t e r v e i n s i s d i s c u s s e d . 
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A l s o r e p o r t e d are the f i r s t a t t e m p t s a t e l u t i o n and p u r i f i c a t i o n 

of a n t h o c y a n i n s from the spermoderm. Each o f t h e e l u a t e s from t e n BAW 

a n t h o c y a n i n bands, gave upon r e c h r o m a t o g r a p h y i n BAW, t h r e e t o f i v e a n t h o 

c y a n i n s . Thus the a n t h o c y a n i n s o f b a r l e y a r e v e r y complex. The causes o f 

t h i s c o m p l e x i t y w i l l be d e a l t w i t h i n S e c t i o n 19. 
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ANTHOCYANINS & RELATED COMPOUNDS 

DEVELOPMENTAL STUDIES ON LEUCOANTHOCYANINS AND RELATED 
POLYPHENOLS IN THE MATERNAL GRAIN TISSUES 

9.1 INTRODUCTION 

The c h e m i c o - g e n e t i c a l s t u d i e s o f Stephens (1948, 1949) on A s i a t i c 

c o t t o n , o f Stephens and B l a k e s l e e (1948) on R u d b e c k i a h i r t a . o f S e y f f e r t 

(1955) on I m p a t i e n s b a l s a m i n a . and o f Coe 1955b) and r e c e n t l y o f Reddy 

(1963, 1964) on the a l e u r o n e l a y e r o f maize show t h a t g e n e t i c s o f a n t h o 

c y a n i n s and l e u c o a n t h o c y a n i n s I s i n t i m a t e l y r e l a t e d , and i n s e v e r a l c a s e s 

l e u c o a n t h o c y a n i n s may a c t as the d i r e c t p r e c u r s o r s o f a n t h o c y a n i n s . 

S e v e r a l c h e m i c a l s t u d i e s , f o r i n s t a n c e , t h o s e o f Simmonds (1954b) on 

Musa a c u m i n a t a . o f Pigman e_t a l . (1953) on s p r u c e and hemlock, o f Paech 

and E b e r h a r d t (1952) on r e d cabbage, o f S t a n s b u r y e_t a l _ . (1950) on the 

t e s t a a b f n p e a n u t k e r n e l s , and o f o t h e r s have i n d i c a t e d c l o s e r e l a t i o n s h i p 
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between a n t h o c y a n i n s and l e u c o a n t h o c y a n i n s . Y e t t h e r e are. o t h e r b i o 

c h e m i c a l s t u d i e s , f o r i n s t a n c e , t h o s e o f Stephens (1951) on c o t t o n , o f 

A l s t o n and Hagen (1958) on I m p a t i e n s b a l s a m i n a . and of F e e n s t r a ( i 9 6 0 ) on 

P h a s e o l u s v u l g a r i s . w h i c h show t h a t l e u c o a n t h o c y a n i n d i s a p p e a r a n c e and 

a n t h o c y a n i n appearance a r e not r e l a t e d . 

A l t h o u g h l e u c o a n t h o c y a n i n s do o c c u r i n m a l t ( H a r r i s , 1956) and 

b a r l e y ( M u l l i c k , F a r i s , B r i n k and A c h e s o n , 1958), t h e i r i n h e r i t a n c e i n 

b a r l e y has not been i n v e s t i g a t e d . Thus t o p r o v i d e .a b a s i s f o r the 

l e u c o a n t h o c y a n i n - a n t h o c y a n i n p r e c u r s o r r e l a t i o n s h i p i n b a r l e y , an 

' o n t o g e n e t i c ' s t u d y was u n d e r t a k e n t o d e t e r m i n e i i f l e u c o a n t h o c y a n i n s d i d 

d e v e l o p i n the m a t e r n a l t i s s u e s o f p u r p l e g r a i n s b e f o r e the development 

o f a n t h o c y a n i n s , o r i n the m a t e r n a l t i s s u e s o f a n t h o c y a n i n - f r e e s t o c k s a t 

any s t a g e o f development. 

I t was i n t e n d e d o r i g i n a l l y t o u n d e r t a k e the s t u d y o f f l a v o n o i d s 

r e l a t e d t o a n t h o c y a n i n s , and t h e i r C6-C3 p r e c u r s o r s , but the work on the 

a n t h o c y a n i n c h e m i s t r y became so i n v o l v e d and p r o l o n g e d t h a t no d e t a i l e d 

a t t e n t i o n c o u l d be g i v e n t h e s e compounds. N o n e t h e l e s s , i n the c o u r s e o f 

the s t u d i e s on the ontogeny o f l e u c o a n t h o c y a n i n s , s e v e r a l p o l y p h e n o l i c 

compounds were d e t e c t e d on c h r o m a t o g r a p h i n g the a c i d i c h y d r o l y s a t e s o f 

t i s s u e e x t r a c t s . The c h r o m a t o g r a p h i c d i s t r i b u t i o n o f t h e s e compounds i n 

the s e p a r a t e t i s s u e s o f the c a r y o p s i s a t d i f f e r e n t s t a g e s o f development 

of a few b a r l e y s t o c k s w i l l be p r e s e n t e d i n p a r t . A l t h o u g h s e v e r a l 

w o r k e r s , namely, Cook and P o l l o c k ( 1 9 5 4 ) , H a r r i s ( 1 9 5 6 ) , S e i k e l and 

Geissman ( 1 9 5 7 ) , H a r r i s and R i c k e t t s ( 1 9 5 8 ) , Sumere, H i l d e r s o n , and 

M a s s a r t ( 1 9 5 8 ) , S e i k e l and B u s h n e l l ( 1 9 5 9 ) , S e i k e l , B u s h n e l l and 

B i r z g a l i s ( 1 9 6 2 ) , R e y n o l d s , A t t e r t o n , K i r s o p and P o o l ( 1 9 6 1 ) , and M e r e d i t 

(1961, 1963) have s t u d i e d f l a v o n o i d s and p o l y p h e n o l s o f b a r l e y by 
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chromatography, the d e v e l o p m e n t a l f e a t u r e s and, a l s o the i n c i d e n c e o f t h e s 

compounds i n the s e p a r a t e t i s s u e s o f the c a r y o p s i s has not been i n v e s t i 

g a t e d p r e v i o u s l y . 

9.2 MATERIALS AND METHODS 

9.2.1. E x t r a c t i o n 

T h i s i n v e s t i g a t i o n was c a r r i e d out i n the summer o f 1959 u s i n g 

the same m a t e r i a l s w h i c h were grown f o r the s t u d i e s r e p o r t e d i n S e c t i o n 8. 

The v a r i e t i e s , B l a c k H u l l e s s and G o p a l ( p u r p l e s ) , the i s o - l i n e s 

36-B1 B l - 2 1 ( b l u e ) and 3 3 - b l b l - 1 3 ( w h i t e ) , and Gatami ( b l a c k ) , were 

chosen f o r t h i s s t u d y . The a n a l y s i s was c o n d u c t e d on awn t i p s , h u l l s , 

p e r i c a r p and spermoderm a t d i f f e r e n t s t a g e s o f development. The t i s s u e s 

o f the p u r p l e v a r i e t i e s were c o l l e c t e d p r i o r t o the development o f 

a n t h o c y a n i n s . The t i s s u e s o f the o t h e r t h r e e v a r i e t i e s , w h i c h , i n g e n e r a l 

do not d e v e l o p a n t h o c y a n i n s e x c e p t i n awn t i p s , were c o l l e c t e d i n r e f e r 

ence t o the p h y s i o l o g i c a l s t a t e o f k e r n e l m a t u r a t i o n , v i z . 

s t a g e I - s o f t dough 
s t a g e I I - mid dough 
s t a g e I I I - h a r d dough 

These s t a g e s r o u g h l y c o r r e s p o n d t o the s u c c e s s i v e s t a g e s o f 

a n t h o c y a n i n development d e s c r i b e d i n S e c t i o n 8.1.1. The t i s s u e s were 

e x t r a c t e d a c c o r d i n g t o the method d e s c r i b e d i n S e c t i o n 8.1.2 u s i n g 17„ 

cone. H C l i n m e t h a n o l . The e x t r a c t s were p r o c e s s e d p r i o r t o chromato

graphy not by the method d e s c r i b e d i n S e c t i o n 8.1.3, but by the method 

d e s c r i b e d i n S e c t i o n 5.1. 
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9 . 2 . 2 . H y d r o l y s i s 

The p r o c e d u r e f o r the h y d r o l y s i s o f the t i s s u e e x t r a c t s was the 

same as t h a t d e s c r i b e d i n S e c t i o n 5 . 1 , e x c e p t t h a t the p e r i o d o f h y d r o l y s i s 

was e x t e n d e d t o h a l f an hour. 

I n a l a r g e number o f c a s e s , the t i s s u e s c o n t a i n i n g no a n t h o 

c y a n i n s were h y d r o l y s e d d i r e c t l y i n 3 N H C l by the method o f B a t e - S m i t h 

( 1 9 5 4 ) . F u r t h e r p r o c e s s i n g was c a r r i e d out as d e s c r i b e d i n S e c t i o n 5 . 1 . 

9 . 2 . 3 . Chromatography 

The chromatography was c a r r i e d out i n F o r e s t a l s o l v e n t as p e r 

c o n d i t i o n s d e s c r i b e d i n S e c t i o n 8 . 1 . 5 , e x c e p t t h a t the e x t r a c t s were 

banded on Whatman paper No. 1 , w i t h s e v e r a l c o n c e n t r a t i o n s . The concen

t r a t i o n g i v i n g the b e s t r e s o l u t i o n and d e t e c t a b i l i t y o f the s p o t s o r 

bands was used. S p o t t i n g d i d not g i v e c l e a r - c u t r e s u l t s . The chroma-

tob,andsy as u s u a l , were examined i n v i s i b l e and u l t r a v i o l e t l i g h t w i t h o u t 

t r e a t m e n t , a f t e r e x p o s i n g t o ammonia fumes and a f t e r t r e a t i n g w i t h 17o 

aluminum c h l o r i d e i n e t h e n o l ( G e i s s m a n , 1 9 5 5 ) . 

9 . 3 . RESULTS 

The u n e x t r a c t e d awn t i p s , h u l l s , p e r i c a r p , and spermoderm t i s s u e s 

o f a l l v a r i e t i e s and i s o l i n e s , a t d i f f e r e n t s t a g e s o f development, and 

t h e i r a c i d i f i e d m e t h a n o l i c e x t r a c t s were h y d r o l y s e d . The h y d r o l y s a t e s o f 

the a n t h o c y a n i n - f r e e t i s s u e s and t h e i r e x t r a c t s always gave r e d d i s h brown 

c o l o r s , w i t h o u t any b l u i s h t i n g e , i n the i s o - a m y l a l c o h o l l a y e r . A l t h o u g h 

the v i s u a l e x a m i n a t i o n o f the b r o w n i s h r e d c o l o r d i d i n d i c a t e the absence 

o f l e u c o a n t h o c y a n i n s , t o be s u r e , the h y d r o l y s a t e s o f the a c i d i f i e d 
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TABLE 9.1. 
COLOR REACTIONS AND Rf VALUES OF THE CHROMATOSPOTS FROM THE HYDROLYSATES 
OF THE AWNS, HULLS, PERICARP AND SPERMODERM EXTRACTS 

C o l o r s 
Spot 
No. 

v a l u e 
x 100 

J. 

U n t r e a t e d N H 3 Fumes A I C 1 3 

A s c - D e s c 
ent e n t V UV V UV UV 

1 100 100 Br B l Bk NC NC 
2 98 - BrG BrR NC NC -
3 98 - Y BrY NC NC 

44 98 - Y ¥-GY Y dbY GY-Gf 
5 98 - 1Y Y (DY Of -
6 96 - 1Y 1BIT' bY b G B l f B l f . 
7 95 - Dy OR' bY Of -
8 95 94 C-IY C C G B l f -
9 95 91 1Y Y f bY GYf GYf 

10 93 89 YBr l B l f * , NC b B l f B l f 
11 90 86 Y l B l G f Y C r B l f -
12 84 - C b B l f 1Y b G B l f -
13 80 78 C-IY C r B l f NC b C r B l f G B l f 
14 75 - C I B I f * * Y l G Y f GYf 
15 62 - C C C C • Y 
16 59 51 16 59 51 
17 37 - C B l f C B l f -

* B l u e v i o l e t a b s o r p t i o n under s h o r t wave 
** I n v i s i b l e under s h o r t wave 

a l c o h o l i c e x t r a c t s o f b l u e and w h i t e i s o g e n i c l i n e s , 36-B1B1-21, and 

3 3 - b l b l - 1 3 , and o f b l a c k v a r i e t y , G a t a m i , were chromatographed. These 

h y d r o l y s a t e s gave a t o t a l o f 17 s p o t s ; the v i s i b l e and u l t r a v i o l e t c o l o r s 

o f the u n t r e a t e d , ammonia t r e a t e d , and aluminum c h l o r i d e t r e a t e d spots.o 

a r e shown i n T a b l e 9.1. The d i s t r i b u t i o n o f th e s e s p o t s i n d i f f e r e n t 

s t o c k s and t i s s u e s a t d i f f e r e n t s t a g e s o f development i s shown i n T a b l e 

9 . I I . The r e s u l t s o f the p u r p l e v a r i e t i e s have been e x c l u d e d i n the 

i n t e r e s t o f b r e v i t y . However, a l l m a t e r n a l g r a i n t i s s u e s , as w e l l as 

b a s a l l e a f s h e a t h s o f the ' p u r p l e s ' p r i o r t o the appearance o f a n t h o c y a n i n s 



TABLE 9 . I I 
CHROMATOSPOTS FROM THE HYDROLYSATES OF SEVERAL GRAIN TISSUE EXTRACTS FROM 
36-B1B1-21, 3 3 - b l b l - 1 3 , AND GATAMI AT THREE STAGES OF DEVELOPMENT 

36-B1B1-21 3 3 - b l b l - 1 3 Gatami 
Spot . , 
No. Awns H u l l s P e r i c a r p Spermoderm Awns H u l l s P e r i c a r p Sermod. Awns H u l l s P e r i c . Spermod. 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

1 + + t + + - © + + £ t + + + + « + + - + + + + + + t t 
2 + + - + + - - - - + + + + + + - - + + + - + + - - + -
3 - - _ _ - _ + _ _ _ - . _ _ _ _ _ + ? + ? _ + ? 
4 - - - - - - + + - - - - - - f t - — _ _ _ 
5 _ . _ .... _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ + _ .... _ _ _ _ 
6 _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ + _ + + 

7 - - + - - # + ? + ? + ? - - - - - - + ? + ? _ _ _ 
8 - + - - - - - + + - « + + + + - • © - + + + © « - . - - -
9 + + - + - - % - - + £ - - + - - - + t - - + - - + - -

10 + + « + + # - + + + « + + + + + # + # + + + + « t t t 
11'. + * t $ t t - - + + _ _ _ _ - _ + + - _ _ -
12 - - - _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ + + _ _ _ _ 
13 - - - - + # - - - - + - - + + - ? - + ? - - - - - - - -
14 - G t t - - - - - - - - + + - - - - - - + + - - - - + ? -

15 - - - . . - _ _ _ . _ _ + + + _ . . _ _ _ _ ' _ 
16 + + - - + + - - - - t - - - - - - - - ? - - - _ - - -
17 - - - - - - - - • + • - - - - - - - - -

© ma j o r s p o t 
? d o u b t f u l 

t o 
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were h y d r o l y s e d d i r e c t l y . 

The l e u c o a n t h o c y a n i n s were not r e c o v e r e d from any m a t e r n a l 

t i s s u e o f any v a r i e t y a t any s t a g e o f development, e i t h e r by the d i r e c t 

h y d r o l y s i s o f the t i s s u e s by the method o f B a t e - S m i t h ( l o c . c i t . . ) , o r 

from the h y d r o l y s a t e s ( T a b l e 9.1) o f the t i s s u e e x t r a c t s . T a b l e s 9.1 arid 

9 . I I , however, do show the o c c u r r e n c e o f c y a n i d i n i n the b l u e i s o l i n e a t 

s t a g e I and I I o f awn t i p s , a t s t a g e I I and I I I o f h u l l s , and i n t r a c e s 

a t s t a g e I I o f spermoderm ( t r a c e s , ^ b e c a u s e a n t h o c y a n i n s i n the spermoderm 

d e v e l o p a t the lemma-palea s l i t around s t a g e I I ; ( c f . , Sees. 3 and 4 ) . 

The o c c u r r e n c e o f c y a n i d i n i n t h e s e t i s s u e s i s due t o a n t h o c y a n i n s (Sec. 

4) and not l e u c o a n t h o c y a n i n s . 

A l t h o u g h no i d e n t i f i c a t i o n was u n d e r t a k e n , s e v e r a l s p o t s 

i n c l u d e d i n T a b l e 9.1 g i v e c o l o r r e a c t i o n s c h a r a c t e r i s t i c o f f l a v o n e s , 

f l a v o n o l s and r e l a t e d f l a v o n o i d s and c i n n a m i c a c i d a n a l o g u e s . The d i s t r i 

b u t i o n c h a r a c t e r i s t i c s o f t h e s e s p o t s a t d i f f e r e n t s t a g e s o f development 

of the same t i s s u e , between the m a t e r n a l t i s s u e s o f the same v a r i e t y , as 

w e l l as d i f f e r e n t v a r i e t i e s , as summarised i n T a b l e 9 . I I , w i l l be 

e l a b o r a t e d b r i e f l y . . 

Spot No, 1 o c c u r s i n a l l c a s e s . I t i s p r o b a b l e t h a t a p a r t o f 

the brown c o l o r may be due t o s u g a r s , because s u g a r s upon a c i d i c h y d r o l y s i s 

t u r n brown and show cream c o l o r under u l t r a v i o l e t l i g h t ( B a t e - S m i t h , 1954). 

The b r o w n i s h s p o t , however, i s b l u e b l a c k under U.V. ( T a b l e 9.1). 

A l t h o u g h the b l u e b l a c k s p o t was found t o be s u r r o u n d e d w i t h the c r e a m i s h 

h a l o , i t s n a t u r e i s not u n d e r s t o o d . 

Spot No. 2 o c c u r s p r e d o m i n a n t l y i n the e a r l y s t a g e s o f a l l 

t i s s u e s . I t i s n o t a b l y a b s e n t i n the p e r i c a r p t i s s u e s o f a l l v a r i e t i e s . 

The c o l o r r e a c t i o n s i n d i c a t e t h a t i t i s due t o c h l o r o p h y l l . It w i l l be 
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n o t e d from Rf v a l u e s i n T a b l e 9.1, t h a t a l a r g e number o f s p o t s c l u s t e r 

i n t h i s r e g i o n . I t i s due t o the s u p e r i m p o s i t i o n t h a t the c o l o r o f t h i s 

s p o t appears b r o w n i s h r e d under u l t r a v i o l e t . However, i n some t i s s u e s 

p a r t i c u l a r l y i n the e a r l y s t a g e s o f spermoderm, t h i s s p o t i s v i s i b l y 

c l e a r g r e e n , and under u l t r a v i o l e t f l u o r e s c e n t p i n k . The c o n c e n t r a t i o n o f 

t h i s s p o t changes d r a s t i c a l l y w i t h m a t u r i t y . The s p o t i s a b s e n t from 

s e v e r a l t i s s u e s a t s t a g e I I I o f k e r n e l ontogeny. 

Spot No. 3 was found o n l y a t s t a g e . I o f p e r i c a r p from 

36-B1B1-21. A s p o t a t t h i s Rf v a l u e was a l s o p r e s e n t i n the p e r i c a r p and 

spermoderm o f G a t a m i , however, i t s c o l o r r e a c t i o n s appear t o be d i f f e r e n t 

f r o m t h a t o f the spot No. 3. 

Spot No. 4 appears t o be a f l a v o n o i d and was found e x c l u s i v e l y 

i n the p e r i c a r p of the w h i t e and b l u e i s o l i n e s . I n the b l u e i s o l i n e , t h i s 

s p o t , n o t a b l y , does not d e v e l o p a t s t a g e I but d e v e l o p s a t s t a g e I I and I I I . 

On the o t h e r hand, i n the w h i t e i s o l i n e , t h i s s p o t i s p r e s e n t i n l a r g e 

q u a n t i t y a t s t a g e I and d i s a p p e a r s d u r i n g the l a t e r s t a g e s o f development. 

A l t h o u g h the d e v e l o p m e n t a l f e a t u r e s o f t h i s s p o t appear t o be r e v e r s e d i n 

the w h i t e i s o l i n e , no d e f i n i t e c o n c l u s i o n can be drawn because i t i s 

d i f f i c u l t t o c o l l e c t the t i s s u e s o f the d i f f e r e n t s t o c k s a t i d e n t i c a l 

p h y s i o l o g i c a l age. N o n e t h e l e s s , i t i s c l e a r t h a t t h e r e i s a d e f i n i t e 

d e v e l o p m e n t a l p a t t e r n o f t h i s s p o t w i t h i n the i s o l i n e s . 

Spot No. 5 was found e x c l u s i v e l y i n the awn t i p s o f the b l a c k 

v a r i e t y , G a t a m i . I t was a b s e n t a t s t a g e I but was p r e s e n t o n l y a t s t a g e 

I I I . I t i s n o t a b l e t h a t m e l a n i c pigments d e v e l o p i n awn t i p s a t s t a g e 

I I I ( c f . , Sec. 4; A p p e n d i x : Sec. 2 7 ) . 

Spot No. 6 was a l s o found o n l y i n the p e r i c a r p and spermoderm 

t i s s u e s o f the b l a c k v a r i e t y , G a t a m i . I t was n o t a b l y a b s e n t a t s t a g e I I I 
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o f the p e r i c a r p . 

Spot No. 7 was p r e s e n t o n l y i n the b l u e and w h i t e i s o l i n e s and 

ab s e n t from the b l a c k v a r i e t y . I n the b l u e i s o l i n e , i t i s p r e s e n t o n l y a t 

s t a g e I I I o f the awns, and h u l l s but a b s e n t from the spermoderm. A t a l l 

d e v e l o p m e n t a l s t a g e s o f the p e r i c a r p t i s s u e from the b l u e and w h i t e i s o 

l i n e s i s p r e s e n t a s p o t a t the R f v a l u e of the s p o t No, 7. However, the 

c o l o r r e a c t i o n p f t h i s s p o t does not appear t o be s i m i l a r t o t h a t o f the 

s p o t No. 7. 

Spot No. 8 o c c u r s i n a l l the t h r e e s t o c k s . I n the b l u e i s o l i n e , 

i t does not d e v e l o p i n a l l the f o u r t i s s u e s a t s t a g e I and i s a b s e n t i n 

the h u l l s a t a l l s t a g e s of development. I n awn t i p s , i t d e v e l o p s a t 

s t a g e I I but d i s a p p e a r s a t s t a g e I I I . I n p e r i c a r p and spermoderm, i t i s 

p r e s e n t d u r i n g l a t e r s t a g e s of development. A l t h o u g h t h i s s p o t does not 

d e v e l o p i n any t i s s u e o f the b l u e i s o l i n e a t s t a g e I , i t does d e v e l o p 

i n the awn t i p s and h u l l s o f the w h i t e i s o l i n e a t s t a g e I . The d e v e l o p 

m e n t a l f e a t u r e s i n the p e r i c a r p and spermoderm o f b o t h the i s o l i n e s a r e , 

however, s i m i l a r . The s p o t i s n o t a b l y a b s e n t a t s t a g e I I I o f the awn 

t i p s and h u l l s o f t h e b l u e i s o l i n e but i t i s p r e s e n t a t s t a g e I I I o f a l l 

the f o u r t i s s u e s o f the w h i t e i s o l i n e . , I n . t h e b l a c k v a r i e t y , the s p o t i s 

p r e s e n t i n r e l a t i v e l y l a r g e amounts a t b o t h s t a g e s o f awn t i p s and h u l l s , 

but i t i s a b s e n t from p e r i c a r p and spermoderm. 

Spot No. 9 g i v e s c o l o r r e a c t i o n s o f a f l a v o n e o r a f l a v o n o l 

I t o c c u r s i n s e v e r a l t i s s u e s o f the t h r e e s t o c k s a t c e r t a i n s t a g e s o f 

development but i s a b s e n t b o t h from awn t i p s and spermoderm o f G a t a m i , 

and p e r i c a r p and awn t i p s o f 3 3 - b l b l - 1 3 . I n the b l u e i s o l i n e , i t i s 

p r e s e n t i n a l l the f o u r m a t e r n a l t i s s u e s a t s t a g e I but d i s a p p e a r s i n 

e v e r y case by s t a g e I I I . The h u l l s o f a l l the t h r e e c o l o r a n t s behave 
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i n the same manner; the s p o t , i n a l l c a s e s , i s p r e s e n t a t s t a g e I I I as a 

major s p o t . These o b s e r v a t i o n s c l e a r l y i n d i c a t e t h a t i n the p e r i c a r p t h i s 

f l a v o n o i d , and p r o b a b l y i t s g l y c o s i d i c d e r i v a t i v e s (because i t was 

o b t a i n e d by a c i d i c , h y d r o l y s i s ) , i s m e t a b o l i s e d e a r l y i n development i n 

the b l u e i s o l i n e and a c c u m u l a t e s i n the b l a c k v a r i e t y a t s t a g e I I I when 

m e l a n i n s a r e b e i n g e l a b o r a t e d . 

Spot No. 10 appears t o be a C6-C3 o r g a n i c a c i d . I t o c c u r s 

w i d e l y i n a l l m a t e r n a l t i s s u e s o f the t h r e e c o l o r a n t s a t a l m o s t a l l s t a g e s 

of development. I t i n c r e a s e s i n q u a n t i t y w i t h m a t u r i t y ( s t a g e I I I ) i n 

a l l t i s s u e s o f the b l u e and w h i t e i s o l i n e s . However, the d e v e l o p m e n t a l 

p a t t e r n i s r e v e r s e d i n the b l a c k v a r i e t y . T h i s i s p a r t i c u l a r l y c l e a r 

from the p a t t e r n i n spermoderm and p e r i c a r p o f G a t a m i , w h i c h show i t s 

maximum i n c i d e n c e a t s t a g e I ; the s p o t d i s a p p e a r s as m e l a n i n forms. 

Spot No. 11 o c c u r s i n the h u l l s o f the t h r e e c o l o r a n t s a t a l l 

s t a g e s o f development. I n the b l u e i s o l i n e , i t s i n c i d e n c e i s maximum a t 

st a g e I . The s p o t a l s o o c c u r s i n the awns o f the b l u e i s o l i n e . 

Spot No. 12 was d e t e c t e d o n l y i n the h u l l s o f the b l a c k v a r i e t y . 

Spot No. 13 i s p r e s e n t i n c e r t a i n t i s s u e s o f the b l u e and w h i t e 

i s o l i n e s but i s a b s e n t f r o m a l l t i s s u e s o f the b l a c k v a r i e t y . I n the 

h u l l s o f b l u e i s o l i n e , t h i s s p o t does not d e v e l o p u n t i l s t a g e I I , but i n 

the w h i t e i s o l i n e i t i s p r e s e n t b o t h a t s t a g e I and I I I . The s p o t , 

a l s o , d e v e l o p s i n the spermoderm o f the b l u e i s o l i n e a t s t a g e I I . 

However, the c o r r e s p o n d e n c e o f t h i s s p o t w i t h t h a t found i n the p e r i c a r p 

and spermoderm o f the w h i t e i s o l i n e i s d o u b t f u l . 

Whereas spot No. 11 i s l o c a l i s e d i n the h u l l s o f a l l the t h r e e 

c o l o r a n t s , the s p o t No. 14 i s p r e s e n t o n l y i n the awn t i p s o f the t h r e e 

c o l o r a n t s . I n the b l u e i s o l i n e , i t s p r e s e n c e i s dynamic w i t h maximum 
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q u a n t i t y a t s t a g e I I . The c o r r e s p o n d e n c e o f t h i s s p o t w i t h t h a t found i n 

the spermoderm o f Gatami i s d o u b t f u l . 

Spot No. 15 i s a c o l o r l e s s s p o t and i s d e t e c t a b l e o n l y a f t e r 

aluminum c h l o r i d e t r e a t m e n t . A l t h o u g h the s p o t was o n l y d e t e c t e d i n the 

h u l l s and awn t i p s o f the w h i t e i s o l i n e . , i t s absence from o t h e r v a r i e t i e s 

i s n ot c o n c l u s i v e because o f i t s c o l o r l e s s n a t u r e . 

Spot No. 16 i s due t o c y a n i d i n . I t s i d e n t i f i c a t i o n i s based on 

cochromatography w i t h s y n t h e t i c c y a n i d i n , and v i s i b l e and u l t r a v i o l e t 

c o l o r s . C y a n i d i n i s p r e s e n t i n c e r t a i n t i s s u e s o f the b l u e i s o l i n e , but 

o n l y a t t h o s e s t a g e s o f development w h i c h show the p r e s e n c e o f a n t h o c y a n i n s 

F o r i n s t a n c e , on the b a s i s o f f i e l d o b s e r v a t i o n s , i t was shown i n S e c t i o n 

4 t h a t i n the b l u e i s o l i n e ( A p p e n d i x : T a b l e 2 7 . X I I I ) , the awn t i p s d e v e l o p 

a n t h o c y a n i n s o n l y a t e a r l y s t a g e s o f development, and degrade by s t a g e I I I ; 

the h u l l s , on the o t h e r hand, are a n t h o c y a n i n f r e e a t s t a g e I but do 

d e v e l o p a n t h o c y a n i n s o n l y i n the v e i n s a t s t a g e s I I and I I I . These v i s u a l 

o b s e r v a t i o n s a r e f u l l y borne out by c h e m i c a l a n a l y s i s as shown i n T a b l e 

9 . I I . F u r t h e r , the p e r i c a r p t i s s u e does not d e v e l o p a n t h o c y a n i n s . The 

spermoderm, however, does show the p r e s e n c e o f c y a n i d i n I n t r a c e s a t 

s t a g e I I , because a t t h i s s t a g e a n t h o c y a n i n d e v e l o p s i n t r a c e s a t the s l i t 

bounded by lemma and p a l e a ( c f . . Sec. 4 ) . A l t h o u g h a n t h o c y a n i n s do d e v e l o p 

i n t he awn t i p s o f Gatami a t e a r l y s t a g e s o f development, the p r e s e n c e o f 

c y a n i d i n i n t h i s t i s s u e has been marked ' d o u b t f u l ' i n T a b l e 9 . I I because 

the r e d d i s h c o l o r o f the e x t r a c t had s u f f e r e d ' d e g r a d a t i o n d u r i n g p r o c e s s i n g 

Spot No. 17 was d e t e c t e d o n l y i n the awns o f the w h i t e i s o l i n e . : 



178 

9.4. DISCUSSION 

T h i s i n q u i r y on the development and l o c a l i s a t i o n o f l e u c o 

a n t h o c y a n i n s and r e l a t e d p o l y p h e n o l s was u n d e r t a k e n f o r b i o g e n e t i c a l 

r e a s o n s . I t i s o b v i o u s from the i n t r o d u c t o r y remarks t h a t the i s s u e o f 

l e u c o a n t h o c y a n i n - a n t h o c y a n i n r e l a t i o n s h i p , d e s p i t e a l a r g e number o f 

s t u d i e s i n s e v e r a l p l a n t s , s t i l l r e mains d o u b t f u l . C i r c u m s t a n t i a l e v i 

dence from s t r u c t u r a l v i e w p o i n t s u g g e s t s t h a t l e u c o a n t h o c y a n i n s do not 

a c t as p r e c u r s o r s o f a n t h o c y a n i n s . F o r i n s t a n c e , the s t r u c t u r e s o f 

n a t u r a l l y o c c u r r i n g l e u c o a n t h o c y a n i n s t h u s f a r e s t a b l i s h e d happen t o be 

f l a v a n - 3 , 4 - d i o l s . "There i s a t p r e s e n t no p r o o f , and," p r e s u m a b l y from 

c h e m i c a l v i e w p o i n t , " i n d e e d , l i t t l e p r o b a b i l i t y , " as s t a t e d by C l a r k -

L e w i s ( 1 9 6 2 ) , " t h a t c o n v e r s i o n o f f l a v a n - 3 , 4 - d i o l s i n t o a n t h o c y a n i d i n i s , 

a normal b i o s y n t h e t i c pathway." The n a t u r a l l e u c o a n t h o c y a n i n s , s t r u c t u r e s 

f o r w h i c h have been u n a m b i g u o u s l y e s t a b l i s h e d , a p a r t from the 3 , 4 - d i d l 

s u b s t i t u e n t s , e i t h e r c a r r y an h y d r o x y ! s u b s t i t u e n t a t p o s i t i o n - 8 o r no 

s u b s t i t u e n t a t p o s i t i o n - 5 . That no a n t h o c y a n i d i n s w i t h such h y d r o x y -

l a t i o n p a t t e r n s have been f o u n d i i n n a t u r e has l e d t o the b e l i e f t h a t 

l e u c o a n t h o c y a n i n s do n o t a c t as the p r e c u r s o r s o f a n t h o c y a n i n s . T h i s 

v i e w i s a l s o s t r e n g t h e n e d from o t h e r i n v e s t i g a t i o n s . Stephens (1948, 

1949) and A l s t o n and Hagan (1955) f i r s t showed t h a t l e u c o a n t h o c y a n i n s 

a c t as p r e c u r s o r s o f a n t h o c y a n i n s . However, i n t h e i r l a t e r s t u d i e s 

( S t e p h e n s , 1951; A l s t o n and Hagan, 1958), t h e y f a i l e d t o f i n d any tem

p o r a l c o r r e l a t i o n between the p r e s e n c e and absence o f l e u c o a n t h o c y a n i n s 

and a n t h o c y a n i n s i n the t i s s u e s . F e e n s t r a ( l o c . c i t . ) a l s o r e a c h e d the 

same c o n c l u s i o n s . 

E v i d e n c e t h a t l e u c o a n t h o c y a n i n s may, v e r y p r o b a b l y , be the 
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p r e c u r s o r s o f a n t h o c y a n i n s has been p r o v i d e d r e c e n t l y by the chemico-

g e n e t i c a l s t u d i e s on the a l e u r o n e pigments o f maize. Of a l l p l a n t s , 

maize has been s t u d i e d most i n t e n s i v e l y i n r e g a r d t o the g e n e t i c s o f 

anthocyanin p r o d u c t i o n . A l a r g e number o f s i n g l e and d o u b l e mutant s t o c k s 

have been o b t a i n e d , some o f w h i c h i n c e r t a i n c o m b i n a t i o n s a c c u m u l a t e 

l e u c o a n t h o c y a n i n s , .and i n other' c a s e s , a n t h o c y a n i n s . W h i l e s t u d y i n g t h e s e 

mutant s t o c k s by the i n t e r - t i s s u e c o m p l e m e n t a t i o n t e c h n i q u e (Reddy and 

Coe 9 1962)j & t e c h n i q u e t h a t has been used f o r the s t u d y o f gene a c t i o n 

sequence i n a n t h o c y a n i n b i o s y n t h e s i s , Reddy (1963, 1964)- has shown c l e a r l y 

that "there i s a common g e n e - c o n t r o l l e d pathway f o r the s y n t h e s i s o f 

leucoanthocyanidin and a n t h o c y a n i n . " 

The complete absence o f l e u c o a n t h o c y a n i n s , from the m a t e r n a l 

tissues o f b a r l e y g r a i n , w h e t h e r t h e y do o r do not d e v e l o p a n t h o c y a n i n s , 

establishes t h a t l e u c o a n t h o c y a n i n s a r e not i n v o l v e d i n the b i o s y n t h e s i s 

of anthocyanins, a t l e a s t , i n the m a t e r n a l t i s s u e s . Whether the l e u c o 

anthocyanins p r e s e n t i n the a l e u r o n e (Sec. 6) a c t as the p r e c u r s o r s of 

the a l e u r o n e a n t h o c y a n i n s , y e t remains t o be d e m o n s t r a t e d . 

Since 1959, owing t o t h e i r i n v o l v e m e n t i n b e e r c h i l l h a z e s , the 

l o c a l i s a t i o n e f r s l e a e b a n t h h c y a n i n s , o r a n t h o c y a n o g e n s , so c a l l e d because 

they y i e l d a n t h o c y a n i d i n s upon h y d r o l y s i s , has been the s u b j e c t o f s e v e r a l 

studies. A group of w o r k e r s - a t the B r e w i n g I n d u s t r y R e s e a r c h F o u n d a t i o n , 

England showed i n 1959 ( H a l l , H a r r i s and R i c k e t t s ) t h a t anthocyanogens 

were e x c l u s i v e l y l o c a l i s e d i n husks ( h u l l s ) , w h i c h were o b t a i n e d by 

s i f t i n g the c r u s h e d m a l t . P o i l o c k , P o o l and R e y n o l d s (1960) c o n t i n u e d the 

l o c a l i s a t i o n s t u d i e s i n the same l a b o r a t o r y and found t h a t no anthocyanogens 

were present i n the husks o b t a i n e d by manual p e e l i n g . T h i s was c o n f i r m e d 

by Meredith (1961). The d i s c r e p a n c y i n the e a r l i e r work was due to the 
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a d h e r i n g fragments o f the a l e u r o n e t i s s u e t o the husks ( P o l l o c k e t a l . . 

i b i d . , ) . These w o r k e r s d i d not i d e n t i f y h i s t o l o g i c a l l y the n a t u r e o f the 

a d h e r i n g f r a g m e n t s ; t h e y s t a t e d t h a t the f ragments were o n l y due t o 

a l e u r o n e . O b v i o u s l y , a l e u r o n e was not used i n a s p e c i f i c sense because 

fragments o f p e r i c a r p , spermoderm and endosperm were i n c l u d e d ( S e c . 3 ) . 

P o l l o c k and P o o l ( i b i d . ) a l s o s t u d i e d the l o c a l i s a t i o n by 

d e c o r t i c a t i n g the h u l l s and p e r i c a r p i n 50% s u l f u r i c a c i d . They found 

t h a t the " d e c o r t i c a t e d g r a i n (endosperm, a l e u r o n e , embryo, and t e s t a ) " 

c o n t a i n e d 96% o f t o t a l anthocyanogens p r e s e n t i n the whole g r a i n . S i n c e 

endosperm o b t a i n e d a f t e r p e a r l i n g the o u t e r c o v e r i n g s c o n t a i n e d o n l y 277. 

o f the t o t a l a n t h o c y a n o g e n s , P o l l o c k et. a l _ . ( i b i d . ) c o n c l u d e d t h a t b u l k 

o f the anthocyanogens were l o c a l i s e d i n the a l e u r o n e . The l o c a l i s a t i o n 

was a l s o s t u d i e d by M e r e d i t h (1961) by p e a r l i n g . The " h u l l s , f l o u r , and 

p e a r l e d g r a i n were s e p a r a t e d and c l e a n e d by s i f t i n g . " S i n c e the major 

q u a n t i t y o f anthocyanogens was found t o be l o c a l i s e d i n the f l o u r , 

M e r e d i t h c o n c l u d e d t h a t the "endosperm l a y e r s a d j a c e n t t o the h u l l a r e , 

t h e r e f o r e , the main s o u r c e o f a n t h o c y a n o g e n s " and s u p p o r t e d the f i n d i n g s 

o f P o l l o c k ejt a l _ . ( i b i d . . ) t h a t anthocyanogens were l o c a l i s e d i n the 

a l e u r o n e l a y e r . 

I t i s n o t a b l e t h a t t h e s e w o r k e r s d i d not d e t e r m i n e i f the 

spermoderm (cf.. Sec. 3) and a l s o , p e r i c a r p were, i n d e e d , f r e e o f a n t h o 

cyanogens. P o l l o c k e t a l . ( i b i d . ) , h a v e a l s o e s t a b l i s h e d t h a t a l a r g e 

q u a n t i t y o f anthocyanogens l e a c h from the d e c o r t i c a t e d b a r l e y . Thus, the 

d i s c r e p a n c y o f the 4% anthocyanogens i n the d e c o r t i c a t e d g r a i n s u g g e s t s 

t h a t s i n c e no anthocyanogens a r e p r e s e n t i n h u l l s , the 47. d i s c r e p a n c y 

c o u l d have been due t o the l o c a l i s a t i o n of anthocyanogens i n the p e r i c a r p ; 

the anthocyanogens i n the p e r i c a r p i n t u r n c o u l d have d i f f u s e d d u r i n g the 
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s u l f u r i c a c i d s t e e p i n g . 

I t was shown e l s e w h e r e ( S e c . 3 and 8) t h a t p e r i c a r p , c o n t r a r y 

t o the p r e v a l e n t b e l i e f , c o n t a i n s , a t b e s t o n l y v e r y small.amounts o f 

anthocyanins and t h a t the b u l k o f a n t h o c y a n i n s were l o c a l i s e d i n the 

spermoderm. Thus, i f anthocyanogens and a n t h o c y a n i n s have common b i o 

genetic r e l a t i o n s h i p s , the p r e s e n c e o f a n t h o c y a n i n s i n e x t r e m e l y l a r g e 

quantity i n the spermoderm o f B l a c k H u l l e s s (Sec. 3) s u p p o r t s the s u s 

p i c i o n that l e u c o a n t h o c y a n i n s might be p r e s e n t i n the t i s s u e . A c l e a r -

cut demonstration o f the absence o f l e u c o a n t h o c y a n i n s from the spermoderm~ 

i s , t h e r e f o r e , mandatory t o the c o n c l u s i o n t h a t l e u c o a n t h o c y a n i n s a r e 

e x c l u s i v e l y l o c a l i s e d i n the a l e u r o n e l a y e r . That the spermoderm and othe 

maternal t i s s u e s do not c o n t a i n l e u c o a n t h o c y a n i n s a t any s t a g e i n the 

developing g r a i n has been c o n c l u s i v e l y e s t a b l i s h e d i n t h i s s t u d y . The 

conclusion confirmsnj?; t h a t l e u c o a n t h o c y a n i n s a r e l o c a l i s e d e x c l u s i v e l y i n 

the aleurone and endosperm as c o n c l u d e d by o t h e r s ( P o l l o c k ,et a l . , i b i d : 

and M e r e d i t h , i b i d . ) 

A l t h o u g h t h i s s t u d y was u n d e r t a k e n o r i g i n a l l y t o i n v e s t i g a t e 

the incidence of l e u c o a n t h o c y a n i n s , the a n c i l l a r y i n f o r m a t i o n d e r i v e d 

from the same h y d r o l y s a t e s d e m o n s t r a t e s the q u a l i t a t i v e dynamism p f t h e s e 

polyphenolic compounds, a t d i f f e r e n t s t a g e s o f p l a n t development. Recen

t l y E l - B a s y o u n l and Towers (1964) have d e m o n s t r a t e d q u a n t i t a t i v e dynamism 

o f phenolic a c i d s o f wheat d u r i n g growth under c o n t r o l l e d e n v i r o n m e n t s . 

Although our s t u d y i s not q u a n t i t a t i v e , the c h r o m a t o g r a p h i c t e c h n i q u e 

permits conclusions on the absence and p r e s e n c e o f d i f f e r e n t compounds 

shown i n Table 9 . 1 . The r e s u l t s o f t h i s s t u d y i n d i c a t e t h a t s e v e r a l s p o t s 

e i t h e r d e v e l o p l a t e i n development ( s t a g e III) v i z . , s p o t No. 5 ( G a t a m i ) , 

spot No. 7 (36-B1B1-21), o r e a r l y i n development ( s t a g e I ) v i z . , s p o t No. 



182 

6 ( G a t a m i - p e r i c a r p ) , s p o t No. 9 ( a l l t i s s u e s o f b l u e and w h i t e l i n e s ) , o r 

o n l y a t s t a g e I I , v i z . , s p o t No. 14 ( 3 6 - B l B l - 2 1 - a w n t i p s ) , ofhe i & b s e r v a -

t i o n s I n d i c a t e t h a t the c h e m i c o - g e n e t i c a l s t u d i e s on the p a r e n t s and t h e i r 

h y b r i d s must be c a r r i e d out a t the same p h y s i o l o g i c a l , age and s t a t e o f 

the i n d i v i d u a l s t o draw dependable c o n c l u s i o n s on h y b r i d s u b s t a n c e s . T h i s 

v i e w r e c e i v e s s u p p o r t from the s t u d i e s o f Urban ( 1 9 5 9 ) , who o b s e r v e d t h a t 

the b i o c h e m i c a l s t a t e o f f l a v o n o i d s i s g r e a t l y i n f l u e n c e d by d i u r n a l 

v a r i a t i o n s . The v a r i a t i o n s p o i n t o u t the need f o r c a r e i n time o f h a r v e s t 

even t o the hour o f the day. E l - B a s y o u n i and Towers ( i b i d . ) e l i m i n a t e d 

the d i u r n a l v a r i a t i o n by u s i n g c o n t r o l l e d e n v i r o n m e n t s . Thus, f u r t h e r 

o n t o g e n e t i c s t u d i e s o f the k i n d r e p o r t e d i n S e c t i o n 8 s h o u l d be c a r r i e d 

out under r i g i d l y c o n t r o l l a b l e c o n d i t i o n s . 

The r e s u l t s a l s o i n d i c a t e t h a t some s p o t s , e.g., 1,2,9,10, e t c . , 

o c c u r i n a l l the t h r e e , namely w h i t e , b l u e and b l a c k s t o c k s . O t h e r s p o t s , 

e.g., 4,5,11,12,14, a r e t i s s u e s p e c i f i c , and some, e.g., 5, 12, 15 are 

s t o c k s p e c i f i c . W h i l e s t i l l o t h e r s a r e found b o t h i n the b l u e and the 

w h i t e , b u t ab s e n t from the b l a c k s t o c k . F o r i n s t a n c e , the f l a v o n o i d s p o t 

No. 4 d e v e l o p s e a r l y i n the w h i t e , l a t e i n the b l u e and not a t a l l i n the 

m e l a n i c v a r i e t y . S i m i l a r l y s p o t s No. 7 and 13, w h i c h a r e p r e s e n t i n the 

b l u e and w h i t e l i n e s a r e a b s e n t from the b l a c k v a r i e t y . A l t h o u g h i t w i l l 

have t o be a s c e r t a i n e d i n l a t e r s t u d i e s w h e t h e r t h e s e s p o t s a r e t o t a l l y 

a b s e n t (and t h i s appears t o be h i g h l y u n l i k e l y ) from the m e l a n i c s t o c k s 

even a t v e r y e a r l y s t a g e s o f development, t h e i r absence from the m e l a n i c 

and p r e s e n c e i n the non - m e l a n i c s t o c k s a t the c o r r e s p o n d i n g s t a t e s o f 

development l i k e l y s u g g e s t s t h a t t h e i r b i o g e n e s i s , i n the b l a c k , may be 

b l o c k e d a t p h e n y l a l a n i n e o r t y r o s i n e s t a g e ( S e c . 4: F i g . 4.2) and the 

amino a c i d s may be c h a n n e l e d towards m e l a n i n f o r m a t i o n . The a c c u m u l a t i o n 
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of the o r g a n i c a c i d s p o t No. 10 i n the non- m e l a n i c and e a r l y d i s a p p e a r a n c e 

from the m e l a n i c s t o c k s i s c i r c u m s t a n t i a l e v i d e n c e f o r the f o r e g o i n g 

c o n t e n t i o n . 

I t was p r e v i o u s l y t h o u g h t t h a t the c h e m i s t r y o f a n t h o c y a n i n s 

and m e l a n i n s may be q u i t e u n r e l a t e d ( M u l l i c k , P a r i s , B r i n k and A c h e s o n , 

1958). However, on the b a s i s o f s e v e r a l f i e l d o b s e r v a t i o n s ( S e c . 4 ) , 

the o b s e r v a t i o n s made on the b l a c k e n i n g o f a n t h o c y a n i n i s o l a t e s ( Sec. 

8.2.4., and 19. 3 . 3 ) , and a l s o on the b a s i s o f r e c e n t advances made on the 

b i o c h e m i s t r y o f p h e n o l i c compounds ( N e i s h , I 9 6 0 ) , i t was s u g g e s t e d e l s e 

where (S e c . 4) t h a t the c h e m i s t r y o f a n t h o c y a n i n s and m e l a n i n s may, i n 

f a c t , be r e l a t e d i n b i o g e n e s i s . The o b s e r v a t i o n s mentioned i n the p r e 

c e d i n g p a r a g r a p h f u r t h e r s u p p o r t the s u g g e s t i o n o f the b i o g e n e t i c 

a s s o c i a t i o n o f the m e l a n i c and f l a v o n o i d pigment systems i n b a r l e y . 

F u r t h e r s t u d i e s on the s e p a r a t e t i s s u e s o f c a r y o p s i s a r e nec

e s s a r y t o u n d e r s t a n d the p h y s i o l o g i c a l r o l e o f the o u t e r c o v e r i n g s o f 

c a r y o p s i s , and the m o l e c u l a r b a s i s o f p e r m e a b i l i t y (Sees. 21 and 2 2 ) , 

bot h so v i t a l f rom the b r e w i n g s t a n d p o i n t . 

9.5. SUMMARY 

I t was shown by M u l l i c k , F a r i s , B r i n k and Ac h e s o n (1958) t h a t 

l e u c o a n t h o c y a n i n s a r e p r e s e n t i n the c o m p o s i t e d p e a r l i n g s from the p e r i 

c a r p and a l e u r o n e t i s s u e s o f b a r l e y . H a l l , H a r r i s and R i c k e t t s ( 1 9 5 9 ) , 

b e i n g not aware o f the above f i n d i n g , showed t h a t l e u c o a n t h o c y a n i n s were 

p r e s e n t i n the hus k s . P o l l o c k , P o o l and Re y n o l d s ( 1 9 6 0 ) , and M e r e d i t h 

(1961) e s t a b l i s h e d by i n d i r e c t methods t h a t l e u c o a n t h o c y a n i n s were p r e s e n t 

not i n the husks but i n the a l e u r o n e . The l a t t e r w o r k e r s , however, d i d 
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not d e m o n s t r a t e t h a t the l e u c o a n t h o c y a n i n s were a b s e n t from the p e r i c a r p 

and spermoderm t i s s u e s . I n t h i s s t u d y , the p e r i c a r p and spermoderm 

t i s s u e s o f s e v e r a l v a r i a n t s were s e p a r a t e d by manual p e e l i n g a t s e v e r a l 

s t a g e s o f k e r n e l m a t u r a t i o n . The s t u d y e s t a b l i s h e s t h a t the t i s s u e s do 

not d e v e l o p l e u c o a n t h o c y a n i n s , w h e t h e r t h e y e v e n t u a l l y do o r do not 

d e v e l o p a n t h o c y a n i n s . Hence, the l e u c o a n t h o c y a n i n s a r e p r e s e n t o n l y i n 

the a l e u r o n e and endosperm t i s s u e s and t h e y a r e not i n v o l v e d i n the 

b i o g e n e s i s o f a n t h o c y a n i n s i n the p e r i c a r p and spermoderm t i s s u e s . 

The a n c i l l a r y i n f o r m a t i o n d e r i v e d from the above s t u d y shows 

t h a t t h e r e i s a q u a l i t a t i v e dynamism o f p o l y p h e n o l i c compounds i n awns, 

h u l l s , p e r i c a r p and spermoderm t i s s u e s a t d i f f e r e n t s t a g e s o f k e r n e l 

development. 
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DEVELOPMENT OF METHODS FOR 
CHARACTERIZING OF ANTHOCYANINS 

( S e c t i o n s 10 t o 18) 

Ha v i n g examined t h e q u a l i t a t i v e d i s t r i b u t i o n o f a n t h o c y a n i n p i g 

ments i n s e v e r a l t i s s u e s a t d i f f e r e n t s t a g e s o f development i n d i f f e r e n t 

b a r l e y s t o c k s , t he c h a r a c t e r i z a t i o n o f t h e a n t h o c y a n i n s was u n d e r t a k e n . 

C o n t r a r y t o the i n i t i a l b e l i e f s , t h e a n t h o c y a n i n s of b a r l e y were found t o 

be h i g h l y complex and a l s o l a b i l e . Thus, new'methods had t o be d e v e l o p e d 

t o s e c u r e t h e i r s t a b i l i t y and t o i d e n t i f y them. T h i s i s not t o i m p l y an 

independence o f the b a s i c t e c h n i q u e s o f o t h e r w o r k e r s b u t , v e r y few of them 

c o u l d be d i r e c t l y and v a l i d l y a p p l i e d w i t h o u t m o d i f i c a t i o n . An a c c o u n t of 

the impediments and t h e methods d e v e l o p e d w i l l be p r e s e n t e d f r o m S e c t i o n 10 

t h r o u g h S e c t i o n 17. 

I n S e c t i o n 18 a r e p r e s e n t e d the problems a s s o c i a t e d , w i t h the 

g l y c o s i d i c a n a l y s i s o f a n t h o c y a n i n s , e l u t e d f r o m chromatography paper, and 

a method f o r r e s o l v i n g them. 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

10. PREPARATIVE CHROMATOGRAPHY OF ANTHOCYANINS 

The p r e p a r a t i v e chromatography o f t h e e x t r a c t s w h i c h were used 

i n t he s t u d i e s d e s c r i b e d i n S e c t i o n 10 t o S e c t i o n 19 w i l l be p r e s e n t e d i n 

t h i s s e c t i o n . I n a d d i t i o n t o d i s c u s s i n g t h e s o u r c e s of m a t e r i a l s and t h e 

p r e p a r a t i o n o f e x t r a c t s , t he b a s i s f o r c h o o s i n g a s o l v e n t f o r t h e p r e p a r 

a t i v e chromatography, and t h e c h r o m a t o g r a p h i c s t a b i l i t y o f the e x t r a c t s 

w i l l a l s o be d i s c u s s e d . 

10.1. MATERIALS 

About 300 p l a n t and g r a i n t i s s u e s a t d i f f e r e n t s t a g e s o f d e v e l 

opment, o b t a i n e d from s e v e r a l b a r l e y s t o c k s , were c o l l e c t e d o r i g i n a l l y f o r 

the c h a r a c t e r i z a t i o n o f a n t h o c y a n i n s and r e l a t e d f l a v o n o i d s . The t i s s u e 

c o l l e c t i o n s came fr o m v a r i e t i e s p l a n t e d a t the U n i v e r s i t y Farm on May 13, 

1960 and May 23, 1960. The c o l l e c t i o n o f t h e 300 t i s s u e s was s t a r t e d i n 
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e a r l y J u l y , 1960 and co m p l e t e d i n September, 1960, A l a r g e number of t h e 

t i s s u e e x t r a c t s were l o s t , t o t h e d i r e c t o b j e c t i v e s o f t h e s t u d i e s , i n 

a t t e m p t s t o u n d e r s t a n d t h e l a b i l i t y o f a n t h o c y a n i n s , t h e i m p o r t a n c e and 

n a t u r e o f w h i c h i s i l l u s t r a t e d f r o m two a n t h o c y a n i n c o l l e c t i o n s , namely, 

t h e F i e l d C o l l e c t i o n No. 130 and 138, o b t a i n e d f r o m t h e b a s a l l e a f s h e a t h s 

o f t he p u r p l e v a r i e t y , G o p a l . The l e a f s h e a t h s o f the C o l l e c t i o n No. 130 

( p l a n t e d May 23) were c o l l e c t e d on J u l y 11, 1960 and t h o s e o f t h e C o l l e c t 

i o n No. 138 ( p l a n t e d May 13) on J u l y 12, 1960. I n b o t h c a s e s , the s h e a t h s 

were c o l l e c t e d a t the s t a g e of maximum c o l o r development. 

10.2. METHODS 

10.2.1. E x t r a c t i o n and P r o c e s s i n g 

The t i s s u e s , i m m e d i a t e l y a f t e r h a r v e s t i n g , were e x t r a c t e d i n 17„ 

cone. HCl i n m e t h a n o l , i n amber b o t t l e s k e p t o v e r i c e , as d e s c r i b e d i n 

S e c t i o n 8.1.2. Because the c o l l e c t i o n o f the l a r g e number of t i s s u e s 

( c a . 300) e n t a i l e d c o n s i d e r a b l e work, t h e e x t r a c t i o n and p r o c e s s i n g c o u l d 

not be u n d e r t a k e n s i m u l t a n e o u s l y . The amber b o t t l e s c o n t a i n i n g t he t i s s u e s 

and t h e s o l v e n t remained i n a r e f r i g e r a t o r (-15°C) u n t i l t h e c o l l e c t i o n 

work was f i n i s h e d i n September, 1960. 

F o l l o w i n g t h e p r e l i m i n a r y low t e m p e r a t u r e e x t r a c t i o n , and f i l 

t r a t i o n t h r o u g h g l a s s w o o l , t h e t i s s u e s were a l l o w e d t o d r y a t room temper

a t u r e f o r 24 h o u r s . The d r y w e i g h t o f t h e t i s s u e s was d e t e r m i n e d . The 

t i s s u e s , i f the a n t h o c y a n i n s were not e x t r a c t e d c o m p l e t e l y , were r e e x t r a c -

t e d i n f r e s h s o l v e n t . The e x t r a c t s were combined and p r o c e s s e d f u r t h e r t o 

e l i m i n a t e t he non a n t h o c y a n i n c o n t a m i n a n t s as d e s c r i b e d i n S e c t i o n 8.1.3. 

The p r o c e s s i n g o f t h e 300 e x t r a c t s was u n d e r t a k e n i n October,; 1960 and com-
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p l e t e d i n F e b r u a r y , 1961. 

The e x t r a c t s o f t h e t i s s u e s showing maximum c o l o r development, 

were r e d u c e d t o a s t a n d a r d volume based on the d r y w e i g h t o f t h e t i s s u e 

f o l l o w i n g t h e p r e l i m i n a r y e x t r a c t i o n . Good c h r o m a t o g r a p h i c r e s o l u t i o n was 

o b t a i n e d when t h e e x t r a c t s o f d i f f e r e n t t i s s u e s a t t h e maximum c o l o r s t a g e s 

were r o u g h l y s t a n d a r d i s e d as shown i n T a b l e 10.1. 

Of t h e s e v e r a l methods e x p l o r e d t o d e t e r m i n e t h e d r y w e i g h t o f the 

t i s s u e , t h e one mentioned above s a t i s f i e d t h e needs of m i l d e x t r a c t i o n p r o -

TABLE 10.I 

STANDARDIZATION OF EXTRACTS FROM DIFFERENT TISSUES 
AT THE STAGE OF MAXIMUM ANTHOCYANIN DEVELOPMENT ' 

Volume o f the e x t r a c t per gram 
T i s s u e d r y w e i g h t o f the t i s s u e a t room 

t e m p e r a t u r e f o l l o w i n g p r e l i m i n -
a r y e x t r a c t i o n 

B a s a l L e a f Sheaths 12.5 ml 
A u r i c l e s 5.0 ml 
AWns 5.0 ml 
Lemmas & p a l e a s ( H u l l s ) 2.5 ml 
P e r i c a r p 2.5 ml 
Spermoderm 6.0 ml 
Cary o p s e s (seeds minus h u l l s ) 0.3 ml 

ce d u r e s used i n t h i s s t u d y . S i n c e methanol d e h y d r a t e s the t i s s u e s , a good 

r e p e a t a b i l i t y o f d r y w e i g h t (t 2%) a t room t e m p e r a t u r e was o b s e r v e d . The 

v a l u e o f the p r o c e d u r e l i e s i n t h e a m e n a b i l i t y f o r r e e x t r a c t i o n o f the 

t i s s u e s , when t h e e x t r a c t i o n i s not complete i n the f i r s t e x t r a c t i o n . The 

p r o c e d u r e i s a t b e s t semi q u a n t i t a t i v e f o r t i s s u e s showing a v e r y s m a l l 

q u a n t i t y o f a n t h o c y a n i n s . 
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10.2.2. Chromatography 

The p r o c e s s e d e x t r a c t s r emained i n the f r e e z e r f o r s e v e r a l months 

u n t i l t he chromatography o f a l l e x t r a c t s was c o m p l e t e d . I n g e n e r a l , 0.3 t o 

0.5 ml o f t h e s t a n d a r d i z e d e x t r a c t o f t i s s u e s r e p r e s e n t i n g t h e s t a g e o f max

imum a n t h o c y a n i n development was s u f f i c i e n t t o g i v e good r e s o l u t i o n . The 

e x t r a c t was banded u s u a l l y i n two e q u a l p o r t i o n s on Whatman paper No. 3 

w i t h a s p e c i a l ( b a n d i n g p i p e t t e ) d e v e l o p e d i n t h i s l a b o r a t o r y ( S e c . 1 0 . 2 . 3 . ) . 

O t h e r c h r o m a t o g r a p h i c c o n s i d e r a t i o n s a r e me n t i o n e d i n S e c t i o n 8.1.3. The 

p r i n c i p l e s o l v e n t s used f o r a n t h o c y a n i n chromatography ( H a r b o r n e , 1959a; 

and H a y a s h i , 1957), b o t h f o r p r e p a r a t i v e and c h a r a c t e r i z a t i o n work, a r e 

l i s t e d i n T a b l e 10.11. 

TABLE 10.11 

SOLVENTS USED FOR ANTHOCYANIN CHROMATOGRAPHY 

A b b r e v i  R a t i o Phase Time*** 
S o l v e n t System a t i o n v/v Used R e q u i r e d 

Hours 

n - B u t a n o l - A c e t i c A c i d - W a t e r BAW* .4:1:5 U 17 
n-Butanol-2N H C l Bu-HCl** 1:1 U 
Water-Cone. H C l Aq-HCl 97:3 S 5-5% 
W a t e r - A c e t i c A c i d - C o n e H C l HAc-HCl 82:15:3 S 6%-7 
W a t e r - A c e t i c A c i d - C o n e . H C l 3:1:8 3:1:8 S 7-7% ' 

U= upper phase S= s i n g l e phase 

* F o r a s c e n d i n g chromatography on Whatman paper No. 3 f o r p r e p a r a t i v e 
p u r p o s e s , the s o l v e n t was aged, a t l e a s t f o r 24 h o u r s . However, f o r 
Rf v a l u e d e t e r m i n a t i o n s on Whatman paper No. 1 by d e s c e n t , f o r c h a r 
a c t e r i z a t i o n work, the s o l v e n t was. aged f o r t h r e e days b e f o r e use. 

** A f t e r m i x i n g the s o l v e n t components, and as soon as the phases had 
s e p a r a t e d , the lower phase of t h e m i x t u r e was c o l l e c t e d and immed
i a t e l y used f o r advance e q u i l i b r a t i o n o f papergrams. The upper phase 
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( s o l v e n t p r o p e r ) was used 24 h o u r s a f t e r t he i n i t i a l m i x i n g . 

*** The development time o f t h e s o l v e n t a t 20°C ± 1°C. 

The BAW s o l v e n t was chosen f o r t h e i n i t i a l s e p a r a t i o n of a n t h o c y 

a n i n s i n e x t r a c t s ( S e c . 10.3.1). The e x t r a c t s were banded on Whatman paper 

No. 3 and r u n f o r 3 days by a s c e n t i n K u r t z - M i r a m o n chromatography c a b i n e t s 

(12" x 12" x 24") w h i c h c o u l d accomodate 20 s h e e t s ( 9 " x 22%") a t one t i m e . 

The s h e e t s were s e c u r e d w i t h ' t e f l o n ' clamps. 

For t h e d e t e r m i n a t i o n o f Rf v a l u e s f o r c h a r a c t e r i z a t i o n , p u r i f i e d 

a n t h o c y a n i n s were s p o t t e d on Whatman paper No. 1, u n l e s s o t h e r w i s e s p e c i f i e d , 

and r u n a t 20°C i 1°C by d e s c e n t . The e n t i r e c h r o m a t o g r a p h i c assembly was 

k e p t as h o r i z o n t a l as p o s s i b l e w i t h s p i r i t l e v e l s and s u f f i c i e n t w e i g h t was 

p l a c e d on t h e t o p o f t h e l i d , t o keep the system a i r - t i g h t . The Rf v a l u e s 

were measured f r o m t h e l e a d i n g edge o f t h e spot w i t h a 1 C h r o m a t o g r i d ' 

( C a l i f o r n i a C o r p o r a t i o n f o r B i o c h e m i c a l R e s e a r c h ) . 

10.2.3. A B a n d i n g P i p e t t e 

The b a n d i n g o f e x t r a c t s on chromatography paper was c a r r i e d out 

u s i n g a p i p e t t e d e s i g n e d by the w r i t e r ( F i g . 1 0 . 1 ) . The p i p e t t e i s s t u r d y , 

s i m p l e and cheap t o c o n s t r u c t and was as s a t i s f a c t o r y as the c o s t l y , and 

f r a g i l e b a n d i n g p i p e t t e s s o l d c o m m e r c i a l l y (RSCO). The major advantage o f 

the p i p e t t e o v e r o t h e r p i p e t t e s i s a p p a r e n t f r o m t h e manner of b a n d i n g as 

i l l u s t r a t e d . S i n c e t h e band i s a p p l i e d u s i n g the rounded convex under-

s u r f a c e o f the c a p i l l a r y , t h e s u r f a c e o f t h e paper undergoes m i n i m a l m o d i f 

i c a t i o n w i t h no s c r a t c h i n g o r t e a r i n g even w i t h r e p e a t e d a p p l i c a t i o n s . 

Smoothness of d e l i v e r y e l i m i n a t e s l o c a l o v e r l o a d i n g , however, t o t h i s end 

i t must be e n s u r e d t h a t the e x t r a c t does not d r y on the convex under^ 
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s u r f a c e i n between the r e p e a t e d a p p l i c a t i o n s . The w i d t h o f the band i s 

e a s i l y c o n t r o l l e d by the speed and a n g l e o f a p p l i c a t i o n . D e l i v e r y can be 

made q u a n t i t a t i v e by g r a d u a t i n g the p i p e t t e . The u n i t i s e a s i l y c l e a n e d . 

F i g . 10.1. 
The b a n d i n g p i p e t t e i n use. Note t h a t the convex u n d e r s u r f a c e o f the 
c a p i t a l l a r y i s a p p l i e d t o the chromatography paper i n ba n d i n g . 

A p i p e t t e , 12" i n l e n g t h , drawn from b a r o m e t r i c t u b i n g ( I .D. 

0.065"; O.D. 0.30"), w i t h ' a b u l b blown i n the stem about 3%" from the 

top t o a c t as a r e s e r v o i r f o r e x t r a c t , g i v e s a s a t i s f a c t o r y r a t e o f f l o w 

f o r most e x t r a c t s . The upper end i s bent a t an a n g l e o f 150° t o make 

s u c t i o n e asy. To the l o w e r o r a p p l i c a t o r end i s f u s e d one h a l f i n c h o f 

t h e r m o m e t r i c c a p i l l a r y t u b i n g ( I . D . 0.013"; O.D. 0.24") bent a t an 
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i n c l u d e d a n g l e o f 120°. The c a p i l l a r y end i s ground a t r i g h t a n g l e s t o 

the c a p i l l a r y tube and a s m a l l n o t c h i s f i l e d v e r t i c a l l y i n the ground 

g l a s s s u r f a c e . 

10.3, RESULTS 

10.3.1 C h o i c e o f a S o l v e n t f o r the P r e p a r a t o r y Chromatography 

The s o l v e n t b e s t s u i t e d f o r p p r e p a r a t i v e chromatography was f i r s t 

t o be d e t e r m i n e d . Harborne (1958, 1959a, 1960) used the Bu-HCl s o l v e n t 

f o r t he p r e p a r a t i v e runs ( i . e . , i n i t i a l s e p a r a t i o n s o f a n t h o c y a n i n s from 

e x t r a c t s ) , and p u r i f i e d the e l u t e d a n t h o c y a n i n s i n one o r more o f the 

f i r s t f o u r - s o l v e n t s l i s t e d i n T a b l e 10.11, v i z . , BAW, Bu-HCl, HAc-HCl and 

Aq-HCl. I n o r d e r t o d e t e r m i n e the b e s t s o l v e n t f o r the f i r s t chromato-' 

graphy, the a n t h o c y a n i n e x t r a c t s o f the C o l l e c t i o n s No. 138 and 130 were 

chromatographed on Whatman paper No. 3 i n the 6 s o l v e n t s l i s t e d i n T a b l e 

10.11, and a l s o i n 51 a c e t i c a c i d ' " ( 5 % - - HAc) , i n 1% m e t h a n o l i c H C l 

(MeOH - H C l ) , and the o r t h o p h o s p h o r i c a c i d s o l v e n t o f L e s i n s and L e s i n s 

( 1 9 5 8 ) . The c h r o m a t o g r a p h i c r e s u l t s i n a few o f the s o l v e n t s , f o r 

C o l l e c t i o n No. 138, a r e shown i n F i g . 10.2. The r e s u l t s shown a r e o n l y 

t h o s e o b t a i n e d by d e s c e n d i n g chromatography. 

The Bu-HCl s o l v e n t shows o n l y two major bands ( R f 0.08, 0.35), 

a minor band ( R f 0.43), and a weak band ( R f 0.12). The upper h a l f o f the 

band a t Rf 0.08 t u r n s b l u e upon s t o r a g e and, t h e r e f o r e , t h i s band c o u l d 

be a m i x t u r e . The o t h e r major b a n d . b e i n g v e r y d i f f u s e d may a l s o be a 

m i x t u r e o f a n t h o c y a n i n s . The HAc-HCl s o l v e n t g i v e s two major bands 

(Rf 0.32, 0.58), two minor bands ( R f 0.08, 0.37) and a weak a n t h o c y a n i n 
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F i e . 10.2 
C h r o m a t o g r a p h i c r e s o l u 
t i o n , o f the e x t r a c t s 
from b a s a l l e a f s h e a t h s 
o f G o p a l ( F i e l d C o l 
l e c t i o n No. 138) i n the 
Bu-HCl, HAc-HCl, A q - H C l , 
MeOH-HCl and 57. HAc 
s o l v e n t s by d e s c e n t . 

t r a i l e x t e n d i n g o ver a l a r g e a r e a ( R f 0.58 t o 0.90). The r e s o l u t i o n o f 

the components i n the 3:1:8 s o l v e n t was s i m i l a r t o t h a t o f the HAc-HCl 

s o l v e n t . The Aq-HCl g i v e s two major but h i g h l y d i f f u s e d bands 

(Rf 0.30, 0.43), and a l s o a d i f f u s e d a r e a e x t e n d i n g from ( R f 0.43 t o 0.65). 

The r e s o l u t i o n i n the MeOH-HCl s o l v e n t i s v e r y poor. The 57. HAc s o l v e n t 

a l s o g i v e s h i g h l y d i f f u s e d bands ( t h e s o l v e n t f r o n t o f the 57.-HAc 

chromatogram i s not shown). 

The chromatography o f the e x t r a c t s o f C o l l e c t i o n No. 138 and, 

a l s o , 130 i n the BAW s o l v e n t , by a s c e n t , i s shown i n F i g . 10.3. The 

chromatogram No. 138A was d e v e l o p e d by d e s c e n t f o r two d a y s ; the o t h e r 

t h r e e chromatograms i n F i g . 10.3, namely, 138B, 130A, 130B were d e v e l o p e d 

by a s c e n t f o r t h r e e days. The e x t r a c t s o f the C o l l e c t i o n No. 138 g i v e s 

maximum number o f d i s c r e t e a n t h o c y a n i n bands i n the BAW s o l v e n t . The 

BAW s o l v e n t was a c c e p t e d as s u p e r i o r t o a l l o t h e r s o l v e n t s f o r the i n i t i a l 



F i g . 10.3. 
Chromatography of the basal leaf sheaths of Gopal ( F i e l d C o l l e c t i o n s 
No. 130 and 138) i n the BAW solvent. Chromatograms 138B, 130A, 130B, 
developed for 3 days by ascent, give better r e s o l u t i o n than chromato
gram 138A developed for 2 days by descent. 

separation of barley anthocyanins. Farther, the comparison of chromato

grams 138A with 138B, 130A, and 130B shows c l e a r l y that the sharpness of 

resolution was greatly increased when the time of development was extended 

to three days from two days. Accordingly, the preparative chromatography 

of the anthocyanin extracts, i n a l l further investigations was undertaken 

i n the organic phase of the BAW solvent for 3 days by ascent. 

10.3.2. Chromatographic S t a b i l i t y of Anthocyanin Extracts Upon Storage 

It was shown i n Section 7 that anthocyanins i n the processed ex-
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t r a c t s of b a s a l l e a f s h e a t h s underwent d e g r a d a t i v e m o d i f i c a t i o n s . Inasmuch 

as t h e e x t r a c t s o f t h e F i e l d C o l l e c t i o n s No.130 and 138 r e m a i n e d i n s t o r 

age f o r a l o n g t i m e i n the c o u r s e of e x t r a c t i o n and p r o c e s s i n g ( S e c . 1 0 . 2 . 1 ) , 

i t appeared d e s i r a b l e t o examine t h e s t a b i l i t y of t h e s e e x t r a c t s . T h i s w i l l ' 

be i l l u s t r a t e d f rom the chromatograps shown i n F i g . 10.3. 

TABLE 1 0 . I l l 

CHROMATOGRAPHIC CHARACTERISTICS OF THE ANTHOCYANIN BANDS 
OBTAINED FROM BASAL LEAF SHEATHS OF THE PURPLE VARIETY, 
GOPAL, IN THE BAW SOLVENT (FIELD COLLECTIONS 130 AND 138) 

Band A v e r a g e "' C o l o r s D e r i v a t i v e 
No. R f x l 0 0 

V i s i b l e U l t r a v i o l e t 

o f * * 

A 16 R e d d i s h p u r p l e V i o l e t p u r p l e C y a n i d i n 
B 20 R e d d i s h p i n k Mauve C y a n i d i n & 

P e o n i d i n 
C 23 R e d d i s h 'orange Weak? P e l a r g o n i d i n ? 
D 27 B l u i s h magenta P u r p l e t o C y a n i d i n 

magenta 
E 29 Deep magenta deep magenta C y a n i d i n 
F 32 P i n k B r i g h t p i n k P e o n i d i n and 

C y a n i d i n 
G 35 Orange r e d Mauve ? P e l a r g o n i d i n 
H 37 B l u i s h r e d ? C y a n i d i n 
I 67 P i n k P i n k f l u o r e s c e n t C y a n i d i n 

75 R e d d i s h brown Deep d a r k ?? 

I I — 

* c f ^ T a b l e 10.IV. 
** See S e c t i o n 13.2.2 f o r d e t a i l s o f i d e n t i f i c a t i o n . 

The chromatograms shown i n F i g . 10.3, namely, 138A, 138B, 130A. 

and 130B were d e v e l o p e d on O c t o b e r 13, 1961, September 19, 1961, A ugust 27, 

1961, and November 7, 1961, r e s p e c t i v e l y . Thus, commencing f r o m the time 

o f o r i g i n a l e x t r a c t i o n , i . e . , J u l y , 1960 ( S e c . 10.2.1), the e x t r a c t s r e -
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mained i n s t o r a g e f o r o v e r a y e a r . A t o t a l o f 10 a n t h o c y a n i n bands (A-J ) 

were d e t e c t e d on chromatograms; t h e i r c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s a r e 

summarized i n Table. 10. I l l . . A l t h o u g h p a r t i a l i d e n t i f i c a t i o n d a t a of each 

a n t h o c y a n i n band w i l l , be p r e s e n t e d l a t e r (Sec. 1 3 ) , t h e a g l y c o n e s of each 

band have been i n c l u d e d i n t h e t a b l e f o r ease o f r e f e r e n c e . The Rf v a l u e 

o f each a n t h o c y a n i n i n F i g . 10.3 i s g i v e n i n T a b l e 10.IV. The a v e r a g e Rf 

v a l u e s i n c l u d e d i n T a b l e 1 0 . I l l r e p r e s e n t t h e a v e r a g e o f o n l y f o u r chromat

ograms ( T a b l e 10.IV: Column 7 ) . I n Column 8 ( T a b l e 10.IV) a r e i n c l u d e d 

TABLE 10.TV 

R f VARIATIONS OF ANTHOCYANINS FROM CHROMATOGRAMS 
NO.* 138A, 138B, 130A, AND 130B IN THE BAW SOLVENTS 

R f x 100 (Whatman Paper No. 3: A s c e n d i n g ) 

Chromatogram Number* 
Range 

Band of . O v e r a l l 
No. 138A 138B 130A 130B V a r i a t i o n A v e rage A v e r a g e * * 

A 20 16 12 18 '12-20 16 11 
B 23 19 15 22 15-23 20 19 
C 27 21 20? 1 20-27 23 
D 31? 24 ? ? 27 22 
E 35 26 24 31 24-35 29 25 
F 39 29 27 34 27-39 32 28 
G 42 32 29 36 29-42 35 32 
H 43? 1 31 38 31-43 37 35 
I ? 1 50-66 50-68 v a r i a b l e 
J - - - 75 - - 66 

* R e f e r F i g . 10.3. 
** D e t e r m i n e d f r o m 60 chromatograms. 

th e o v e r a l l a v e r a g e Rf v a l u e s of t h e s e bands w h i c h were d e r i v e d f r o m 60 

chromatograms. A p e r u s a l of T a b l e 10.IV and F i g . 10.3 a t once b r i n g s out 
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t h e w i d e v a r i a t i o n i n v a l u e s t h a t o c c u r s d u r i n g the p r e p a r a t i v e chromat

ography. The R^ v a l u e s , f o r i n s t a n c e , band A, were o b s e r v e d as low 0.08. 

N o n e t h e l e s s , t h e r e s o l u t i o n o f a l l bands was r e l a t i v e and no d i f f i c u l t y was 

e n c o u n t e r e d i n i d e n t i f y i n g t h e major bands. I t a p p ears t h a t , the l o n g e r 

t h e t i m e of development, the l o w e r were the R^ v a l u e s by a s c e n t . The time 

o f development was n o t s t r i c t l y a d h e r e d t o i n t h e p r e p a r a t i v e c h r o m a t o g r a 

phy; the p e r i o d o f 3-day development c o u l d have v a r i e d by as much as i 6 

h o u r s . However, on the b a s i s o f t h i s e x p e r i e n c e , t h e p e r i o d s of development 

f o r d i f f e r e n t s o l v e n t s , as s p e c i f i e d i n T a b l e 10.11, i n c h a r a c t e r i z a t i o n 

work d e s c r i b e d e l s e w h e r e ( S e c t i o n 19) were s t r i c t l y a d hered t o . 

On t h e b a s i s o f t o t a l e x p e r i e n c e , i t may be s t a t e d t h a t t h e major 

bands A, E ( c y a n i d i n d e r i v a t i v e s ) , F ( p e o n i d i n d e r i v a t i v e ) , and G ( p e l a r g o n 

i d i n d e r i v a t i v e ) r e s o l v e s h a r p l y w i t h t h e t h r e e - d a y development i n t h e BAW 

s o l v e n t . D i f f i c u l t i e s w i t h the c l e a r c u t d e t e c t i o n o f o t h e r a n t h o c y a n i n 

bands were e n c o u n t e r e d u s u a l l y . I n g e n e r a l , o n l y one band i s r e a d i l y de

t e c t a b l e between t h e bands A and E. T h i s i s p a r t i c u l a r l y t h e c a s e when th e 

e x t r a c t s a r e chromatogrammed by s p o t t i n g r a t h e r t h a n b a n d i n g (See F i g s . 7.1 

and 7.2: G o p a l , and B l a c k H u l l e s b a s a l l e a f s h e a t h s ) . B a n d i n g i m p r o v e s , 

i f n o t r e s o l u t i o n , a t l e a s t , d e t e c t a b i l i t y ( s e e a l s o Sec. 1 3.2.4.). The 

a n t h o c y a n i n bands t h a t appear i n t h i s r e g i o n a r e g e n e r a l l y v e r y weak, arid 

t h e i r r e s o l u t i o n i s n o t u n i f o r m ( F i g . 1 0 . 3 ) . F o r i n s t a n c e , i n t h e chromat

ogram 138A, t h e r e i s an a n t h o c y a n i n r e g i o n between the bands A and E, w h i c h 

i s weak and d i f f u s e d , but w h i c h , on c a r e f u l e x a m i n a t i o n , can be r e s o l v e d 

i n t o 2 t o 3 bands. However, because of t h e s h o r t e r p e r i o d of development, 

the r e s o l u t i o n i n t h i s chromatogram i s poor. Whereas t h e band E r e s o l v e s 1 

as a s i n g l e band i n chromatogram 138A, i t r e s o l v e s d i s t i n c t l y i n t o two 

bands (D and E; b o t h c y a n i d i n d e r i v a t i v e s ) i n chromatogram 138B. The 
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s p l i t t i n g o c c u r e d i n a number o f chromatograms. A l t h o u g h t h e band D, as 

compared t o t h e band E, was b l u i s h t o b e g i n w i t h , i t t u r n e d t o t h e magenta 

c o l o r o f t h e band E w i t h i n a few days on chromatograms. The r e a s o n s f o r 

the i r r e g u l a r p r e s e n c e o f t h e hand D a r e n o t u n d e r s t o o d . F r e q u e n t l y , t h e 

band D d i d n o t s e p a r a t e f r o m t h e band E. • Thus, t h e band D and E were gen

e r a l l y e l u t e d t o g e t h e r as a m i x t u r e ( s e e a l s o Sec. 19).' 

I m m e d i a t e l y below t h e s p o t D (Chromatogram 138B), i s a weak an

t h o c y a n i n r e g i o n , sometimes denoted as band C^> w h i c h c o u l d be o c c a s i o n a l l y 

d i s t i n g u i s h e d ( s e e S e c t i o n 1 3 ) . Below t h i s r e g i o n i s t h e n e a r l y o r a n g e - r e d 

band C ( c u t o u t ) ; t h e h y d r o l y s i s gave c y a n i d i n and weak p e l a r g o n i d i n s p o t s . 

The band C was as weak as t h e band B (chromatogram 138B). The band B gave 

p e o n i d i n and c y a n i d i n . The p r e s e n c e o f t h e m i x t u r e o f d i f f e r e n t a n t h o c y 

a n i n s i n one band i s i n d i c a t i v e o f t h e poor r e s o l u t i o n i n t h e r e g i o n b e t 

ween t h e bands A and E. The d i f f i c u l t i e s o f r e s o l u t i o n o f the bands from 

th e c a r y o p s i s t i s s u e s i n t h i s r e g i o n were f a r more pronounced ( F i g . 1 9 . 3 ) . 

Thus, t h e p r o b l e m of c o l l e c t i o n o f e q u i v a l e n t bands f r o m d i f f e r e n t chroma

tograms a r e s e l f - a p p a r e n t . 

As s t a t e d e a r l i e r , t h e b a s a l l e a f s h e a t h s of the F i e l d C o l l e c t i o n s 

130, and 138 were o b t a i n e d a t the s t a g e o f maximum c o l o r development, 

e x c e p t , t h a t the m a t e r i a l s , were c o l l e c t e d f rom t h e p l a n t i n g s o f d i f f e r e n t 

d a t e s . The chromatograms 130A and 130B show the same f o u r major bands, 

A,E,F, and G, p r e s e n t i n chromatograms 138A and 138B. The band DE i n 

g e n e r a l , was e l u t e d as a m i x t u r e . The r e s o l u t i o n o f a n t h o c y a n i n s a t t h e 

r e g i o n between t h e bands A and E i s a g a i n v e r y poor. A l t h o u g h t h e chroma

togram 130A shows bands B and -C ( a b n o r m a l r e s o l u t i o n ) , t h e chromatogram 

130B shows o n l y one band, B, w h i c h r e l a t i v e l y i s q u i t e pronounced. However, 

the r e g i o n s between bands A and B and between B and E do c o n t a i n d i f f u s e d 
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a n t h o c y a n i n s . A l s o , t h e s p l i t t i n g o f band A (chromatogram 130B) i n t o two 

bands i s n o t a b l e . These f e a t u r e s of r e s o l u t i o n make, d i f f i c u l t t h e c l e a r 

c u t d e l i n e a t i o n o f the bands f r o m d i f f e r e n t chromatograms f o r e l u t i o n and 

i d e n t i f i c a t i o n . 

The r e s o l u t i o n o f t h e a n t h o c y a n i n bands f r o m the r e g i o n G and 

above i s n o t c l e a r c u t . The b l u i s h r e d band H ( c y a n i d i n d e r i v a t i v e ) i s 

p r e s e n t i n t h e 130 s e r i e s . F r e q u e n t l y , t h e balnd i s p a r t l y s uperimposed 

on t h e orange band G. I n some chromatograms, i t s i n t e n s i t y was, a t l e a s t , 

as s t r o n g as t h a t o f t h e band G, w h i l e i n o t h e r s i t was b a r e l y d e t e c t a b l e . 

The s p o t , i n g e n e r a l , was a b s e n t f r o m t h e C o l l e c t i o n No. 138, but i n 

chromatogram 138A, i t can be d e t e c t e d , p a r t l y s u p e r i m p o s e d , on t h e band G. 

.Thus, t h e d i f f e r e n t i a l p r e s e n c e o f t h e band H i n t h e e x t r a c t s o f 130 and 

138 c o l l e c t i o n s may n o t be due t o p h y s i o l o g i c a l consequences b u t , may 

p o s s i b l y be due t o d e g r a d a t i o n o c c u r r i n g i n s t o r a g e or chromatography. 

O c c a s i o n a l l y , an a d d i t i o n a l band, denoted as HI,was a l s o o b s e r v e d 

i n the chromatograms o f t h e e x t r a c t s o f C o l l e c t i o n No. 130. 

The band I was o b t a i n e d l a r g e l y f r o m t h e e x t r a c t s of t h e C o l l e c t 

i o n No. 130: i n C o l l e c t i o n No. 138, i t was b a r e l y d e t e c t a b l e o n l y i n some 

chromatograms, i n o t h e r s i t was a l t o g e t h e r a b s e n t . Even i n t h e C o l l e c t i o n 

No. 130, i t s r e s o l u t i o n and d e t e c t a b i l i t y was v e r y h a p h a z a r d . The d i f f u s e d 

a r e a i s l a r g e l y due t o c y a n i d i n , w h i c h appears t o have o r i g i n a t e d as an 

a r t e f a c t o f e x t r a c t i o n and p r o c e s s i n g (see' S e c t i o n 2 3 ) . 

The band J i s h i g h l y l a b i l e and d i s a p p e a r s d u r i n g chromatography 

i n most chromatograms. I t i s t o be n o t e d t h a t even i n t h e chromatograms 

shown i n F i g . 10.3, i t i s p r e s e n t o n l y i n chromatogram 130B. I t s p r e s e n c e 

i n t h e 130B may n o t be due t o the t i m e i n d u c e d d e g r a d a t i o n s d u r i n g s t o r a g e 

because i t was absent from s e v e r a l chromatograms d e v e l o p e d i n t h e same r u n . 
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10.4. DISCUSSION 

10.4.1. C h o i c e o f a S o l v e n t f o r the P r e p a r a t o r y Chromatography 

A l t h o u g h t h e Bu-HCl s o l v e n t i s w i d e l y used f o r t h e p r e p a r a t o r y 

chromatography, w i t h b a r l e y a n t h o c y a n i n s i t gave o n l y 4 a n t h o c y a n i n bands, 

as d i d t h e s e v e r a l o t h e r s o l v e n t s . The BAW s o l v e n t , w h i c h gave 7-10 d i s 

c r e t e a n t h o c y a n i n bands was a c c e p t e d as S u p e r i o r . The d i f f e r e n t i a l r e s o l 

u t i o n of a n t h o c y a n i n s i n d i f f e r e n t s o l v e n t s was, i n d e e d , p u z z l i n g and d i s 

c o n c e r t i n g when i t was f i r s t e n c o u n t e r e d . I t i s , however, c l e a r t h a t the 

number of a n t h o c y a n i n bands o b t a i n e d on a chromatogram g i v e s no i n d i c a t i o n 

t h a t the same number o f a n t h o c y a n i n s e x i s t _in v i y o . The d i s c r e p a n c i e s i n 

r e s o l u t i o n appear t o be due t o . t h e r e s o l u t i o n o f two o r more a n t h o c y a n i n s 

a t t h e same c h r o m a t o g r a p h i c l o c u s , r a t h e r t h a n t o a n t h o c y a n i n breakdown 

s u f f e r e d i n t h e c o u r s e o f chromatography i n t h e BAW s o l v e n t . I n any e v e n t , 

the r e s u l t s c l e a r l y i n d i c a t e t h e i m p o r t a n c e o f a c a r e f u l c h o i c e of "a s o l v e n t 

f o r the p r e p a r a t o r y chromatography; i t i s p r o b a b l e t h a t no s i n g l e s o l v e n t 

may g i v e good r e s o l u t i o n f o r a l l a n t h o c y a n i n s o b t a i n e d f r o m d i f f e r e n t p l a n t 

m a t e r i a l s . 

10.4.2. S t a b i l i t y upon S t o r a g e 

The chromatography of t h e s t o r e d e x t r a c t s , u n d e r t a k e n on d i f f e r e n t 

d a t e s d e m o n s t r a t e s t h a t t h e major a n t h o c y a n i n bands do n o t undergo any 

s i g n i f i c a n t change upon s t o r a g e . Some min o r v a r i a t i o n s i n r e s o l u t i o n , 

d e t e c t a b i l i t y and, most p r o b a b l y , due t o d e g r a d a t i v e m o d i f i c a t i o n s do o c c u r 

upon s t o r a g e of t h e p r o c e s s e d e x t r a c t s . The chromatogram 130B, w h i c h was 

d e v e l o p e d 73 days l a t e r f r o m chromatogram 130A, s t i l l shows a l m o s t a l l t h e 

bands p r e s e n t i n the chromatogram 130A. the* a n t h o c y a n i n s f r o m c a r y o p s i s 
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t i s s u e s ( F i g . 1 9 . 3 ) , and, fr o m s e v e r a l o t h e r t i s s u e s showed a s i m i l a r range 

o f s t a b i l i t y upon s t o r a g e . Of c o u r s e , upon p r o l o n g e d s t o r a g e some d e g r a d 

a t i o n must ensue (See Sec. 1 9 ) . These o b s e r v a t i o n s on s t a b i l i t y o f a n t h o 

c y a n i n s i n e x t r a c t s 130 and 138 s u b s t a n t i a t e the e s s e n t i a l s t a b i l i t y o f the 

slow-moving a n t h o c y a n i n s , o b t a i n e d upon the d e g r a d a t i o n o f t h e f a s t - m o v i n g 

a n t h o c y a n i n s ( S e c . 7 ) . 

I t was shown i n S e c t i o n 7 t h a t b a s a l l e a f s h e a t h e x t r a c t s of 

B l a c k H u l l e s s and Go p a l o b t a i n e d f r o m the November, 1958 c o l l e c t i o n ( F i g . 7 . 

1) c o n t a i n e d s e v e r a l f a s t - m o v i n g a c y l a t e d a n t h o c y a n i n s and t h a t t h e a c y l a t e d 

a n t h o c y a n i n s were h i g h l y u n s t a b l e upon s t o r a g e o f the e x t r a c t s . C o n s i s t e n t 

w i t h t h e s e e x p e c t a t i o n s , t h e f a s t - m o v i n g a n t h o c y a n i n s were n o t r e c o v e r e d 

f r o m t h e e x t r a c t s o f t h e F i e l d C o l l e c t i o n s No. 130 and 138 ( F i g . 10.3). 

S i n c e chromatography c o u l d n o t be u n d e r t a k e n i m m e d i a t e l y a f t e r e x t r a c t i o n , 

i t cannot be d e f i n i t e l y s t a t e d whether t h e s e e x t r a c t s d i d c o n t a i n the f a s t -

moving a n t h o c y a n i n s i n i t i a l l y . I t i s , however, n o t e w o r t h y t h a t the p a t t e r n 

of a n t h o c y a n i n d i s t r i b u t i o n o b t a i n e d f r o m the b a s a l l e a f s h e a t h e x t r a c t s o f 

B l a c k H u l l e s s , and Go p a l when t h e f a s t - m o v i n g a n t h o c y a n i n s had degraded 

upon s t o r a g e f o r 15 da y s , and 3 days r e s p e c t i v e l y ( F i g . 7.2 and T a b l e 7.1) 

p a r a l l e l s t h a t o f the a n t h o c y a n i n s shown i n Chromatogram 138B ( F i g . 1 0 . 3 . ) . 

These o b s e r v a t i o n s , t h e r e f o r e , i m p l y t h a t t h e f a s t - m o v i n g a n t h o c y a n i n s 

c o u l d have been p r e s e n t i n i t i a l l y i n t h e e x t r a c t s . S i n c e the f a s t - m o v i n g 

a n t h o c y a n i n s a r e l a b i l e and the slow-moving a n t h o c y a n i n s r e l a t i v e l y s t a b l e , 

i t was d e c i d e d t o d i r e c t prime a t t e n t i o n t o t h e n a t u r e o f the slow-moving 

a n t h o c y a n i n s . S e v e r a l d i f f i c u l t i e s were e n c o u n t e r e d upon e l u t i o n and f l a s h 

e v a p o r a t i o n and t h e s e w i l l be d e s c r i b e d i n t h e n e x t s e c t i o n . 
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10.5 SUMMARY 

I n t h i s s e c t i o n the d e t a i l s o f e x t r a c t i o n , p r o c e s s i n g , s t a b i l i t y 

i n s t o r a g e and p r e p a r a t o r y chromatography of a n t h o c y a n i n s used i n S e c t i o n s 

10 t o 16 and 19 a r e d e s c r i b e d . . The e x t r a c t s were banded w i t h a s p e c i a l l y 

d e s i g n e d p i p e t t e ( F i g . 10.1). O f the n i n e s o l v e n t s t r i e d f o r the p r e p a r a t i v e 

chromatography o f G o p a l b a s a l l e a f s h e a t h a n t h o c y a n i n e x t r a c t s ( F i e l d . 

C o l l e c t i o n s 130 and 138, the BAW s o l v e n t gave the b e s t r e s o l u t i o n (7-9 ban d s ) . 

The o t h e r s o l v e n t s gave l e s s t h a n f o u r bands. Thus, the number of bands 

o b t a i n e d on chromatograms i s no su r e i n d i c a t i o n t h a t the same number o f 

a n t h o c y a n i n s e x i s t i n v i v o , a p o i n t t h a t m e r i t s c a r e f u l a t t e n t i o n i n 

b i o c h e m i c o - g e n e t i c a l i n v e s t i g a t i o n s . 

C o n s i s t e n c y i n r e s o l u t i o n o f each o f the n i n e BAW a n t h o c y a n i n 

bands ( d e s i g n a t e d A t o I ) i s s c r u t i n i z e d . D i f f i c u l t i e s o f c o l l e c t i n g 

e q u i v a l e n t s o f the bands, p a r t i c u l a r l y B and C, a r e i n d i c a t e d . ; The range 

o f Rf v a l u e v a r i a t i o n s i n the p r e p a r a t o r y chromatography i s p r e s e n t e d . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

11. INSTABILITY OF BARLEY ANTHOCYANINS DURING 
ELUTION AND FLASH EVAPORATION 

The i n s t a b i l i t y o f c h r o m a t o g r a p h i c a l l y i s o l a t e d a n t h o c y a n i n s and 

a n t h o c y a n i d i n s d u r i n g e l u t i o n and f l a s h e v a p o r a t i o n c e r t a i n l y c o n s t i t u t e d 

a major d i f f i c u l t y i n t h e advancement o f t h i s s t u d y . A b r i e f a c count o f 

the impedimenta w i l l be p r e s e n t e d i n t h i s s e c t i o n . 

11.1. MATERIALS 

The BAW a n t h o c y a n i n bands o f t h e F i e l d C o l l e c t i o n s No. 130 and 

138 ( F i g , 1 0 . 3 ) , o b t a i n e d f r o m a l a r g e number of chromatograms as d e s c r i b e d 

i n S e c t i o n 10, were used i n t h i s i n v e s t i g a t i o n . 

11.2. METHODS 

11.2.1. E l u t i o n arid P u r i f i c a t i o n 

E q u i v a l e n t BAW a n t h o c y a n i n bands, c o l l e c t e d f rom s e v e r a l chromat-
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ograms, were chopped w i t h s c i s s o r s , packed t i g h t l y i n t o g l a s s columns and 

e l u t e d i n a v i r t u a l l y d a r k room w i t h an e l u e n t such as methanol c o n t a i n i n g 

17o t o 27» HCl (Asen. S i e g e l m a n and S t u a r t , 1 9 5 7 ) , o r w a t e r - m e t h a n o l - a c e t i c 

a c i d ( 2 5 : 7 0 : 5 , v/v) ; ( H a r b o r n e , 1 9 5 8 ) . The a n t h o c y a n i n s f r o m t h e chopped 

p i e c e s d i d not e l u t e c o m p l e t e l y , p a r t i c u l a r l y , f r o m the m a r g i n s . The 

p i e c e s were, t h e r e f o r e , ground i n a W i l e y m i l l and a g a i n packed i n t o c o l 

umns, and r e e l u t e d as d e s c r i b e d above. The e l u a t e s were combined, concen

t r a t e d i n vacuo, a t 5 0°C, c e n t r i f u g e d , and f i n a l l y f l a s h e v a p o r t e d t o 

d r y n e s s a t 5 0°C. 

The e l u e n t s m e n t i o n e d above were l a t t e r l y abandoned i n f a v o r o f 

methanol c o n t a i n i n g 17. cone. H C l , and t h e e l u t i o n was c a r r i e d out d i r e c t l y 

f r om the paper bands. Moreover, the e l u a t e s were c o n c e n t r a t e d i n vacuo a t 

the lower t e m p e r a t u r e o f 3 0°C, c e n t r i f u g e d i f n e c e s s a r y , and chromatographed. 

The e l u a t e s a f t e r c o n c e n t r a t i o n were chromatographed i n the HAc-HCl s o l v e n t 

( T a b l e 1 0 . 1 1 ) . The a n t h o c y a n i n s were a g a i n e l u t e d , c o n c e n t r a t e d and r e c h r o -

matographed, whenever p o s s i b l e , i n some o f the s o l v e n t s l i s t e d e l s e w h e r e 

( T a b l e 1 0 . 1 1 ) . 

1 1 . 2 . 2 . R e e x a m i n a t i o n of Chromatograms 

The chromatograms were exposed t o a c i d v a p o u r s i n a m o i s t e n v i r 

onment i n chromatography c a b i n e t s p r i o r t o r e e x a m i n a t i o n under v i s i b l e and 

u l t r a v i o l e t l i g h t s . 

1 1 . 2 . 3 . N o t a t i o n s f o r D e s i g n a t i n g A n t h o c y a n i n s 

The f o l l o w i n g system o f n o t a t i o n s f o r d e s i g n a t i n g a n t h o c y a n i n s 

i s used t h r o u g h o u t the t h e s i s , e x c e p t i n S e c t i o n 1 3 . The a n t h o c y a n i n s o f 

the p r e p a r a t o r y r u n when o b t a i n e d f r o m p l a n t t i s s u e s , such a s , b a s a l l e a f 
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sheaths, w i l l henceforth, be denoted by the consecutive l e t t e r s of the 

English alphabet, the l e t t e r A beginning from the'anthocyanin band nearest 

to the s t a r t i n g l i n e (see the notation of the bands in F i g . 10.3). If 

these bands s p l i t into d i f f e r e n t componentsupon rechromatography of th e i r 

eluates, in the HAc-HCl solvent, the component bands w i l l be denoted by the 

addition of Arabic numerals to the BAW band notations. For instance, i n 

Table 11.I, the BAW band A ' s p l i t ' into four components in the HAc-HCl 

solvents. The four components, beginning from the s t a r t i n g l i n e , are 

denoted as A l , A2, A3, A4. S i m i l a r l y , the BAW band E, upon s p l i t t i n g into 

5 components in the HAc-HCl, has been denoted as E l , E2, E3, E4, and E5. 

In contrast to the notations used for basal leaf sheath antho

cyanins, the spike and grain tissue anthocyanins of the preparatory run in 

BAW, are denoted by the Arabic numerals, beginning from the anthocyanin 

nearest the s t a r t i n g l i n e . The s p l i t bands i n the HAc-HCl run w i l l be de

noted by the addition of consecutive l e t t e r s of the English alphabet. Thus, 

the BAW band No. 5 (Sec. 19) s p l i t into over 12 components in the HAc-HCl 

run (Fig ;. 19.5). These are denoted as 5A, 5B, through 5L, and so on. 

In order to e s t a b l i s h the o r i g i n of each anthocyanin, the C o l l 

ection number of the extract i s added to the anthocyanin notation a f t e r a 

hyphen. For example, the notation E-138 means that the anthocyanin E i s 

obtained from the preparatory run (BAW) of the extracts of C o l l e c t i o n No. 

138. The notation E3-138, indicates that t h i s anthocyanin was obtained 

from the extracts of C o l l e c t i o n No. 138 a f t e r chromatography in the two 

solvents, which, always, w i l l be BAW and HAc-HCl, unless otherwise spe c i f 

ied (See Sec. 13). Further, the anthocyanin was obtained as the component 

No. 3 (beginning from the s t a r t i n g l i n e ) , when the eluates of the BAW band 

E were rechromatographed i n the HAc-HCl solvent. 
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When the anthocyanin eluates obtained by the procedures described 

i n Section: 11.2.1 were f l a s h evaporated to dryness at 50°C3 degradation of 

anthocyanins occurred i n s e v e r a l e l u a t e s . Although, the eluates of the BAW 

bands D, E, and i n some cases A ( F i g . 10.3) remained v i s u a l l y s t a b l e upon 

dry i n g , the other e l u a t e s ; notably, from the BAW bands B, C, H, and G, 

y i e l d e d yellow degradation products. The degradation to yellow m a t e r i a l s , 

as estimated v i s u a l l y , v a r i e d g e n e r a l l y from'20% to 507o, and o c c a s i o n a l l y 

up to 100%. The maximum degradation occurred i n eluates obtained from weak, 

anthocyanin bands such as B, C, H, I , J , e t c . Although, some anthocyanins 

d i d c r y s t a l l i z e to brownish c o l o r s upon f l a s h evaporation of the eluates 

obtained from strong bands such as A, F, G, e t c . , the f l a s h evaporated 

m a t e r i a l s a l s o contained the yellow degradation products surrounding the 

c r y s t a l l i n e anthocyanins. Rechromatography had to be undertaken to separate 

the anthocyanins. Degradation occurred again whenever eluates were evapor

ated to dryness _in vacuo. A large number of anthocyanin e x t r a c t s obtained 

from d i f f e r e n t t i s s u e s and stages of development of d i f f e r e n t genetic [ 

stocks (Sec. 10) were thus l o s t , and progress g r e a t l y impeded. 

I t was observed from e a r l i e r s t u d i e s (Sec. 8), that degradation 

was not as pronounced i f the eluates were only concentrated but not f l a s h 

evaporated to dryness. Thus, i n the l a t e r work, presented below, the 

anthocyanin eluates were only concentrated and not d r i e d . The e l u t i o n was 

c a r r i e d out w i t h methanol c o n t a i n i n g 1% cone. HCl diree.tly from the paper 

s t r i p s ; the other e l u e n t s , p a r t i c u l a r l y those c o n t a i n i n g aqueous f r a c t i o n s , 

were not used because they took a longer time f o r f l a s h evaporation. In 

the l i k e l i h o o d that the 50°C temperature f o r f l a s h evaporation was high, the 

I 



TABLE 11.I 

DATA FROM PREPARATIVE CHROMATOGRAPHY AND HAc-HCl PURIFICATION OF THE 
ANTHOCYANINS FROM GOPAL BASAL LEAF SHEATHS (FIELD COLLECTION 138) BY ELUTION 

P r e p a r a t i v e Chromatography: BAW P u r i f i c a t i o n : HAc-HCl 

o 
C o l o r s C o l o r s 

PL PJ ' -o P . 
14—1 

& ; V • PS . 
. . • V UV c o V UV 

C o a o 
Cfl co CO e CO 
PQ < cu • Q; o 

o ; 
ai a 

A r 10 7 P u r p l e Deep A l 10 Magenta N e a r - r e d f l u o r e s c e n c e 
V i o l e t A2 32 Magenta Mauve t o magenta 
p u r p l e A3 

A4 
59 
68 

Rose r e d 
Rose p u r p l e 

P u r p l i s h 
Near mauve (weak) 

0S 15 8 Red t o Red t o C l 9 P i n k i s h R e d d i t h f l u o r e s c e n c e 
orange mauve C2 29 Magenta Magenta 
r e d C3 

C4 

56 

70 

Magenta t o 
p u r p l e 
Orange r e d 

Near mauve 
Near mauve 

D C 19 13 Mauve t o V i o l e t D l 8 P i n k N e a r - r e d f l u o r e s c e n c e 
p u r p l e mauve D2 

D3 

27 

? 

Magenta t o ; 
p u r p l e 
a l o n g weak 
t r a i l 

Deep d u l l p u r p l e 



TABLE 1 1 . I - - ( c o n t i n u e d ) 

P r e p a r a t i v e Chromatography: BAW P u r i f i c a t i o n : HAc-HCl 
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23 13 

Rose r e d 

Deep 
p u r p l e 

E l v 

E2 
E 3 W 

E4 
E5 

12 
27 
35 
38 
51 

P i n k 
Mauve 
Rose r e d 
P i n k 
Mauve 

N e a r - r e d f l u o r e s c e n c * 
P u r p l e t o magenta 
D u l l magenta 
B r i g h t p i n k 
Mauve ? 

F 25 17 P i n k B r i g h t 
p i n k 

F l 
F2 
F3 

11 
28 
36 

L i g h t p i n k 
Mauve 
P i n k 

P i n k f l u o r e s c e n c e 
Mauve 
P i n k 

17 P i n k B r i g h t 
p i n k 

F l 
F2 
F3 

11 
28 
36 

G 28- 20 Orange 
r e d 

.. D u l l r e d Degraded d u r i n g e l u t i o n 

p Rf v a l u e s x 100, d e t e r m i n e d on Whatman paper No. 3 by a s c e n t , 
q R^ v a l u e s x 100, d e t e r m i n e d on Whatman paper No. 3 by d e s c e n t . 
r The BAW band A remai n s p u r p l e - v i o l e t d u r i n g and f o r a few hours f o l l o w i n g d e v e l o p 

ment; l a t e r i t becomes b l u i s h r e d . 
s The r e s o l u t i o n o f t h e BAW band C, i n g e n e r a l , was i n c o n s i s t e n t . O c c a s i o n a l l y i t 

r e s o l v e d i n t o two weak bands. I t i s p r o b a b l e t h a t one of t h e bands i s e q u i v a l e n t 
t o t he BAW band B-130 ( T a b l e 13 I I I ) and B-400s ( T a b l e 1 9 . 1 ) , The orange r e d shade 
may be due t o superimposed copigment. 



TABLE 11.1-.-(continued) 

t The BAW band D g e n e r a l l y d i s a p p e a r s d u r i n g development; s e p a r a t e s o c c a s i o n a l l y f r o m E when 
development p e r i o d i s e x t e n d e d . 

u V e r y I n t e n s e major band. 

v C r y s t a l l i z e d i n a r e f r i g e r a t o r . C r y s t a l s i n s o l u b l e i n 17. aqueous H C l a t room t e m p e r a t u r e , 

w C r y s t a l l i z e d i n a r e f r i g e r a t o r . C r y s t a l s s o l u b l e i n 17, aqueous H C l a t room t e m p e r a t u r e . 

l o w e r t e m p e r a t u r e o f 30 C was used. 

The e l u a t e s o b t a i n e d from t h e BAW bands ( F i g . 10.3) o f the F i e l d C o l l e c t i o n No. 138, ob

t a i n e d under t h e above c o n d i t i o n s , were chromatographed by ba n d i n g f o r p u r i f i c a t i o n i n t h e HAc-HCl 

s o l v e n t . The c h r o m a t o g r a p h i c d a t a i s summarised i n T a b l e 1 1 . I . I t w i l l be no t e d t h a t e x c e p t t h e 

e l u a t e from band D-138, a l l o t h e r e l u a t e s ' s p l i t ' i n t o t h r e e t o f i v e a n t h o c y a n i n components. A l l 

a n t h o c y a n i n e l u a t e s showed v a r y i n g degrees o f breakdown p r o d u c t s , such a s , y e l l o w bands and o t h e r 

s u b s t a n c e s d e t e c t a b l e under u l t r a v i o l e t l i g h t on the chromatograms. A l t h o u g h , the a n t h o c y a n i n 

G-138 degraded c o m p l e t e l y i n t h e c o u r s e o f e l u t i o n , i n a n o t h e r attempt (Sec. 1 2 ) , i t was r e c o v e r e d 

i n a p a r t i a l l y degraded s t a t e . A l l chromatograms d e v e l o p e d i n the HAc-HCl s o l v e n t showed l a r g e 

q u a n t i t i e s o f d u l l brown y e l l o w m a t e r i a l s , w h i c h remained a t the s t a r t i n g l i n e , and a l s o showed 

y e l l o w b a n d ( s ) near the s o l v e n t f r o n t ( s e e l a t e r ) . 
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The anthocyanin components of each band obtained in the HAc-HCl run 

(Table 11.I) were eluted again with methanol containing 1% cOnc. HCl. The 

eluates a f t e r concentration were l e f t i n a freezer (-15°C) and aliquots re-

chromatographed i n several solvents to determine i f the s p l i t t i n g of antho

cyanins would occur s t i l l , and also to determine the extent of degradation. 

The r e s u l t s of the HAc-HCl bands A2, A3, and A4 upon rechromatography in 

HAc-HCl are shown i n F i g . 11.1 (chromatograms I to VI). The eluates of 

A l degraded i n the course of e l u t i o n and f l a s h evaporation, and are, there

fore, not shown i n F i g . 11.1. The chromatograms I, V and VI were developed 

immediately af t e r processing the eluates of A2, A3, and A4; the solvent 

fronts of these chromatograms had just run o f f . The chromatograms I I , I I I , 

and IV were developed about two days l a t e r ; the chromatogram III and IV were 

run using the same eluates as were used for the chromatogram I and V respec

t i v e l y , and the chromatogram II was developed by s t i t c h i n g (see Sec. 13) the 

segment excised from the anthocyanin spot A2 (see window i n chromatogram I ) , 

in order to avoid e l u t i o n . The anthocyanin spots i n F i g . 11.1 are denoted 

by the l e t t e r R (red); the v i s i b l e colors of the other spots are on the 

l e f t and the u l t r a v i o l e t on the r i g h t of each spot. 

It i s clear from the r e s u l t s that a l l anthocyanins again s p l i t 

upon rechromatography and that the eluates also contain several degradation 

products. For example, the A2-138 breaks down into two d i s t i n c t anthocyanin 

components A l and A2 (shown i n F i g . 11.1, by error, as A3); and at least.2 

to 3 yellowish breakdown products (Chromatogram I ) . However, when the same 

eluate A2-138 was chromatographed, af t e r two days, using about twice the 

concentration applied i n chromatogram No. I, (Chromatogram I I I ) , i t showed, 

in addition to A l and A2, also the presence of a d i s t i n c t , though weak, 

anthocyanin t r a i l leading to the R f values of the anthocyanin components A3 
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F i g . 11.1. 
Chromatograms I t o V I show t h e 
l a b i l i t y , a s s o c i a t e d w i t h the 
u s u a l e l u t i o n and f l a s h e v a p o r 
a t i o n p r o c e d u r e s , o f t h e HAc-
HCl components f r o m the BAW 
band A. The HAc-HCl components 
used a r e ( A 2 ) , A 3 ) , and ( A 4 ) . 
The e q u i v a l e n t components r e c o 
vered on HAc-HCl r e c h r o m a t o g r a 
phy a r e shown w i t h o u t b r a c k e t s , 
v i z . A, A 2 i L3> e t c . Break
down p r o d u c t s from h i g h l y pur
i f i e d a n t h o c y a n i n s a r e promin
e n t . ( E r r a t u m : Chromatogram 
I , A^ s h o u l d r e a d A £ ) . 

(A2) 

MAc- HCl Conponents i Bond 

Solvent (HAc-HCl) 

p 1 C _ _ _ _ J B " 

A4? 

A 3 ? 

RY A 4 _ w » 

(A2) 

n 

1 -- -!# air-—- 1 
O O P (A3) 

IV V 

•31 B t r ~gr 
(A4) 

VI 

and A4 ( T a b l e 1 1 . I ) . I n a d d i t i o n t o common y e l l o w breakdown p r o d u c t s , w h i c h 

a r e p r e s e n t i n chromatograms I , and I I I , t he chromatogram I I I a l s o shows the 

pr e s e n c e of a p a l e y e l l o w ( l i g h t b l u e under UV) component, 0.80, s u p e r 

imposed p a r t i a l l y on the spot A4, and a y e l l o w ( l i g h t b l u e under UV) compon

ent Rf 0.06, superimposed p a r t i a l l y on t h e spot A l . These components a r e n o t 

seen on chromatogram I . B o t h the chromatograms, i . e . , I and I I I , a l s o show 

the p r e s e n c e of a l a r g e q u a n t i t y o f b r o w n i s h y e l l o w s u b s t a n c e ( s ) w h i c h d i d 

not move fr o m the s t a r t i n g l i n e . I t w i l l be n o t e d t h a t t h e e x c i s e d spot 

A2-138 upon r e c h r o m a t o g r a p h y , however, does n o t show any d e t e c t a b l e s p l i t o f 

the a n t h o c y a n i n , and a l s o shows o n l y one l i g h t b l u e f l u o r e s c e n t component 
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(R^ 0.88). The r e s o l u t i o n o f a n t h o c y a n i n s by s t i t c h i n g , and hence by a v o i d i n g 

e l u t i o n , w i l l be d e s c r i b e d i n d e t a i l i n S e c t i o n 13. 

The chromatogram V shows t h a t the a n t h o c y a n i n A3-138 s p l i t s a t 

l e a s t i n t o two d i s t i n c t a n t h o c y a n i n s , A2 and A3, and a l s o i n t o a b a r e l y de

t e c t a b l e t r a i l o f t h e a n t h o c y a n i n A4. The f i g u r e s i n t h e c e n t r e o f t h e s p o t s 

i n d i c a t e an e s t i m a t e o f the r e l a t i v e c o n c e n t r a t i o n s o f the a n t h o c y a n i n s . I t 

i s c l e a r t h a t the a n t h o c y a n i n A3 does not show the a n t h o c y a n i n component A l 

even i n t r a c e amounts. However, when the e l u a t e was r e c h r o m a t o g r a p h e d a f t e r 

two days, u s i n g l a r g e amounts, t r a c e s of the component A l a l s o appear 

(chromatogram I V ) , and a l s o t h e component A4 becomes d i s t i n c t l y v i s i b l e . 

The d e g r a d a t i o n p r o d u c t s , w h i c h were n o t c l e a r l y d e t e c t a b l e i n t h e chromat

ogram V a r e seen i n abundance i n chromatogram IV. 

The chromatogram V I shows t h a t t h e a n t h o c y a n i n A4-138, upon r e c h r o 

matography i n the HAc-HCl s o l v e n t , s p l i t s i n t o 4 a n t h o c y a n i n components, 

p r o b a b l y , e q u i v a l e n t t o t h e a n t h o c y a n i n A2, A3, A4. The e q u i v a l e n t o f the 

q u e s t i o n - marked a n t h o c y a n i n component, i m m e d i a t e l y above t h e a n t h o c y a n i n 

A2, was not d e t e c t e d i n o t h e r e l u a t e s . The numbers i n the c e n t r e o f t h e 

s p o t s a r e e s t i m a t e s o f t h e r e l a t i v e c o n c e n t r a t i o n r a t i o o f t h e d i f f e r e n t 

a n t h o c y a n i n s . I t i s c l e a r t h a t the chromatogram V I does not show t h e 

p r e s e n c e of the a n t h o c y a n i n A l . I t w i l l be n o t e d t h a t the chromatograms IV, 

V, and V I a l s o show the p r e s e n c e of t h e y e l l o w i s h components t h a t a r e s t a t 

i o n a r y a t t h e s t a r t i n g l i n e . 

The e l u a t e s f r o m t h e HAc-HCl bands A2, A3, and A4 ( T a b l e 1 1 . I ) , 

w h i c h were r e c h r o m a t o g r a p h e d i n t h e HAc-HCl s o l v e n t ( F i g . 11.1.) were a l s o 

r e c h r o m a t o g r a p h e d i n the BAW s o l v e n t by s p o t t i n g . The r e s u l t s a r e shown i n 

F i g . 11.2, and a r e b r o a d l y s i m i l a r t o t h o s e o b t a i n e d f r o m r e c h r o m a t o g r a p h y 

i n t h e HAc-HCl s o l v e n t ( F i g . 1 1 . I ) . The e l u a t e o f t h e a n t h o c y a n i n A2-138 
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shows one major a n t h o c y a n i n (Rf 0.20) and two v e r y weak a n t h o c y a n i n s p o t s 

( R f 0.08, and 0.28), none o f w h i c h r e s e m b l e s the spot A l ( F i g . 11.1). The 

spot a t R^ 0.08 i s confounded w i t h a spot o f l i g h t b l u e f l u o r e s c e n t s u b s t a n c e . 

Two d i s t i n c t , b r i g h t y e l l o w and y e l l o w , d e g r a d a t i o n p r o d u c t s (R^ 0.11 and 

0.43, r e s p e c t i v e l y ) a r e a l s o p r e s e n t . The e l u a t e o f t h e a n t h o c y a n i n A3-138 

a l s o s p l i t s i n t o two a n t h o c y a n i n s p o t s (R^ 0.11 and 0.23), the y e l l o w spot 

(R^ 0.40) and o t h e r s u b s t a n c e s d e t e c t a b l e under u l t r a v i o l e t l i g h t . The e l u a t e 

o f t h e a n t h o c y a n i n A4-138 shows t h r e e major a n t h o c y a n i n s p o t s (R^ 0.10, 0.12, 

and 0.20), two minor a n t h o c y a n i n s p o t s (R^ 0.23, 0.28) and a weak r e d d i s h 

F i g . 11.2. 

Shows the l a b i l i t y , a s s o c i a t e d 
w i t h the u s u a l e l u t i o n and f l a s h 
e v a p o r a t i o n p r o c e d u r e s , o f t h e 
HAc-HCl components from t h e BAW 
band A. The HAc-HCl components 
used a r e (A2 ), (A3 ) and (A 4 ) . 
The e q u i v a l e n t components r e c o v 
e r e d on re c h r o m a t o g r a p h y , on 
t h i s o c c a s i o n u s i n g the BAW s o l 
v e n t , a r e shown w i t h o u t b r a c k e t s . 
Breakdown p r o d u c t s from h i g h l y 
p u r i f i e d a n t h o c y a n i n s a r e prom
i n e n t . 

HAc -HC l Components : Bond A 

Solvent ( BAW) 

Y I BIBK Y Bet YI BIBk 

C - t 

- b Y * BIBk /drf"*^ 

/1 *w 
YH-./lWf R/ j wk 

- — f K — 

R wk 

R( , 
VBI C ' < i ,VBI 

Y^f' IBIf 
„<-^VBI 
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HAc-HCl Components : Bond E 

So lvent ( B A W / 

^io(SW) 
•'DGY(LW) 

ft r*.* 
jViO pY 

DVioBk Y 
; wkOBii^flSW) 

DVioBk 

(El) 
3C* Ibl 

"(E2) (E3) 

,Vio EW) 
''DGY(LW) BIBk 

,OVIo 
/ tight orea 

gT'DIB (LW) 
TDd/ io (LW) 

Gf (SW) 
olS 

F i e . 11.3. 

Rechromatography i n BAW of the components ( E ^ ) t o ( E ^ ) ( o b t a i n e d f r o m t h e 
HAc-HCl chromatography o f the BAW band E) showing the c o m p a r a t i v e s t a b i l i t y 
o f E^ , E2 and E^ and t h e marked i n s t a b i l i t y o f E^ . 

y e l l o w t r a i l (R^ 0.07) w h i c h , p r o b a b l y , i s an a n t h o c y a n i n . A d d i t i o n a l l y , i t 

shows two y e l l o w s p o t s (R^ 0.43, and 0.17) and two s p o t s showing v i o l e t b l u e 

a b s o r p t i o n (R^ 0.18 and 0.13: shown by d o t t e d l i n e s ) , w h i c h a r e a l s o p r e s 

e n t i n the e l u a t e o f the a n t h o c y a n i n A3-138. I n a d d i t i o n , a l l t he e l u a t e s 

show d i s t i n c t l y t h e s t a t i o n a r y components a t t h e s t a r t i n g l i n e ; t h e y a r e 

orange y e l l o w i n the case o f A2-138, and A4-138 and weak r e d i n the case 

of A3-138. 

The HAc-HCl a n t h o c y a n i n components o f the BAW band C ( T a b l e 11.I) 

were a v a i l a b l e o n l y i n s m a l l amounts. The component C l - 1 3 8 and C4-138 s u f f 

e r e d complete d e g r a d a t i o n upon e l u t i o n and f l a s h e v a p o r a t i o n . S i m i l a r l y , 



the components Dl-138 and Fl-138 (Table 11.I) also suffered degradation dur

ing processing. 

It was observed that the degree of degradation was not the same 

for a l l anthocyanin eluates following f l a s h evaporation. This i s i l l u s t r a t e d 

with the rechromatography of the HAc-HCl components of the BAW band E 

(Table 11.1), i n BAW ( F i g . 1.1.3) and Aq-HCl (Fig. 11.4). The r e s u l t s of the 

HAc-HCl components, El-138, E2-138, E3-138 are shown in F i g . 11.3. Although 

the eluate of the component El-138 was v i s u a l l y red, i t s p l i t into two com

ponents, a red and a yellow, at the time the band was applied; the red com

ponent remained i n the centre and the yellowish component di f f u s e d around 

the red. However, within a few hours of development i n the BAW, the red 

color disappeared. The chromatogram only shows two yellowish spots, one at 

0.15 ( d u l l v i o l e t black absorption) and the other at R^ 0.19 ( d u l l v i o l e t 

absorption). A d d i t i o n a l l y , i t w i l l be noted that a yellow component re

mained at the s t a r t i n g l i n e . The eluate from E2-138 ( F i g . 11.3) also shows 

the presence of the same two yellowish components, which were present in the 

eluate from El-138. However, i n between the yellowish components i s also 

present, in E2-138, a weak greenish blue fluorescent (R^ 0.15) spot seen 

only under short-wave u l t r a v i o l e t r a d i a t i o n . The eluate also shows one d i s 

t i n c t anthocyanin spot (Rf 0.29) and two pale yellow spots(R^ 0.40 and 0.46). 

It was noted in Table 11.I that the spot E2-138 was, i n f a c t , the lower part 

of the major spot E3-138. It was designated as a separate spot because i t 

showed a s l i g h t l y more b l u i s h tinge than the spot E3-138. The chromatogram 

E3-138 ( F i g . 11.3) also shows one anthocyanin spot at R^ 0.29). The antho

cyanin E3-138 does not show much s p l i t t i n g but for a very weak spot at R^ 

0.44. Whereas the stationary component of the eluate E2-138 i s pink, i t i s 

barely v i s i b l e , though reddish, i n the eluate of E3-138. The eluate from 
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F i g . 11.4. 

Rechromatography i n Aq-HCl of 
the components ( E ^ ) t o CE5 ) 
( o b t a i n e d f r o m the HAc-HCl 
chromatography of t h e BAW band 
E) showing t h e c o m p a r a t i v e s t a 
b i l i t y o f E j , E 2 , and E 3 , 
and t h e marked i n s t a b i l i t y o f 
E,- . A d d i t i o n a l l y t h e f a i l u r e 
o f c e r t a i n c o l o r e d components 
t o move from t h e s t a r t i n g l i n e 
i n t h i s s o l v e n t i s t o be n o t e d . 
The d e g r a d a t i o n o f E^ l a t e r shown 
t o be an a g l y c o n e , i s shown i n 
t h i s chromatogram and i n chrom
atogram 11.3. 

t h e a n t h o c y a n i n E5-138 c a r r i e s l a r g e q u a n t i t i e s of y e l l o w d e g r a d a t i o n p r o d 

u c t s . Only one a n t h o c y a n i n spot (R^ 0.23) i s b a r e l y v i s i b l e ; i t i s con

founded w i t h two u l t r a v i o l e t a b s o r b i n g s u b s t a n c e s ( F i g . 11.3). The major 

d e g r a d a t i o n p r o d u c t i s t h e b r i g h t y e l l o w spot (R^ 0.40). 

The chromatography of t h e HAc-HCl components of the BAW band E-138 

i n Aq-HCl ( F i g . 11.4) s u p p o r t s t h e r e s u l t s shown i n F i g . 11.3. A l t h o u g h the 

a n t h o c y a n i n E l - 1 3 8 ( p i n k f l u o r e s c e n c e ) degraded c o m p l e t e l y i n BAW, i t r e 

mained somewhat s t a b l e i n Aq-HCl (R^ 0.017). The a n t h o c y a n i n E2-138 i n 

i n Aq-HCl g i v e s a lower R f v a l u e (0.07) t h a n the component E3-138 ( R f 0.10). 
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As a l r e a d y i n d i c a t e d , E2-138 i s s l i g h t l y b l u e r t h a n E3-138. However, t h e 

c o l o r o f t h e t r a i l i n g p o r t i o n of E3-138 matches t h a t o f E2-138, b o t h i n v i s 

i b l e and u l t r a v i o l e t l i g h t . A l t h o u g h E2-138 and E3-138 g i v e i d e n t i c a l Re

v a l u e s i n BAW ( F i g . 11.4) and HAc-HCl (Table 1 1 . I ) , t h e y . m a i n t a i n the R f : v a l u e 

d i f f e r e n c e i n A q - H C l , when the development of t h e chromatogram was c o n t i n u e d 

f o r o v e r a day l e t t i n g t h e s o l v e n t f r o n t d r i p o f f . The e l u a t e f r o m the a n t h o 

c y a n i n E5-138 p a r a l l e l s t h e d e g r a d a t i o n shown i n BAW ( F i g . 11.3). I t shows 

a weak r e d spot (R^ 0.02), a l o n g weak y e l l o w t r a i l (shown by t h e p e n c i l l e d 

l i n e s ) and some y e l l o w s p o t s near t h e s o l v e n t f r o n t . N o t a b l y , the c o l o r s of 

t h e s t a t i o n a r y s u b s t a n c e a t t h e s t a r t i n g l i n e show s t r i k i n g d i f f e r e n c e i n the 

BAW and t h e Aq-HCl s o l v e n t s . 

11.4. DISCUSSION 

The c h r o m a t o g r a p h i c r e s u l t s d e m o n s t r a t e the t y p e of i n s t a b i l i t y 

e n c o u n t e r e d i n b a r l e y a n t h o c y a n i n complexes f o l l o w i n g e l u t i o n and f l a s h ev

a p o r a t i o n . Even when a n t h o c y a n i n s were p r o c e s s e d s i m u l t a n e o u s l y under 

e q u i v a l e n t c o n d i t i o n s , some showed g r e a t e r i n s t a b i l i t y t h a n t h e o t h e r s . T h i s 

i s c l e a r l y i l l u s t r a t e d w i t h t h e r e s u l t s of the HAc-HCl e l u a t e s o f t h e a n t h o 

c y a n i n E5-138 i n r e l a t i o n t o t h e e l u a t e s of o t h e r a n t h o c y a n i n components of 

t h e BAW band E-138 ( F i g s . 11.3 and 11.4). The i n s t a b i l i t y o f t h e HAc-HCl 

components A l - 1 3 8 , E l - 1 3 8 and F l - 1 3 8 e i t h e r i n t h e c o u r s e of e l u t i o n o r i n 

c h r o m a t o g r a p h i c development, p a r t i c u l a r l y i n t h e BAW s o l v e n t , i s n o t e w o r t h y . 

Whereas t h e a n t h o c y a n i n G-138 degraded c o m p l e t e l y i n t h i s s t u d y , i t was r e 

c o v e r e d i n a p a r t i a l l y degraded s t a t e as d e s c r i b e d e l s e w h e r e ( S e c . 1 2 ) . 

The i n s t a b i l i t y i s , t h e r e f o r e , u n p r e d i c t a b l e . 

The a b s e r v a t i o n t h a t the a n t h o c y a n i n A2-138, when a p p l i e d i n s m a l l 

q u a n t i t y showed o n l y two a n t h o c y a n i n s and when a p p l i e d i n l a r g e r q u a n t i t y 



218 

showed a t l e a s t f o u r a n t h o c y a n i n s ( F i g . 11.1) i n d i c a t e s the i m p o r t a n c e of 

q u a n t i t y of e l u a t e s a p p l i e d and t h e c h r o m a t o g r a p h i c d e t e c t a b i l i t y . That the 

a n t h o c y a n i n A2-138, d i d not s p l i t by s t i t c h i n g l e d t o t h e b e l i e f t h a t the 

s p l i t t i n g o f a n t h o c y a n i n s and a l s o d e g r a d a t i o n t o y e l l o w p r o d u c t s was e n t i r e 

l y due t o t h e t e c h n i q u e s used i n e l u t i o n and f l a s h e v a p o r a t i o n . I t was, 

however, found l a t e r ( S e c . 1 3 ) , when l a r g e s c a l e s t i t c h i n g chromatography was 

u n d e r t a k e n , t h a t d i s c r e p a n c i e s i n t h e d e t e c t a b i l i t y were, a l s o i n p a r t , due 

t o the d i f f e r e n c e s i n q u a n t i t y o f t h e a n t h o c y a n i n p r e s e n t i n the band seg

ment s t i t c h e d . The chromatogram No. I ( F i g . 1 1 . 1 ) , f r o m w h i c h the e x c i s e d 

segment f o r t h e chromatogram No. I I ( F i g . 11.1) was o r i g i n a l l y o b t a i n e d , 

shows t h a t the s p o t A2-138 was r e a s o n a b l y s t r o n g , y e t i t was not s t r o n g 

enough t o show p r e s e n c e o f o t h e r components i n d e t e c t a b l e amounts on t h e 

chromatogram bec a u s e , t h e a n t h o c y a n i n s p l i t t i n g on t h e paper as compared t o 

t h e s o l u t i o n i s p r o p o r t i o n a t e l y , m i n i m a l (Sees,., 13 and 1 5 ) . These o b s e r 

v a t i o n s show p i t f a l l s i n v i s u a l d e t e c t i o n i n chromatography. 

The e l u a t e s showing pronounced d e g r a d a t i o n , i n v a r i a b l y , showed th e 

p r e s e n c e of y e l l o w i s h brown s t a t i o n a r y m a t e r i a l s a t t h e s t a r t i n g l i n e . I f 

t h e d e g r a d a t i o n was m i n i m a l , as was the case w i t h a n t h o c y a n i n e l u a t e s 

E2-138, and E3-138, the c o l o r o f the s t a t i o n a r y m a t e r i a l was r e d . The 

r e d d i s h non-moving m a t e r i a l s were a l s o o b s e r v e d commonly upon chromatography 

of t h e p a r t i a l l y h y d r o l y s e d a n t h o c y a n i n s i n l a t e r s t u d i e s . The n a t u r e o f 

the r e d , r e d d i s h brown and b r o w n i s h y e l l o w s t a t i o n a r y m a t e r i a l s does n o t 

appear t o have been i n v e s t i g a t e d . N o n e t h e l e s s , the non-moving m a t e r i a l s 

c e r t a i n l y c o n s t i t u t e a s i z e a b l e f r a c t i o n of t h e a n t h o c y a n i n breakdown p r o d 

u c t s . The magnitude of the s t a t i o n a r y m a t e r i a l s i s s u c h t h a t a s t u d y o f 

them p r i o r t o q u a n t i t a t i v e s t u d i e s of a n t h o c y a n i n s i s i m p e r a t i v e . A few 

f u r t h e r comments on t h e s t a t i o n a r y m a t e r i a l s w i l l be made i n S e c t i o n 15 and 
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19.3.3. S p e c t r a l c h a r a c t e r i s t i c s of d e g r a d a t i v e m a t e r i a l s o t h e r t h a n the 

s t a t i o n a r y m a t e r i a l s w i l l be e l a b o r a t e d i n S e c t i o n 12. 

I t was shown i n S e c t i o n 8.2.4, t h a t the a n t h o c y a n i n s o f t h e s p e r 

moderm e x t r a c t s a l s o s p l i t i n t o s e v e r a l components upon e l u t i o n and r e c h r o 

matography ( F i g . 8.3.). Those e l u a t e s a l s o showed v a r y i n g d e grees of y e l l o w 

breakdown p r o d u c t s and t h e s t a t i o n a r y m a t e r i a l s . Thus, the breakdown as 

w e l l as the s p l i t t i n g o f a n t h o c y a n i n s was b r o a d l y s i m i l a r t o the one p r e s e n 

t e d i n t h i s s e c t i o n . The p r eponderance of a n t h o c y a n i n breakdown e n c o u n t e r e d 

i n the c o u r s e of e a r l y work, as d e s c r i b e d i n t h i s s e c t i o n , a p p ears p r i m a r i l y 

t o be due t o t o t a l e v a p o r a t i o n i n vacuo. The q u e s t i o n as t o whether or not 

the d e g r a d a t i o n i s ;due t o f l a s h e v a p o r a t i o n or t o the s o l v e n t s used or b o t h 

may f i n d answer i n subsequent s e c t i o n s ( p a r t i c u l a r l y s e c t i o n 15, and 2 3 ) . 

I n s p i t e of t h e d e g r a d a t i o n , t h e v a l u e s of d i f f e r e n t a n t h o c y a n i n s 

c o u l d s t i l l be d e t e r m i n e d i n most c a s e s arid t h e e l u a t e s c o u l d s t i l l be h y d r o -

l y s e d t o d e t e r m i n e t h e p a r e n t a n t h o c y a n i d i n s . However, owing t o the s p l i t t 

i n g of a n t h o c y a n i n s , s u f f i c i e n t q u a n t i t i e s o f i s o l a t e s f o r the g l y c o s i d i c 

and s p e c t r a l a n a l y s i s c o u l d n o t be o b t a i n e d . Because the a n t h o c y a n i n s , 

i m m e d i a t e l y a f t e r e l u t i o n , a ppeared t o be q u i t e s t a b l e , and because t h e 

a n t h o c y a n i n s c o u l d not be d r i e d ( because o f d e g r a d a t i o n ) , i t was d e c i d e d t o 

e x p l o r e t h e p o s s i b i l i t y o f s t u d y i n g t h e i r > s p e c t r a a f t e r d i r e c t e l u t i o n w i t h 

m e t h anol c o n t a i n i n g 0.017„ cone. H C l , t h e s o l v e n t used by H arborne (1958) 

f o r s p e c t r a l i d e n t i f i c a t i o n o f a n t h o c y a n i n s . The r e s u l t s of t h i s s t u d y a r e 

d e s c r i b e d i n t h e n e x t s e c t i o n . 
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• . • 11 .5 . SUMMARY 

I t was d e m o n s t r a t e d i n S e c t i o n 8, t h a t the spermoderm a n t h o c y a n i n s 

a r e complex and s p l i t i n t o ; s e v e r a l components upon r e c h r o m a t o g r a p h y . The; 

b a s a l l e a f s h e a t h a n t h o c y a n i n s ( F i e l d C o l l e c t i o n 1 3 0 , and 138) a l s o s p l i t , 
i 

l i k e w i s e , i n t o s e v e r a l components f o l l o w i n g e l u t i o n and f l a s h e v a p o r a t i o n . 

I n a d d i t i o n , the a n t h o c y a n i n s o f b a r l e y a r e h i g h l y l a b i l e because the u s u a l 

t e c h n i q u e s o f h a n d l i n g g i v e r i s e t o v a r y i n g degrees o f breakdown. The 

breakdown t o y e l l o w p r o d u c t s , i n g e n e r a l , o c c u r r e d o n l y i n the f i n a l s t a g e s 

o f f l a s h e v a p o r a t i o n . The e l u a t e s o b t a i n e d from weak a n t h o c y a n i n bands 

s u f f e r e d g r e a t e r breakdown t h a n t h o s e from the s t r o n g bands. The d i f f e r e n c e s 

i n s t a b i l i t y may be l a r g e l y due t o the d i f f e r e n c e s i n q u a n t i t y t h a n the 

d i f f e r e n c e s i n s t r u c t u r e o f a n t h o c y a n i n s because the i n s t a b i l i t y was gen-

a l l y u n p r e d i c t a b l e . 

A p a r t o f the breakdown p r o d u c t , upon chromatography, remains 

s t a t i o n a r y a t the' s t a r t i n g l i n e . I t w i l l be d e m o n s t r a t e d i n S e c t i o n 19.3.3 

t h a t the breakdown t o the s t a t i o n a r y m a t e r i a l s i s due t o the p o l y m e r i z a t i o n 

o f a n t h o c y a n i n s . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

12. SPECTRAL EVIDENCE FOR THE INSTABILITY OF ANTHOCYANINS 

In the preceding section i t i s shown that anthocyanin drying 

could not be undertaken owing to breakdown that occurred with f l a s h eva

poration. However, the pigments must be available i n a pure, dry state 

so that the spectra can be studied i n the solvent, namely, methanol con

t a i n i n g 0.01% cone. HCl (Harborne,1958). Since the eluates appeared to be 

stable p r i o r to f l a s h evaporation, the f e a s i b i l i t y of ; eliminating drying 

(by f l a s h evaporation) and e l u t i n g anthocyanins d i r e c t l y with Harborne's 

spectral solvent, was examined. The anthocyanins again degraded upon 

e l u t i o n and processing. In th i s section, the spectral c h a r a c t e r i s t i c s 

of c e r t a i n degradation product or products of anthocyanins and antho

cyanidins In the wavelength range 330-600 mu w i l l be presented. 
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12.1. MATERIALS AND METHODS 

The BAW bands* o f the F i e l d C o l l e c t i o n s No. 130 and 138 ( F i g . 

10.3) were e l u t e d w i t h 0.01% cone. H C l i n methanol d i r e c t l y from the 

p a p e r s t r i p s . The s p e c t r a o f the e l u a t e s was drawn i n the w a v e l e n g t h 

range 330 .-600 mu a g a i n s t a s o l u t i o n o b t a i n e d from b l a n k a r e a s o f the 

chromatograms. The e l u t i o n , and s p e c t r a l a n a l y s i s were completed on the 

same day i n about 16 h o u r s . The e l u t i o n o f a l l a n t h o c y a n i n bands to o k 

8-10 hours d e p e n d i n g upon the r a t e o f e l u t i o n o f each a n t h o c y a n i n . The 

s p e c t r a l analysis,commenced i m m e d i a t e l y a f t e r e l u t i o n , t o o k about 6 hours. 

The a n t h o c y a n i d i n , E3-138, was o b t a i n e d by the h y d r o l y s i s o f 

the c r y s t a l l i n e a n t h o c y a n i n E3-138 ( T a b l e 1 1 . I ) , and the a n t h o c y a n i d i n s 

G-138* s J-130 and F-130 by the h y d r o l y s i s o f the c o r r e s p o n d i n g a n t h o 

c y a n i n e l u a t e s . The h y d r o l y s a t e s were p u r i f i e d by chromatography i n the 

F o r e s t a l s o l v e n t by the u s u a l p r o c e d u r e s ( H a r b o r n e , 1958) e x c e p t t h s t 

e l u t i o n was c a r r i e d out w i t h methanol c o n t a i n i n g 17, cone. H C l . The e l u a t e s 

were d r i e d i n vacuo. The o t h e r a n t h o c y a n i d i n s , namely lDE3(Sec. 19.3.7.2), 

7K and 5L ( 1 9 . 3 . 7 . 3 ) , were p r e p a r e d from the c o r r e s p o n d i n g a n t h o c y a n i n s 

by the method d e s c r i b e d i n S e c t i o n 19.2.3. 

A l l s p e c t r a l measurements were made w i t h Beckman DK2 s p e c t r o 

photometer i n 1-ml s i l i c a c u v e t t e s u s i n g 0.017. m e t h a n o l i c H C l . 

*The orange c o l o r e d BAW band G-138 ( T a b l e 11.I) r e s o l v e s as a 
m i x t u r e s o f a n t h o c y a n i n s . The band was f i r s t e l u t e d w i t h methanol con
t a i n i n g 17. cone. H C l , c o n c e n t r a t e d i n vacuo, and chromatographed i n the 
HAc-HCl s o l v e n t . The orange component s e p a r a t e d on the chromatogram was 
d e s i g n a t e d as G4x-138. The component i s d e s i g n a t e d i n t h i s s e c t i o n as 
G-138 f o r e x p e d i e n c y . 
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12.2. RESULTS 

E i g h t a n t h o c y a n i n s , A-138,. B-130, C-138, D-138, E-130, F-130, 

G-138 and H-130, were e l u t e d s i m u l t a n e o u s l y under s i m i l a r c o n d i t i o n s . A t 

the t i m e , the s p e c t r a were drawn, the c o l o r s of' the e l u a t e s o f the bands 

A-138 and F-130 changed t o r e d d i s h y e l l o w and t h a t o f the band G-138 t o 

orgnge y e l l o w ; the c o l o r o f e e l u a t e s o f the bands B-130, C-138 and H-130 

changed a l m o s t c o m p l e t e l y t o y e l l o w . The s p e c t r a o f the l a s t e l u a t e s 

were, t h e r e f o r e not-drawn; t h a t o f the o t h e r e l u a t e s a r e shown i n F i g . 

12.1. 

F i g . 12.1 
A b s o r p t i o n s p e c t r a i n 0.OH, m e t h a n o l i c H C l o f the a n t h o c y a n i n bands A, D, 
E, F, and G from l e a f s h e a t h s o f G o p a l . A, F, and G a r e p a r t i a l l y de
graded but show the c h a r a c t e r i s t i c f l a v y l i u m peaks. D and E a r e s t a b l e 
and do not show the d e g r a d a t i o n peak, c a . 365 mu. 
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The p a r t i a l l y degraded a n t h o c y a n i n e l u a t e s A, F, and G ( F i g . 

12.1), a p a r t from t h e i r c h a r a c t e r i s t i c f l a v y l i u m s a l t peaks (528, 519 and 

504 mu r e s p e c t i v e l y ) , show ~^max £§• 362, 356 and 358 mu, and 7^.^ c a . 336, 

340 and 340* mu, r e s p e c t i v e l y . The a n t h o c y a n i n s D and E, however, show 

o n l y the u s u s l s p e c t r a o b t a i n e d from s t a b l e a n t h o c y a n i n s o l u t i o n s . 

I t was o b s e r v e d that the ' y e l l o w n e s s ' o f the a n t h o c y a n i n e l u a t e s 

i n c r e a s e d upon s t a n d i n g . The c o n v e r s i o n t o y e l l o w m a t e r i a l s o c c u r r e d even 

at n i g h t w h i l e the e l u a t e s s t o o d i n i n c a n d e s c e n t l i g h t i n the c o u r s e o f 

s p e c t r a l measurements. By m o r n i n g , the e l u a t e s had become p e l e y e l l o w . 

I t was o b s e r v e d l a t e r , i n o t h e r c a s e s , t h a t the p a l e y e l l o w s o l u t i o n s 

became a l m o s t c o l o r l e s s upon f u r t h e r s t a n d i n g . I t i s shown e l s e w h e r e 

t h a t c o l o r change i s a gu i d e t o a s e r i e s o f d e g r a d a t i v e s p e c t r a l m o d i f i 

c a t i o n s , w h i c h o c c u r when e l u a t e s s t a n d under room c o n d i t i o n s f o r any 

l e n g t h o f time ( M u l l i c k and B r i n k , i n p r e s s ) . 

That the s p e c t r a l peaks around 360 mu do not c h a r a c t e r i z e t he 

a n t h o c y a n i n m o l e c u l e but are c h a r a c t e r i s t i c o f d e g r a d a t i v e m o d i f i c a t i o n s 

was a p p r e c i a t e d i n the course o f s p e c t r a l s t u d i e s on anthocyanidins. The 

s p e c t r a o f o n l y a few a n t h o c y a n i d i n s w i l l be p r e s e n t e d t o i l l u s t r a t e the 

p o i n t . 

F i g . 12.2 shows the s p e c t r a o f c y a n i d i n s o b t a i n e d from h y d r o 

l y s i s o f the a n t h o c y a n i n s E3-138 ( T a b l e 1 1 . I ) , and BE3 ( T a b l e 1 9 . ¥ 1 1 1 . B E ) . 

B o t h o f t h e s e a n t h o c y a n i n s a r e c h r o m a t o g r a p h i c a l l y i d e n t i c a l and a r e 

* A l t h o u g h the/^ m£ n v a l u e o f t h e a n t h o c y a n i n G-138 i s not d i s 
t i n c t , t he v a l u e 340 mu was o b t a i n e d from an i d e n t i c a l a n t h o c y a n i n 
e l u a t e G-130. However, the a n t h o c y a n i n G-130 showed far greater d e g r a d 
a t i o n : t he f l a v y l i u m peak was a l m o s t swamped by the degradation peak. 
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S p e c t r a i n 0.01% m e t h a n o l i c H C l o f c y a n i d i n s o b t a i n e d from the h y d r o l y s i s 
o f i d e n t i c a l a n t h o c y a n i n s from bands E3-138 and DE3 from b a s a l l e a f 
s h e a t h s o f G o p a l . Note the peak a t 365 mu r e s u l t i n g from d e g r a d a t i o n . 

o b t a i n e d from b a s a l l e a f s h e a t h s o f the p u r p l e v a r i e t y , G o p a l . The 

c y a n i d i n , E3-138, was o b t a i n e d i n e a r l i e r work by c h r o m a t o g r a p h i c p u r i f i 

c a t i o n ( H a r b o r n e , i b i d . ) and the o t h e r c y a n i d i n , DE3, by the method w h i c h 

was f i n a l l y used t h r o u g h o u t t h i s s t u d y (Sec. 19.2.3). The c y a n i d i n , 

E-138, became r e d d i s h y e l l o w i n s o l u t i o n , and shows two peaks a t 536 mu 

and ca.. 365 mu. The c y a n i d i n , DE3, remained c l e a r p i n k i n s o l u t i o n and 

shows o n l y one peak a t 534 mu. The aluminum c h l o r i d e S h i f t s ( F i g . 1 2 . 2 ) , 

w h i c h c o n f i r m the i d e n t i f i c a t i o n , a r e n o t a b l y v a r i a b l e ( c f . . H a r b o r n e , 

i b i d . ) . 

A s i m i l a r s i t u a t i o n i s shown i n F i g . 12.3 w i t h r e s p e c t t o 

p e l a r g o n i d i n s o b t a i n e d from the h y d r o l y s i s o f t t h e a n t h o c y a n i n s 7H, and 

G-138. A l t h o u g h the a n t h o c y a n i n 7H was o b t a i n e d from g r a i n t i s s u e s 
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F i g . 12.3 
S p e c t r a i n 0.017> m e t h a n o l i c H C l o f p e l a r g o n i d i n s d e r i v e d from the h y d r o l y s i s 
of bands 7H and G-138, o f p e o n i d i n d e r i v e d from band F-130, o f c y a n i d i n 
d e r i v e d from band 5L and o f an a n t h o c y a n i d i n d e r i v e d from an unknown 
a n t h o c y a n i n band J-130. The d e g r a d a t i o n peaks ca.. 365 mu, are masked but 
a r e p r o b a b l y p r e s e n t ( s e e . F i g . 8.2). 

(Sec. 19.3.7.3), and the a n t h o c y a n i n G-138 from the l e a f t i s s u e , b o t h 

are c h r o m a t o g r a p h i c a l l y i d e n t i c a l . I t w i l l be n o t e d t h a t whereas the 

p e l a r g o n i d i n , 7H, w h i c h remained orange r e d i n s o l u t i o n , shows the u s u a l 

s p e c t r a l f e a t u r e s o b t a i n e d from s t a b l e s o l u t i o n s of p e l a r g o n i d i n , t h e 

p e l a r g o n i d i n , G-138, w h i c h became orange y e l l o w , shows the i n c r e a s i n g 

a b s o r p t i o n below the w a v e l e n g t h s around 440 mu. No a l u m i n i u m c h l o r i d e 

s h i f t was o b t a i n e d w i t h the two p e l a r g o n i d i n s . The a n t h o c y a n i d i n , F-130, 

a p e o n i d i n , a l s o , d i d not show the aluminum c h l o r i d e s h i f t . However, i t 

d i d show i n c r e a s i n g a b s o r p t i o n below the w a v e l e n g t h s around 440 mu. I n 

s e v e r a l c a s e s , i t was n o t e d t h a t as the a n t h o c y a n i d i n s o l u t i o n s became 
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y e l l o w i s h , the a b s o r p t i o n due t o d e g r a d a t i v e t r a n s f o r m a t i o n s became so 

pronounced t h a t the f l a v y l i u m peaks were confounded as i s shown f o r 

a n t h o c y a n i d i n s J-130 and 5L. 

12.3. DISCUSSION 

The - r e s u l t s show t h a t a l t h o u g h a n t h o c y a n i n s were s t a b l e imme

d i a t e l y upon e l u t i o n , w i t h t i m e d e g r a d a t i o n o c c u r r e d i n s e v e r a l c a s e s . 

D i r e c t e l u t i o n w i t h the s p e c t r a l s o l v e n t * p r o v e d t o be u n s a t i s f a c t o r y . 

A l t h o u g h the e l u a t e s were p r o t e c t e d a g a i n s t l i g h t d u r i n g h a n d l i n g , 

r e m a i n i n g - i n d a r k n e s s d u r i n g e l u t i o n , exposed o n l y t o i n c a n d e s c e n t l i g h t 

a t n i g h t d u r i n g s p e c t r a l a n a l y s i s , and o n l y exposed a t most f o r a few 

hours i n h a l f l i g h t as t h e y were h a n d l e d i n the l a b o r s t o r y , d e g r a d a t i o n 

o c c u r r e d . H arborne ( 1 9 5 8 ) , u s i n g the same s o l v e n t d i d not e n c o u n t e r much 

d e g r a d a t i o n i n the c o u r s e o f s p e c t r a l a n a l y s i s , p r e s u m a b l y o v e r a s h o r t 

p e r i o d o f t i m e . S i n c e the e l u a t e s i n our case were a l s o s t a b l e i m m e d i a t e l y 

upon e l u t i o n , the d e g r a d a t i o n must have o c c u r r e d upon s t a n d i n g o v e r a 

p e r i o d o f t i m e . C o n s i s t e n t w i t h the b e l i e f t h a t h i g h a c i d c o n c e n t r a t i o n , 

such as 17o H C l , e x t r a c t s and p r e s e r v e s a n t h o c y a n i n s and a n t h o c y a n i d i n s 

( R o b i n s o n and R o b i n s o n , 1933), the breakdown I n 0.017, cone. H C l was 

assumed, a t the t i m e , t o be due t o the low q u a n t i t y o f the a c i d . I t was 

• k 

A n t h o c y a n i n i n s t a b i l i t y , a t the time t h i s s t u d y was c a r r i e d out 
had a r r e s t e d f u r t h e r p r o g r e s s on a n t h o c y a n i n i d e n t i f i c a t i o n . T h i s i n v e s t i 
g a t i o n was u n d e r t a k e n , as a l a s t r e s o r t a t t h a t t i m e , t o d e t e r m i n e i f 
some p a r a m e t e r s f o r i d e n t i f i c a t i o n o f a n t h o c y a n i n s c o u l d be e s t a b l i s h e d 
by s p e c t r a l means. O b v i o u s l y , the a c i d i t y o f the s p e c t r a l s o l v e n t would 
have i n c r e a s e d d u r i n g e l u t i o n due t o e v a p o r a t i o n o f m e t h a n o l , making the 
s p e c t r a l c o mparisons not s t r i c t l y comparable t o t h o s e o b t a i n e d by 
Harborne ( i b i d . ) . 
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b e l i e v e d t h a t Harborne ( i b i d . ) chose low c o n c e n t r a t i o n o f a c i d * because 

of the r e q u i r e m e n t s o f the aluminum c h l o r i d e t e s t (Geissman and J u r d , 

1 9 5 5 ) . 

That the s p e c t r a l peaks around 3 6 0 mu r e p r e s e n t the d e g r a d a t i i e 

t r a n s f o r m a t i o n s o f a n t h o c y a n i n s and a n t h o c y a n i d i n s , o c c u r r i n g on s t a n d i n g 

i n s o l u t i o n , i s shown by the s p e c t r a o f c y a n i d i n s ( F i g . 1 2 . 2 ) and p e l a r -

g o n i d i n s ( F i g . 1 2 . 3 ) . I t i s c l e a r from the s p e c t r a p r e s e n t e d e l s e w h e r e 

( F i g s . 1 8 . 2 . and 1 8 . 3 ) t h a t the d e g r a d a t i v e peaks do not a r i s e from 

chromatography paper d u r i n g e l u t i o n . The a n t h o c y a n i d i n s p u r i f i e d by 

chromatography show the d e g r a d a t i v e p e a k s , p r e s u m a b l y because o f the e x t r a 

time t a k e n f o r e l u t i o n and d r y i n g . A l t h o u g h a n t h o c y a n i d i n s p r e p a r e d 

w i t h o u t e l u t i o n ( S e c . 1 9 . 2 . 3 ) remained g e n e r a l l y s t a b l e , some d e g r a d a t i o n 

n o n e t h e l e s s o c c u r r e d when n e i t h e r the q u a n t i t i e s o f a n t h o c y a n i d i n s o b t a i n e d 

i n h y d r o l y s a t e s were s m a l l , or when the o r i g i n a l a n t h o c y a n i n i s o l a t e s 

c o u l d not be i s o l a t e d i n s t a b l e s t a t e . The a n t h o c y a n i n 5 L , f o r example, 

s u f f e r e d p a r t i a l d e g r a d a t i o n d u r i n g i s o l a t i o n : the s p e c t r a o f the 

h y d r o l y s e d i s o l a t e s ( F i g . 1 2 . 3 ) , t h e r e f o r e , show marked a b s o r p t i o n i n the 

d e g r a d a t i v e s p e c t r a l range. 

The c o n c l u s i o n t h a t the peaks around 3 6 0 mu ar e due t o de g r a d a 

t i o n i s r e i n f o r c e d from the r e s u l t s p r e s e n t e d i n S e c t i o n 1 4 : t h e . r e s u l t s 

show t h a t s p e c t r a o f a n t h o c y a n i n s , drawn d i r e c t l y from paper ( w i t h o u t 

e l u t i o n ) d o not show the d e g r a d a t i v e peaks nor any i n c r e a s i n g a b s o r p t i o n 

below the w a v e l e n g t h s 4 4 0 mu. The d e g r a d a t i v e peaks were a b s e n t because 

a n t h o c y a n i n s r e m a i n r e l a t i v e l y s t a b l e on the paper. A g a i n , the s p e c t r a 

I t i s not c l e a r w h e t h e r Harborne ( 1 9 5 8 ) used methanol con
t a i n i n g 0 . 0 1 7 , cone, HCl o r 0 . 0 1 7 o H C l as the s p e c t r a l s o l v e n t : b o t h 
ranges o f c o n c e n t r a t i o n a r e mentioned i n the p u b l i c a t i o n . (See a l s o 
J u r d , 1 9 6 2 ; p. 1 3 3 ) 
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from c r y s t a l l i n e a n t h o c y a n i n s do not show the d e g r a d a t i v e peaks. Thus, 

a l t h o u g h the s p e c t r a o f a n t h o c y a n i n s shown i n F i g . 12.1 would not be 

g i v e n i m m e d i a t e l y a f t e r e l u t i o n , i t can be s a f e l y assumed t h a t the de

g r a d a t i v e peaks must have appeared as a r e s u l t of s t a n d i n g . 

I t was o b s e r v e d t h a t s e v e r a l p a r t i a l l y degraded a n t h o c y a n i n s 

and a n t h o c y a n i d i n s d i d not show the d e g r a d a t i v e peaks around 360 mu, but 

t h e y d i d show i n c r e a s i n g a b s o r p t i o n i n the d e g r a d a t i v e r e g i o n o f the 

s p e c t r u m (see F i g . 12.3). I t appears t h a t such i n c r e a s i n g a b s o r p t i o n 

r e p r e s e n t s a f u r t h e r s t a g e i n d e g r a d a t i o n . A l t h o u g h i t i s w e l l known 

t h a t a n t h o c y a n i n s a r e u n s t a b l e , the mechanisms and causes o f t i m e - i n d u c e d 

d e g r a d a t i o n s a r e not c l e a r l y u n d e r s t o o d . 

The r e s u l t s a l s o i n d i c a t e t h a t the d e g r a d a t i v e peaks d i d not 

appear i n a l l a n t h o c y a n i n s . 1 D i d the a n t h o c y a n i n D and E r e m a i n s t a b l e 

because t h e y were p r e s e n t i n l a r g e r q u a n t i t y as compared t o o t h e r a n t h o 

c y a n i n s (see F i g . 10.3)? I f the d i f f e r e n t i a l s t a b i l i t y i s due t o q u a n t i 

t a t i v e d i f f e r e n c e s , t h e n the s p e c t r u m o f the a n t h o c y a n i n E-130 s h o u l d 

have shown some a b s o r p t i o n around 360 mu: i t was shown i n S e c t i o n 11 

t h a t t h i s a n t h o c y a n i n does show some breakdown p r o d u c t s . The d i f f e r e n t i a l 

s t a b i l i t y o f e l u a t e s / does not appear t o be due t o ' s t a n d i n g " a l o n e 

because a l l a n t h o c y a n i n s were e l u t e d and p r o c e s s e d s i m u l t a n e o u s l y under 

s i m i l a r c o n d i t i o n s . I n any e v e n t , the r e a s o n s f o r d i f f e r e n t i a l breakdown 

a r e not known. L i t e r a t u r e on the causes o f breakdown o f a n t h o c y a n i n s i s 

s c a n t y : o n l y the breakdown o f the s t r a w b e r r y a n t h o c y a n i n , p e l a r g o n i d i n -

3 - g l u c o s i d e has been i n v e s t i g a t e d i n any d e t a i l ( L u k t o n , C h i c h e s t e r and 

M a c k i n n e y , 1956; T i n s l e y and B o c k i a n , 1960). But the s p e c t r a l a n a l y s i s 

o f the breakdown>of t h i s a n t h o c y a n i n has been done a t l o n g time i n t e r v a l s 

and c o n d i t i o n s o f e x p e r i m e n t a t i o n a r e . f a r more removed t h a n t h o s e 
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o b t a i n e d d u r i n g c h r o m a t o g r a p h i c e l u t i o n and p r o c e s s i n g , and hence no 

l e a d s can be drawn from t h e i r work. 

A n t h o c y a n i n i n s t a b i l i t y i s o f more c o n c e r n t h a n has been gener

a l l y a p p r e c i a t e d and may a d v e r s e l y i n f l u e n c e i n t e r p r e t a t i o n s i n s e v e r a l 

ways. I t i s c l e a r t h a t owing t o the p r e s e n c e o f d e g r a d a t i v e p e a ks, the 

r a t i o o f O.D. 440 mu/0;D. /^ max a s a means o f d i s t i n g u i s h i n g 3-monoglyco-

s i d e s from 3 , 5 - d i g l y c o s i d e s ( H a r b o r n e , l o c . c i t . ) i s p r a c t i c a b l e o n l y i n 

the case o f c r y s t a l l i n e a n t h o c y a n i n s o r t h o s e c h r o m a t o g r a p h i c a l l y p u r i f i e d 

a n t h o c y a n i n s w h i c h show no d e g r a d a t i o n , o r t h o s e w h i c h have been p u r i f i e d 

t h r o u g h n y l o n o r p o l y c l a r - A T columns (S e c . 18.1.3) by m i l d e r methods o f 

p r o c e s s i n g ( S e c . 16). The p o l y a m i d e p u r i f i c a t i o n i s s u g g e s t e d t o 

e l i m i n a t e b o t h the p a p e r - d e r i v e d ' y e l l o w m a t e r i a l s ' ( F i g s . 18.2, 18.3, 

18.4, and 18.5) and the ' d e g r a d a t i o n p r o d u c t s ' ' o f a n t h o c y a n i n s , b o t h o f 

w h i c h i n f l u e n c e the a b s o r p t i o n below the w a v e l e n g t h s around 440 mu. 

That the peak around 360 mu i s due t o d e g r a d a t i o n p r o d u c t s o f 

a n t h o c y a n i n s does not appear t o have been r e c o g n i s e d i n the l i t e r a t u r e . 

Thus 1 none of the q u a n t i t a t i v e s t u d i e s on a n t h o c y a n i n s , has t a k e n i n t o 

c o n s i d e r a t i o n the amount o f a n t h o c y a n i n d e g r a d a t i o n r e p r e s e n t e d by the 

peak around 360 mu. The s p e c t r a of a n t h o c y a n i n s ( w a v e l e n g t h range 400= 

600 mu) r e p o r t e d by s e v e r a l w o r k e r s such as Thimann and Edmondson ( 1 9 4 9 ) , 

J o r g e n s e n and Geissman ( 1 9 5 5 ) , and o t h e r s , who c a r r i e d out q u a n t i t a t i v e 

s t u d i e s on a n t h o c y a n i n s show the p r e s e n c e o f i n c r e a s i n g a b s o r p t i o n below 

the w a v e l e n g t h range 440 mu. The s p e c t r a r e p o r t e d r e c e n t l y by K n o l l (1963) 

do show the p r e s e n c e o f the peak around 360 mu. Thimann e t a_l„ ( i b i d . ) 

b e l i e v e d t h a t "the h i g h a b s o r p t i o n s i n the near u l t r a v i o l e t ( a r o u n d 400 mu) 

a r ^ p r o b a b l y due t o accompanying f l a v o n e p i g m e n t s . " J o r g e n s e n ejt a l . 

( i b i d . ) a s c r i b e d the p r e s e n c e o f the h i g h a b s o r p t i o n s ( t h e i r s p e c t r a l o o k 



231 

v e r y s i m i l a r t o the a n t h o c y a n i d i n J-130: F i g . 12.3) as due t o ararone and 

f l a v o n e g l y c o s i d e s . S i n c e the i n s t a b i l i t y o f a n t h o c y a n i n s has been 

acknowledged i n the above two p u b l i c a t i o n s , i t i s l i k e l y t h a t a p o r t i o n 

of the h i g h a b s o r p t i o n s c o u l d a l s o have been due t o the d e g r a d a t i o n o f 

a n t h o c y a n i n s . A l t h o u g h the above w o r k e r s d i d not use chromatography f o r 

e l u t i o n and p u r i f i c a t i o n , under w h i c h c o n d i t i o n s the d e g r a d a t i o n i s 

g e n e r a l l y more pronounced, K n o l l ( i b i d . ) d i d p u r i f y the a n t h o c y a n i n s by 

chromatography and a s c r i b e d the i n c r e a s i n g a b s o r p t i o n s around 360 mu t o 

the p r e s e n c e o f i n t e r f e r i n g f l a v o n o i d pigments and not t o the d e g r a d a t i o n 

of a n t h o c y a n i n s . The above o b s e r v a t i o n s c l e a r l y i n d i c a t e t h a t s p e c t r a l 

s t u d i e s on the t i m e - i n d u c e d d e g r a d a t i v e t r a n s f o r m a t i o n s o f a n t h o c y a n i n s 

must be c o n t i n u e d f u r t h e r t o e s t a b l i s h a sound b a s i s f o r c a l c u l a t i n g 

pigment c o n c e n t r a t i o n s u n t i l dependable methods f o r e n s u r i n g a n t h o c y a n i n 

s t a b i l i t y a r e found. The peaks ~;around 360 mu may not be s u f f i c i e n t f o r 

e s t a b l i s h i n g the e x t e n t o f d e g r a d a t i o n because s e v e r a l o t h e r u n r e p o r t e d 

s p e c t r a l o b s e r v a t i o n s on the d i s a p p e a r a n c e o f the peaks around 360 mu 

i n d i c a t e t h a t upon s t a n d i n g , d e g r a d a t i o n i n t o o t h e r p r o d u c t s a l s o o c c u r s . 

New l i g h t on the p r o b a b l e n a t u r e o f the peaks around 360 mu has 

been r e c e n t l y shed by the work o f J u r d ( 1 9 6 3 ) . He shows t h a t s y n t h e t i c 

f l a v y l i u m s a l t s l a c k i n g a 3 - s u b s t i t u e n t , i n the pH range 1-4, undergo 

r e v e r s i b l e t r a n s f o r m a t i o n s t o the c o r r e s p o n d i n g 2 - h y d r o x y c h a l c o n e s . The 

peaks around 360 mu shown i n F i g . 12.1 appear t o be v e r y s i m i l a r t o t h o s e 

o f J u r d ( I b i d . ) . A t the time t h i s work was c a r r i e d o u t , the r e v e r s i b i l i t y 

o f the r e a c t i o n o v e r a 2-hour p e r i o d (c|_. , J u r d , i b i d . ) was not s t u d i e d ; 

I n t h i s c o n n e c t i o n , i t i s n o t e w o r t h y t h a t a l t h o u g h the s y n t h e t i c f l a v y l i u m 

s a l t s l a c k i n g a 3 ^ - s u b s t i t u e n t do c h a l c o n i z e , J u r d (1964) found t h a t 

n a t u r a l a n t h o c y a n i n s , i n the pH range'.'1-4, however, do not c h a l c o n i z e but 
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g i v e r i s e t o pseudo base m o d i f i c a t i o n s . Thus, the s i t u a t i o n w i t h a n t h o 

c y a n i n s appears t o be q u i t e i n v o l v e d and c a l l s f o r f u r t h e r i n v e s t i g a t i o n s . 

U n t i l f u r t h e r u n d e r s t a n d i n g o f the n a t u r e o f d e g r a d a t i o n p r o d u c t s 

i s o b t a i n e d , the l o s s e s o f a n t h o c y a n i n s o c c u r r i n g due t o peaks around 360 

mu and a l s o , more i m p o r t a n t l y , the amounts o f the s t a t i o n a r y m a t e r i a l s 

t h a t r e m a i n a t the s t a r t i n g l i n e upon chromatography o f a n t h o c y a n i n 

e l u a t e s (Sec. 11) must be p r o v i d e d : f o r i n any q u a n t i t a t i v e work. 

The s t u d i e s i n S e c t i o n s 11 and 12 e s t a b l i s h t h a t a n t h o c y a n i n s 

o f b a r l e y a r e h i g h l y u n s t a b l e . Why d i d most a n t h o c y a n i n s degrade p a r 

t i a l l y o r c o m p l e t e l y , w h i l e o t h e r s c o u l d be r e c o v e r e d i n a s t a b l e s t a t e ? 

A r e the d e g r a d a t i o n and a l s o the s p l i t t i n g o f a n t h o c y a n i n s i n t o s e v e r a l 

components due t o the i n h e r e n t c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s , o r a r e 

the d e g r a d a t i o n and the s p l i t t i n g m e r e l y h y d r o l y t i c o r d e g r a d a t i v e 

a r t e f a c t s a r i s i n g out o f the s h o r t c o m i n g s o f the t e c h n i q u e s o f our hand

l i n g ? These two p o i n t s c o u l d be a d e q u a t e l y e s t a b l i s h e d i f a n t h o c y a n i n s 

c o u l d be chromatographed w i t h o u t the i n t e r v e n t i o n o f e l u t i o n and f l a s h 

e v a p o r a t i o n . T h i s was a c h i e v e d by sewing the a n t h o c y a n i n band segments 

on new s h e e t s o f chromatography p a p e r . The r e s u l t s w i l l be p r e s e n t e d i n 

the n e x t s e c t i o n . 

12.4. SUMMARY 

The a n t h o c y a n i n s c o u l d n o t be o b t a i n e d i n a pure d r y s t a t e f o r • 

'^spectral s t u d i e s because o f t h e i r breakdown f o l l o w i n g e l u t i o n and f l a s h 

e v a p o r a t i o n (see Sec. 11). N o t w i t h s t a n d i n g the breakdown, the Rf v a l u e s 

o f a n t h o c y a n i n s c o u l d s t i l l be d e t e r m i n e d . I n o r d e r t o r e i n f o r c e the 

c h r o m a t o g r a p h i c c h a r a c t e r i z a t i o n , the a n t h o c y a n i n s o f the F i e l d C o l l e c t i o n s 
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130, and 138 were e l u t e d f o r s p e c t r a l c h a r a c t e r i z a t i o n d i r e c t l y w i t h the 

s p e c t r a l s o l v e n t (methanol c o n t a i n i n g 0.01% cone. H C l ) , The e l u t i o n and 

s p e c t r a l a n a l y s e s ( w a v e l e n g t h range 330-600 mu) were completed i n a con

t i n u o u s o p e r a t i o n l a s t i n g about 18 h o u r s . The s p e c t r a from s e v e r a l 

e l u a t e s gave, i n a d d i t i o n t o the c o r r e s p o n d i n g f l a v y l i u m p e a k s , w e l l -

d e f i n e d peaks around 360 mu. A d d i t i o n a l e v i d e n c e from the s p e c t r a o f 

a n t h o c y a n i d i n s i s p r e s e n t e d t o e s t a b l i s h t h a t the peak around 360 mu, 

p r o b a b l y due t o a c h a l c o n e , r e p r e s e n t s a d e g r a d a t i v e m o d i f i c a t i o n o f 

a n t h o c y a n i n s , a f a c t w h i c h does not seem t o have been r e c o g n i z e d i n the 

l i t e r a t u r e . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

13. THE' .SEWING TECHNIQUE AS AN AID IN CHARACTERIZING 
BARLEY ANTHOCYANINS 

The i n s t a b i l i t y o f b a r l e y a n t h o c y a n i n s h i n d e r e d p r o g r e s s i n 

c h a r a c t e r i z i n g a n t h o c y a n i n s as shown i n the two p r e c e d i n g s e c t i o n s . I t 

i s w e l l established that a l t h o u g h a n t h o c y a n i n s are u n s t a b l e i n s o l u t i o n 

t h e y are q u i t e s t a b l e on paper . Sewing* e x c i s e d a n t h o c y a n i n bands a f t e r 

p r e p a r a t i v e chromatography d i r e c t l y on f r e s h chromatopaper appeared t o 

h o l d e x c e l l e n t p o s s i b i l i t i e s f o r the e l i m i n a t i o n o f e l u t i o n ( i . e . , the 

s o l u t i o n ) and f l a s h e v a p o r a t i o n , and hence f o r the e l i m i n a t i o n o r r e d u c 

t i o n o£ the degradation. ' In t h i s section data are presented to show 

The sewing technique hss a l s o been used by Yang e t a l . ( 1 9 6 0 ) , 
i n the paper c h r o m a t o g r a p h i c d e t e r m i n a t i o n o f r u t i n i n t o b a c c o . "Also see 
r e v i e w by L e d e r e r and L e d e r e r (1957, p. 129). 
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whether the i n s t a b i l i t y and s p l i t t i n g o f a n t h o c y a n i n s ( S e c s 0 11 and 8) 

ar e due t o the s h o r t c o m i n g s o f t h e p u b l i s h e d o r s t a n d a r d t e c h n i q u e s f o r 

a n t h o c y a n i n s t u d y , o r due t o s p e c i a l p r o p e r t i e s o f b a r l e y a n t h o c y a n i n s . 

A c l e a r - c u t answer was e s s e n t i a l t o e x t e n d the b a s i c o b j e c t i v e s o f the 

r e s e a r c h program. 

I n t h i s s e c t i o n , p a r t i a l c h a r a c t e r i z a t i o n d a t a f o r the b a s a l 

l e a f s h e a t h a n t h o c y a n i n s , o b t a i n e d from the f i e l d grown m a t e r i a l s , by 

R-f. v a l u e s d e t e r m i n e d e x c l u s i v e l y by sewing t e c h n i q u e , w i l l be p r e s e n t e d . 

V a l u e o f the d a t a i s seen i n q u a l i t a t i v e c o m p a r i s o n o f a n t h o c y a n i n s 

o b t a i n e d from the f i e l d , and greenhouse (See s e c . 19) grown m a t e r i a l s ) . 

I n k e e p i n g w i t h the o v e r a l l o b j e c t i v e s , i t a l s o appeared 

d e s i r a b l e , not o n l y as a means o f e l i m i n a t i n g e l u t i o n , but a l s o as a 

means o f s a v i n g l a b o r , t o d e t e r m i n e i f a n t h o c y a n i n s c o u l d be c h a r a c t e r 

i z e d p a r t i a l l y , a t l e a s t , f o r c o m p a r a t i v e work such as i s c a l l e d f o r i n 

h y b r i d a n a l y s i s , w i t h o u t e l u t i o n from paper. I n c o m p a r a t i v e work the 

c h a r a c t e r i z a t i o n p o t e n t i a l o f Rf v a l u e s o b t a i n e d by sewing c o u l d be 

r e i n f o r c e d not o n l y by the s p e c t r a l s t u d i e s on paper ( S e c . 1 4 ) , but a l s o 

by the i d e n t i f i c a t i o n o f a g l y c o n e s by the method o f a n t h o c y a n i n h y d r o l y s i s 

on paper d e v e l o p e d i n t h i s l a b o r a t o r y ( S e c . 2 0 ) . 

13.1. MATERIALS AND METHODS 

The a n t h o c y a n i n bands o f the b a s a l l e a f s h e a t h s o f the p u r p l e 

v a r i e t y , G o p a l ( F i e l d C o l l e c t i o n No. 130 and 138; ex. Sec. 10) o b t a i n e d 

from the BAW r u n ( F i g . 10.3) were used i n t h i s i n v e s t i g a t i o n . 
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13.1.1. Sewing Technique 

S m a l l a n t h o c y a n i n bands c a . 1" l o n g were e x c i s e d and sewn by 

hand, and l o n g bands, c a . 8" l o n g , by machine t o f r e s h s h e e t s o f chromato-

paper. N y l o n t h r e a d was used f o r sewing because c o t t o n t h r e a d y i e l d e d 

b l u e f l u o r e s c i n g c o n t a m i n a n t s . Good r e s o l u t i o n i s o b t a i n e d when the e n t i r e 

s u r f a c e o f the band segment, p a r t i c u l a r l y the edges, a r e a s s u r e d o f i n t i 

mate c o n t a c t w i t h the new chromato-paper. I f the a n t h o c y a n i n s on the 

bands were weak, as many as 2 t o 6 band segments, h a l f on the upper and 

h a l f on the under s u r f a c e o f the new paper were s t i t c h e d . The e x c i s e d 

bands must be sewn on paper o f the same t h i c k n e s s and t e x t u r e t o o b t a i n 

good r e s o l u t i o n . 

13.1.2. Chromatography o f A n t h o c y a n i n s 

Chromatography was c a r r i e d out on Whatman paper No. 3 i n the 

s o l v e n t s d e s c r i b e d e l s e w h e r e ( S e c . 10.2.2; T a b l e 10.11) by d e s c e n t . I n 

g e n e r a l , the chromatograms were d e v e l o p e d i n f o r m i c a - l i n e d two-way "RSCO" 

c h r o m a t o - c a b i n e t s . 

13.1.3. Chromatography o f A n t h o c y a n i d i n s 

The a n t h o c y a n i n e l u a t e s were h y d r o l y s e d as d e s c r i b e d e l s e w h e r e 

(S e c . 18.1.4) and i d e n t i f i e d by chromatography i n the s o l v e n t s i n c l u d e d 

i n T a b l e 17.1. 

13.1.4. N o t a t i o n s Used f o r D e s i g n a t i n g A n t h o c y a n i n s 

A l t h o u g h the system o f n o t a t i o n s d e s c r i b e d e l s e w h e r e (Sec. 

11.2.3) i s used t h r o u g h o u t , i t had t o be m o d i f i e d s l i g h t l y f o r d e s i g n a t i n g 
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the a n t h o c y a n i n s shown i n T a b l e 1 3 . I I I . The m o d i f i c a t i o n was n e c e s s i t a t e d 

because the BAW bands o f the C o l l e c t i o n No. 130 ( F i g . 1 0 . 3 ) , were r e -

chroma t o graphed i n the BAW s o l v e n t , i n s t e a d o f the u s u a l HAc-HCl s o l v e n t . 

The p u r i f i e d BAW bands were rechromatographed f u r t h e r i n the Aq-HCl 

s o l v e n t . Thus, the a n t h o c y a n i n band o b t a i n e d f i n a l l y f o l l o w i n g the p u r i 

f i c a t i o n i n A q - H C l , f o r example, the a n t h o c y a n i n A l a ( T a b l e 1 3 . I l l ) w i l l 

be d e s i g n a t e d A l a - 1 3 0 (BAW(2)-Aq-HCl). The a d d i t i o n a l n o t a t i o n i s s e l f -

e x p l a n a t o r y : i t d e n o t e s t h a t the a n t h o c y a n i n A l a - 1 3 0 was o b t a i n e d 

f o l l o w i n g two p u r i f i c a t i o n s i n the BAW and f i n a l p u r i f i c a t i o n i n the 

Aq-HCl s o l v e n t s . The system o f n o t a t i o n , o t h e r w i s e , i s b a s i c a l l y the 

same as t h a t used i n S e c t i o n 11.2.3. 

13.2. RESULTS 

13.2.1. A n t h o c y a n i n s o f the F i e l d C o l l e c t i o n No. 138 

The c h r o m a t o g r a p h i c r e s u l t s o f the BAW a n t h o c y a n i n bands (see 

F i g . 10.3 and T a b l e 11.I) o f the b a s a l l e a f s h e a t h s o f G o p a l ( F i e l d 

C o l l e c t i o n No. 138) by sewing t e c h n i q u e i n f o u r s o l v e n t s , namely BAW, 

B u - H C l , A q - H C l , and HAc-HCl a r e shown i n F i g s . 13.1, 13.2, 13.3 and 13.4 

r e s p e c t i v e l y ; the R f v a l u e s , c o l o r s , and r e l a t i v e c o n c e n t r a t i o n s o f the 

a n t h o c y a n i n s , as e s t i m a t e d v i s u a l l y , i n the f o u r s o l v e n t s are summarised 

i n T a b l e 13.1. D i f f e r e n t numbers o f e x c i s e d band segments, d e p e n d i n g upon 

the i n t e n s i t y o f the a n t h o c y a n i n , were s t i t c h e d ; the number o f band 

segments s t i t c h e d i s i n d i c a t e d i n p a r e n t h e s e s i n the f i g u r e s . 

I t w i l l be n o t e d t h a t whereas the BAW band A-138 shows o n l y one 

d i s t i n c t a n t h o c y a n i n upon r e c h r o m a t o g r a p h y i n the BAW s o l v e n t ( F i g . 1 3 . 1 ) , 

i t shows a t l e a s t two v e r y d i s t i n c t s p o t s i n the HAc-HCl ( F i g . 1 3 . 4 ) , t h r e e 



TABLE 13.1 
R f VALUES RELATIVE CONCENTRATION 1 AND COLORS OF THE BAW ANTHOCYANIN BANDS FROM GOPAL LEAF SHEATHS 
(FIELD COLLECTION 138) BY THE BAND STITCHING TECHNIQUE 

BAW 

iand 

BAW 

R f x IOC 

Re-run 

1 R e l . C o l o r s Rf 

Bu 

X 

- H C l 3 

100 R e l . C o l o r s R* 

Aq-HCl3 

x 100 R e l C o l o r s 

HAc 

Rf x 100 

- H C l 3 

i. R e l . - G o l o r s 

BAW 
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Cone. V UV Cone. V UV Cone. V UV 

HAc 

Rf x 100 
Cone. V UV 

A 12 P V i o V i o R 7 
11 
21 

(20) P 
(1) WkR 
(1) WkR 

VioMv 
WkVio 
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6 
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RP 
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Wk 
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(20) 
? 

Wk 
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1 
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? 
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20 
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(1) wk 

wk 7 
22 

(3) PR 
(2) Mv 

dPk 
Mv 

7 
31 
44 

4 
4 

PR 
Mv 
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wk 
, not 

27 (1) 
66 (2) 

d e f i n i t e 

PR 
Mv 

wk 
? 

D 24 M dMP 28 M dP ion' M- dP 34 M dP 

E 24 DM DM 30 DM DM 10 DM DM 36 DM DM 

F 35 Pk bPk 34 Pk bPk 12 Pk bPk 40-
45 

Pk bPk 

G 23 
37 

(1) PkMv 
(3) OR 

DMv 
DMv 

27 
41 

(1) PkMv 
(3) OR 

\ 

1 

DMv 
DMv 

7 
16 

(1) 
(2) 

PkMv 
OR 

DMv 
DMv 

32 
44 

(1) 
(2) 

PkMv 
OR 

DMv 
DMv 

•Estimated v a l u e s 
i 

'See T a b l e 4 . I I f o r a b b r e v i a t i o n s 
A l l Rf v a l u e s were d e t e r m i n e d on Whatman paper No. 3. 

oo 
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F I E L D C O L L E C T I O N U S » 

F i g . 13.1. 
Features shown by rechromato
graphy of the BAW bands of Gopal 
leaf sheaths ( C o l l e c t i o n 138) i n 
the EAW solvent. Number of 
pieces stitched at each s t a r t i n g 
point i s given. 

F i g . 13.2. 
Features shown by rechroma
tography of the BAW bands of 
Gbpal leaf sheaths ( C o l l e c t i o n 
138) i n the Bu-HCl solvent. 
Number of pieces st i t c h e d at 
each s t a r t i n g point i s given. 

spots i n the Bu-HCl (Fig. 13.2), and also three spots i n the Aq-HCl (Fig. 

13.3). However, when th i s band was chromatographed following e l u t i o n , i t 

gave r i s e to four spots i n the HAc-HCl solvent (Table 11.I). The band B, 

being too weak, was not chromatographed, though i t could have been 

chromatographed by the concentration technique (see Sec. 16) developed 

l a t e r on. The c h a r a c t e r i s t i c s of the band C, are s i m i l a r to those of band 

A; two spots were given i n BAW, 2 to 3 spots i n Bu-KCl, 3 to A spots i n 
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F I E L D C O L I E C T I O M 138 l a H « c -

D o n a I FiR, 13 t3. 
Features shown by rechromato
graphy of the BAW bands of 
Gopal leaf sheaths ( C o l l e c t i o n 
138) i n the Aq-HCl solvent. 
Number of pieces stitched at 
each s t a r t i n g point i s given. 

F i g . 13.4. 
Features shown by rechromato
graphy of the BAW bands of 
Gopal l e a f sheaths ( C o l l e c t i o n 
138) i n the HAc-HCl solvent. 
Number of pieces stitched at 
each s t a r t i n g point i s given. 

Aq-HCl, and only two spots i n the HAc-HCl by the s t i t c h i n g technique 

(see Figs. 13.1 to 13.4). However, 4 spots were given i n HAc-HCl by the 

e l u t i o n technique (Table 11.I). Whereas the bands D, E, and ? gave only 

one spot i n a l l the four solvents by s t i t c h i n g , they gave 2, 5, and 3 

spots r e s p e c t i v e l y i n the HAc-HCl solvent by e l u t i o n . Although the spot 

G degraded completely i n e a r l y attempts by the e l u t i o n technique, i t gave 

2 spots, one an orange red, and the other a bluish red, i n each of the 

four solvents by s t i t c h i n g . 
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These p a t t e r n s i n i t i a l l y were p u z z l i n g . I t was, however, 

o b s e r v e d t h a t many o f the d i f f e r e n c e s were p a r t l y due t o the d i f f i c u l t i e s 

i n the v i s u a l d e t e c t i o n o f the s p o t s . I t was o b s e r v e d t h a t when 2 s e g 

ments o f the band F were s t i t c h e d , i t gave o n l y one t r a i l i n g s p o t . 

However, when 4 segments were s t i t c h e d , two a d d i t i o n a l s p o t s were g i v e n 

i n a d d i t i o n t o the major t r a i l i n g s p o t (see F i g . 13.8 as w e l l ) . The band 

F by e l u t i o n gave o n l y two components ( c f . . T a b l e 1 1 . I ) . Shown i n F i g . 

13.8 a r e the r e s u l t s , when one and s i x segments o f the band F-130 ( c f . . 

F i g . 13.7) were s t i t c h e d i n the HAc-HCl s o l v e n t ; up t o s i x s p o t s were 

o b t a i n e d when s i x segments were s t i t c h e d . Thus, d i f f e r e n c e s i n s p o t 

numbers may be o f t e n due t o v a r i a t i o n s i n the q u a n t i t y o f a n t h o c y a n i n s 

'per u n i t a r e a ' * o f the segment. The r e s u l t s o f the F i e l d C o l l e c t i o n No. 

130, p r e s e n t e d i n S e c t i o n 13.2.3. s u p p o r t the vi e w . 

13.2.2. A n t h o c y a n i d i n s o f the f i e l d C o l l e c t i o n No. 130 

The a n t h o c y a n i d i n s o b t a i n e d from the BAW bands A, B, D, E, and 

H ( F i g . 1 0 . 3 ) , and the HAc-HCl components F l , F 2 , G l , and G2 ( T a b l e 11.I) 

6f the F i e l d C o l l e c t i o n 130 a r e shown i n T a b l e 13.11. The a n t h o c y a n i d i n s 

were c h a r a c t e r i z e d by chromatography i n s e v e r a l s o l v e n t s . I t w i l l be noted 

t h a t the a n t h o c y a n i n bands B, F, G, and H r e s o l v e as a m i x t u r e o f a n t h o 

c y a n i n s , because each o f the bands on h y d r o l y s i s y i e l d s two a n t h o c y a n i d i n s . 

I t i s c l e a r from T a b l e 13.11 t h a t c y a n i d i n , p e o n i d i n , and p e l a r g o n i d i n a r e 

the a g l y c o n e s o f b a s a l l e a f s h e a t h a n t h o c y a n i n s o b t a i n e d from the f i e l d 

The e x p r e s s i o n i s used here r a t h e r l o o s e l y because the d e t e c t a -
b i l i t y i s improved when a l o n g e r band i s s t i t c h e d compared t o a s m a l l band: 
e v i d e n t l y the q u a n t i t y p e r u n i t a r e a i s the same. 
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TABLE 13.11. 
ANTHOCYANIDINS FROM THE HYDROLYSATES OF THE BAW ANTHOCYANIN BANDS FROM 
GOPAL BASAL LEAF SHEATHS (FIELD COLLECTION 130). 

R f x 100 

BAW 

Band 

Fo
re
st
al
 

FA
-

Ha
rb
or
ne
 

FA
-4
NH
C1
 

Pr
op
io
ni
c ta 

P u 
1 
O co 

H 

m 
r-l 
m HA

c-
HC
l 

BA
W 

I d e n t i f i c a t i o n 

A 52 26 38 30 48 38 11 60 C y a n i d i n 

B 50 
66 

37 
50 

59 
66 

C y a n i d i n 
P e o n i d i n ? 

D 50 24 36 29 39 36 11 65 C y a n i d i n 

E 50 22 36 39 48 38 11 59 C y a n i d i n 

F l 22 37 55 C y a n i d i n 

F2 28 50 41 49 49 67 P e o n i d i n 

G l 48 22 36 C y a n i d i n 

G2 69 32 52 46 60 82 P e l a r g o n i d i n 

H 37 
52 

39 
56 

C y a n i d i n ? 
P e l a r g o n i d i n ? 

I 48 22 36 30 50 38 10 C y a n i d i n 

grown m a t e r i a l s . I t i s noteworthy t h a t the orange component o f the band 

G-130 i s a p e l a r g o n i d i n d e r i v a t i v e . The i d e n t i f i c a t i o n s a r e a l s o a p p l i -
i 

c a b l e t o the a n t h o c y a n i n s o f the C o l l e c t i o n 138. The I d e n t i f i c a t i o n o f 

the band B i s s l i g h t l y d o u b t f u l because o f the s c a r c i t y o f the i s o l a t e . 

13.2.3. A n t h o c y a n i n s o f the F i e l d C o l l e c t i o n No. 130 

The e x t r a c t s o f the F i e l d C o l l e c t i o n No. 130 w h i c h , as i n d i c a t e d 

e l s e w h e r e ( S e c . 1 0 ) , were a l s o o b t a i n e d from the b a s a l l e a f . s h e a t h s o f 
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Gopal. The sheaths of both the Collect i o n s represented about the same 

stage of pigment development except that the stocks of the C o l l e c t i o n No. 

138 were planted 10 days ahead of the stocks of C o l l e c t i o n No. 130. The 

chromatographic r e s u l t s of the BAW bands of the C o l l e c t i o n No. 130 (Fig. 

10.3) i n three solvents, namely, BAW, Bu-HCl and HAc-HCl by the sewing 

technique are shown i n Figs. 13.5, 13.6 and 13.7 respectively; the relevant 

chromatographic data i n the 4 solvents i s summarized i n Table 13. I I I . 

- - - - - -

*'ig .T 13,5. 
Features shown by rechromato
graphy of the BAW bands of Gopal 
leaf sheaths ( C o l l e c t i o n 130) i n 
the BAW solvent. Number of 
pieces stitched at each s t a r t i n g 
point i s given. 

F i g . 13.6. 
Features shown by rechromato
graphy of the BAW bends of Gopal 
le a f sheaths ( C o l l e c t i o n 130) 
i n the Bu-HCl solvent. Number 
of pieces st i t c h e d at each 
s t a r t i n g point i s given. 

The Rf values i n the Aq-HCl (Table 1 3 . I l l ) are only approximations because 

the solvent fronts ran o f f the sheets. Most of the stit c h e d bands, upon 

chromatography, yielded t r a i l s ; i n such cases the spot c i r c l e s are l e f t 
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Fig., 13,7. 
F e a t u r e s shown by r e c h r o m a t o 
graphy o f the BAW bands o f G o p a l 
l e a f s h e a t h s ( C o l l e c t i o n 130) i n 
the HAc-HCl s o l v e n t . Number o f 
p i e c e s s t i t c h e d a t each s t a r t i n g 
p o i n t i s g i v e n . 

open toward the t r a i l i n g end because the t r a i l s a r e t o o weak t o d e t e r m i n e 

t h e i r l i m i t s . The t r a i l s u s u a l l y e x t e n d o v e r a l o n g e r d i s t a n c e t h a n shown 

i n the f i g u r e s . 

The r e s u l t s o f the C o l l e c t i o n No. 130 may now be compared w i t h 

t h o s e o f the C o l l e c t i o n No. 138. The f i g u r e s i n c l u d e d i n p a r e n t h e s i s , i n 

the t e x t , i n d i c a t e the number o f s p o t s o b t a i n e d from the C o l l e c t i o n No. 138 

i n the c o r r e s p o n d i n g s o l v e n t by s t i t c h i n g . I t w i l l be n o t e d t h a t i n the 

case o f the BAW band A-130, f o u r band segments were s t i t c h e d as a g a i n s t 

two s t i t c h e d f o r the band A-138 i n a l l the s o l v e n t s . Upon r e c h r o m a t o g r a p h y 

i n the BAW s o l v e n t ( F i g . 1 3 . 5 ) , the band A-130 g i v e s 2 s p o t s ( i n s t e a d o f 

o n e ) ; the t r a i l i n g o f the major s p o t , i n f a c t , s u g g e s t s the p r o b a b l e 

p r e s e n c e c f a t h i r d s p o t . I n the Bu-HCl s o l v e n t ( F i g . 13.6) i t g i v e s o n l y 

two s p o t s ( i n s t e a d o f 3 ) . I n the Aq-HCl s o l v e n t ( T a b l e 1 3 . I l l ) , i t g i v e s 

3 s p o t s ( a l s o , 3 ) . But i n the HAc-HCl s o l v e n t ( F i g . 1 3 . 7 ) , i t g i v e s 4 

s p o t s ( i n s t e a d o f 2 ) , w h i c h i n Rf v a l u e s match the Rf v a l u e s o f the s p o t s 

o b t a i n e d by the e l u t i o n t e c h n i q u e ( T a b l e 1 1 . I ) . 
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TABLE 1 3 . I I I 
Rf VALUES, RELATIVE CONCENTRATION,I AND COLORS 2 OF THE BAW ANTHOCYANIN 
BANDS OF GOPAL LEAF SHEATHS (FIELD COLLECTION 130) BY THE BAND STITCHING 
TECHNIQUE 

BAW Re-run Bu-HCl Aq-HCl ' H A c - H C l 4 

C o l o r s C o l o r s i C o l o r s C o l o r s 

BA
W 

Ba
nd
 o o 

r - i Co
ne
. 

o o 
j - i Co

ne
. 

10
0 

Co
ne
. 

o o 1-4 Co
ne
. 

BA
W 

Ba
nd
 

. X 

<4-l 
od Re

l.
 

> 
X 

Re
l.
 

> > x: 
-1 > 

Pi pi 

X 

Pi 

r - l a >, 
> 

A 12 8 P V i o P 7 20 P V i o P SF r a n o f f . 10 wk wk wk 
20 1 IP P? 24 1 wk wk 3 s p o t s @ 

ca.. Rf 7, 
32 & 51 

26 
56 
65 

1 
20 
4 

R 
P V i o 
BIP 

R 
P 
wk 

B 20 2 B1R B1R 8 10 PkMv ? SF r a n o f f . 10 t 
24 5 Pk? Mv? 15 1 R? ? 3 s p o t s 26 1 M 
27 1 R? ?wk 28 1 M? ? 66 10 PkMv 
30 wk R? wk 74 wk wk wk 

C 24 1 B1R A l o n g t r a i l t o SF r a n o f f . 27 10 
30 3 •R? 

R f 30 3 s p o t s 52 3 
R f 70 1 

E 31 M dM 32 100 M dM 12 M dM 9 1 R? Rf? 
40 1 R? ? 35! 100 M dM 
70 wk R? ? 

F 36 Pk dPk 37 Pk dPk 14 Pk bPk 39 Pk bPk 

G 29 1 Mv DMv 27 3 Mv DMv 9 I Mv DMv 30 . 1 Mv DMv 
39 2 OR DOR . 44 5 ' OR DOR : 17 1 0 DOR 42 1 OR DOR 

H 28 2 Mv 30 5 Mv 5 2 Mv 33 3 Mv 
35 1 ? 58 3 Mv 20 1 42 1 Mv 
42 2 ? 64 1 Mv 

I 54 R wk 68 Pk Rf 1.5 Pk P k f 10 R-Pk Rf 

E s t i m a t e d v a l u e s 
See T a b l e 4,IX f o r a b b r e v i a t i o n s 
S o l v e n t f r o n t (SF) r a n o f f : o n l y a p p r o x i m a t e Rf v a l u e s a r e g i v e n . 
R r v a l u e s d e t e r m i n e d on Whatman paper No,. 3. 
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The BAW band B i s weak and q u i t e complex. The band i s a m i x t u r e 

o f two a n t h o c y a n i n s , d e r i v e d from c y a n i d i n , and p r o b a b l y , p e o n i d i n (see 

T a b l e 13.11). Upon r e c h r o m a t o g r a p h y , i t g i v e s 3-4 s p o t s i n BAW ( F i g . 1 3 . 5 ) , 

p r o b a b l y , 3 s p o t s ( n o t e the t r a i l ) i n Bu-HCl ( F i g . 1 3 . 6 ) , 3 s p o t s i n 

Aq.HCl ( T a b l e 13.111),'and 4 s p o t s i n the HAc-HCl s o l v e n t ( F i g . 13.7). 

I n the case o f the BAW band C-130, 6 segments were s t i t c h e d i n 

each o f the BAW and Bu-HCl s o l v e n t s and 4 segments i n the HAc-HCl s o l v e n t 

as a g a i n s t the 4 band segments s t i t c h e d i n each o f the f o u r s o l v e n t s i n 

the case o f t h e BAW band C-138. Upon r e c h r o m a t o g r a p h y , the band C 130 

gave two s p o t s ( n o t e the t r a i l i n g s p o t ) i n the BAW ( F i g . 13.5) s o l v e n t . 

A l t h o u g h the band C-138, a l s o gave two a n t h o c y a n i n s , i t appears from the 

Rf v a l u e s ( c f . , F i g . 11.3 and F i g . 1 3 . 5 ) , t h a t t h e r e may be, b a s i c d i f f e r 

e n c e s : the major s p o t o f C-138 i s a t Rf 0.15, whereas t h a t o f C-130, a t 

Rf 0.30. I t i s l i k e l y t h a t the two s p o t s o f C-138 a r e e q u i v a l e n t o f the 

l o w e r t r a i l ( R f 0.24) o f the band C-130. Thus, the s p o t a t Rf 0.30 (C-13p) 

may be p r e s e n t as a c o n t a m i n a n t i n the band C owing t o the p o o r r e s o l u t i o n 

o f a n t h o c y a n i n s i n t h i s r e g i o n ( F i g . 10.3). The. c o n t a m i n a t i o n due t o poor 

r e s o l u t i o n i s f u r t h e r s u p p o r t e d by the c h r o m a t o g r a p h i c c o m p a r i s o n s o f the 

BAW bands, B-130, C-130 ( F i g . 13.6) and C-138 ( F i g . 13.2) i n the Bu-HCl 

s o l v e n t . The major component ( R f 0.07) p r e s e n t i n C-138 i s a b s e n t from 

C-130 but i t i s c o n s p i c u o u s l y p r e s e n t i n B-130. Thus i t i s c l e a r t h a t the 

band C-138 c a r r i e s i n i t a c o n t a m i n a n t from the band B-138 owing, p r o b a b l y 

t o poor r e s o l u t i o n i n the p r e p a r a t i v e BAW chromatography. I t w i l l a l s o 

be n o t e d t h a t i n B u - H C l , the band C-130 g i v e s a major s p o t a t Rf 0.30 w h i c h 

i s a b s e n t from the band C-138. T h i s s pot may be a c o n t a m i n a n t from band D 

(see l a t e r ) . Whereas i n the HAc-HCl s o l v e n t , the band C-130 gave 4 s p o t s , 

the band C-138 gave o n l y 2 s p o t s . The component a t Rf 0.52 (band C-130: 
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F i g . 1-1.7) i s p r o b a b l y a c o n t a m i n a n t from band D-130 (see F i g . 13.7). I t 

i s , however, i n t e r e s t i n g t h a t the Rf v a l u e s o f the band C-130 and C-138 

i n HAc-HCl o b t a i n e d by s t i t c h i n g ( F i g . 13.7) and by e l u t i o n ( T a b l e 11.I) 

match c l o s e l y . 

I t was p o i n t e d out i n the p r e c e d i n g s e c t i o n t h a t the band D d i d 

not s p l i t from the band E-130 ( F i g . 1 0 l 3 ) i n the p r e p a r a t i v e chromatography. 

However, i n one c a s e , the lower-most r e g i o n ofC'the band E, w h i c h showed a 

b l u i s h t i n g e l i k e t h a t o f the band D, was r e c h r o m a t o g r a p h e d i n the HAc-HCl 

s o l v e n t . I t gave 2 s p o t s ( F i g . 13.7) a t Rf 0.29 and 0.52, w h i c h a g a i n , 

match the R f v a l u e s o f the s p o t s E2-138 and E5-138 o b t a i n e d by the e l u t i o n 

t e c h n i q u e ( T a b l e 1 1 . I ) . I t w i l l a l s o be noted t h a t the component, Rf 0.29 

i s s i m i l a r i n R f v a l u e , t o the s p o t s D2 and E2 ( T a b l e 1 1 . 1 ) , and the 

component, R f 0.52, matches the R f v a l u e s o f the s p o t C3-130 ( F i g , 13.7). 

A l t h o u g h the s i t u a t i o n i s confounded by s e v e r a l ; f a c t o r s , i t a p p ears t h a t 

the lowermost r e g i o n o f the band E-130 may be p a r t o f band D. F u r t h e r 

work i s e s s e n t i a l t o e s t a b l i s h t h i s p o i n t ; meanwhile, the o b s e r v a t i o n s on 

the bands B, C, and D c l e a r l y i n d i c a t e t h a t the a n t h o c y a n i n s between the 

bands A and E i n the BAW p r e p a r a t o r y chromatography ( F i g . 10.3) do not 

r e s o l v e p r o p e r l y . The o b s e r v a t i o n s i n d i c a t e i m p o r t a n t l y t h a t s t i t c h i n g 

as a t o o l i n c o m p a r a t i v e chromatography, i s v e r y v a l u a b l e because i t 

e l i m i n a t e s e l u t i o n as a s t e p i n p r o c e s s i n g . 

I n the c a s e . o f the BAW bands E-130 and a l s o E-138, o n l y one 

band segment, because o f the p r e s e n c e o f l a r g e q u a n t i t y o f a n t h o c y a n i n s , 

was s t i t c h e d i n each o f the f o u r s o l v e n t s . I n a l l c a s e s , o n l y one major 

spot was r e c o v e r e d . However, the band E-130 shows c o n s p i c u o u s t r a i l i n g 

b o t h below and above the major s p o t . The bands E-130 and E-138 b o t h show 

an a d d i t i o n a l p r e s e n c e o f a weak s p o t a t Rf 0.70 i n B u-HCl, and Rf 0.10 i n 
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HAc-HCl (band E-130 o n l y ) . I n l a t e r s t u d i e s , band E-130 f o l l o w i n g e l u t i o n , 

d r y i n g o v e r phosphorus p e n t o x i d e , and r e c h r o m a t o g r a p h y i n the HAc-HCl s o l 

v e n t , however, showed as many components ( o v e r 12) as t h o s e g i v e n by the 

band DE-400 e l s e w h e r e (see Sec. 19, F i g . 19.2). 

The c h r o m a t o g r a p h i c f e a t u r e s o f the p e o n i d i n band F, p e l a r g o n i d i n 

band G and c y a n i d i n band H are b r o a d l y s i m i l a r t o t h o s e o f the o t h e r bands 

and w i l l be d e a l t w i t h i n g r e a t e r d e t a i l when the work on c h a r a c t e r i z a t i o n 

of a n t h o c y a n i n s w i l l be d e s c r i b e d (Sec. 1 9 ) . However, i t may be n o t e d t h a t 

band I g i v e s o n l y a weak spot i n BAW, a r e l a t i v e l y s t r o n g e r s p o t i n Bu-HCl 

and the s t r o n g e s t s p o t i n HAc-HCl when the-same number o f band segments 

were s t i t c h e d . T h i s s p o t g i v e s p i n k f l u o r e s c e n c e and has been i d e n t i f i e d 

as c y a n i d i n ( T a b l e 13.11). 

The a n t h o c y a n i n e x t r a c t s from the b a s a l l e a f s h e a t h s o f the 

F i e l d C o l l e c t i o n s 130, and 138, b o t h o f w h i c h were o b t a i n e d from the same 

v a r i e t y , G o p a l , gave i d e n t i c a l p a t t e r n s ( F i g . 1 0 . 3 ) , e x c e p t f o r some 

minor d i f f e r e n c e s . N o t w i t h s t a n d i n g t h e i r c h r o m a t o g r a p h i c i d e n t i t y , the 

c o r r e s p o n d i n g bands o f the two c o l l e c t i o n s show d i s c r e p a n c i e s i n the 

number o f s p o t s o b t a i n e d f o l l o w i n g chromatography i n the f o u r s o l v e n t s , 

b o t h by sewing and by e l u t i o n t e c h n i q u e s . The d i s c r e p a n c i e s were, i n d e e d , 

p u z z l i n g and d i s c o n c e r t i n g . A l t h o u g h the prime cause o f the d i s c r e p a n c i e s 

w i l l be d e a l t w i t h i n S e c t i o n 15, i t was i n d i c a t e d b r i e f l y e a r l y i n t h i s 

s e c t i o n t h a t the d i s c r e p a n c i e s i n the number o f d e t e c t a b l e s p o t s o b t a i n e d 

by s e w i n g a r e p a r t l y due t o b o t h the q u a n t i t y o f pigment i n the segment, 

and the number o f segments s t i t c h e d a t a t i m e . T h i s i s c l e a r l y i l l u s 

t r a t e d by the r e s u l t s from bands E, F, G and H (see F i g . 13.8). The 

number o f band segments sewn i s shown i n p a r e n t h e s e s . The r e s u l t s a r e 

s e l f - e x p l a n a t o r y . As the number o f band segments s t i t c h e d i n c r e a s e s from 
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F i e . 13.8. 
Influence of number and 
size of band segments con
ta i n i n g anthocyanin 
complexes E, F, G, and 
H, sewn at the s t a r t i n g 
l i n e , on the v i s i b i l i t y 
and number of chromato-
spots. Gopal leaf sheaths, 
F i e l d C o l l e c t i o n No. 130. 

one to three as i n E-130 (the f i r s t three chromatograms from l e f t i n 

F i g . 13.8), the v i s u a l d e t e c t a b i l i t y of weak components i s greatly i n 

creased. The next two chromatograms (Fig. 13.8) show that whereas the 

band F-130 shows no detectable s p l i t t i n g when only one small segment was 

sewn, i t shows up to s i x components when s i x segments were stitched 

(also see F-130 i n F i g . 13.7). On comparison of the r e s u l t s for bands G, 

and H i n Fi g s . 13.7, and 13.8, i t becomes further clear that number and 

size of the segments greatly influence the d e t e c t a b i l i t y of the number of 

chrcmatospots. The advantage of working with colored compounds i s evident 

such minute differences might have missed detection i f the compounds were 

c o l o r l e s s . 

I t was observed during preparative chromatography by sewing 

(Sec. 13.2.4) that the d e t e c t a b i l i t y of weak components i s markedly 
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improved when the l e n g t h o f the segment sewn i s about 10 cm. The improve

ment i s comparable t o t h a t o f b a n d i n g o v e r s p o t t i n g : whereas the l e a d i n g 

edges o f a band a r e s t r a i g h t and g e n e r a l l y p a r a l l e l t o the s t a r t i n g l i n e ; 

t h o s e o f a s p ot are c r e s c e n t shaped. I t i s l a r g e l y because o f t h i s d i f 

f e r e n c e t h a t b a n d i n g i s s u p e r i o r t o s p o t t i n g (see Sec. 8 ) . The above 

o b s e r v a t i o n s a r e i n c l u d e d as s a f e g u a r d s a g a i n s t the p i t f a l l s o f chromato

g r a p h i c c o m p a r i s o n s by the s e w i n g t e c h n i q u e . 

I t i s n o t e w o r t h y t h a t chromatograms i n F i g . 13.8 show a component 

around R f 0.12. The component shows p i n k i s h f l u o r e s c e n c e . I t was the 

c l e a r - c u t i d e n t i f i c a t i o n o f t h i s component t h a t e v e n t u a l l y l e d t o an 

u n d e r s t a n d i n g o f the causes o f a n t h o c y a n i n s p l i t t i n g on the p a p e r (see 

Sec. 1 5 ) . 

13.2.4. P r e p a r a t i v e and P u r i f i c a t i o n Chromatography o f the F i e l d  
C o l l e c t i o n No. 130 

5 The BAW a n t h o c y a n i n bands, about 20 cm l o n g , o f the C o l l e c t i o n 

No. 130 ( F i g . 1 0 . 3 ) , were e x c i s e d , and d e p e n d i n g upon the i n t e n s i t y o f 

the a n t h o c y a n i n ( s ) p r e s e n t , s e v e r a l bands o f each a n t h o c y a n i n were sewn 

by machine and r e c h r o m a t o g raphed i n the BAW s o l v e n t . The r e s u l t s o f t h i s 

p r e p a r a t o r y p u r i f i c a t i o n and r e l e v a n t c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s a r e 

summarised: T a b l e 13.IV. As e x p e c t e d , the bands s p l i t i n t o s e v e r a l a n t h o -

c y a n i n r c o m p o n e n t s , some o f w h i c h were s t r o n g , some medium and o t h e r s weak. 

The bands were c o n c e n t r a t e d i n 170 aqueous H C l , and i n some c a s e s , i n a 

m i x t u r e o f 170 aqueous HC1-1% m e t h a n o l i c H C l ( 1 : 1 , by v o l . ) i n a 

' C o n c e n t r a t i o n Chamber' d e s c r i b e d e l s e w h e r e (Sec. 1 6 ) . The c o n c e n t r a t i o n 

was u n d e r t a k e n t o reduce the s i z e , p a r t i c u l a r l y the l e n g t h o f the 

a n t h o c y a n i n bands f o r c o n v e n i e n t ^ s t i t c h i n g . The s m a l l c o n c e n t r a t e d bands 
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TABLE 13.IV. 
DATA FOR CHROMATOBANDS FROM FIELD COLLECTION 130: SECTION A. BANDS 
OBTAINED FOLLOWING STITCHING AND RECHROMATOGRAPHY IN BAW OF THE LONG 
BANDS OBTAINED INITIALLY FROM PREPARATORY CHROMATOGRAPHY IN BAW; 
SECTION B. BANDS OBTAINED BY RECHROMATOGRAPHY IN Aq-HCl OF SEGMENTS 
OF THE- BANDS CHARACTERIZED IN SECTION A. 

S e c t i o n A S e c t i o n B 
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d o z 

Cu 
' B 

CM O 
o I-l 
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n | Vi
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o > O Re
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s 
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r1
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A A l 12 R-Vio major \ A l a 
A l b 

29 
48 

B1R 
RP 

major 
major 

A2 20 BIR medium A2a 
A2b 

30 
47 

BIR 
wk 

major 
m i n o r 

'A3 30 BIR weak A3 7 BIR : minor 

B B l 20 BIR t r a i l B l 28 wk l o n g t r a i l ; weak 

B2 25 BIR major B2 28 BIR 
s p o t a t Rf ca..43 
l o n g t r a i l . P r o b -
afely @ R f 7,16 
&? 

B3 28 wk weak R f v a l u e s not a v a i l a b l e 
B4 30 wk weak 

C CI 24 BIR t r a i l C l a 
C l b 
C l c 

8 
25 

44-50 

BIR 
BIR 
wk 

major 
medium 
min o r 

C2 31 BIR major C2 8 BIR major 

E E l 25 M Lower 
p a r t o f 
E2 

E2 31 M major see t e x t 
E3 35 Pk m i n o r 
E4 750 m i n o r 

F F l 28 Mv major F l 8 BIR majo r 
F2 36 Pk major F2 11 Pk m a j o r ( b r i g h t p i n k ; 

____ i n UV)  
G G l 30 BIR medium G l a 7 BIR 

G i b 11 weak 
G2 40 OR major G2 13 OR 

H HI 29 Mv HI 6 Mv 
H2 40 Mv H2a 6 Mv 

H2b 17 • Mv 
I I 55 Pk P k f ( U V ) I 1.5 Pk P k f ( U V ) 

1. See T a b l e 4 . I I f o r a b b r e v i a t i o n s 
2. R f v a l u e s were d e t e r m i n e d on Whatman paper No. 3. 
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were r e s t i t c h e d and chromatographed i n the Aq-HCl s o l v e n t t o d e t e r m i n e i f 

the band s p l i t t i n g would o c c u r s t i l l . The Aq-HCl s o l v e n t f o r r e c h r o m a t o 

graphy was chosen because o f i t s m i l d n e s s : the s o l v e n t i s a l s o used f o r 

the e x t r a c t i o n o f a n t h o c y a n i n s . The r e s u l t s o f t h i s r e c h r o m a t o g r a p h y a r e 

summarized i n T a b l e 13.IV. I t may be added t h a t a l t h o u g h the a n t h o c y a n i n s 

showed c o n s i d e r a b l e t r a i l i n g when the BAW bands, w i t h o u t p r i o r p u r i f i c a t i o n 

were d i r e c t l y s t i t c h e d i n d i f f e r e n t s o l v e n t s ( T a b l e 13.1 and 13 .111), the 

BAW bands, w h i c h had been p u r i f i e d a t l e a s t once upon r e c h r o m a t o g r a p h y i n 

Aq-HCl ( T a b l e 13.IV) o r i n o t h e r s o l v e n t s gave, i n g e n e r a l , e x c e l l e n t 

r e s o l u t i o n . 

The c o m p l e x i t y of b a r l e y a n t h o c y a n i n s w i l l be i n d i c a t e d b r i e f l y 

a t t h i s p o i n t , by c o n s i d e r i n g the n a t u r e o f a n t h o c y a n i n A. I t w i l l be 

n o t e d from T a b l e 13.IV, t h a t the BAW band A s p l i t s i n t o 3 components, A l , 

A2, and A3, upon r e c h r o m a t o g r a p h y i n BAW. Upon f u r t h e r chromatography i n 

Aq-HCl by s t i t c h i n g , the component A l s p l i t s i n t o two major s p o t s , A l a and 

A l b ; t h e component A2 g i v e s o n l y one major s p o t ( R f v a l u e s i d e n t i c a l t o 

the s p o t A l a ) ; the component A3, however, does not s p l i t . I n a d d i t i o n , i t 

was o b s e r v e d t h a t i f the BAW band A was not p u r i f i e d i n the BAW s o l v e n t , 

but chromatographed d i r e c t l y , i t gave t h r e e bands a t Rf 0.07, 0.30 and 

0.48. As a l r e a d y i n d i c a t e d , the BAW band A, upon h y d r o l y s i s , g i v e s c y a n i d i n 

e x c l u s i v e l y . The component A3 i s i d e n t i f i e d as c y a n i d i n - 3 - g l u c o s i d e 

(Sec. 19.2.7.2: note the component i s e q u i v a l e n t t o the HAc-HCl component 

A 2 ) . 

The s p l i t t i n g o f the a n t h o c y a n i n band A i n t o t h r e e components, 

under the m i l d e s t c o n d i t i o n s o f h a n d l i n g known t o d a t e , i s r a t h e r s u r 

p r i s i n g . N o r m a l l y , the a c y l a t e d a n t h o c y a n i n s , w h i c h a r e g e n e r a l l y p o l y -

g l y c o s y l a t e d , upon chromatography breakdown, because o f p a r t i a l 
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d e a c y l a t i o n , i n t o two components, the c o r r e s p o n d i n g p o l y g l y c o s y l a t e d form 

and the o r i g i n a l a c y l a t e d form. I t i s known t h a t p o l y j g l y c o s y l a t e d a n t h o 

c y a n i n s g i v e low Rf v a l u e s i n BAW and h i g h Rf v a l u e s i n Aq-HCl. A c y l a t e d 

a n t h o c y a n i n s , w h i c h a r e p o l y g l y c o s y l a t e d g i v e s l i g h t l y h i g h e r Rf i n BAW 

t h a n t h e i r p o l y g l y c o s y l a t e d form because o f the g r e a t e r s o l u b i l i t y o f the 

a c y l f u n c t i o n ( S e c . 5.3). On t h i s b a s i s , the component A1 may be p o l y -

h y d r o x y l a t e d as i n d i c a t e d by i t s low Rf v a l u e s i n BAW. The component A2, 

w h i c h i s the same as A2a, may be e i t h e r l e s s g l y c o s y l a t e d o r e l s e a c y l a t e d . 

I t may, a t f i r s t , appear t o be a c y l a t e d because i t g i v e s r i s e , under 

e x t r e m e l y m i l d c o n d i t i o n s , t o a m i n o r component A2b, w h i c h may be p o l y 

g l y c o s y l a t e d because o f i t s h i g h Rf v a l u e s (0.48) i n A q-HCl. The above 

p r o p o s i t i o n i s s e l f - d e f e a t i n g because the component A l , i n a d d i t i o n t o 

the p o l y g l y c o s y l a t e d component A l b ; a l s o g i v e s a component, A l a , w i t h Rf 

v a l u e s e q u i v a l e n t t o the assumed a c y l a t e d component A2a. The o t h e r p o s s i 

b i l i t y , t h a t the component A l may be a c y l a t e d and the component A2 p o l y 

g l y c o s y l a t e d i s r u l e d out on the b a s i s o f the Rf v a l u e s i n the BAW s o l v e n t . 

Thus, the c o m p l e x i t y o f a n t h o c y a n i n A i s s e l f - e v i d e n t . T h i s a n t h o c y a n i n 

as shown e l s e w h e r e (S e c . 19.3.7,2) i s a f i r s t r e c o r d . 

T a b l e 11.I shows t h a t s e v e r a l o t h e r a n t h o c y a n i n s , namely, B, C 

and E a l s o s p l i t i n t o more t h a n two components. Thus, the n a t u r e of t h e s e 

a n t h o c y a n i n s , as i n d i c a t e d i n the case o f the a n t h o c y a n i n A, may a l s o be 

q u i t e complex, and h i t h e r t o unknown. The band F i s p r o b a b l y a m i x t u r e o f 

d i f f e r e n t a n t h o c y a n i n s : the component F2 was i d e n t i f i e d as P e o n i d i n - 3 = 

g l u c o s i d e on the b a s i s o f h y d r o l y s i s and Rf v a l u e s by s t i t c h i n g . The 

band G i s a l s o a m i x t u r e of p e l a r g o n i d i n and c y a n i d i n d e r i v a t i v e s , the 

a n t h o c y a n i n s G l a , and G.2 were i d e n t i f i e d as c y a n i d i n - 3 - g l u c o s i d e and 

p e l a r g o n i d i n - 3 - g l u c o s i d e , r e s p e c t i v e l y . The band I was i d e n t i f i e d as 
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c y a n i d i n . Inasmuch as the r e s u l t s o f h y d r o l y s i s and R.£ v a l u e s (by 

s t i t c h i n g ) were s i m i l a r t o t h o s e r e p o r t e d e l s e w h e r e (Sec* 1 9 ) , the 

p r e s e n t a t i o n o f the c h a r a c t e r i z a t i o n d a t a i n t h i s s e c t i o n w i l l be o m i t t e d . 

S e v e r a l o t h e r i n t e r e s t i n g o b s e r v a t i o n s were made on the band E. These 

w i l l be p r e s e n t e d i n S e c t i o n 15. 

13.3 DISCUSSION 

That the a n t h o c y a n i n complexes o f C o l l e c t i o n No. 138, upon 

chromatography, i n i t i a l l y showed l i t t l e s p l i t t i n g i n t o d i f f e r e n t com

ponents by the s e w i n g t e c h n i q u e ( F i g . 13.1 t o 1 3 . 4 ) , and s i z e a b l e 

s p l i t t i n g and d e g r a d a t i o n by the e l u t i o n t e c h n i q u e (see T a b l e 11.I) l e d 

t o the b e l i e f t h a t the a n t h o c y a n i n s o b t a i n e d by e l u t i o n were l a r g e l y the 

a r t e f a c t s produced by the t e c h n i q u e s o f p r o c e s s i n g ( e l u t i o n and f l a s h 

e v a p o r a t i o n ) . However, when the r e s u l t s o f the a n t h o c y a n i n s o f C o l l e c t i o n 

No. 130 o b t a i n e d by the sewing t e c h n i q u e ( F i g s . 13.5 t o 13.7) were com

pare d w i t h t h o s e o b t a i n e d by the e l u t i o n t e c h n i q u e ( T a b l e 1 1 . I ) , v i r 

t u a l l y no b a s i c d i f f e r e n c e s were n o t e d i n the s p l i t t i n g o f a n t h o c y a n i n s 

by e i t h e r t e c h n i q u e . That the p a t t e r n d i f f e r e n c e s from C o l l e c t i o n s No. 

130 and 138 o b t a i n e d by s t i t c h i n g were, p r i m a r i l y , due t o the t e c h n i q u e 

was not a p p r e c i a t e d u n t i l the i n f l u e n c e o f (a) band s t i t c h i n g ( p r e p a r a t i v e 

p u r i f i c a t i o n , Sec. 13.2.3, T a b l e 1 3 . I V ) , and (b) s i z e and number o f band 

segments s t i t c h e d ( F i g . 13.8) on r e s o l u t i o n and v i s u a l d e t e c t a b i l i t y o f 

a n t h o c y a n i n s , had been a p p r e c i a t e d . Because the s p l i t t i n g o f b a r l e y 

a n t h o c y a n i n s o c c u r s under the m i l d e s t c o n d i t i o n s o f h a n d l i n g , and because 

the p a t t e r n s o f s p l i t t i n g o b t a i n a b l e by s t i t c h i n g c o r r e s p o n d t o those 

o b t a i n a b l e by e l u t i o n , the c o n c l u s i o n appeared w a r r a n t e d t h a t the 
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o f a n t h o c y a n i n s i s not as much due t o the s h o r t c o m i n g s o f the e l u t i o n 

t e c h n i q u e , as due t o the i n h e r e n t n a t u r e o f the a n t h o c y a n i n s o f b a r l e y . 

A l t h o u g h t h i s type o f a n t h o c y a n i n s p l i t t i n g has not been r e p o r t e d f o r 

o t h e r p l a n t m a t e r i a l s , i t i s l i k e l y t h a t the a n t h o c y a n i n s o f b a r l e y a r e 

i n h e r e n t l y l a b i l e . 

The p a r t i t i o n i n g i s so c h a r a c t e r i s t i c o f the a n t h o c y a n i n s of 

b a r l e y t h a t even when the a n t h o c y a n i n bands o b t a i n e d from the BAW s o l v e n t 

a r e r e c h r o m a t o g r a p h e d i n the BAW, t h e y f u r t h e r s p l i t i n t o s e v e r a l com

ponent s . These o b s e r v a t i o n s s u g g e s t t h a t a g r e a t d e a l o f p a r t i t i o n i n g 

must o c c u r i n p r i m a r y e x t r a c t i o n . Thus, what i s o b s e r v e d i n v i t r o may 

be f a r removed from the a c t u a l s t a t e o f a n t h o c y a n i n s i n v i v o . A l t h o u g h 

the e x t r a c t s o f the F i e l d C o l l e c t i o n No. 130 show s e v e r a l more a n t h o 

c y a n i n s t h a n t h o s e of t h e ' C o l l e c t i o n No. 138, the c o n c l u s i o n t h a t the 

d i f f e r e n c e s i n a n t h o c y a n i n s may be due t o d e v e l o p m e n t a l o r p h y s i o l o g i c a l 

s t a t e o f the p l a n t must a l s o be r e s e r v e d a t t h i s s t a g e . 

That the s p l i t t i n g o f a n t h o c y a n i n s c o u l d have o c c u r r e d o r i g i n a l l y 

i n the e x t r a c t may a c c o u n t f o r the c o n s t a n t v a r i a b i l i t y i n r e s o l u t i o n o f 

a n t h o c y a n i n s B, C, and D, and o c c a s i o n a l l y o t h e r a n t h o c y a n i n s . 

The g r e a t e r s p l i t t i n g o f a n t h o c y a n i n s by e l u t i o n t h a n by s e w i n g 

and the g r e a t e r i n c i d e n c e o f the breakdown p r o d u c t s , such as f l u o r e s c e n t 

components, the immobile orange f l u o r e s c e n t band a t the s t a r t i n g l i n e , 

and the appearance o f the HAc-HCl component around R f 0.10 ( l a t e r on 

i d e n t i f i e d as c y a n i d i n , See Sec. 15) a l s o by e l u t i o n t h a n by s t i t c h i n g 

c l e a r l y i n d i c a t e t h a t s t i t c h i n g may-yet be the m i l d e s t t e c h n i q u e a v a i l a b l e 

f o r p r o c e s s i n g and c h a r a c t e r i z a t i o n . I n d e e d , the c h a r a c t e r i z a t i o n , o f 

the known a n t h o c y a n i n s , such as the m o n o g l u c o s i d e s o f c y a n i d i n , p e o n i d i n 

and p e l a r g o n i d i n , were made by t h i s t e c h n i q u e on the b a s i s o f Rf v a l u e s . 



256 

The d a t a has been o m i t t e d because i t was s i m i l a r t o t h a t p r e s e n t e d 

e l s e w h e r e (Sec. 19). The c h a r a c t e r i z a t i o n p o t e n t i a l o f the Rf v a l u e s of 

o t h e r complex a n t h o c y a n i n s o b t a i n e d by s t i t c h i n g ( F i g . 13.1 t o 13.7) w i l l 

be r e f e r r e d t o l a t e r on when the c o m p a r i s o n of a n t h o c y a n i n s grown under 

greenhouse c o n d i t i o n s and f i e l d c o n d i t i o n s w i l l be p r e s e n t e d i n S e c t i o n 

19. A l t h o u g h the s t i t c h i n g t e c h n i q u e has a d e f i n i t e m e r i t i n c h a r a c t e r i 

z a t i o n , the t e c h n i q u e can o n l y be used e f f e c t i v e l y w i t h known compounds 

and may, t h e r e f o r e , be o f v a l u e m o s t l y i n the c o m p a r a t i v e work. Because 

of i t s c o m p a r a t i v e a m e n a b i l i t y , w h i c h d o u b t l e s s l y w i l l be o f v a l u e i n 

h y b r i d a n a l y s i s (because of the s c a r c i t y o f the m a t e r i a l s ) , i n the n e x t 

s e c t i o n w i l l be p r e s e n t e d an improvement i n the method f o r s t u d y i n g 

a n t h o c y a n i n s p e c t r a on p a p e r , as a means o f r e i n f o r c i n g the c h a r a c t e r i 

z a t i o n p o t e n t i a l o f Rf v a l u e s d e t e r m i n e d by s t i t c h i n g . 

S i n c e the Rf v a l u e s o f b a r l e y a n t h o c y a n i n s , as summarised i n 

T a b l e 13.1, 1 3 . I l l , and 13.IV, i n most i n s t a n c e s do not match w i t h the 

Rf v a l u e s o f a n t h o c y a n i n s thus f a r i s o l a t e d from n a t u r a l s o u r c e s , i t 

soon became a p p a r e n t t h a t e l u t i o n of a n t h o c y a n i n s of b a r l e y w i l l have t o 

be u n d e r t a k e n f o r c h a r a c t e r i z a t i o n . A l t h o u g h i t was i n t e s t i m o n y t o 

the i n s t a b i l i t y o f b a r l e y a n t h o c y a n i n s (upon e l u t i o n arid volume r e d u c t i o n ) 

t h a t the s t i t c h i n g and s p e c t r a l a n a l y s i s on paper were o r i g i n a l l y u n der

t a k e n , s e v e r a l o b s e r v a t i o n s , as d e s c r i b e d below, were made I n the c o u r s e 

of s t u d i e s r e p o r t e d i n t h i s s e c t i o n t h a t f u r n i s h e d s e v e r a l c l u e s . f o r 

i n s u r i n g a n t h o c y a n i n s t a b i l i t y . 

F o r i n s t a n c e , a l t h o u g h the Rf v a l u e s by e l u t i o n and by s t i t c h i n g 

do match, the i n t e n s i t i e s o f the s p l i t a n t h o c y a n i n s p o t s , o b t a i n e d by 

e l u t i o n and by s t i t c h i n g do not match. F u r t h e r , t h a t the i n t e n s i t i e s o f 

the breakdown p r o d u c t s a r e m i n i m a l be sewing, i n d i c a t e s t h a t the l a b i l i t y 
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o c c u r s f a r f a s t e r i n s o l u t i o n t h a n on the p a p e r ; i t w i l l be r e c a l l e d t h a t 

the a n t h o c y a n i n s a d s o r b e d on the paper remained i n c o n t a c t w i t h the 

s o l v e n t i n the C o n c e n t r a t i o n Chamber and l a t e r d u r i n g chromatography t o 

a t o t a l o f s e v e r a l days. I t was the r e a l i z a t i o n o f the r e l a t i v e s t a b i l i t y 

o f a n t h o c y a n i n s on the paper d u r i n g c o n s t a n t i r r i g a t i o n w i t h s o l v e n t s 

t h a t was one o f the major f a c t o r s i n the development o f the c o n c e n t r a t i o n 

and e l u t i o n t e c h n i q u e o f p r o c e s s i n g a n t h o c y a n i n s d e s c r i b e d i n S e c t i o n 16. 

However, f o r the s u c c e s s f u l development o f t h i s t e c h n i q u e a n o t h e r key 

q u e s t i o n , the appearance o f the e x t r a s p o t ( R f ca.. 0.10) i n the HAc-HCl 

s o l v e n t ( F i g s . 11.7 and 11.8) w h i c h was l a t e r i d e n t i f i e d as c y a n i d i n , as 

b e i n g due t o h y d r o l y s i s under the recommended c o n d i t i o n s o f h a n d l i n g , had 

t o be r e s o l v e d . T h i s k ey q u e s t i o n o f h y d r o l y s i s w i l l be t a k e n up i n 

S e c t i o n 15. An a p p r e c i a t i o n o f the i n f l u e n c e , o f the number o f band 

segments s t i t c h e d on the v i s u a l d e t e c t a b i l i t y o f a n t h o c y a n i n s has i n 

c r e a s e d the d e p e n d a b i l i t y o f the t e c h n i q u e . V a r i a t i o n s i n r e s u l t s may 

a r i s e i f / ' t h e band segments a r e not a s s u r e d o f i n t i m a t e c o n t a c t a g a i n s t 

the p a p e r . U n i f o r m a d p o s i t i o n was l a t e r o b t a i n e d by the c l a m p i n g t e c h 

n i q u e d e v e l o p e d i n the c o u r s e o f h y b r i d s t u d i e s ( S e c . 2 0 . 2 ) . 

13.4 SUMMARY 

I n o r d e r t o e l i m i n a t e e l u t i o n and f l a s h e v a p o r a t i o n , the s t e p s 

w h i c h appeared t o be r e s p o n s i b l e f o r the breakdown o f a n t h o c y a n i n s ( S e c . 

11 and 1 2 ) , r e c h r o m a t o g r a p h y was c a r r i e d out by the sewing t e c h n i q u e . 

The d e g r a d a t i o n t o y e l l o w p r o d u c t s d i d not o c c u r by the sewing t e c h n i q u e . 

N o t w i t h s t a n d i n g the m i l d e s t c o n d i t i o n s , as a r e o b t a i n e d i n chromatography 

by s e w i n g , the s p l i t t i n g o f a n t h o c y a n i n s , a l t h o u g h m i l d , s t i l l o c c u r r e d . 
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Thus, t h e r e i s e v e r y r e a s o n t o b e l i e v e t h a t the s p l i t t i n g must a l s o o c c u r 

d u r i n g p r e p a r a t i o n o f the o r i g i n a l e x t r a c t s and, t h e r e f o r e , what i s 

o b s e r v e d c h r o m a t o g r a p h i c a l l y i n v i t r o may be f a r removed from the s t a t e 

o f a n t h o c y a n i n s i n v i v o . 

The c h r o m a t o g r a p h i c d a t a o f the G o p a l b a s a l l e a f sheath a n t h o 

c y a n i n s ( F i e l d C o l l e c t i o n s 130 and 138) i n f o u r s o l v e n t system b y sewing 

a r e g i v e n . The a n t h o c y a n i d i n ( s ) from each BAW a n t h o c y a n i n band, however, 

was i d e n t i f i e d by the u s u a l methods. A l t h o u g h the d a t a p r e s e n t e d i s 

b r i e f , the v a l u e l i e s i n c o m p a r i s o n o f the a n t h o c y a n i n s o b t a i n e d from the 

same s h e a t h s grown under greenhouse c o n d i t i o n s (see Sec. 1 9 ) . The com

p l e x i t y o f b a r l e y a n t h o c y a n i n s i s i n d i c a t e d b r i e f l y by c o n s i d e r i n g the 

n a t u r e o f the a n t h o c y a n i n A. I t i s shown t h a t Rf v a l u e s of s e v e r a l 

a n t h o c y a n i n s o f b a r l e y do not c o r r e s p o n d w i t h the known a n t h o c y a n i n s . 

Thus, i t soon became a p p a r e n t t h a t e l u t i o n and d r y i n g o f a n t h o c y a n i n s was 

a n e c e s s a r y s t e p f o r f u r t h e r c h a r a c t e r i z a t i o n . 

Inasmuch as the a n t h o c y a n i n s are known to be ' u n s t a b l e ' i n 

s o l u t i o n and ' s t a b l e ' on p a p e r , the sewing t e c h n i q u e i s an e x c e l l e n t 

a d d i t i o n t o the chromatography o f a n t h o c y a n i n s . The Rf v a l u e s d e t e r m i n e d 

by sewing match t h o s e d e t e r m i n e d by s p o t t i n g s o l u t i o n s . A t l e a s t t h r e e 

s i m p l e a n t h o c y a n i n s , such as the 3-monoglucosides o f c y a n i d i n j p e o n i d i n 

and p e l a r g o n i d i n a r e i d e n t i f i e d on the b a s i s o f Rf v a l u e s d e t e r m i n e d by 

sewing. 

The t e c h n i q u e i n c o m b i n a t i o n w i t h an improved t e c h n i q u e o f 

s t u d y i n g a n t h o c y a n i n s p e c t r a d i r e c t l y on the paper (Sec. 1 4 ) , and w i t h 

a method o f h y d r o l y s i n g a n t h o c y a n i n s on the p a p e r , w i l l f i n d a p p l i c a t i o n 

l a r g e l y i n c o m p a r a t i v e chromatography such as t h a t o f h y b r i d s and t h e i r 

p a r e n t s . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

14. AN IMPROVEMENT I N THE METHOD FOR STUDYING 
ANTHOCYANIN SPECTRA ON PAPER 

Because o f the i n s t a b i l i t y o f b a r l e y a n t h o c y a n i n s f o l l o w i n g 

e l u t i o n and f l a s h e v a p o r a t i o n , chromatography by s t i t c h i n g ( S e c . 13) 

and l a t e r by c l a m p i n g ( S e c . 20) were d e v e l o p e d f o r the d e t e r m i n a t i o n of 

R f v a l u e s . The t e c h n i q u e s a re v a l u a b l e as a micromethod i n c o m p a r a t i v e 

( S e c . 1 3 ) , h y b r i d ( S e c . 2 0 ) , and o t h e r b i o c h e m i c a l s t u d i e s where the 

s u p p l y o f m a t e r i a l s i s l i m i t e d . 

The s t u d i e s o f a n t h o c y a n i n s p e c t r a on p a p e r , by the method o f 

B r a d f i e l d and F l o o d ( 1 9 5 2 ) , were u n d e r t a k e n t o d e t e r m i n e i f the c h a r a c 

t e r i z a t i o n o f a n t h o c y a n i n s by R f v a l u e s , o b t a i n e d by the s t i t c h i n g 

t e c h n i q u e , c o u l d be r e i n f o r c e d by s p e c t r a l means. The s p e c t r a l method 

has been used by o t h e r s ( B a t e - S m i t h , 1954, 1956; Roux, 1957a, 1957b; 

R o b e r t s e t a l . , 1958) f o r the s t u d y o f a n t h o c y a n i d i n s p e c t r a . 

I n t h e c o u r s e o f c o m p a r a t i v e work, a l a r g e number o f weak 
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a n t h o c y a n i n s p o t s were o b t a i n e d , owing t o the p r o b l e m o f a n t h o c y a n i n 

s p l i t t i n g . The s p e c t r a from weak s p o t s c a n n o t be d e t e r m i n e d by the known 

methods. Thus, the method f o r d e t e r m i n i n g s p e c t r a from c h r o m a t o s p o t s c o u l d 

be e x t e n d e d as a t o o l i n c o m p a r a t i v e c h a r a c t e r i z a t i o n , p r o v i d e d the 

s p e c t r a f r o m weak s p o t s c o u l d a l s o be d e t e r m i n e d . A method f o r d e t e r m i n 

i n g s p e c t r a from weak s p o t s w i l l be p r e s e n t e d i n t h i s s e c t i o n . 

14.1 MATERIALS AND METHODS 

14.1.1. A n t h o c y a n i n s 

The b a s a l l e a f s h e a t h a n t h o c y a n i n s o f t h e p u r p l e v a r i e t y , 

G o p a l ( F i e l d C o l l e c t i o n No. 130), were used i n t h i s s t u d y . The d e t a i l s 

o f p l a n t i n g and e x t r a c t i o n a r e d e s c r i b e d i n S e c t i o n 10. The an t h o 

c y a n i n s were p u r i f i e d i n s e v e r a l s o l v e n t s e n t i r e l y by machine and manual 

s t i t c h i n g w i t h o u t the i n t e r v e n t i o n o f e l u t i o n and f l a s h e v a p o r a t i o n . 

The a n t h o c y a n i n s used i n t h i s s t u d y were t h o s e w h i c h were p u r i f i e d 

f i n a l l y i n 1% aqueous H C l a f t e r two p r e l i m i n a r y p u r i f i c a t i o n s i n the BAW 

s o l v e n t ( T a b l e 1 3 . I V ) . The system f o r d e s i g n a t i n g a n t h o c y a n i n s i s 

d e s c r i b e d e l s e w h e r e ( S e c . 13.1^4). 

P r e l i m i n a r y s t u d i e s were c o n d u c t e d w i t h t h e a n t h o c y a n i n E3-138 

w h i c h was o b t a i n e d by the p r o c e d u r e s d e s c r i b e d i n S e c t i o n 11 ( T a b l e 1 1 . I ) . 

14.1.2. S p e c t r o p h o t o m e t r y 

An a r e a , the s i z e o f the common r e c t a n g u l a r 1-cm c u v e t t e , was 

cu t out fr o m the a n t h o c y a n i n band u s i n g a m e t a l t e m p l a t e so t h a t i t 

s n u g g l y f i t t e d a g a i n s t the s l i t a p e r t u r e . o f the c u v e t t e h o l d e r . The 

r e c t a n g u l a r paper s t r i p was made t r a n s l u s c e n t by a few drops o f the 



261 

m i n e r a l o i l ' N u j o l ' and wrapped i n a f o i l f o r s t o r a g e and c o n v e n i e n t 

h a n d l i n g . Two paper b l a n k s were p r e p a r e d from t h e c o r r e s p o n d i n g a r e a s 

o f t h e chromatogram a t the same t i m e ; a l l were p r o c e s s e d i n an i d e n t i c a l 

manner. The s p e c t r a was r e c o r d e d on a Beckman DK2 N o n - l i n e a r R a t i o 

R e c o r d i n g S p e c t r o p h o t o m e t e r . The i n s t r u m e n t gave b e s t r e s u l t s a t the 

f o l l o w i n g s e t t i n g s w i t h Whatman paper No. 3, w h i c h was used t h r o u g h o u t 

t h i s s t u d y , u n l e s s o t h e r w i s e s p e c i f i e d : 

S e n s i t i v i t y between 2 t o 3 
Time C o n s t a n t 2 
Photo m u l t i p l i e r 2OX 

, S c a n n i n g t i m e 5 m i n u t e s 

The s p e c t r a , i n a few c a s e s , were a l s o measured i n . t h e p r e s e n c e 

o f A I C I 3 f o r the d e t e c t i o n o f two or more v i c i n a l h y d r o x y l groups on the 

same r e c t a n g u l a r paper s t r i p w h i c h was used f o r d e t e r m i n a t i o n o f t h e 

a n t h o c y a n i n s p e c t r u m . T h i s paper s t r i p was f r e e d o f N u j o l by l i b e r a l 

w a shings w i t h e t h e r , and r e a c t e d w i t h a few drops o f e t h a n o l c o n t a i n i n g 

anhydrous A I C I 3 ( 5 % w/v) u n t i l the c o l o r o f the a n t h o c y a n i n t u r n e d b l u i s h . 

A f t e r d r y i n g , t h e s t r i p was a g a i n t r e a t e d w i t h N u j o l and s t o r e d i n a 

p l a s t i c wrap (away from l i g h t ) f o r d e t e r m i n a t i o n o f the s p e c t r u m when 

c o n v e n i e n t . The advantage was b e l i e v e d t o be t h a t a n t h o c y a n i n s do not 

degrade on paper as t h e y do i n a s o l u t i o n upon a d d i t i o n of A I C I 3 . The 

o r i g i n a l b l a n k paper s t r i p was a l s o washed w i t h e t h e r i n the same manner 

e x c e p t t h a t i t was n o t t r e a t e d w i t h A I C I 3 . 

14.2. RESULTS 

14.2.1. S p e c t r a from S t r o n g S p o t s ( P .P. above 0.5) 

V i s i b l e and u l t r a v i o l e t a b s o r p t i o n s p e c t r a o f the a n t h o c y a n i n 
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i.o 

0.5 

230 250 280 300 330 
W a v e l e n g t h 

400 450 500 600 700 
m ) i 

F i g . 14.1 
A b s o r p t i o n s p e c t r a of a n t h o c y a n i n E-3-138 from b a s a l l e a f s h e a t h s o f G o p a l 
drawn d i r e c t l y from p a p e r , ( a ) , and showing the b a t h o c h r o m i c s h i f t 
o b t a i n e d w i t h A I C I 3 , ( b ) . 

E3-138, b o t h w i t h and w i t h o u t the aluminum c h l o r i d e t r e a t m e n t are shown 

i n F i g . 14.1. Note the s p e c t r a are as 'smooth' as t h o s e o b t a i n e d from 

s o l u t i o n s . A l l f i g u r e s r e p r o d u c e d h e r e are d i r e c t t r a c i n g s o f the 

o r i g i n a l s p e c t r a l r e c o r d s . 

14.2.2. S p e c t r a f r o m Medium Sp o t s (O.D. between 0.2 t o 0.5) 

I n i t i a l l y , the s p e c t r a were drawn from s t r o n g a n t h o c y a n i n s p o t s 

and t h e y gave r e p r o d u c i b l e r e s u l t s t o w i t h i n "t 1 mu. However, d i f f i 

c u l t i e s were e n c o u n t e r e d when e x a m i n i n g s p e c t r a f o r a n t h o c y a n i n s p o t s 

w h i c h were v i s i b l y a good r e d and w h i c h p o s s e s s e d O.D. v a l u e s below 

0.5. The r e g i o n of maximum a b s o r p t i o n became so ' f l a t ' t h a t the e x a c t 

v a l u e of the „ c o u l d n o t be d e l i m i t e d . I t was o b s e r v e d t h a t a s h a r p 
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350 400 500 600 440 500 600 
W a v e l e n g t h m jt 

F i g . 14.2 
A b s o r p t i o n s p e c t r a from the weak a n t h o c y a n i n s p o t A l a - 1 3 0 drawn i n s e r i e s 
f r o m the o r i g i n a l c h r o m a t o s t r i p and A2a-130 drawn i n s e r i e s from a 
comparable c h r o m a t o s t r i p . The two s e r i e s were drawn by s u i t a b l y s e t t i n g 
the z e r o a d j u s t m e n t c o n t r o l on t h e Beckman DK2 s p e c t r o p h o t o m e t e r . 

maximum c o u l d be o b t a i n e d by g i v i n g a s u i t a b l e 'increment t o t h e Z e r o 

A d j u s t m e n t C o n t r o l Knob. T h i s i s shown f o r the a n t h o c y a n i n A l a - 1 3 0 

(BAW(2) - Aq-HCl) ( T a b l e 13.1?) i n F i g . 14.2, w h i c h shows t h r e e s p e c t r a 

o f the a n t h o c y a n i n o b t a i n e d from the same paper s t r i p . The Z e r o A d j u s t 

ment C o n t r o l on the DK£ i s used f o r s e t t i n g the base l i n e a t z e r o per c e n t 

t r a n s m i t t a n c e . A f t e r d r a w i n g the base l i n e w i t h the paper b l a n k s , the 

sp e c t r u m shown i n c u r v e 1 was drawn i n the u s u a l manner. The O.D. b e i n g 

0.32, the " ^ m a x c o u l d n o t be d i f f e r e n t i a t e d . The c u r v e 2 was drawn by 

g i v i n g a s l i g h t i n c r e m e n t t o the 'Zero' c o n t r o l knob so t h a t the base l i n e 

a t 700 mu was r a i s e d t o an O.D. c a . 0.1. When t h i s s m a l l z e r o i n c r e m e n t 

was g i v e n the base l i n e , t he O.D. of the m a x jumped from 0.32 t o 0.5, 

thu s g i v i n g a s h a r p e r peak ( F i g . 14.2., c u r v e 2 ) . When the i n c r e m e n t t o 

the z e r o c o n t r o l was f u r t h e r i n c r e a s e d , a s h a r p ^ „ 520 mu ( F i g . 14.2., 
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c u r v e 3) was o b t a i n e d . 

T h i s method o f o b t a i n i n g a s h a r p e r peak from t h e f l a t peak by-

s u i t a b l e Z ero i n c r e m e n t worked v e r y w e l l . Indeed, t h e ~ ^ > m a x °f an o t h e r 

a n t h o c y a n i n A2a-130 (BAW(2) - Aq-HCl) ( T a b l e 1 3 . I V ) , w h i c h was chromato-

g r a p h i c a l l y i d e n t i c a l t o t h e a n t h o c y a n i n A l a - 1 3 0 , and w h i c h a l s o showed a 

f l a t peak a t O.D. 0.24, was d e l i m i t e d by the above method, a t 520 mu as 

shown i n F i g . 14.2. 

14.2.3. S p e c t r a from Weak S p o t s (O.D. below 0.2) 

The a c c u r a t e d e l i m i t a t i o n o f ^ r a a x w i t h the a n t h o c y a n i n s p o t s 

below t h e o p t i c a l d e n s i t y 0.2 was r a t h e r d i f f i c u l t as shown by the s p e c t r a 

of a n t h o c y a n i n s C l b r-130 (BAW(2)-Aq-HCl), C l c - 1 3 0 (BAW(2)-Aq-HCl), G l a - 1 3 0 

(BAW(2)-Aq-HCl) and G2-130 (BAW(2)-AqHCl) i n F i g . 14.3.A t o 14.3.D. A l l 

s p e c t r a shown i n F i g . 14.3 were drawn a t 10-minute s c a n , e x c e p t the 

s p e c t r a o f a n t h o c y a n i n C l b - 1 3 0 , w h i c h was drawn a t a 5-minute s c a n . P e r 

haps, s h a r p e r "X c o u l d have been o b t a i n e d w i t h a 5-minute s c a n s i n c e 

.max 

the s p e c t r a i n F i g . 14.3.A a r e somewhat s h a r p e r t h a n o t h e r s . The 

v a l u e s and c o l o r s o f the a n t h o c y a n i n s a r e l i s t e d i n T a b l e 13.IV. 

I t i s a p p a r e n t from the s p e c t r a , t h a t the maxima, even w i t h 

Z e r o i n c r e m e n t s a r e n o t s h a r p , b u t can be d e l i m i t e d w i t h an a c c u r a c y o f 

- 3 mu. N o n e t h e l e s s , t h e s p e c t r a , d o u b t l e s s l y , have c h a r a c t e r i z a t i o n 

p o t e n t i a l . F o r i n s t a n c e , i t i s c l e a r f r o m the r e s u l t s p r e s e n t e d i n 

S e c t i o n s 11 and 13, t h a t the band C-130 and B-130 c o u l d n o t be c h a r a c 

t e r i z e d d e p e n d a b l y because the bands were weak and because t h e y showed 

poor r e s o l u t i o n . The band B-130 i s a m i x t u r e o f c y a n i d i n , . and p r o b a b l y 

p e o n i d i n ( c f . , T a b l e 13.11). The n a t u r e o f the band C-130 i s n o t 

c l e a r l y known. The s p e c t r a l c h a r a c t e r i s t i c s o f the a n t h o c y a n i n com-
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F i g . 14.3 
A b s o r p t i o n s p e c t r a from 
some v e r y weak anth o 
c y a n i n s p o t s o b t a i n e d 
f rom G o p a l l e a f s h e a t h s . 
O p t i c a l d e n s i t i e s were 
below 0.2 and the 
s e r i e s were o b t a i n e d 
by a d j u s t i n g the z e r o 
c o n t r o l on the Beckman 
DK2 s p e c t r o p h o t o m e t e r . 

600 

450 500 600 450 500 
Wa v e I e n g t h m̂ j 

600 

ponents of the band C, i n c l u d e d i n F i g . 14.3 i n d i c a t e t h a t the a n t h o c y a n i n 

C l b - 1 3 0 ( < ^ m a x 528 - 3 mu) i s l i k e l y d e r i v e d f r o m c y a n i d i n , and the 

a n t h o c y a n i n C l c - 1 3 0 ( m a x 504 * 3 mu) i s d e r i v e d from p e l a r g o n i d i n 

( c f . , H a r b o r n e , 1958). S i m i l a r l y , t he band G-130 was a l s o a m i x t u r e o f 

p e l a r g o n i d i n and c y a n i d i n d e r i v a t i v e s ( T a b l e 1 3.11); the s p e c t r a l mea

surements c l e a r l y e s t a b l i s h t h a t the a n t h o c y a n i n G2-130 i s a p e l a r g o n i d i n 

d e r i v a t i v e and the a n t h o c y a n i n G l a - 1 3 0 , a c y a n i d i n d e r i v a t i v e . The p o i n t 

of sugar attachment cannot be s t a t e d because s p e c t r a o f known a n t h o c y a n i n s 

on paper have n o t been r e p o r t e d b e f o r e . 
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I t i s , however, t o be n o t e d t h a t the c h a r a c t e r i z a t i o n c o u l d 

n o t have been p o s s i b l e w i t h o u t the Zero i n c r e m e n t s ; t h e s p e c t r a o b t a i n e d 

w i t h o u t t h e Zero i n c r e m e n t s a r e too f l a t and, t h e r e f o r e , v a l u e l e s s . 

I n o r d e r t o o b t a i n c o n c e n t r a t e d a n t h o c y a n i n s p o t s , s e v e r a l weak 

and medium BAW(2)-Aq-HCl anthocyanon s p o t s ( T a b l e 13.IV) were c o n c e n t r a t e d 

i n 1% aqueous H C l i n the ' C o n c e n t r a t i o n Chamber' ( S e c . 1 6 . 2 ) . E f f o r t s 

were n o t v e r y s u c c e s s f u l : d u r i n g the c o n c e n t r a t i o n by a s c e n t , s e v e r a l 

a n t h o c y a n i n s s p l i t and were n o t c o n s i d e r e d s u i t a b l e f o r f u r t h e r s p e c t r a l 

a n a l y s i s . 

14.2.4. E f f e c t o f S c a n n i n g Time on S p e c t r a l Maximum 

I t was o b s e r v e d t n a t _ ^ m a x v a l u e s v a r i e d w i t h d i f f e r e n t p e r i o d s 

o f s c a n . Thus, i n o r d e r t o d e t e r m i n e the optimum p e r i o d of s c a n f o r t h e 

paper s t r i p s , t he s p e c t r a o f a few a n t h o c y a n i n s p o t s were drawn a t 

v a r y i n g p e r i o d s o f s c a n , namely 5, 10, 20 and 50 m i n u t e s . The r e s u l t s 

f r o m s t r o n g a n t h o c y a n i n s p o t s E2a-130 (BAW(2)-Aq-HCl), and F2-130 

(BAW(2)-Aq-HCl) are shown i n F i g s . 14.4.A and 14.4.B. The m a x v a l u e s ' 

a t d i f f e r e n t s c a n n i n g t i m e s a r e n o t e d i n the f i g u r e s ; the c h r o m a t o g r a p h i c 

c h a r a c t e r i s t i c s a r e summarised i n T a b l e 13.IV. I t may be added t h a t the 

a n t h o c y a n i n E2a-130 (BAW(2)-Aq-HCl) i s an e q u i v a l e n t of t h e a n t h o c y a n i n 

E3-138 ( F i g . 1 4 . 1 ) ; the a n t h o c y a n i n F2-130 i s a p e o n i d i n d e r i v a t i v e 

( T a b l e 13.11). 

The a n t h o c y a n i n E2a-130 ( F i g . 14.4,;A)at s c a n n i n g p e r i o d s o f 5, 

10, 20, and 50 m i n u t e s gave ues a t 525, 528, 530 and 532 mu. 

I t i s n o t a b l e t h a t w i t h t h e i n c r e a s e d p e r i o d o f scan,, i t i s n o t o n l y 

the ^ X m a x w h i c h shows a c o n s i s t e n t b a t h o c h r o m i c s h i f t , but a l s o t h e 

o p t i c a l d e n s i t y o f " / ^ m a x shows c o n s i s t e n t l y a s l i g h t i n c r e a s e . The 
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F i g . 14.4 
A b s o r p t i o n s p e c t r a f o r the a n t h o c y a n i n E-2-a-130 and f o r the a n t h o c y a n i n 
F-2-130 drawn t o show the e f f e c t of d i f f e r e n t s c a n n i n g times on max 

r e p r o d u c i b i l i t y o f the ̂ „„ o b t a i n e d a t max d i f f e r e n t p e r i o d s o f sc a n was 

i n g e n e r a l c h e c k e d by s u i t a b l e Z e r o i n c r e m e n t s or decrements. I t was 

fou n d t h a t whatever the chosen l e n g t h o f a s c a n n i n g p e r i o d , the , m a x 

v a l u e s were r e p r o d u c i b l e a t t h a t s c a n n i n g p e r i o d w i t h t he u s u a l a c c u r a c y . 

Around the w a v e l e n g t h s o f maximum a b s o r p t i o n - t h e r e g i o n o f maximum 

p h o t o m e t r i c s e n s i t i v i t y f o r a n t h o c y a n i n s - the i n c r e a s e d p e r i o d o f s c a n , 

f o r example 50 m i n u t e s , i n v a r i a b l y g i v e s r i s e t o a b s o r p t i o n l i n e s , r a t h e r 

than a smooth c u r v e . I t was f o r o b t a i n i n g smooth s p e c t r a t h a t the p e r i o d 

o f scan was k e p t a t 5 m i n u t e s (Sec» 14.1.2). 

The s p e c t r a l f e a t u r e s shown i n F i g . 14.5.B f o r t h e a n t h o c y a n i n 

F2-130, c o n f i r m the above r e s u l t s . 
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14.3 DISCUSSION 

The r e s u l t s show t h a t s p e c t r a from s t r o n g a n t h o c y a n i n s p o t s on 

paper may be drawn as e a s i l y , s m o o t h l y and dependably as t h o s e drawn from 

a n t h o c y a n i n s o l u t i o n s . The d i f f i c u l t i e s o f s t u d y i n g s p e c t r a from medium 

and weak a n t h o c y a n i n s p o t s were overcome because of the n o n - l i n e r 'jump' 

of the O.D. t h a t o c c u r r e d a r o u n d the w a v e l e n g t h s of maximum a b s o r p t i o n 

when o n l y a s l i g h t Z e r o i n c r e m e n t was g i v e n . T h e o r e t i c a l l y , the n o n - l i n e a r 

i n c r e a s e of o p t i c a l . d e n s i t y around t n e ' _ ^ m a x by s l i g h t Z e r o i n c r e m e n t i s 

e x p e c t e d . I n s p e c t r a l measurements, as the c o n c e n t r a t i o n of a s u b s t a n c e 

i n s o l u t i o n i s i n c r e a s e d , i n c r e a s e d l i g h t a b s o r p t i o n o c c u r s a t a l l wave

l e n g t h s . The i n c r e a s e i n a b s o r p t i o n , however, i s g r e a t e r ( o r n o n - l i n e a r ) 

a t some w a v e l e n g t h s ( w h i c h , f o r t h e v i s i b l e s p e c t r u m o f a n t h o c y a n i n s , a r e 

the w a v e l e n g t h s of maximum a b s o r p t i o n ) t h a n a t o t h e r s . I t w o u l d seem, on 

t h i s b a s i s , t h a t the e f f e c t o f g i v i n g i n c r e m e n t t o t h e base l i n e by Zero 

a d j u s t m e n t i s o b v i o u s l y the same as i n c r e a s i n g the c o n c e n t r a t i o n . Thus, 

the use of s l i g h t Z e ro a d j u s t m e n t , b o t h i n c r e m e n t and decrement, appears 

t o be v a l i d i n q u a l i t a t i v e work. 

A l t h o u g h , B r a d f i e l d and F l o o d ( l o c . c i t . ) , u s i n g a m a n u a l l y 

o p e r a t e d S.P. 500 S p e c t r o p h o t o m e t e r , found t h a t the p r e c i s i o n i n measure

ment of l i g h t a b s o r p t i o n on c e l l u l o s e (Whatman paper No. 1) was l e s s t h a n 

+ 

-•3 mu, the r e s u l t s of t h i s s t u d y , u s i n g an a u t o m a t i c Beckman DK2 s p e c 

t r o p h o t o m e t e r , i n d i c a t e t h a t the measurements on c e l l u l o s e (Whatman 

paper No. 3) a r e r e p r o d u c i b l e w i t h a p r e c i s i o n of - 1 mu when s t r o n g 

a n t h o c y a n i n s p o t s are used. Because the time t a k e n f o r - s c a n n i n g t h e 

s p e c t r u m on a m a n u a l l y o p e r a t e d s p e c t r o p h o t o m e t e r i s v a r i a b l e , and 

because the d u r a t i o n of s c a n i n f l u e n c e s the s p e c t r a l maximum ( S e c . 1 4 . 2 . 4 ) , 
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the l a c k o f p r e c i s i o n , as r e p o r t e d by B r a d f i e l d and F l o o d ( i b i d . ) c o u l d be 

ac c o u n t e d f o r on t h i s b a s i s . The s t u d i e s i n Sec. 14.2.4 i n d i c a t e t he 

d e s i r a b i l i t y o f s p e c t r a l measurements a t a f i x e d s c a n n i n g p e r i o d so t h a t 

the r e s u l t s o f o t h e r w o r k e r s may be compared. 

A p a r t from economy i n l a b o r and s e v e r a l o t h e r advantages p o i n t e d 

out by B r a d f i e l d and F l o o d ( i b i d . ) , p o t e n t i a l advantage' o f the t e c h n i q u e , 

i n the case o f a n t h o c y a n i n s w h i c h a re l a b i l e i n s o l u t i o n , l i e s i n t h e 

e l i m i n a t i o n o f the e l u t i o n and f l a s h e v a p o r a t i o n . S e v e r a l s p e c t r a o f 

a n t h o c y a n i n s o l u t i o n s have been r e p o r t e d ( s e e K n o l l , 1963; see a l s o Sec.12) 

w h i c h show the p r e s e n c e o f d e g r a d a t i o n p r o d u c t s . 1 Thus, when an an t h o 

c y a n i n , i s o l a t e d on chromatograms, i s a v a i l a b l e o n l y i n s m a l l q u a n t i t y , 

i t s s p e c t r a , t o be s u r e , may f i r s t be scanned on pa p e r , the m i n e r a l o i l 

may the n be washed o f f w i t h e t h e r and e l u t i o n u n d e r t a k e n f o r o t h e r s p e c t r a l 

and c h a r a c t e r i z a t i o n work. 

The q u a l i t a t i v e v a l u e o f the t e c h n i q u e i n c h a r a c t e r i z a t i o n o f 

a n t h o c y a n i n s i n t o a g l y c o n e t y p e s i s a p p a r e n t from the r e s u l t s p r e s e n t e d . 

D i f f e r e n t i a t i o n o f c y a n i d i n t y p e s and p e l a r g o n i d i n t y p e s c o u l d be made 

e a s i l y on c o m p a r i n g the s p e c t r a l d a t a o b t a i n e d from s o l u t i o n s o f a n t h o " 

c y a n i n s ( H a r b o r n e , 1958). Because samples o f known a n t h o c y a n i n s were n o t 

a v a i l a b l e , and because ~ ^ m a x v a l u e s o b t a i n e d on paper d i f f e r f rom t h o s e 

o b t a i n e d i n s o l u t i o n ( J u r d , 1962), i t cannot be s t a t e d whether the 

d i f f e r e n t i a t i o n o f a n t h o c y a n i n s as t o t h e i r g l y c o s i d i c a t t a c h m e n t s can be 

made on the b a s i s o f s p e c t r a l s t u d i e s on p a p e r , as was done by Harborne 

( i b i d . ) i n s o l u t i o n s . N o n e t h e l e s s , the p r e c i s i o n i n r e p r o d u c i b i l i t y o f 

s p e c t r a on paper i n d i c a t e s the a m e n a b i l i t y o f the method i n h y b r i d and 

o t h e r c o m p a r a t i v e s t u d i e s . 

C h r o n o l o g i c a l l y , around t h i s t i m e , c l u e s f o r c o n t r o l l i n g t he 
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i n s t a b i l i t y o f a n t h o c y a n i n s , w h i c h p r o v i d e d impetus f o r t h i s i n v e s t i g a t i o n , 

had been o b t a i n e d , and t h e s e w i l l be d e s c r i b e d i n the f o l l o w i n g s e c t i o n . 

14.4 SUMMARY 

S p e c t r a l a n a l y s i s o f a n t h o c y a n i n s d i r e c t l y on paper was under

t a k e n o r i g i n a l l y t o e x t e n d the c h a r a c t e r i z a t i o n p o t e n t i a l o f the chroma

t o g r a p h i c d a t a o f a n t h o c y a n i n s o b t a i n e d by the s e w i n g (Sec,. 13) or 

c l a m p i n g t e c h n i q u e s ( S e c . 2 0 ) , and t h a t o f a n t h o c y a n i d i n s o b t a i n e d by a 

t e c h n i q u e o f h y d r o l y z i n g a n t h o c y a n i n s d i r e c t l y on paper ( S e c . 2 0 ) . The 

s p e c t r a o f s t r o n g s p o t s (O.D. above 0.5) can be e a s i l y d e t e r m i n e d 

d i r e c t l y on the p a p e r . I t was, however, o b s e r v e d t h a t owing t o t h e 

pr o b l e m o f a n t h o c y a n i n s p l i t t i n g , a l a r g e number of medium.(O.D. between 

0.5 and 0.2) and weak (O.D. below 0.2) s p o t s were o b t a i n e d , the s p e c t r a 

from w h i c h c o u l d n o t be d e t e r m i n e d d i r e c t l y on the p a p e r . I t i s 

de m o n s t r a t e d i n t h i s s e c t i o n t h a t s p e c t r a from t h e medium and weak s p o t s 

can be d e t e r m i n e d by s u i t a b l e a d j u s t m e n t o f the Zero c o n t r o l on the 

Beckman DK.2 r a t i o r e c o r d i n g s p e c t r o p h o t o m e t e r . I n a d d i t i o n , the i n f l u e n c e 

of s c a n n i n g p e r i o d on s h i f t s i n v a l u e s i s a l s o p r e s e n t e d . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

15. CAUSES OF ANTHOCYANIN SPLITTING AND DEGRADATION ON 
CHROMATOPAPER 

I t was; shown i n S e c t i o n s 11 and 13 t h a t a n t h o c y a n i n s o f b a r l e y 

s p l i t i n t o s e v e r a l components b o t h by e l u t i o n and by sewing t e c h n i q u e s . 

I t was a l s o shown t h a t marked i n s t a b i l i t y o f a n t h o c y a n i n s o c c u r s f o l l o w 

i n g f l a s h e v a p o r a t i o n ( S e c . 1 1 ) . I t i s w e l l known t h a t a n t h o c y a n i n s a re 

u n s t a b l e i n the p r e s e n c e o f l i g h t , oxygen, s u g a r s , amino a c i d s , and near 

n e u t r a l t o h i g h pH s o l u t i o n s . I n the l a t t e r c a s e t h e y undergo t r a n s 

f o r m a t i o n s t o u n s t a b l e pseudo bases and anhydro b a s e s . In t h i s s e c t i o n , 

i t w i l l be d e m o n s t r a t e d t h a t t he s p l i t t i n g o r i n s t a b i l i t y o f a n t h o 

c y a n i n s o c c u r s a d d i t i o n a l l y due t o the h y d r o l y t i c breakdown t h a t ensues 

g r a d u a l l y on chromatography p a p e r . - - -

I t was a l s o shown i n S e c t i o n 13 t h a t a t l e a s t some o f t h e 

a n t h o c y a n i n s o f b a r l e y a r e complex. Thus e l u t i o n o f a n t h o c y a n i n s i s 

n e c e s s a r y f o r i n v e s t i g a t i n g t h e i r n a t u r e . I n t h i s s e c t i o n w i l l a l s o be 
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p r e s e n t e d some o b s e r v a t i o n s t h a t e v e n t u a l l y a i d e d development o f a 

s a t i s f a c t o r y method f o r e l u t i o n and p u r i f i c a t i o n o f a n t h o c y a n i n s . 

15.1 MATERIALS AND METHODS 

Owing t o t h e i n s t a b i l i t y o f a n t h o c y a n i n s d u r i n g e l u t i o n and 

f l a s h e v a p o r a t i o n ( S e c . 1 1 ) , the e l u t i o n o f the r e m a i n i n g HAc-HCl bands 

( T a b l e 1 1 . I) and the BAW bands ( F i g . 10.3) was w i t h h e l d p e n d i n g d e v e l o p 

ment of s u i t a b l e p r o c e d u r e s f o r i n s u r i n g a n t h o c y a n i n s t a b i l i t y . S e v e r a l 

o b s e r v a t i o n s were made on t h e a n t h o c y a n i n bands d u r i n g e l u t i o n and f l a s h 

e v a p o r a t i o n ( S e c . 1 1 ) , by the c o n c e n t r a t i o n t e c h n i q u e ( S e c . 13.2.4), and 

by chromatography i n s e v e r a l s o l v e n t s ( T a b l e s 10.11 and 17.1), by s e w i n g , 

by c l a m p i n g and by e l u t i o n as d e s c r i b e d under r e s u l t s . S e v e r a l b a s i c 

o b s e r v a t i o n s were a l s o made i n t h e c o u r s e o f the c o n c e n t r a t i o n p r o c e s s 

( S e c . 13.1.4) on t h e component bands o f the a n t h o c y a n i n E-130 ( T a b l e 1 3 . I V ) , 

w h i c h were o b t a i n e d e n t i r e l y by the sewing t e c h n i q u e . C h r o m a t o g r a p h i c 

e l u t i o n and p u r i f i c a t i o n o f the a n t h o c y a n i n E3-138 was c a r r i e d o ut by t h e 

p r o c e d u r e d e s c r i b e d e l s e w h e r e ( S e c . 1 1 ) . 

The a n t h o c y a n i n s E3-138, and E l - 1 3 8 , used e x t e n s i v e l y i n t h i s 

s t u d y , were o b t a i n e d i n a c r y s t a l l i n e s t a t e when the c o n c e n t r a t e d e l u a t e s 

of t h e HAc-HCl bands ( s e e T a b l e 1 1 . I ) were l e f t i n a r e f r i g e r a t o r (-15°C) 

f o r a few days. The c r y s t a l l i n e pigment E3 was i s o l a t e d i n a pure s t a t e 

b u t the c r y s t a l l i n e pigment E l c o u l d n o t be f r e e d c o m p l e t e l y from y e l l o w i s h 

c o n t a m i n a n t s . The c r y s t a l l i n e a n t h o c y a n i n s were p l a c e d i n v i a l s , d r i e d i n 

a vacuum d e s i c c a t o r over phosphorus p e n t o x i d e ( H a r b o r n e , 1958) a t room 

t e m p e r a t u r e i n d a r k n e s s f o r a few da y s * , and t h e n s t o r e d a t room tempera-

* A l t h o u g h no s t o r a g e t i m e s were r e c o r d e d , the v i a l s , p l u g g e d ' 
w i t h c o t t o n w o o l , r e m a i n e d i n t h e d e s i c c a t o r f o r l e s s t h a n a week ( c f . , 
S e e s . 19.2.2 and 19.3.1). 
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t u r e . The c r y s t a l l i n e a n t h o c y a n i n s were chromatographed i n s e v e r a l s o l 

v e n t s a f t e r d i s s o l v i n g i n - 0 . 0 1 % m e t h a n o l i c H C l . The c r y s t a l l i n e a n t h o 

c y a n i n s E3-138, and a l s o 5D ( T a b l e 19 .VIII.5.)» i s o l a t e d o r i g i n a l l y i n 

e a r l y 1962, were k e p t t i g h t l y c o r k e d i n d a r k n e s s a t room t e m p e r a t u r e u n t i l 

J u l y 1965,. when r e c h r o m a t o g r a p h y i n the HAc-HCl s o l v e n t was a g a i n under

t a k e n . 

The a n t h o c y a n i n s were h y d r o l y s e d by t h e u s u a l techniques. 

( S e c . 8.1.4). The s p e c t r a were d e t e r m i n e d on Beckman DK£ r a t i o r e c o r d i n g 

s p e c t r o p h o t o m e t e r i n 1-ml s i l i c a c u v e t t e s u s i n g 0.017„ m e t h a n o l i c HCl 

(H a r b o r n e , l o c . c i t . ) . 

15.2 RESULTS 

15.2.1. A Key O b s e r v a t i o n d u r i n g , F l a s h E v a p o r a t i o n 

I n the c o u r s e o f f l a s h e v a p o r a t i o n some a n t h o c y a n i n e l u a t e s , 

o b t a i n e d w i t h 1% cone. H C l ( a s d e s c r i b e d i n Sec. 1 1 ) , showed v i s i b l e 

d e g r a d a t i o n , when the e l u a t e was about t o d r y ; t h e c o n t e n t s o f the f l a s h 

e v a p o r a t o r f l a s k gave a s t r o n g odour of h y d r o c h l o r i c a c i d . I f t o t h i s 

f l a s k , m ethanol was added q u i c k l y , the r e d c o l o r o f the e l u a t e was 

u s u a l l y r e c o n s t i t u t e d . * However, i f methanol were n o t added, a g r e a t d e a l 

of i r r e v e r s i b l e d e g r a d a t i o n t o y e l l o w p r o d u c t s o c c u r r e d i n many c a s e s . 

The o b s e r v a t i o n i n d i c a t e d .that i t was, p r o b a b l y , the h y d r o c h l o r i c a c i d 

c o n c e n t r a t i n g i n the f l a s k as volume r e d u c t i o n o c c u r r e d ? w h i c h was r e s 

p o n s i b l e f o r the breakdown of a n t h o c y a n i n s d u r i n g f l a s h e v a p o r a t i o n . . 

A f t e r a l l , when the e l u a t e s a r e e v a p o r a t e d t o near d r y n e s s , t h a t w h i c h 

*C61or, i n p a r t , was due t o c r u d e c r y s t a l l i z a t i o n o f anth o 
c y a n i n s . However, t h i s o c c u r r e d p r o b a b l y i n some c a s e s o n l y . 
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r e m a i n s i n the f l a s k i s a n t h o c y a n i n s and c o n s t a n t b o i l i n g h y d r o c h l o r i c 

a c i d . T h i s was e s t a b l i s h e d l a t t e r l y by t i t r a t i o n . 

15.2.2 O b s e r v a t i o n s on t h e Causes o f A n t h o c y a n i n S p l i t t i n g - 1962 

I t was shown t h a t a n t h o c y a n i n s ' s p l i t ' upon chromatography even 

when no e l u t i o n was u n d e r t a k e n (Sec.: 1 3 ) . At the t i m e , when s u i t a b l e 

s o l v e n t systems f o r the ' C o n c e n t r a t i o n ' t e c h n i q u e ( S e c . 16) were b e i n g 

e x p l o r e d , i t was o b s e r v e d t h a t the s p l i t t i n g o f a n t h o c y a n i n s o c c u r r e d 

when an a n t h o c y a n i n c o n c e n t r a n t , s u c h .as, 1% aqueous H C l ( S e c . 13) was 

used i n the C o n c e n t r a t i o n Chamber ( S e c . 1 6 ) . F o r example, when a n t h o 

c y a n i n s o f the BAW band A-138 or A-130 ( F i g . 10.3) were c o n c e n t r a t e d , a 

p a r t of the pigment moved r e a d i l y t o the t i p of the paper band, a p a r t 

moved s l o w l y , and a p a r t r e m a i n e d immobile on the paper band. I t was, f o r 

example, shown i n S e c t i o n 13.2.4 t h a t when th e BAW band A-130 was chroma

t o g r a p h e d by s t i t c h i n g , i t gave r i s e t o t h r e e a n t h o c y a n i n components w i t h 

w i d e l y d i f f e r e n t Rf v a l u e s or m o b i l i t i e s i n the Aq-HCl s o l v e n t . Thus, t h e 

d i f f e r e n t i a l m o b i l i t y of a n t h o c y a n i n s i n 1% aqueous HCl d u r i n g a c oncen

t r a t i o n p r o c e s s ( S e c . 16.2) i s o b v i o u s l y due t o the d i f f e r e n t i a l 

m o b i l i t y of each of the s p l i t a n t h o c y a n i n s . T h i s o b s e r v a t i o n w o u l d have 

d o u b t l e s s l y e s c a p e d a t t e n t i o n , had the a n t h o c y a n i n s been e l u t e d , i n the| 

u s u a l manner, w i t h o u t the i n t e r v e n t i o n of the c o n c e n t r a t i o n p r o c e s s . I t 

i s , t h e r e f o r e , c l e a r t h a t o f t e n what i s e l u t e d i s a m i x t u r e of a n t h o 

c y a n i n s and n o t pure a n t h o c y a n i n . T h i s s i t u a t i o n was l a t e r f o u n d t o be 

o f g e n e r a l o c c u r r e n c e w i t h s e v e r a l o t h e r a n t h o c y a n i n s o f b a r l e y . 

I t was m entioned t h a t i n the c o n c e n t r a t i o n p r o c e s s , a s m a l l 

p a r t of the pigment r e m a i n e d immobile on the paper band, t h e immobile 

component showed l i t t l e movement even a f t e r 48 h o u r s i n the aqueous 
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c o n c e n t r a n t . I t was a l s o n o t e d t h a t the BAW band 1-130 ( F i g . 10.3 and 

T a b l e l ^ . I I ) a l s o showed l i t t l e m o b i l i t y i n the aqueous c o n c e n t r a n t . 

S u b s e q u e n t l y , the i m m o b i l i t y or the " i r r e v e r s i b l e a d s o r p t i o n " o f s m a l l 

q u a n t i t i e s o f the pigment on paper was f o u n d c o n s i s t e n t l y w i t h s e v e r a l 

o t h e r a n t h o c y a n i n bands. That the a n t h o c y a n i n s c a n n o t be e l u t e d c o m p l e t e l y 

f r o m t h e paper due t o some i r r e v e r s i b l e a d s o r p t i o n , p a r t i c u l a r l y , when the 

a n t h o c y a n i n s have been l e f t on the paper f o r a few weeks, has been n o t e d i n 

a r e c e n t r e v i e w by Harborne ( 1 9 5 9 a ) . 

The pigment component t h a t moved t a r d i l y was r e s t u d i e d c a r e 

f u l l y by the c o n c e n t r a t i o n t e c h n i q u e ( S e c . 16.2) u s i n g the most abundant 

a n t h o c y a n i n E3-138 ( T a b l e 1 1 . I ) . I t was n o t e d t h a t t h e immobile compo

nent from t h i s a n t h o c y a n i n , a f t e r the r e a d i l y m o b i l e a n t h o c y a n i n , 

c o n c e n t r a t e d a t the paper t i p , had been s n i p p e d o f f , c o u l d be c o n c e n t r a t e d 

i n a m i x t u r e of e q u a l p a r t s of w a t e r and methanol c o n t a i n i n g 1% H C l . 

S u b s e q u e n t l y , the immobile component was found t o move f a s t e r i n 1% 

m e t h a n o l i c H C l . When the immobile component was examined under u l t r a 

v i o l e t l i g h t , i t showed r e d f l u o r e s c e n c e s i m i l a r t o t h e component E l - 1 3 8 

( F i g . 1 5 . 1 ) . The f a s t movingpcomponent, w h i c h was s n i p p e d o f f , o f 

c o u r s e , gave d u l l b l u i s h p u r p l e a b s o r p t i o n i n u l t r a v i o l e t l i g h t as 

component E3-138 ( F i g . 15.1). When the c o n c e n t r a t e d immobile component 

was chromatographed by the sewing t e c h n i q u e ( S e c . 1 3 ) , i t gave R f v a l u e s 

i d e n t i c a l t o t h o s e f o r the component E l - 1 3 8 ( F i g . 15.1). 

F o l l o w i n g the c h r o m a t o g r a p h i c i d e n t i t y o f the a n t h o c y a n i n -

E l - 1 3 8 w i t h the immobile component o f the a n t h o c y a n i n E3-138, the s p l i t t i n g 

o f the a n t h o c y a n i n E3-138 was p u r s u e d f u r t h e r . The e l u a t e s from t h e 

a n t h o c y a n i n E3^-138, even a f t e r t h r e e p u r i f i c a t i o n s i n t h e HAc-HCl 

s o l v e n t , c o n t i n u e d t o show s p l i t t i n g i n t o the components E l , E3 and a 



F i g . 15.1 
The s p l i t t i n g of antho
cyanin E3-138 i n t o at 
l e a s t two components E l , and 
E3 occurred when the h i g h l y 
p u r i f i e d (HP) eluate w i t h 
out drying ( I I I ) , or when 
the band segment by sewing 
( S ) , and hence avo i d i n g 
e l u t i o n ( I ) , or when the 
c r y s t a l l i n e (G) sample 
d i s s o l v e d i n 0.017o methanolic 
HCl (IV) were chromatographed. 
The e f f e c t of anthocyanin 
co n c e n t r a t i o n , spotted at 
the s t a r t i n g l i n e , on the 
v i s i b i l i t y of chromatospots 
i s a l s o shown ( I I , and V). 

Solvent : H A c - H C l 

III IV • -JU 

d i s t i n c t t r a i l above the component E3. The components from the eluate 

(without d r y i n g ) , a f t e r a t h i r d p u r i f i c a t i o n are shown i n Chromatogram 

No. I l l ( F i g . 15.1). The spot E3 upon rechromatography by s t i t c h i n g 

(without e l u t i o n ) , a l s o , s p l i t i n t o a weak spot E l as shown i n Chroma

togram No. I ( F i g . 15.1). The s p l i t t i n g i n t o the component E l and 

seve r a l other components a l s o occurred when the band E-130 was 

chromatographed by s t i t c h i n g ( F i g . 13.8). 

In the meantime, the anthocyanin components E3 and E l were 

obtained i n c r y s t a l l i n e s t a t e . The component E l was s l i g h t l y con

taminated w i t h y e l l o w i s h m a t e r i a l s . Whereas the c r y s t a l l i n e component 
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was r e a d i l y s o l u b l e i n c o l d 1% aqueous H C l , the c r y s t a l l i n e component E l 

was i n s o l u b l e , b u t s o l u b l e i n warm aqueous H C l . The c r y s t a l l i n e a n t h o 

c y a n i n E3 was chromatographed t o d e t e r m i n e i f the c r y s t a l l i n e sample 

wou l d a l s o show s p l i t t i n g ( F i g . 15.1, Chromatogram No. I V ) . The r e s u l t s 

are s e l f - e x p l a n a t o r y : the s p o t E l , a l t h o u g h weak, was d i s t i n c t l y p r e s e n t . 

A l t h o u g h , the t r a i l above the s p o t E3 i s i n v i s i b l e i n Chromatogram No. I V , 

I t i s d e t e c t a b l e i n Chromatogram No. I l l : t he d i f f e r e n c e s i n the d e t e c t 

a b i l i t y may be due t o q u a n t i t a t i v e d i f f e r e n c e s i n t h e amount o f the 

pigment a p p l i e d . I f the c r y s t a l l i n e a n t h o c y a n i n i s s p o t t e d i n s t e a d o f 

b a n d i n g , the d e t e c t a b i l i t y o f the s p o t E l depends upon the q u a n t i t y of 

pigment s p o t t e d . The q u a n t i t y of the c r y s t a l l i n e pigment a p p l i e d i n 

Chromatogram No. V ( F i g . 15.1) was about t h r e e t i m e s t h a t a p p l i e d i n 

Chromatogram No. I I ( F i g . 1 5 . 1 ) . Whereas the Chromatogram V shows b o t h 

the s p o t s , the Chromatogram No, I I shows o n l y the component E3, w h i c h i s 

r e a s o n a b l y s t r o n g but n o t t h e component E l . The component E l , o b t a i n e d 

by s p o t t i n g (Chromatogram No. V ) , appears weaker t o the eye as compared 

t o i t s c o u n t e r p a r t o b t a i n e d by b a n d i n g (Chromatogram No. I V ) . I t ' i s 

n o t e w o r t h y , t h a t t h e component E3, o b t a i n e d by s p o t t i n g (Chromatogram No.V) 

i s c e r t a i n l y s t r o n g e r t h a n t h a t o b t a i n e d by b a n d i n g (Chromatogram No. I V ) . 

The o b s e r v a t i o n a g a i n emphasizes the i n f l u e n c e o f q u a n t i t y on t h e 

d e t e c t a b i l i t y o f minor components and the s u p e r i o r i t y o f b a n d i n g over 

s p o t t i n g . The c r y s t a l l i n e component E l - 1 3 8 upon chromatography behaved 

e x a c t l y i n the manner r e p o r t e d p r e v i o u s l y i n S e c t i o n 11 ( F i g . 1 1 . 3 ) . 

The component degraded c o m p l e t e l y i n the BAW s o l v e n t and gave R f v a l u e 

0.02 i n the Aq-HCl and 0.11 i n the HAc-HCl s o l v e n t . T h i s component was, 

t h e r e f o r e , l i k e l y p ure because i t d i d n o t s p l i t . 

The s p e c t r a o f the c r y s t a l l i n e pigments i s shown i n F i g . 15.2. 



278 

F i g . 15.2 
Spec t r o p h o t o m e t r i c 
d i f f e r e n t i a t i o n o f the 
c r y s t a l l i n e p igments 
E l and E3. E l shows 
the c y a n i d i n peak a t 
536 mu and the d e g r a 
d a t i o n peak a t 367 mu. 
E3 shows a c h a r a c t e r i s 
t i c / \ n a x a t 525 mu 
o f c y a n i d i n g l y c o s i d e s . 
S p e c t r a were drawn 
from 0.17, m e t h a n o l i c 
HCl s o l u t i o n s 

l i s t i n c t ^ m a x 

"X ma-*- 536 mu and c a . 366 mu. The l a t t e r "X 

The pigment E3-138 g i v e s a d i s t i n c t / N
m a x a t 525 mu. The pigment E l - 1 3 8 

t e i 

d e g r a d a t i o n o f the pigment ( c f . , Sec. 1 2 ) . The X m a x 536 mu i s , i n f a c t , 

t h e "X m a x of c y a n i d i n as o b t a i n e d under our c o n d i t i o n s . The a n t h o c y a n i n 

E3 upon h y d r o l y s i s a l s o gave a "X m a x a t 536 mu ( s e e F i g . 12.2). The 

pigment E l upon h y d r o l y s i s d i s a p p e a r e d a l m o s t c o m p l e t e l y . I t was, how

e v e r , chromatographed, w i t h o u t h y d r o l y s i s , a l o n g w i t h the h y d r o l y s a t e s 

of the a n t h o c y a n i n E3 i n s e v e r a l a n t h o c y a n i d i n s o l v e n t s l i s t e d i n T a b l e 

17'. I.', I n e v e r y c a s e , the Rf v a l u e s of the component E l and the h y d r o 

l y s a t e s of t h e component E3 were i d e n t i c a l and e q u i v a l e n t t o c y a n i d i n . 

The r e s u l t s c l e a r l y i n d i c a t e t h a t h y d r o l y s i s o c c u r s b o t h on 

paper and i n s o l u t i o n . I t was, however, o b s e r v e d t h a t whenever the 

e l u a t e s from the a n t h o c y a n i n E3-138 were chromatographed a l o n g w i t h a 

s p o t or a band of s y n t h e t i c c y a n i d i n , on the same s h e e t , the c y a n i d i n 
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s p o t E l , i n v a r i a b l y gave s l i g h t l y lower R f v a l u e s t h a n s y n t h e t i c c y a n i d i n . 

However, i f the band segments o f s y n t h e t i c c y a n i d i n , and the c y a n i d i n 

s p o t E l were d e v e l o p e d i n the HAc-HCl and the F o r e s t a l s o l v e n t s by s t i t c h 

i n g c h romatography, the Rf v a l u e s were f o u n d t o be i d e n t i c a l . 

15.2.3. O b s e r v a t i o n s on A n t h o c y a n i n S p l i t t i n g - 1965 

I n J u l y , 1965 c r y s t a l l i n e a n t h o c y a n i n E3-138, o r i g i n a l l y 

i s o l a t e d e a r l y i n 1962, was d i s s o l v e d i n 0.01% and 1% m e t h a n o l i c HCl and 

chromatographed i n the HAc-HCl s o l v e n t . The r e s u l t s a r e shown i n 

F i g . 15.3, Chromatograms No. I and I I I . A c o m p a r i s o n o f the 1965 and 

1962 r e s u l t s ( F i g . 15.1, Chromatogram No. IV) shows t h a t whereas the s p o t 

E l i s b a r e l y v i s i b l e i n the 1962 chromatogram, i t i s p r o m i n e n t i n t h e 

1965 chromatograms. Thus, i t i s c l e a r , t h a t h y d r o l y s i s must have o c c u r r e d 

d u r i n g s t o r a g e . B o t h the chromatograms i n F i g . 15.3 show r e d d i s h 

' s t a t i o n a r y ' m a t e r i a l s a t the s t a r t i n g l i n e ( c f . , Sec. 1 1 ) , and a n t h o c y a 

n i n t r a i l s b o t h above the band E3, and between t h e bands E3 and E l . 

N o t a b l y , no t r a i l s above t h e c r y s t a l l i n e a n t h o c y a n i n band E3 were 

d e t e c t e d i n the 1962 chromatogram. The t r a i l s must r e p r e s e n t p a r t i a l 

h y d r o l y s i s undergone by t h e c r y s t a l l i n e sample d u r i n g s t o r a g e . . I t i s 

n o t a b l e t h a t the Rf v a l u e o f the c y a n i d i n s p o t o b t a i n e d f r o m the 

h y d r o l y s i s o f the a n t h o c y a n i n E3-138 ( F i g . 15.3, Chromatogram No. I I ) , 

as e x p e c t e d , i s s l i g h t l y , h i g h e r t h a n the c y a n i d i n bands E l . However, i t 

gave the c y a n i d i n p i n k f l u o r e s c e n c e , i m m e d i a t e l y a f t e r development and 

d r y i n g . 

S i m i l a r l y , the a n t h o c y a n i n 5D i s o l a t e d o r i g i n a l l y . i n . 1962 

( T a b l e 1 9 . V I I I . 5 ) upon r e c h r o m a t o g r a p h y i n HAc-HCl i n 1965, shows a ' 

c o n s p i c u o u s a n t h o c y a n i n t r a i l e x t e n d i n g a p p r o x i m a t e l y t o Rf 0.90. The 



F i g . 15.3 
Showing the appreciable 
hydrolysis of anthocyanin E3 
and 5D during three years in 
the c r y s t a l l i n e state. E3 
was is o l a t e d from leaf sheaths 
and 5D, i d e n t i c a l to E3, was 
i s o l a t e d from caryopses. I I i s 
cyanidin. I was chromatospotted 
from 0.01% HCl-MeOH, I I , I I I and 
IV from 1% HCl-MeOH. 

S o l v e n t HAc -HCl 

fit i 
5 A 

anthocyanin also shows the other features shown by the c r y s t a l l i n e 

anthocyanin E3-138. 

Since pronounced hydrolysis occurs upon storage of the 

c r y s t a l l i n e and semi-crystalline samples, i t was decided to f i n d out 

whether or not pronounced hydrolysis also occurred on paper during 

storage. Thus, a segment of the anthocyanin spot E3, which had been 

chromatographed in 1962 from the c r y s t a l l i n e sample ( F i g . 15.1, 

Chromatogram No. IV) was chromatographed in the HAc-HCl solvent by 

clamping ( F i g . 15.4, Chromatograph No. I ) in July, 1965. The r e s u l t s 

show that noteworthy breakdown occurs on paper during storage. It w i l l 
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F i g . 15.4 
Showing, that appreciable . ,. 
hydrolysis of anthocyanin E3 occurs 
during three years storage on 
chromatopaper ( I ) . Freshly i s o l a t e d 
E3 (II) i s not hydrolyzed. Chromato
graphy by clamping obviated e l u t i o n 
and, hence, any hydrolysis which 
would have occurred from t h i s cause. 

be further noted that whereas as the color of the stationary materials at 

the s t a r t i n g l i n e i n the 1962 chromatogram i s barely v i s i b l e , i t i s 

pronounced, as a reddish brown band, in the 1965 chromatogram. 

It was, however, noted that i f the segments excised from the 

band E3 ( F i g . 15.3, Chromatogram No. I l l ) , either before, or two days 

after the solvent had dried, were rechromatographed in the HAc-HCl 

solvent by clamping, the breakdown did not occur as shown in F i g . 15.4, 

Chromatogram No. I I . 

Another important observation was made on the colors of the 

anthocyanins and anthocyanidins upon storage. The color of the antho-
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c y a n i n E3 was d u l l b l u i s h p u r p l e i n u l t r a v i o l e t l i g h t i m m e d i a t e l y a f t e r 

development. I t became b r i g h t e r magenta a f t e r 3-year s t o r a g e . The 

b r i g h t e r c o l o r i s o b v i o u s l y due t o the g r a d u a l i n s i t u h y d r o l y s i s o f t h e 

d u l l a n t h o c y a n i n t o t h e b r i g h t e r a g l y c o n e . T hat t h e a n t h o c y a n i n s change 

c o l o r so m a r k e d l y i n s t o r a g e was a p p r e c i a t e d b e l a t e d l y . Not o n l y a n t h o 

c y a n i n s , but a l s o a n t h o c y a n i d i n s change c o l o r i n s t o r a g e , e.g.,, the 

a n t h o c y a n i d i n E l f l u o r e s c e s p i n k i m m e d i a t e l y . a f t e r chromatography, i t 

becomes b r i g h t mauve as i t r e m a i n s on the paper d u r i n g a 3-year p e r i o d . 

The c o l o r m o d i f i c a t i o n s i n s t o r a g e a r e m i n i m a l i f s e v e r a l s h e e t s a re 

s t o r e d i n a p i l e wrapped t i g h t l y w i t h p a c k i n g p a p e r . 

15.3 DISCUSSION 

I n the e a r l i e r s t a g e s o f t h i s work i t was b e l i e v e d t h a t t h e 

component E l - 1 3 8 was an a n t h o c y a n i n . The component c o u l d n o t be e l u t e d 

s u c c e s s f u l l y and i t showed e x t e n s i v e breakdown t o y e l l o w i s h p r o d u c t s 

( S e c . 1 1 ) . The r e a l i z a t i o n t h a t t h e components known t o be a d s o r b e d 

i r r e v e r s i b l y ( H a r b o r n e , 1959a) must be s i m i l a r t o the component E l - 1 3 8 , 

was made p o s s i b l e by the c o n c e n t r a t i o n and s t i t c h i n g t e c h n i q u e s . A l t h o u g h , 

the component E l - 1 3 8 d i d show f l u o r e s c e n c e ( S e c . 1 1 ) , c h a r a c t e r i s t i c o f 

a n t h o c y a n i d i n s , i t was c o n s i d e r e d i n i t i a l l y , t h e f l u o r e s c e n c e c o u l d have 

been due t o 5 - g l y c o s i d e s or some o t h e r t y p e o f b r i g h t or f l u o r e s c i n g 

a n t h o c y a n i n m o l e c u l e . T h i s i s because the R f v a l u e s o f a n t h o c y a n i d i n s 

i n the HAc-HCl, and the Aq-HCl ( T a b l e 11,1) s o l v e n t s were n o t the n known * 

The component b r o k e down i n t h e BAW s o l v e n t as shown e l s e w h e r e ( F i g . 1 1 . 3 ) . 

The HAc-HCl and the Aq-HG.l s o l v e n t s were e a r l i e r used e x c l u s i v e l y f o r 

a n t h o c y a n i n s ( c f . , H arborne, 1959a). Had the Rf v a l u e s o f the a n t h o -
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c y a n i d i n s been a v a i l a b l e i n the two s o l v e n t s , s p l i t t i n g o f the a n t h o c y a n i n 

E3-138, as b e i n g due t o g l y c o s i d i c h y d r o l y s i s w o u l d have been r e c o g n i z e d 

e a r l i e r (See Sec. 11, and 1 3 ) . I t was the ease w i t h w h i c h t h e p a r t i a l -

h y d r o l y s i s o f a n t h o c y a n i n s c o u l d be d e t e c t e d , as d i s c u s s e d i n S e c t i o n 17, 

t h a t t h e HAc-HCl, the Aq-HCl and the 3:1:8 s o l v e n t s were used r o u t i n e l y 

i n t h e chromatography of b o t h a n t h o c y a n i n s and a n t h o c y a n i d i n s ( S e c . 1 9 ) . 

The component E l was i d e n t i f i e d as c y a n i d i n l a t e r i n 1962, 

when the c r y s t a l l i n e components became a v a i l a b l e . That the c r y s t a l l i n e 

component E l was s i m i l a r t o the components a d s o r b e d i r r e v e r s i b l y was 

f i r s t s u g g e s t e d b o t h by t h e i n s o l u b i l i t y of the c r y s t a l l i n e sample i n YL 

aqueous HCl a t room t e m p e r a t u r e , and by the i m m o b i l i t y o f the sample i n 

the Aq-HCl c o n c e n t r a n t . However, the f i n d i n g t h a t p a r t i a l h y d r o l y s i s does 

o c c u r on paper was e s t a b l i s h e d too l a t e t o be of any p r a c t i c a l v a l u e i n 

the work r e p o r t e d i n the t h e s i s . I n the i d e n t i f i c a t i o n work r e p o r t e d i n 

S e c t i o n 19, and a l s o e l s e w h e r e i n t h i s t h e s i s , the e l u t i o n was c a r r i e d 

out from chromatograms sometimes as o l d as s e v e r a l months and sometimes 

i m m e d i a t e l y a f t e r development. No s e r i o u s a c c o u n t was t a k e n o f the 

p e r i o d the chromatograms r e m a i n e d i n s t o r a g e . Thus sometimes the compo

n e n t s a d s o r b e d i r r e v e r s i b l y were e n c o u n t e r e d i n s u b s t a n t i a l amounts and 

on o t h e r o c c a s i o n s o n l y i n n e g l i g i b l e amounts. In f a c t , n o t b e i n g aware 

t h a t the i r r e v e r s i b l e a d s o r p t i o n o c c u r s due "to h y d r o l y s i s e v e r y e f f o r t 

was made i n the e a r l y phases o f the development o f the c o n c e n t r a t i o n and 

p u r i f i c a t i o n t e c h n i q u e ( S e d . 16) t o e f f e c t t o t a l e l u t i o n of the pigments 

from the p a p e r . I t was i n t h e c o u r s e o f a n t h o c y a n i n p u r i f i c a t i o n by the 

c o n c e n t r a t i o n t e c h n i q u e t h a t the e q u i v a l e n c e of the ' t a r d y e l u a t e s ' t o 

c y a n i d i n , p e o n i d i n and p e l a r g o n i d i n was e s t a b l i s h e d (See S e c . . 1 9 ) . 

F o l l o w i n g t h e s e o b s e r v a t i o n s , the components t h a t r e m a i n e d a d s o r b e d 
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i r r e v e r s i b l y were n o t e l u t e d . 

A l t h o u g h i t was e s t a b l i s h e d by 1962 t h a t g l y c o s i d i c h y d r o l y s i s 

does o c c u r on paper, i t was n o t c l e a r how, when and where the h y d r o l y s i s 

o c c u r r e d . Does i t o c c u r due t o h i g h a c i d i t y t h a t d e v e l o p s on the paper 

when t h e c h r o m a t o g r a p h i c s o l v e n t s d r y ? Does i t o c c u r over a p e r i o d o f 

time d u r i n g s t o r a g e ? Does i t o c c u r i n s o l u t i o n as the a n t h o c y a n i n i s 

d i s s o l v e d ? I f n o t , the n why d i d the c r y s t a l l i n e a n t h o c y a n i n E3-138 

show p a r t i a l h y d r o l y s i s even when i t was chromatographed f r o m 0.01% 

m e t h a n o l i c H C l , and the a n t h o c y a n i n was s p o t t e d as soon as the s o l u t i o n 

was made? Does i t o c c u r owing t o t h e h i g h a c i d i t y t h a t may d e v e l o p when 

an a c i d i c a n t h o c y a n i n s o l u t i o n , a p p l i e d on the s t a r t i n g l i n e , d r i e s ? 

Answers t o some of t h e q u e s t i o n s were o b t a i n e d i n e x a m i n a t i o n o f chroma

tograms i n 1965. 

The p r e s e n c e o f a l a r g e q u a n t i t y o f c y a n i d i n ( F i g , 15.4, 

Chromatogram No. I I ) from a n t h o c y a n i n bands r e m a i n i n g on paper f o r 

s e v e r a l y e a r s , and the absence of c y a n i d i n i n bands f r o m f r e s h l y 

d e v e l o p e d , or fr o m a t w o - d a y - o l d s p o t o b t a i n e d by c l a m p i n g ( F i g . 15.4) 

e s t a b l i s h e s t h a t p r o g r e s s i v e g l y c o s i d i c h y d r o l y s i s o c c u r s on paper d u r i n g 

s t o r a g e . I t i s a l s o c l e a r t h a t p r a c t i c a l l y no h y d r o l y s i s o c c u r s on 

paper a t l e a s t u n t i l two days f o l l o w i n g c h r o m a t o g r a p h i c development. 

The o b s e r v a t i o n shows why a n t h o c y a n i n s do n o t d i s p l a y the i r r e v e r s i b l e 

a d s o r p t i o n when e l u t e d w i t h i n a few days o f chromatography ( c f . , 

H a r b o r n e , 1959a). 

I t was shown by s t i t c h i n g chromatography i n S e c t i o n 13 t h a t 

a n t h o c y a n i n s s p l i t i n t o s e v e r a l components. I t w i l l be n o t e d from 

T a b l e 13.1, t h a t t h e - a n t h o c y a n i n s o f t h e c o l l e c t i o n No. 138 showed 

l i t t l e s p l i t t i n g . P r o b a b l y , the a n t h o c y a n i n s were chromatographed i n 
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d i f f e r e n t s o l v e n t s i m m e d i a t e l y a f t e r the BAW p r e p a r a t o r y chromatography. 

However, c o l l e c t i o n No. 130 ( T a b l e 13.11) does show s u b s t a n t i a l s p l i t t i n g 

by s t i t c h i n g chromatography. I t i s l i k e l y t h a t the chromatography was 

u n d e r t a k e n f r o m r e l a t i v e l y o l d chromatograms. S i n c e c o l l e c t i o n s No. 130 

and No. 138 a r e from G o p a l b a s a l l e a f s h e a t h s h a r v e s t e d a t d i f f e r e n t d a t e s , 

i t m i g h t have been c o n c l u d e d t h a t d i f f e r e n c e s i n s t a g e o f development 

were r e s p o n s i b l e f o r the d i f f e r e n c e s i n number o f a n t h o c y a n i n s found 

( T a b l e s 13.1 and 13.11). An e x p l a n a t i o n w h i c h i s j u s t as l i k e l y i s t h a t 

t h e d i f f e r e n c e s i n number a r e a t t r i b u t a b l e t o d i f f e r e n c e s i n breakdown. 

I t w i l l be n o t e d f u r t h e r , t h a t some a n t h o c y a n i n s i n T a b l e 13.11 do show a 

component around Rf 0.10 i n the HAc-HCl s o l v e n t . S i m i l a r l y , s e v e r a l such 

components, namely A l , C l , D l , E l and F l were r e c o v e r e d from the e l u a t e s 

o f t h e c o l l e c t i o n No. 138 ( T a b l e 11.I) or c o l l e c t i o n s o f the s e r i e s 400 

( T a b l e s 1 9 . V I I I . A t o 1 9 . V I I I . H ) i n the HAc-HCl s o l v e n t . The components, 

f o l l o w i n g i d e n t i f i c a t i o n , t u r n e d out t o be the a g l y c o n e s of the c o r r e s 

p o n d i n g a n t h o c y a n i n bands ( S e c . 19 ). As e x p e c t e d t h e y e i t h e r 

d i s a p p e a r or fade i n the b u t a n o l i c s o l v e n t s ( S e c , 11 and 1 3 ) . S i n c e 

a n t h o c y a n i n s s p l i t i n t o s e v e r a l components ( S e c . 13),, some a n t h o c y a n i n s 

i n t h e aqueous s o l v e n t move v e r y q u i c k l y , o t h e r s v e r y s l o w l y : the 

m o b i l i t y o f the s l o w moving a n t h o c y a n i n i s c o n f u s e d o c c a s i o n a l l y as b e i n g 

due t o i r r e v e r s i b l e a d s o r p t i o n . I t i s , . however, c l e a r t h a t u n l e s s 

p r e c a u t i o n s a r e t a k e n , the e l u a t e from b a r l e y a n t h o c y a n i n s w i l l n o t 

c o n s i s t of a s i n g l e a n t h o c y a n i n but a m i x t u r e of s e v e r a l p a r t i a l l y 

h y d r o l y s e d a n t h o c y a n i n s . 

S e v e r a l w o r k e r s b e l i e v e t h a t a n t h o c y a n i n s , i n g e n e r a l , a r e n o t 

'amenable 1 t o two-way chromatography: t h e y t e n d t o fade and form d i f f u s e 

s p o t s d u r i n g chromatography, i n the second d i r e c t i o n ( r e v i e w : Harbornei. 
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1959a). However, o t h e r s have e x p e r i e n c e d no d i f f i c u l t y ( s e e C l e v e n g e r , 

1964b). The r e a s o n f o r the d i s c r e p a n c y i s l i k e l y l i n k e d w i t h the p r e 

c e d i n g o b s e r v a t i o n s . I f chromatography i n the second d i r e c t i o n i s c a r r i e d 

out i m m e d i a t e l y a f t e r d r y i n g , the d i f f u s i o n i s n o t l i k e l y t o o c c u r u n l e s s 

the a n t h o c y a n i n s c a r r y a c i d - l a b i l e g r o u p s . However, i f chromatography 

i n the second d i r e c t i o n i s d e l a y e d f o r some t i m e , the p a r t i a l g l y c o s i d i c 

h y d r o l y s i s may o c c u r w h i c h may g i v e r i s e t o s e v e r a l s p o t s i f the a n t h o 

c y a n i n i s complex, and thus cause d i f f u s i o n and o v e r l a p p i n g o f s p o t s or 

bands. On t h i s ba.sis, a n t h o c y a n i d i n s , i n g e n e r a l , s h o u l d be amenable t o 

two-way chromatography i r r e s p e c t i v e o f the p e r i o d of s t o r a g e f o l l o w i n g 

c hromatography. A l t h o u g h t h i s v i e w needs s u b s t a n t i a t i o n , two-way 

chromatography of a n t h o c y a n i d i n s has been c a r r i e d out s u c c e s s f u l l y 

( C l e v e n g e r , 1964a). 

I t was shown i n S e c t i o n 11 t h a t a s u b s t a n t i a l p a r t o f the 

a n t h o c y a n i n d e g r a t i o n i n s o l u t i o n was r e p r e s e n t e d by the s t a t i o n a r y 

m a t e r i a l s a t the s t a r t i n g l i n e . The c o l o r o f the s t a t i o n a r y m a t e r i a l s 

v a r i e d from b r o w n i s h y e l l o w , t h r o u g h b r o w n i s h r e d t o r e d . I t i s n o t e 

w o r t h y t h a t whereas the c r y s t a l l i n e a n t h o c y a n i n E3-138 d i d n o t show the 

s t a t i o n a r y m a t e r i a l s i n 1962 ( F i g . 1 5 . 1 ) , i t d i d show l a r g e q u a n t i t i e s of 

the r e d s t a t i o n a r y m a t e r i a l s a t the s t a r t i n g l i n e on chromatograms i n 

1965 ( F i g . 1 5 . 4 ) . Moreover the band segments o b t a i n e d f r o m the f r e s h l y 

d e v e l o p e d chromatograms, upon c l a m p i n g chromatography, do n o t show the 

p r e s e n c e o f s t a t i o n a r y m a t e r i a l s , but the band segment o b t a i n e d f r o m t h e 
• • • - - i 

t h r e e y e a r o l d chromatogram d i d show s u b s t a n t i a l amounts o f r e d d i s h 

s t a t i o n a r y m a t e r i a l s . Thus, the d e g r a d a t i o n , w i t h t i m e , t o t h e s t a t i o n a r y 

m a t e r i a l s i n c r y s t a l s and on t h e paper i s s i m i l a r t o the d e g r a d a t i o n i n 

s o l u t i o n . R e d d i s h c o l o r s a t the s t a r t i n g l i n e were n o t e d u s u a l l y when 
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s o l u t i o n s showing l i t t l e breakdown were s p o t t e d and b r o w n i s h r e d or 

b r o w n i s h y e l l o w c o l o r s when s o l u t i o n s i n w h i c h breakdown was more p r o 

nounced were a p p l i e d . A l t h o u g h l i t t l e i s known o f the n a t u r e o f the 

s t a t i o n a r y m a t e r i a l s , the i n d i c a t i o n s a r e t h a t d e g r a d a t i o n t o the s t a 

t i o n a r y m a t e r i a l s i s s i m i l a r i n the t h r e e s t a t e s o f a n t h o c y a n i n s , v i z . , 

i n s o l u t i o n , on paper and i n c r y s t a l l i n e s t a t e e x c e p t t h a t the ' r a t e ' of 

d e g r a d a t i o n i n the l a s t two c a s e s i s e x t r e m e l y s l o w . F u r t h e r o b s e r v a t i o n s 

on the d e g r a d a t i o n t h r o u g h t h e s t a t i o n a r y m a t e r i a l s w i l l be p r e s e n t e d i n 

S e c t i o n 19.3.3. 

The s p l i t t i n g o f a n t h o c y a n i n s i n the 1962 s t u d i e s became con

f u s i n g when the c r y s t a l l i n e a n t h o c y a n i n E3, chromatographed f r o m 0.01% 

m e t h a n o l i c HCl s p l i t i n t o two components ( F i g . 15.1, Chromatogram No. I V ) . 

The s p l i t t i n g o r h y d r o l y s i s of the c r y s t a l l i n e a n t h o c y a n i n c o u l d have 

o c c u r r e d e i t h e r d u r i n g d r y i n g or s t o r a g e over phosphorus p e n t o x i d e ( s e e 

Sees. 19.2.2, and 19.3.1), or d u r i n g the s i m u l t a n e o u s c r y s t a l l i z a t i o n o f 

the two components inasmuch as the e l u a t e s of the a n t h o c y a n i n E3-138 a f t e r 

t h r e e p u r i f i c a t i o n s i n the HAc-HCl s o l v e n t s t i l l showed s p l i t t i n g . The 

p o s s i b i l i t y o f h y d r o l y s i s b e i n g due t o d r y i n g over phosphorus p e n t o x i d e 

i n t h i s p a r t i c u l a r case because the p l u g g e d sample ( S e c . 15.1) was d r i e d 

o n l y f o r a s h o r t t i m e , i s remote. T h i s i s because the c r y s t a l l i n e sample, 

a f t e r d r y i n g over phosphorus p e n t o x i d e , remained i n s t o r a g e , a t room 

t e m p e r a t u r e , f o r a few months b e f o r e i t was chromatographed ( I n 1962) t o 

d e t e r m i n e i f i t w o u l d a l s o show s p l i t t i n g as d i d t h e e l u a t e s of the t h r i c e 

p u r i f i e d a n t h o c y a n i n E3-138. The weak a g l y c o n e band i n the c r y s t a l l i n e 

sample (Chromatogram No. IV, F i g . 15.1) i s most l i k e l y due t o s t o r a g e a t 

room t e m p e r a t u r e . The v i e w i s s u p p o r t e d f u l l y by the 1965 s t u d i e s , w h i c h 

p r o v i d e c l e a r c u t e v i d e n c e t h a t the s p l i t t i n g i s due t o the h y d r o l y s i s 
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t h a t ensues i n s t o r a g e b o t h i n the c r y s t a l l i n e s t a t e ( F i g . 15.3) and on 

the paper ( F i g . 1 5 . 4 ) . 

The t o t a l e v i d e n c e shows t h a t the h y d r o l y s i s on the paper, and 

i n the c r y s t a l l i n e s t a t e upon s t o r a g e i s p r o g r e s s i v e . The c r y s t a l l i n e 

samples and so a l s o the chromatograms f o r f u r t h e r p r o c e s s i n g , or s p e c t r a l 

a n a l y s i s on paper ( c f . , Sec. 1 4 ) , s h o u l d have been s t o r e d p r e f e r a b l y i n a 

f r e e z e r t o m i n i m i z e h y d r o l y t i c breakdown. Moreover, the a n t h o c y a n i n 

c o l o r s i n u l t r a v i o l e t l i g h t s h o u l d have been n o t e d i m m e d i a t e l y a f t e r 

c h r o m a t o g r a p h i c development. That the c o l o r s do change upon s t o r a g e was 

n o t a p p r e c i a t e d t h r o u g h o u t . 

S i n c e h y d r o l y s i s on the paper was e s t a b l i s h e d from the 1965 

s t u d i e s , t h e o b s e r v a t i o n s on the a n t h o c y a n i n - s p l i t t i n g s t u d i e s o b t a i n e d 

by the s t i t c h i n g t e c h n i q u e ( S e c . 13) were a g a i n examined. The s p l i t t i n g 

must be due t o some type o f h y d r o l y s i s t h a t o c c u r s d u r i n g s t o r a g e , 

because the a n t h o c y a n i n s p o t s t r a v e l t o t h e i r r e s p e c t i v e R f v a l u e s l a r g e l y 

as d i s t i n c t e n t i t i e s ( w i t h o u t s p l i t t i n g ) . I f an a n t h o c y a n i n i s s t r u c 

t u r a l l y complex, s e v e r a l a n t h o c y a n i n s p o t s , i n a d d i t i o n t o the c o r r e s 

p o n d i n g a n t h o c y a n i d i n , may appear on the paper upon r e c h r o m a t o g r a p h y 

owing t o p a r t i a l h y d r o l y s i s 4 A l t h o u g h i n s e v e r a l c a s e s a l a r g e number 

of ' n i n s p o t s and a l s o some ' d i n s p o t s were r e c o v e r e d ( F i g . 13.8), i n 

o t h e r c a s e s o n l y ' n i n s and no 'dins were r e c o v e r e d ( F i g . 11.7, s p o t s A, 

B, e t c . ) . F o r example, the a n t h o c y a n i n A-130, upon s t i t c h i n g rechroma

t o g r a p h y w i t h the HAc-HCl s o l v e n t ( F i g . 11.7), shows t h r e e a n t h o c y a n i n 

components a t R f v a l u e s 0.26, 0.56 and 0.65 a t a r e l a t i v e c o n c e n t r a t i o n 

r a t i o o f 1:20:4, r e s p e c t i v e l y b u t no a n t h o c y a n i d i n component. The 

v a r y i n g c o n c e n t r a t i o n s of t h e 'component' a n t h o c y a n i n s and the absence of 

t h e c o r r e s p o n d i n g a g l y c o n e s u g g e s t s t h a t the s p l i t t i n g of b a r l e y a n t h o -
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c y a n i n s may n o t e n t i r e l y be due t o g l y c o s i d i c h y d r o l y s i s . The a n t h o c y a n i n 

A-130, and s e v e r a l o t h e r a n t h o c y a n i n s a r e h i g h l y l a b i l e due t o the a t t a c h 

ment o f some unknown components. The s i t u a t i o n cannot be e x p l a i n e d on 

t h e known b e h a v i o u r of a c y l a t e d a n t h o c y a n i n s ( s e e S e e s . 13, 5, and 1 9 ) . 

That the e l u a t e s o f the h i g h l y p u r i f i e d a n t h o c y a n i n E3-138 

show breakdown does n o t appear t o be a s a f e b a s i s t o c o n c l u d e t h a t 

h y d r o l y t i c breakdown does o c c u r i n s o l u t i o n . At the time t h e s e s t u d i e s 

were c a r r i e d o u t , the w r i t e r was not aware o f the h y d r o l y t i c breakdown on 

the p a p e r . No r e c o r d s of the d a t e s of the t h r e e e l u t i o n s ( o r p u r i f i c a 

t i o n s ) a r e i m m e d i a t e l y a v a i l a b l e , though t o the b e s t o f the w r i t e r ' s 

r e c o l l e c t i o n , the l a s t two p u r i f i c a t i o n s were s u c c e s s i v e . N o n e t h e l e s s , 

t h e r e i s a room t o doubt t h a t the p u r i f i c a t i o n s m i ght have been c o n d u c t e d 

over s u c h i n t e r v a l s o f time t h a t h y d r o l y s i s on paper c o u l d have o c c u r r e d 

p r i o r t o t h e e l u t i o n s . Hence, the q u e s t i o n whether h y d r o l y s i s o c c u r s i n 

s o l u t i o n s t i l l r e m a i n e d i n c o n c l u s i v e . That the h y d r o l y s i s i n s o l u t i o n 

does o c c u r under the recommended c o n d i t i o n s of h a n d l i n g was e s t a b l i s h e d 

( S e c . 23) a t a l a t e r date b e f o r e u n d e r t a k i n g h y b r i d a n a l y s i s . 

A l t h o u g h i t was n o t e s t a b l i s h e d by 1961 t h a t h y d r o l y s i s i n 

s o l u t i o n does o c c u r , the key o b s e r v a t i o n ( S e c . 15.2.1) t h a t upon concen

t r a t i o n o f a n t h o c y a n i n e l u a t e s in vacuo t h a t w h i c h r e m a i n s i n the f l a s k 

i s a c o n s t a n t b o i l i n g h y d r o c h l o r i c a c i d s u g g e s t e d t h a t the a c i d c o u l d 

be d e t r i m e n t a l t o a n t h o c y a n i n s t a b i l i t y . T h i s i s because the r a t e of 

e v a p o r a t i o n o f the m e t h a n o l i c a n t h o c y a n i n e x t r a c t i s r e l a t i v e l y f a s t i n 

e a r l y s t a g e s o f f l a s h e v a p o r a t i o n b u t v e r y s l o w i n the f i n a l s t a g e s . 

Thus, the a n t h o c y a n i n s r e m a i n i n the environment o f h i g h a c i d concen

t r a t i o n s and h i g h t e m p e r a t u r e i n the f i n a l s t a g e o f f l a s h e v a p o r a t i o n , 

t h e s t a g e a t w h i c h t h e d e g r a d a t i o n i s maximum. The h y d r o c h l o r i c a c i d a t 
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such h i g h c o n c e n t r a t i o n s and t e m p e r a t u r e c o u l d have c a u s e d h y d r o l y t i c 

breakdown. A l t h o u g h t h i s q u e s t i o n w i l l be d e a l t w i t h i n g r e a t e r d e t a i l 

e l s e w h e r e ( S e c . 2 3 ) , i t i s s u f f i c i e n t t o i n d i c a t e t h a t i t was p r i m a r i l y 

on the a s s u m p t i o n t h a t h i g h a c i d c o n c e n t r a t i o n s were d e t r i m e n t a l t o t h e 

a n t h o c y a n i n s t a b i l i t y , t h a t t h e l e v e l o f a n t h o c y a n i n c o n c e n t r a n t and 

e l u e n t was k e p t low i n the p u r i f i c a t i o n and e l u t i o n t e c h n i q u e d e s c r i b e d 

i n the n e x t s e c t i o n . 

15.4 SUMMARY 

E v i d e n c e i s p r e s e n t e d t o p r o v e t h a t t h e s p l i t t i n g o f b a r l e y 

a n t h o c y a n i n s on paper ( S e c . 13) and i n c r y s t a l l i n e s t a t e o c c u r s due t o 

g l y c o s i d i c h y d r o l y s i s t h a t ensues g r a d u a l l y i n s t o r a g e . A l s o , g l y c o s i d i c 

h y d r o l y s i s i s the p r i n c i p a l cause of the i r r e v e r s i b l e a d s o r p t i o n o f 

a n t h o c y a n i n s t h a t o c c u r s on the paper a few weeks a f t e r development, and 

t h a t the component a d s o r b e d i r r e v e r s i b l y i s the c o r r e s p o n d i n g a g l y c o n e . 

The i m p l i c a t i o n o f the o b s e r v a t i o n s a r e o f p a r t i c u l a r i m p o r t a n c e i n 

s p e c t r a l a n a l y s i s because, c o n t r a r y t o e x p e c t a t i o n s , what may be e l u t e d 

from s t o r e d chromatograms o f complex b a r l e y a n t h o c y a n i n s , i s a m i x t u r e of 

p a r t i a l l y h y d r o l y s e d a n t h o c y a n i n s and n o t a pure a n t h o c y a n i n . I t i s a l s o 

shown t h a t c o l o r s o f a n t h o c y a n i n s , p a r t i c u l a r l y i n u l t r a v i o l e t , change i n 

s t o r a g e due t o p a r t i a l h y d r o l y s i s , hence t h e y s h o u l d be r e c o r d e d soon 

a f t e r chromatography. 

The o b s e r v a t i o n s i n d i c a t e t h a t t h e d e g r a d a t i o n of a n t h o c y a n i n s 

t o the s t a t i o n a r y m a t e r i a l s ( c f . , Sees. 11 and 19) i s s i m i l a r i n the 

t h r e e s t a t e s , namely, i n s o l u t i o n , on the paper and i n c r y s t a l l i n e s t a t e , 

e x c e p t t h a t the ' r a t e o f d e g r a d a t i o n ' i n the l a t t e r two s t a t e s i s v e r y 



s l o w . 

I n a d d i t i o n i s d e s c r i b e d a key o b s e r v a t i o n on the i n c r e a s e 

a c i d c o n c e n t r a t i o n t h a t o c c u r s when a c i d i f i e d m e t h a n o l i c e x t r a c t s a r e 

f l a s h e v a p o r a t e d t o d r y n e s s . The o b s e r v a t i o n , i n e f f e c t , e n a b l e d the 

development o f a s a t i s f a c t o r y method f o r e l u t i o n and p u r i f i c a t i o n o f 

a n t h o c y a n i n s d e s c r i b e d i n the n e x t s e c t i o n . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

16. A TECHNIQUE FOR PURIFICATION AND ELUTION OF ANTHOCYANINS 

JU A l t h o u g h h y d r o l y t i c d e g r a d a t i o n o f a n t h o c y a n i n s o c c u r s b o t h on 

the paper ( S e c . 15.) and i n the s o l u t i o n ( S e c . 11 and 2 3 ) , i t i s 

e x t r e m e l y s m a l l on p a p e r . Thus, the method o f e l u t i o n and p u r i f i c a t i o n 

s h o u l d be so d e s i g n e d t h a t a n t h o c y a n i n s , d u r i n g p u r i f i c a t i o n and i s o l a 

t i o n , a r e k e p t f o r maximum ti m e on the paper and minimum time i n t h e 

s o l u t i o n . The d e g r a d a t i o n i n s o l u t i o n i s time-dependent: the t e c h n i q u e o f 

e l u t i o n must a l s o p r o v i d e f o r the e l u t i o n o f a n t h o c y a n i n s i n a h i g h l y 

c o n c e n t r a t e d s t a t e so t h a t the e l u a t e s r e q u i r e m i n i m a l h a n d l i n g f o r con

c e n t r a t i o n and d r y i n g ( s e e Sees. 15, and 2 3 ) . S i n c e a n t h o c y a n i n s , 

because o f c o n t a m i n a n t s , r e q u i r e s e v e r a l c h r o m a t o g r a p h i c p u r i f i c a t i o n s , 

t he t e c h n i q u e s h o u l d be s u c h t h a t c h r o m a t o g r a p h i c p u r i f i c a t i o n s may be 

c a r r i e d out i n d i f f e r e n t s o l v e n t s w i t h as few e l u t i o n s as p o s s i b l e . The 

t e c h n i q u e i t w o u l d appear must s a t i s f y the two c o u n t e r a c t i n g pH-dependent 



v a r i a b l e s : a c i d c auses g l y c o s i d i c h y d r o l y s i s o f a n t h o c y a n i n s but a c i d a l s o 

" p r e s e r v e s " anthocyanins., The c o n c e n t r a t i o n o f a c i d i n the e l u e n t t h e r e 

f o r e , s h o u l d be s u c h t h a t i t m a i n t a i n s a n t h o c y a n i n s i n t h e s t a b l e 

f l a v y l i u m s a l t s t a t e and y e t ca u s e s o n l y m i n i m a l h y d r o l y s i s . A t e c h n i q u e 

t h a t s a t i s f i e s t he above r e q u i r e m e n t s was d e v e l o p e d i n t h i s l a b o r a t o r y and 

w i l l be p r e s e n t e d i n t h i s s e c t i o n . 

The p u r i f i c a t i o n and e l u t i o n t e c h n i q u e was used f o r a l l 

a n t h o c y a n i n s o f b a s a l l e a f s h e a t h and g r a i n t i s s u e s . d e s c r i b e d i n S e c t i o n 19. 

16.1 MATERIALS AND METHODS 

Four s o l v e n t s , namely, BAW, d i e t h y l e t h e r , e q u a l p a r t s o f 

methanol and water c o n t a i n i n g 0.06% H C l , and HAc-HCl were used f o r the 

p u r i f i c a t i o n o f a n t h o c y a n i n s . Chromatography i n the BAW, and the HAc-HCl 

s o l v e n t s was c a r r i e d out v i a the u s u a l c h r o m a t o g r a p h i c equipment ( S e c . 1 0 ) , 

t h a t i n d i e t h y l e t h e r and the a c i d i f i e d m i x t u r e o f methanol and water v i a 

a ' C o n c e n t r a t i o n Chamber' d e s c r i b e d i n F i g . 16.(2. C e r t a i n f e a t u r e s o f the 

p r e p a r a t i v e chromatography, as t h e n e c e s s i t y a r o s e , had t o be t a i l o r e d t o 

s u i t t he r e q u i r e m e n t s o f the p u r i f i c a t i o n and e l u t i o n t e c h n i q u e as des

c r i b e d l a t e r i n F i g . 1 6 . 4 . 

16!:2. A TECHNIQUE FOR ANTHOCYANIN PURIFICATION 

I t was o b s e r v e d f r o m e a r l i e r s t u d i e s ( S e c . 1.3) t h a t when the 

a n t h o c y a n i n bands ( T a b l e 1 3 . I l l ) were c o n c e n t r a t e d by a s c e n t ( L e d e r e r and 

L e d e r e r , 1957 ; L e s i n s and L e s i n s , . 1958), l a r g e amounts o f y e l l o w i s h 
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m a t e r i a l s * d e r i v e d from Whatman Paper No. 3 moved t o the t i p of the paper 

bands c o n t a i n i n g the a n t h o c y a n i n s . Thus, as a p r e l i m i n a r y t o p u r i f i c a 

t i o n , i t was d e c i d e d t o remove the y e l l o w i s h c o n t a m i n a n t s from the paper 

p r i o r t o a n t h o c y a n i n chromatography. B l a n k p a p e r s were i r r i g a t e d , by 

a s c e n t , w i t h a m i x t u r e of methanol and w a t e r . The o p e r a t i o n c o n c e n t r a t e d 

the ' y e l l o w s ' a t the s o l v e n t f r o n t i n generous amounts. However, 

r e - i r r i g a t i o n w i t h the same s o l v e n t , when the paper had d r i e d , y i e l d e d the 

y e l l o w i s h m a t e r i a l s a g a i n . I t was l a t e r f o u n d f h a t the y e l l o w i s h 

m a t e r i a l s were r e a d i l y s o l u b l e i n e t h e r w h i c h removed them f u r t h e r i n 

generous q u a n t i t i e s . The y e l l o w i s h m a t e r i a l s thus o b t a i n e d by s e v e r a l 

t r i a l s were c u t out a n d c e x t r a c t e d w i t h e t h e r . Upon e v a p o r a t i o n of e t h e r 

at room t e m p e r a t u r e a y e l l o w i s h o i l y m a t e r i a l was o b t a i n e d . The s p e c t r u m 

i n t h e v i s i b l e r e g i o n of t h i s m a t e r i a l i n 0.017« m e t h a n o l i c HCl i s f e a t u r e 

l e s s , e x c e p t t h a t i t shows a c o n t i n u o u s r i s i n g t r e n d towards s h o r t e r 

w a v e l e n g t h s s i m i l a r t o t h o s e shown e l s e w h e r e f o r the y e l l o w ends .{Figs.18.2 

t o . 1 8 . 4 ) . The u l t r a v i o l e t s p e c t r u m o f the y e l l o w i s h o i l y m a t e r i a l 

( p i g . 1 6 . 1 ) , however, g i v e s a d i s t i n c t peak a t 275 mu and an i n f l e c t i o n 

a round 280 mu. The u l t r a v i o l e t peak i s n o t a b l y d i f f e r e n t from t h a t ob

t a i n e d from the p a p e r - d e r i v e d m a t e r i a l s e l s e w h e r e ( F i g . 18.5). The 

p r e s e n c e o f the y e l l o w i s h m a t e r i a l s i n t e r f e r e s w i t h the p p e c t r a l d e t e r m i n a 

t i o n o f the peaks around 360 mu ( F i g s . 12.1, 12.2, 12.3, and 15.2). 

Thus, t h e r e was a t h r e e - f o l d p r o b l e m i n t h e p u r i f i c a t i o n o f the 

a n t h o c y a n i n s from the BAW bands: ( a ) , how t o e l i m i n a t e the y e l l o w 

* I n q u i r y made t o the m a n u f a c t u r e r s of Whatman C h r o m a t o g r a p h i c 
paper e l i c i t e d no i n f o r m a t i o n on the n a t u r e of t h e s e i m p u r i t i e s . 

/ 
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F i g . 16.1. 
A b s o r p t i o n s p e c t r a i n the 
v i s i b l e and u l t r a v i o l e t wave
l e n g t h s o f y e l l o w c o n t a m i n a n t s 
removed f r o m chromatopaper by 
a s c e n d i n g i r r i g a t i o n f i r s t w i t h 
m e t h a h o l - w a t e r a n d t h e n w i t h 
e t h e r . S p e c t r a were drawn f r o m 
0.01% m e t h a n o l i c HCl s o l u t i o n s . 

340 
700 

W o v e l e n g t h 

c o n t a m i n a n t s from the paper bands, ( b ) , how t o p u r i f y a n t h o c y a n i n s on the 

band w i t h o u t e l u t i o n , and ( c ) , how t o e l u t e a n t h o c y a n i n s f r o m the paper 

bands u s i n g the s m a l l e s t volume and s h o r t e s t time i n the i n t e r e s t of 

a n t h o c y a n i n s t a b i l i t y . The p r o b l e m was r e s o l v e d with:.the development o f a 

C o n c e n t r a t i o n Chamber d e s c r i b e d below. 

The C o n c e n t r a t i o n Chamber, i d e a l l y , s h o u l d c o n s i s t o f a g l a s s j a r , 

23x23x23 cm, w i t h rimmed b o r d e r . However, any j a r , f o r example P y r e x 

c a t a l o g u e No. 6944, or even a beaker o f s u i t a b l e s i z e may be used. I n t h i s 

s t u d y , however, b a t t e r y c e l l j a r s , 30x20x14 cm, were used ( F i g . 16.:2). 

A l t h o u g h the j a r s a r e v e r y s t u r d y and i d e a l l y c o n s t r u c t e d , t h e y r e q u i r e 

l a r g e r q u a n t i t i e s of s o l v e n t because of t h e i r h e i g h t . 

The j a r i s c o v e r e d w i t h a s t u r d y p o l y e t h y l e n e s h e e t , w h i c h i s 

s e c u r e d by a p a i r of h e a v y - d u t y r u b b e r bands, and a few s t r i p s of m a s k ing 

t a p e . The s h e e t s h o u l d r e m a i n c r i n k l e - f r e e a t the top u n d e r . i t s own 

t e n s i o n ; i t s h o u l d never be o v e r - s t r e t c h e d . P a r a l l e l i n c i s i o n s are then 
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F i g . 16.2 
Concentration chamber, front 
view, showing anthocyanins 
accumulating on paper t i p s . 
A, band before placing in 
chamber, B, after concentra
t i o n and C, prepared for 
e l u t i o n . D, shows band 
preparation for concentrating 
an anthocyanin from a d i f f u s e 
or weak band. The t o t a l i t y 
of the anthocyanin movement 
i s shown by B. 

made on the polyethylene sheet across the width with a very sharp 

razor so that neither the sheet, nor the i n c i s e d margins are stretched. 

The i n c i s i o n should remain away from the margins of the jar by 1 cm. 

The distance between the p a r a l l e l i n c i s i o n s i s governed by the width of 

the glass-rod suspension unit, which i s made by fastening two glass 

tubes (each c_a. 18 cm long) by rubber bands (see l a t e r ) . The antho

cyanin bands are cut out, supported between the two glass rods of the 

suspension unit, and then inserted, through the i n c i s i o n s , in the 

Concentration Chamber. S u f f i c i e n t quantity of the appropriate solvent 

(see l a t e r ) i s poured into the jar ( a c t u a l l y , the solvent i s poured 
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b e f o r e m o u n t i n g t h e p o l y e t h y l e n e s h e e t ) so t h a t the lower end o f the paper 

bands, w h i c h i s a n t h o c y a n i n - f r e e , d i p s i n the s o l v e n t . 

I n p r e l i m i n a r y a t t e m p t s , d i e t h y l e t h e r was used i n the c o n c e n t r a t i o n 

chamber f o r t h e p u r i f i c a t i o n o f a n t h o c y a n i n s . E t h e r was chosen because 

a n t h o c y a n i n s are i n s o l u b l e and t h e y e l l o w contamincants of the paper are 

s o l u b l e i n t h i s s o l v e n t . S h o u l d any e t h e r - s o l u b l e a d m i x t u r e be p r e s e n t 

i n t h e a n t h o c y a n i n band, t h a t c o u l d a l s o be removed i n the c o u r s e o f 

s o l v e n t a s c e n t . Thus, w i t h i n a few h o u r s a f t e r a n t h o c y a n i n bands were 

i n s e r t e d i n the c o n c e n t r a t i o n chamber c o n t a i n i n g e t h e r , l a r g e amounts of 

y e l l o w c o n t a m i n a n t s moved t o the t e r m i n u s o f t h e bands. The y e l l o w ends 

were s n i p p e d , and the suspended a n t h o c y a n i n bands were t r a n s f e r r e d t o 

a n o t h e r c o n c e n t r a t i o n chamber c o n t a i n i n g e t h y l a c e t a t e , and the process*, 

was r e p e a t e d , whence the suspended bands were f i n a l l y t r a n s f e r r e d t o 

a n o t h e r c o n c e n t r a t i o n chamber c o n t a i n i n g the a n t h o c y a n i n 1 c o n c e n t r a n t 1 , 

the a c i d i f i e d m i x t u r e o f methanol and w a t e r . The y e l l o w ends were f i n a l l y 

trimmed o f f t o c o n c e n t r a t e the p u r i f i e d a n t h o c y a n i n s a t the t e r m i n u s f o r 

e l u t i o n ( s e e Sees. 18 and 1 9 ) . A l t h o u g h e t h e r , i n p a r t i c u l a r , a ppeared t o 

be an e x c e l l e n t p u r i f y i n g s o l v e n t , i t s p o t e n t i a l c o u l d n o t be e x p l o i t e d 

f o r l a c k o f a p p r o p r i a t e f a c i l i t i e s f o r h a n d l i n g v o l a t i l e s o l v e n t s . The 

a n t h o c y a n i n s bands were, t h e r e f o r e , p u r i f i e d and p r e p a r e d f o r e l u t i o n o n l y 

i n the a n t h o c y a n i n c o n c e n t r a n t . Some o f the BAW a n t h o c y a n i n bands, f r o m 

b a s a l l e a f s h e a t h and c a r y o p s i s a n t h o c y a n i n s ( S e c . 1 9 ) , thus p u r i f i e d 

and c o n c e n t r a t e d are shown i n F i g . 16;2, w h i c h was t a k e n d u r i n g e a r l y 

phases o f the development of t h i s t e c h n i q u e . I n a d d i t i o n t o the c o n 

c e n t r a t i o n a p p a r a t u s i . F i g . 16.2 a l s o shows f o u r paper bands A, B, C, and 

D. These bands, however, are n o t a p a r t of the c o n c e n t r a t i o n a p p a r a t u s . 

The band B shows t h a t a n t h o c y a n i n s as shown i n t t h e band A, may be <-.z.. 
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c o n c e n t r a t e d c o m p l e t e l y . * The band C w i l l be r e f e r r e d t o l a t e r . The band 

D was i n c l u d e d t o i n d i c a t e t h a t a n t h o c y a n i n s w h i c h may be v e r y weak and 

d i f f u s e d o ver a l a r g e a r e a may be c o n c e n t r a t e d over a s m a l l a r e a p r o t r u d i n g 

above the s u s p e n s i o n u n i t p r i o r t o e l u t i o n . F i g , 16.3 shows the 

a m e n a b i l i t y o f the t e c h n i q u e t o l a r g e s c a l e i s o l a t i o n work. 

F i g . 16.3. : 
Showing l a r g e s c a l e c o n c e n t r a t i o n and p u r i f i c a t i o n o f a n t h o c y a n i n s . 

S e v e r a l p r a c t i c a l d i f f i c u l t i e s were e n c o u n t e r e d when the a n t h o c y a n i n s 

were p u r i f i e d and c o n c e n t r a t e d d i r e c t l y i n the a n t h o c y a n i n c o n c e n t r a n t : 

( a ) a l t h o u g h the y e l l o w c o n t a m i n a n t s move t o the t e r m i n u s e s ahead of most 

a n t h o c y a n i n s , some c o n t a m i n a t i o n does o c c u r because of the f a s t e r m o b i l i t y 

*The band B, ( F i g . 16.2) i n f a c t , was i n c l u d e d t o show t h a t even 
a n t h o c y a n i n components t h a t remain a d s o r b e d i r r e v e r s i b l y ( c f . , H a r b o r n e , 
1959a) may a l s o be c o n c e n t r a t e d . S i n c e i t has now been d e m o n s t r a t e d t h a t 
the i r r e v e r s i b l e a d s o r p t i o n i s due t o h y d r o l y s i s ( S e c . 1 5 ) , and t h a t the 
component r e m a i n i n g a d s o r b e d on the paper i s the c o r r e s p o n d i n g a n t h o 
c y a n i d i n , the component s h o u l d n o t have been c o n c e n t r a t e d . 
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of c e r t a i n a n t h o c y a n i n components, p a r t i c u l a r l y , t h o s e w h i c h r e s o l v e 

around R f above 0.65 i n the HAc-HCl s o l v e n t , and (b) the t e r m i n u s e s where 

the a n t h o c y a n i n s c o n c e n t r a t e as seen i n F i g . 16.2 were r a t h e r t o o wide 

and r e q u i r e d a l a r g e r amount o f s o l v e n t f o r e l u t i o n . E x t r a b l a n k space 

near the upper t e r m i n u s o f the paper bands woul d r e s o l v e the d i f f i c u l t i e s 

m e n tioned i n ( a ) and (b ) above. A c c o r d i n g l y , a few f e a t u r e s o f chroma

t o g r a p h y were m o d i f i e d t o s u i t the r e q u i r e m e n t s o f p u r i f i c a t i o n and 

e l u t i o n ( s e e F i g . 1 6 . 4 ) . 

r solvent front 

wick end terminal end 

wmMMijiitiMtMnwtJtti / 
/ / / / / / / / / / / / / / / # / / / / / / / / / / / / / / / / / / / / / / 

snip off 
yellow 
terminal endings 

shoulder 

snip off 
pigment-free 

areas 

CONCENTRATION PROCESS ELUTION 
PROCESS 

F i g . 16.4 
Diagram o f s t e p s i n c o n c e n t r a t i n g , p u r i f y i n g and e l u t i n g a n t h o c y a n i n s 
from a chromatoband. 
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The s t a n d a r d s i z e Whatman paper No. 3 (46x57 cm) i s d i v i d e d i n t o 

h a l v e s a l o n g the l e n g t h . C o n c e n t r a t e d anthocyanirij..eluates ( o b t a i n e d from 

the BAW bands by the above p r o c e d u r e ) were a p p l i e d as a 15 cm l o n g band 

on the s t a r t i n g l i n e i n such a way t h a t 6 cm b l a n k space i s l e f t on one 

s i d e , and 2 cm b l a n k space on the o t h e r s i d e ( F i g . 1 6 . 4 ) . The chromato

grams a r e d e v e l o p e d i n the HAc-HCl s o l v e n t f o r f u r t h e r p u r i f i c a t i o n . The 

HAc-HCl a n t h o c y a n i n bands a r e marked, t h e i r d e s i g n a t i o n s are p e n c i l l e d i n 

the c e n t r e of the 6 cm b l a n k a r e a as shown i n F i g . 16.4, and a r e c u t out 

a l o n g the d o t t e d l i n e s . N o t e , the upper end i s t a p e r e d : the w i d t h of the 

t a p e r e d end i s u s u a l l y k e p t t o 0.7 cm, d e p e n d i n g upon the w i d t h o f the 

a n t h o c y a n i n band. 

The bands, as u s u a l , were p u r i f i e d i n the a n t h o c y a n i n c o n c e n t r a n t * 

f o r the second t i m e . The f o l l o w i n g s t e p s were t a k e n f u r t h e r t o r e d u c e the 

c o n t a m i n a n t s derived'.from t h e paper t o the minimum. The 6 cm b l a n k 

t e r m i n u s i s k e p t above the s u r f a c e of the p o l y e t h y l e n e s h e e t . When ;the 

s o l v e n t had r e a c h e d the end, a s m a l l t a b l e f a n , p l a c e d a few f e e t from the 

chambers, was o c c a s i o n a l l y t u r n e d on t o h a s t e n a s c e n t . About 5 h o u r s 

l a t e r , the y e l l o w s u b s t a n c e s , w h i c h c o l l e c t i n l a r g e amounts, are s n i p p e d 

o f f w i t h a s t a i n l e s s s t e e l s c i s s o r s as shown i n F i g . 16.4. The p r o c e s s 

can U s u a l l y be r e p e a t e d t w i c e w i t h slow-moving a n t h o c y a n i n s and, a t b e s t 

once, w i t h f a s t - m o v i n g a n t h o c y a n i n s . Meanwhile the a n t h o c y a n i n s c o n 

c e n t r a t e a t the t e r m i n u s , and l a t e r a l r e g i o n s near the w i c k end become 

a n t h o c y a n i n - f r e e . Because e t h e r c o u l d not be used, and because s m a l l 

amounts of y e l l o w c o n t a m i n a n t s s t i l l moved to the t e r m i n u s , the 
i 

*The r a t i o o f the components o f a n t h o c y a n i n c o n c e n t r a n t may be 
v a r i e d t o s u i t the movement o f a d m i x t u r e s , i f any. 
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a n t h o c y a n i n - f r e e l a t e r a l p o r t i o n s o f the paper band near the w i c k end a r e 

c u t o f f as o f t e n as p r a c t i c a b l e t o r e d u c e the c o n t a m i n a n t s ( F i g . 16.4). 

The w i d t h o f the s h o u l d e r must be r e d u c e d as much as p o s s i b l e t o s u i t t he 

r e q u i r e m e n t s o f the e l u t i o n t e c h n i q u e ( s e e l a t e r ) . Thus, as and when an 

o p p o r t u n i t y p e r m i t s , the s h o u l d e r s h o u l d be s l i g h t l y trimmed. When the 

b u l k o f a n t h o c y a n i n s r e a c h the t e r m i n u s , the s u s p e n s i o n r o d s a re p u l l e d 

out and the bands p r e p a r e d f o r e l u t i o n ( S e c . 1 6 . 3 ) . 

The time t a k e n f o r a n t h o c y a n i n s t o r e a c h the ends v a r i e s from 6 t o 

24 h o u r s . Thus, i n o r d e r t o f a c i l i t a t e the s n i p p i n g o p e r a t i o n ( r e m o v a l 

o f the y e l l o w t e r m i n u s e s and the a n t h o c y a n i n - f r e e l a t e r a l s , the f a s t -

moving a n t h o c y a n i n bands and the slow-moving a n t h o c y a n i n bands a r e put i n 

s e p a r a t e chambers. T h i s i s e a s i l y d e t e r m i n e d because the a n t h o c y a n i n s 

w h i c h move f a s t e r i n the HAc-HCl s o l v e n t , a l s o move f a s t e r i n the concen

t r a t i o n s o l v e n t and v i c e v e r s a . I f o c c a s i o n a l l y t he i m p u r i t i e s c o u l d not 

be s n i p p e d o f f a t l e a s t t w i c e d u r i n g w o r k i n g h o u r s , the a s c e n t was d i s 

c o n t i n u e d u n t i l t he f o l l o w i n g m o r n i n g by p l a c i n g g l a s s r o d s o f s u i t a b l e 

d i a m e t e r between the s u r f a c e o f p o l y e t h y l e n e s h e e t and the g l a s s r o d s u s 

p e n s i o n u n i t s so as t o b r e a k the c o n t a c t o f the paper bands w i t h the 

c o n c e n t r a t i o n s o l v e n t . 

The s o l v e n t r e q u i r e m e n t f o r c o n c e n t r a t i o n by a s c e n t , i n the con

c e n t r a t i o n chamber, i s m i n i m a l . Only 3 ml of t h e c o n c e n t r a n t e v a p o r a t e d 

over a p e r i o d o f 24 hours from a s t r i p o f Whatman paper No. 3, w h i c h was 

9" l o n g , and 1%" wide and w h i c h was exposed by 1%" above the s u r f a c e o f 

the p o l y e t h y l e n e s h e e t . 
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16.3 AN ELUTION TECHNIQUE 

P r e p a r a t i o n o f the paper bands f o r e l u t i o n i s u n d e r t a k e n as soon as 

the bands a r e removed from the c o n c e n t r a t i o n chamber. The t e r m i n u s e s con

t a i n i n g a n t h o c y a n i n s a re n o t a l l o w e d t o d r y . T h e r e f o r e , the bands from 

the c o n c e n t r a t i o n chamber are removed a t i n t e r v a l s . The r e g i o n s o f the 

bands c o n t a i n i n g e i t h e r no a n t h o c y a n i n s or a n t h o c y a n i n s a d s o r b e d i r r e 

v e r s i b l y ( H a r b o r n e , l o c . c i t . ) a r e l i b e r a l l y c u t o f f so t h a t a narrow 

s t r i p as i l l u s t r a t e d i n F i g . 16.2.C, and F i g . 16.4. i s o b t a i n e d . The 

w i d t h o f the s t r i p d e t e r m i n e s the r a t e o f e l u e n t f l o w . I n o r d e r t o c o l l e c t 

a n t h o c y a n i n s i n a minimum amount of the e l u e n t , a t l e a s t 9 cm l e n g t h from 

the w i c k end of the s t r i p i s k e p t l e s s t h a n 1.5 mm w i d e . I t i s con

v e n i e n t i n l a r g e s c a l e e l u t i o n work t o r e t u r n the p r e p a r e d bands t o the 

c o n c e n t r a t i o n chamber so t h a t the upper t e r m i n u s e s r e m a i n m o i s t . The 

a n t h o c y a n i n s e l u t e f a s t e r , i n a few drops of the e l u t i o n s o l v e n t per s t r i p , 

i f t he t e r m i n u s e s r e m a i n m o i s t t h r o u g h o u t h a n d l i n g . When s u f f i c i e n t s t r i p s 

f o r a g i v e n ; , s i z e of e l u t i o n c a b i n e t have been p r e p a r e d , the e l u t i o n i s 

commenced. 

A p l e x i g l a s s e l u t i o n c a b i n e t was c o n s t r u c t e d t o h o l d s t a n d a r d 

two-way chromatography g l a s s t r o u g h s on the s t a i n l e s s s t e e l b r a c k e t s 

(Shandon No. 2124). The b r a c k e t s were mounted so t h a t the t r o u g h s were 

25 cm h i g h from the c a b i n e t b ase. Two windows (15x15 cm) were p r o v i d e d on 

each s i d e o f the c a b i n e t , a t a h e i g h t o f 12 cm from the c a b i n e t base, f o r 

easy a c c e s s t o the e l u t i o n assembly. The windows were p r o v i d e d w i t h a i r 

t i g h t l i d s . An i d e a l a p p a r a t u s f o r the purpose i s the one d i s t r i b u t e d by 

K e n s i n g t o n S c i e n t i f i c C o r p o r a t i o n , C a l i f o r n i a ; however, the c o s t i s h i g h . 

The e l u t i o n s o l v e n t f o r a n t h o c y a n i n s c o n s i s t s o f 0.03% m e t h a n o l i c 
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H C l . The s o l v e n t i s poured i n t o the e l u t i o n t r o u g h s . The w i c k ends of 

the p r e p a r e d s t r i p s , u s i n g s u r g i c a l g l o v e s , a r e s e t up i n the t r o u g h s f o r 

e l u t i o n by d e s c e n t . A n t i - s i p h o n r o d s a r e not used, because when mounted 

a t the u s u a l d i s t a n c e s * f r o m the t r o u g h s , t h e y r e t a r d the r a t e of s o l v e n t 

f l o w : the a n t h o c y a n i n t e r m i n u s e s i n the meanwhile d r y and r e q u i r e a 

l a r g e r q u a n t i t y of the s o l v e n t f o r e l u t i o n . . The a n t h o c y a n i n s by the above 

p r o c e d u r e a r e e l u t e d o n l y w i t h a few drops per s t r i p . 

O c c a s i o n a l l y , the a n t h o c y a n i n ends may b r e a k away from the s t r i p . 

The b r o k e n ends a r e m o i s t e n e d w i t h a s q u i r t of the e l u e n t and then s t u c k 

t o the end of an a n t h o c y a n i n s t r i p w h i c h i s a l r e a d y e l u t i n g : the b r o k e n 

t e r m i n u s does not f a l l o f f so l o n g as i t r e m a i n s wet. 

Complete e l u t i o n o f a n t h o c y a n i n s was a c h i e v e d u s i n g the above 

t e c h n i q u e s . When p a r t i a l h y d r o l y s i s of a n t h o c y a n i n s was s u s p e c t e d (due t o 

e x t r e m e l y s l o w m o b i l i t y o f the a g l y c o n e ) , the a g l y c o n e s were n e i t h e r con

c e n t r a t e d nor e l u t e d c o m p l e t e l y . The s l o w m o b i l i t y , however, may not 

always be due t o the a g l y c o n e s : s e v e r a l a n t h o c y a n i n s move v e r y s l o w l y i n 

t h e a n t h o c y a n i n c o n c e n t r a n t , hence, complete c o n c e n t r a t i o n and e l u t i o n 

i n s u c h c a s e s i s d e s i r a b l e . 

F u r t h e r p r o c e s s i n g o f the e l u a t e s was u n d e r t a k e n as d e s c r i b e d i n 

S e c t i o n 19.2.2. 

16.4 DISCUSSION 

The development o f t h e C o n c e n t r a t i o n Chamber, w h i c h i s based on 

* P r o b a b l y , the a n t i - s i p h o n r o d s , mounted i m m e d i a t e l y above the edge 
o f the g l a s s t r o u g h , may g i v e s u p e r i o r e l u t i o n t o the one o b t a i n e d w i t h 
out the use o f a n t i - s i p h o n r o d s . 
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t h e w e l l known t e c h n i q u e o f c o n c e n t r a t i o n by a s c e n t ( L e d e r e r and L e d e r e r , 

l o c . c i t . ; L e s i n s and L e s i n s , l o c . c i t . ) has g r e a t l y advanced the o b j e c 

t i v e s o f t h i s work. Through the development o f the C o n c e n t r a t i o n Chamber 

were o b t a i n e d the c l u e s t h a t the i r r e v e r s i b l e a d s o r p t i o n o f a n t h o c y a n i n s 

( r e v i e w : H a r b o r n e , 1959a) may be due t o t h e h y d r o l y s i s o f a n t h o c y a n i n s on 

paper ( S e c . 1 5 ) , t h a t the e l u a t e s of b a r l e y a n t h o c y a n i n s e l u t e d f r o m a 

p u r i f i e d a n t h o c y a n i n band may c o n t a i n a m i x t u r e of s e v e r a l a n t h o c y a n i n s 

( S e c . 1 5 ) , and t h a t the e l u a t e s may c o n t a i n paper d e r i v e d y e l l o w m a t e r i a l s 

and a l a r g e number of s u g a r s ( S e c . 1 9 ) . The v a l u e o f the C o n c e n t r a t i o n 

Chamber i n a n t h o c y a n i n p u r i f i c a t i o n i s a d e q u a t e l y d e m o n s t r a t e d i n t h i s 

s e c t i o n . The Chamber, i n f a c t , i s used as equipment f o r r e p e a t e d chroma

t o g r a p h i c p u r i f i c a t i o n o f the same a n t h o c y a n i n band i n s e v e r a l s o l v e n t s 

w i t h o u t t h e i n t e r v e n t i o n o f e l u t i o n . I n s i m p l e chromatography, t h e con

t a m i n a n t s , a t b e s t , are o n l y s e p a r a t e d , whereas v i a the C o n c e n t r a t i o n 

Chamber t h e y are c o n c e n t r a t e d , s e p a r a t e d and removed i n a s i n g l e o p e r a t i o n , 

and above a l l , t h e a n t h o c y a n i n s are a l s o p u r i f i e d and c o n c e n t r a t e d a t the 

same time f o r e l u t i o n i n a few drops of s o l v e n t a t t h e same t i m e . The 

a n t h o c y a n i n s p u r i f i e d by t h i s method show b r i l l i a n t c o l o r s and are r e l a 

t i v e l y pure compared t o t h o s e o b t a i n e d by d i r e c t e l u t i o n . I f a l a r g e 

q u a n t i t y o f the a n t h o c y a n i n i s p r e s e n t i n the band, c r y s t a l l i z a t i o n o c c u r s 

a t the t e r m i n u s i n the c o u r s e of c o n t i n u o u s a s c e n t . 

A l t h o u g h s p e c i f i c s o l v e n t s may be used f o r e l i m i n a t i n g ad

m i x t u r e s o f compounds t h a t may o c c u r w i t h a n t h o c y a n i n s , the use of e t h e r 

i s v e r y advantageous because the y e l l o w c o n t a m i n a n t s i n the paper are 

r e a d i l y s o l u b l e i n the s o l v e n t . A l t h o u g h e t h e r c o u l d n o t be used 

r e g u l a r l y under our c o n d i t i o n s , a few p r e c a u t i o n s a r e e s s e n t i a l w h i l e 

u s i n g the s o l v e n t : ( a ) the p o l y e t h y l e n e s h e e t s a r e mounted under t h e i r 
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own t e n s i o n so t h a t when the p a r a l l e l i n c i s i o n s a re made, the i n c i s e d 

edges r e m a i n i n t a c t and a r e n o t p u l l e d a p a r t ; ( b ) the upper ends o f t h e 

paper bands, w h i c h n o r m a l l y a r e k e p t above the s u r f a c e of the p o l y e t h y l e n e 

s h e e t , are pushed a l l the way i n t o t h e chamber as f a r as p o s s i b l e . The . • 

a p p a r a t u s i s then e n c l o s e d i n an a i r - t i g h t c o n t a i n e r * t o h a s t e n a s c e n t of 

the y e l l o w m a t e r i a l s t o t h e t e r m i n u s e s . The p o t e n t i a l i t y o f e t h y l 

a c e t a t e r e q u i r e s f u r t h e r e x p e r i m e n t a t i o n . 

The a n t h o c y a n i n c o n c e n t r a n t was chosen by t r i a l and e r r o r . I n 

the aqueous s o l v e n t s ( S e c . 13) s e v e r a l a n t h o c y a n i n s moved r a t h e r s l o w l y , 

i n a l c o h o l t h e y moved f a s t e r so t h a t s e v e r a l a n t h o c y a n i n s r e a c h e d the 

t e r m i n u s e s a l m o s t as q u i c k l y as the y e l l o w c o n t a m i n a n t s . A m i x t u r e of 

a l c o h o l and water gave good r e s u l t s . The a c i d c o n c e n t r a t i o n was k e p t low 

b o t h i n the e l u e n t and the c o n c e n t r a n t t o keep h y d r o l y s i s o f the a n t h o 

c y a n i n s t o the minimum. C o n c e n t r a t i o n s o f a c i d below the 0.037> HCl were 

n o t t r i e d because o f the b e l i e f t h a t low a c i d c o n c e n t r a t i o n s may cause 

some o t h e r d e g r a d a t i v e t r a n s f o r m a t i o n s or m o d i f i c a t i o n s . A l s o i t was f e l t 

t h e n t h a t the t i m e - i n d u c e d d e g r a d a t i o n s t o y e l l o w p r o d u c t s were p r o b a b l y 

f a s t e r i n s o l v e n t s ' . c o n t a i n i n g 0.01% cone. HCl ( S e c . 1 2 ) . I n o r d e r , t h e r e 

f o r e , t o c omplete t h e e l u t i o n p r o c e s s q u i c k l y , o n l y the a c i d i f i e d m ethanol 

(and no w a t e r ) was used i n the a n t h o c y a n i n e l u e n t . 

C o n c e n t r a t i o n and p u r i f i c a t i o n by t h i s t e c h n i q u e i s ' m i l d ' n o t 

o n l y because of the low c o n c e n t r a t i o n of a c i d ( 0 . 0 6 % H C l ) used i n the 

c o n c e n t r a n t , but a l s o because a t no s t a g e i s the c o n c e n t r a t i o n of a c i d 

a l l o w e d t o i n c r e a s e . T o t a l amount of e v a p o r a t i o n of the c o n c e n t r a n t i s 

l e s s t h a n 3 ml per s t r i p per 24 h o u r s . Because the amount of h y d r o c h l o r i c 

* I n our work, c h r o m a t o c a b i n e t s and chromatography j a r s were 
used. 
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a c i d p r e s e n t i n the 3 ml c o n c e n t r a n t i s n e g l i g i b l e , and because t h r o u g h o u t 

t h e p r o c e s s o f c o n c e n t r a t i o n and e l u t i o n , the a n t h o c y a n i n t e r m i n u s e s a r e 

n o t a l l o w e d t o d r y , i t i s d o u b t f u l t h a t under such m i l d c h r o m a t o g r a p h i c 

c o n d i t i o n s , h i g h a c i d i t y c o u l d have d e v e l o p e d t o cause any s i g n i f i c a n t or 

d e t e c t a b l e g l y c o s i d i c h y d r o l y s i s . 

A p a r t from the c o n t a m i n a t i o n , the y e l l o w t e r m i n u s e s were s n i p p e d 

o f f o r i g i n a l l y because of a s u s p i c i o n t h a t t h e y cause the i n c r e a s i n g 

a b s o r p t i o n i n the w a v e l e n g t h range 300-400 mu ( F i g . 16.1; a l s o see F i g s . 

18.2, 18.3, and 18.4) and t h u s , i n t e r f e r e w i t h the s p e c t r a l a n a l y s i s 

( F i g s . 12.1, and 15.2). The r e a l i z a t i o n t h a t the y e l l o w t e r m i n u s e s con

t a i n s e v e r a l t y p e s o f s u g a r s d e r i v e d from chromatography paper ( S e c . 1 8 ) , 

c h r o n o l o g i c a l l y came when the i d e n t i f i c a t i o n of the sugar components of 

t h e l a r g e number of a n t h o c y a n i n s p u r i f i e d by the above t e c h n i q u e s was 

u n d e r t a k e n . A c c o r d i n g l y , i t may be p o i n t e d out t h a t when slow-moving 

a n t h o c y a n i n s were c o n c e n t r a t e d ( R f 0.5 i n the HAc-HCl s o l v e n t ) y e l l o w con

t a m i n a n t s were s n i p p e d o f f a t l e a s t t w i c e , and sometimes t h r i c e b e f o r e the 

a n t h o c y a n i n s r e a c h e d the ends. The ends w i t h the f a s t - m o v i n g a n t h o c y a n i n s 

( R f 0.65', i n the HAc-HCl s o l v e n t ) c o u l d be trimmed o n l y once. Thus, a 

p o s s i b i l i t y e x i s t s t h a t s u c h a n t h o c y a n i n e l u a t e s may c o n t a i n t r a c e s o f 

p a p e r - d e r i v e d s u g a r s . A l t h o u g h , the 6 cm b l a n k t e r m i n u s p r o v i d e s enough 

a r e a f o r s n i p p i n g away the c o n t a m i n a n t s , the a r e a may be k e p t , i n f u t u r e 

work, a t 8-10 cm i n the c a s e o f the f a s t - m o v i n g a n t h o c y a n i n s , or e l s e t h e 

p r o p o r t i o n s o f s o l v e n t s i n t h e c o n c e n t r a n t may be changed t o s e c u r e the 

d i f f e r e n t i a l r a t e o f movement of the c o n t a m i n a n t s and the a n t h o c y a n i n s . 

I n any e v e n t , the above o b s e r v a t i o n s c l e a r l y r e v e a l the advantages o f 

p u r i f i c a t i o n v i a the c o n c e n t r a t i o n chamber. The s u g a r s , w h i c h can be the 

p o t e n t i a l c a u s e o f a n t h o c y a n i n i n s t a b i l i t y ( S e c . 18.3) a r e p r o b a b l y 
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l a r g e l y e l i m i n a t e d by the s i m p l e s n i p p i n g o p e r a t i o n . Because the paper 

c o n t a i n s l a r g e q u a n t i t i e s o f s u g a r s , the l a t e r a l t r i m m i n g o f the bands 

d u r i n g the c o n c e n t r a t i o n p r o c e s s , and the low a c i d c o n c e n t r a t i o n s used i n 

the s o l v e n t s f u r t h e r r e d u c e the q u a n t i t i e s o f c o n t a m i n a n t s e l u t e d from the 

pa p e r . 

The advantages o f the l a t e r a l t r i m m i n g of the bands f o r p r e 

p a r a t i o n o f e l u t i o n are t w o - f o l d : ( a ) the a n t h o c y a n i n s a r e e l u t e d i n a 

s m a l l q u a n t i t y o f the s o l v e n t , and ( b ) the s m a l l s i z e o f the trimmed 

bands c o n s e r v e s spaces i n the e l u t i o n c a b i n e t . 10-15'bands of the same 

a n t h o c y a n i n a r e amounted on e i t h e r s i d e o f the t r o u g h , and c o l l e c t e d i n a 

s i n g l e c o n t a i n e r . T h i s , u n d o u b t e d l y , i n c r e a s e s the a m e n a b i l i t y o f t h e 

t e c h n i q u e f o r l a r g e s c a l e e l u t i o n work. 

R e c e n t l y i t has been shown t h a t the r a t e o f a n t h o c y a n i n d e s t r u c 

t i o n i s pH dependent o n l y i n the p r e s e n c e o f oxygen, and t h a t pH has no 

e f f e c t on the r a t e o f d e s t r u c t i o n i n the p r e s e n c e o f n i t r o g e n ( L u k t o n , 

C h i c h e s t e r and M a c k i n n e y , 1956). I t , t h e r e f o r e , appears t h a t the p e r i o d i c 

e v a p o r a t i o n o f the s o l v e n t from the paper band s t r i p s , p r o t r u d i n g above 

the l e v e l o f the p o l y e t h y l e n e s h e e t , s h o u l d n o t have been a c h i e v e d by 

b l o w i n g a i r w i t h a t a b l e f a n . I n s t e a d the c o n c e n t r a t i o n chamber s h o u l d 

have been e n c l o s e d and a s l o w s t r e a m o f n i t r o g e n s h o u l d have been used f o r 

e v a p o r a t i o n t o f a c i l i t a t e a s c e n t o f a n t h o c y a n i n s t o the t i p . 

A l t h o u g h , the r e q u i r e m e n t s f o r i n s u r i n g a n t h o c y a n i n s t a b i l i t y , 

o u t l i n e d i n the i n t r o d u c t o r y p a r a g r a p h s , a r e f u l l y s a t i s f i e d v i a t h e 

p u r i f i c a t i o n and e l u t i o n t e c h n i q u e , and a l t h o u g h , a n t h o c y a n i n s were 

o b t a i n e d i n a s t a b l e s t a t e , p r i m a r i l y , by e x p l o i t i n g t h e i r r e l a t i v e 

s t a b i l i t y on paper as compared.to s o l u t i o n , the t e c h n i q u e s o f p u r i f i c a t i o n 

and e l u t i o n p r e s e n t e d i n t h i s s e c t i o n must be p r o v i s i o n a l means f o r 
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w o r k i n g w i t h b a r l e y a n t h o c y a n i n s u n t i l a deeper u n d e r s t a n d i n g o f the r e a l 

c a uses o f a n t h o c y a n i n i n s t a b i l i t y i s g a i n e d . 

16.5 SUMMARY 

The p u r i f i c a t i o n o f a n t h o c y a n i n s , from t h e c o n t a m i n a n t s 

o r i g i n a t i n g from e x t r a c t s , i n s e v e r a l s o l v e n t systems, w i t h o u t r e p e a t i n g 

e l u t i o n and th u s a v o i d i n g f l a s h e v a p o r a t i o n and r e c h r o m a t o g r a p h y , was 

c a r r i e d o ut u s i n g a ' C o n c e n t r a t i o n Chamber'. Depending upon the s o l v e n t s 

used i n the c o n c e n t r a t i o n chamber, the c o n t a m i n a n t s o r i g i n a t i n g from 

e x t r a c t s or fr o m the paper per se ( s u c h as s u g a r s : the p o t e n t i a l c auses 

o f a n t h o c y a n i n i n s t a b i l i t y ) a r e removed m e r e l y by s n i p p i n g the ends of 

paper bands where t h e y a re made t o c o n c e n t r a t e . D u r i n g the p u r i f i c a t i o n , 

t he a n t h o c y a n i n s a r e k e p t f o r maximum time on the paper and minimum time 

i n s o l u t i o n because t h e y a r e r e l a t i v e l y s t a b l e b o t h i n a d r y or wet s t a t e 

on t h e p a p e r . 

The two c o u n t e r a c t i n g pH-dependent v a r i a b l e s : a c i d c auses 

g l y c o s i d i c h y d r o l y s i s but a c i d a l s o " p r e s e r v e s " a n t h o c y a n i n s , and a l s o 

the time-dependent i n s t a b i l i t y o f an a n t h o c y a n i n s o l u t i o n were p r o v i d e d 

f o r by e l u t i n g a n t h o c y a n i n s i n a h i g h l y c o n c e n t r a t e d s t a t e i n a few drops 

of 0.037o m e t h a n o l i c H C l , thus a v o i d i n g the time-consuming and h y d r o l y s i n g 

e f f e c t s (Sep.: 23) of f l a s h e v a p o r a t i o n . 

The t e c h n i q u e s o f p u r i f i c a t i o n and e l u t i o n a r e amenable t o 

l a r g e s c a l e i s o l a t i o n work. 
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METHODS FOR CHARACTERIZING ANTHOCYANIDINS 

17.. SOLVENTS DEVELOPED AND USED FOR 
ANTHOCYANIDIN CHROMATOGRAPHY 

There a r e two k i n d s o f a c i d i c s o l v e n t s used i n a n t h o c y a n i d i n 

chromatography: the o r g a n i c s o l v e n t s ( g e n e r a l l y , b u t a n o l i c and p h e n o l i c ) 

and t h e aqueous s o l v e n t s c o n t a i n i n g a m i x t u r e o f m i n e r a l and o r g a n i c 

a c i d s . A l t h o u g h , c e r t a i n b u t a n o l i c and p h e n o l i c s o l v e n t s g i v e a good 

' s p r e a d ' between R f v a l u e s o f c e r t a i n a n t h o c y a n i d i n s , the s p r e a d cannot 

be e x p l o i t e d i n i d e n t i f i c a t i o n because a n t h o c y a n i d i n s o f t e n f a d e i n the 

o r g a n i c s o l v e n t s . As a r e s u l t , s m a l l amounts of a n t h o c y a n i d i n s may n o t 

be d e t e c t e d . 

The a n t h o c y a n i d i n s a r e g e n e r a l l y s t a b l e i n aqueous a c i d i c 

s o l v e n t s , b u t t h e r e a r e o n l y a few such s o l v e n t s t h a t a r e s a t i s f a c t o r y 

f o r a n t h o c y a n i d i n i d e n t i f i c a t i o n . F o r i n s t a n c e , i n F o r e s t a l s o l v e n t , i t 

I s v e r y d i f f i c u l t t o d i f f e r e n t i a t e p e o n i d i n from p e l a r g o n i d i n , p e t u n i d i n 

from c y a n i d i n , and o c c a s i o n a l l y , c y a n i d i n f r o m m a l v i d i n . The f o r m i c 
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a c i d s o l v e n t o f Harborne (1959a) ( a m o d i f i c a t i o n o f the s o l v e n t o r i g i n a l l y -

p r o p o s e d by Endo, 1954), a l t h o u g h u s e f u l , g i v e s a poor s p r e a d between 

c y a n i d i n and m a l v i d i n , m a l v i d i n and p e o n i d i n t h e r e b y making t h e i d e n t i f i 

c a t i o n s b a s e d on Rf v a l u e s i n d e f i n i t e . The a c e t i c a c i d - h y d r o c h l o r i c 

a c i d - w a t e r (5:1:5) s o l v e n t of Abe and H a y a s h i (1956) i s n o t s a t i s f a c t o r y 

because t h e Rf v a l u e r a n g e s o f a n t h o c y a n i n s and a n t h o c y a n i d i n s o v e r l a p . 

T h i s i s an u n d e s i r a b l e f e a t u r e i n the d i f f e r e n t i a t i o n and i d e n t i f i c a t i o n 

o f p a r t i a l l y h y d r o l y z e d p r o d u c t s of a n t h o c y a n i n s . 

K e e p i n g i n v i e w t h e i n a d e q u a c i e s of t h e s e s o l v e n t s and t h e 

d i f f i c u l t i e s m e n t i o n e d a l r e a d y , some new s o l v e n t s were d e v e l o p e d . The 

c o m p o s i t i o n o f t h e s e and some s t a n d a r d s o l v e n t s i s l i s t e d i n T a b l e 17.1* 

The range of R f v a l u e v a r i a t i o n s , and average Rf v a l u e s o f s t a n d a r d 

a n t h o c y a n i d i n s i n t h e s o l v e n t s used a r e l i s t e d i n T a b l e 17.11. The f i r s t 

l i n e i n each column i n d i c a t e s the f l u c t u a t i o n r ange i n Rf v a l u e s t h a t 

were o b t a i n e d on the b a s i s of s e v e r a l r u n s . The number of such r u n s i s 

i n d i c a t e d i n p a r e n t h e s i s i n t h e t a b l e . F o r i n s t a n c e , i t w i l l be seen 

t h a t i n t h e f i r s t l e f t hand top column, the Rf v a l u e s f o r p e l a r g o n i d i n 

i n F o r e s t a l s o l v e n t on the b a s i s of 18 d e t e r m i n a t i o n s f l u c t u a t e from 0.62 

t o 0.74. The average Rf v a l u e i n t h i s case i s 0.67. There was a c o n t a 

minant p r e s e n t i n a s p e c i f i c p e o n i d i n sample, and i t s Rf v a l u e s are 

l i s t e d i n the column a l o n g s i d e t h a t f o r p e o n i d i n . F o r i n s t a n c e , p e o n i d i n 

i n H a r b o r n e ' s f o r m i c a c i d s o l v e n t shows a p i n k f l u o r e s c e n t c o n t a m i n a n t 

a t Rf 0.05; i t appears t o be an a n t h o c y a n i d i n o f unknown n a t u r e . 

The Iso-PrOH s o l v e n t o f Abe and H a y a s h i (1956) i s e x c e l l e n t 

f o r d i f f e r e n t i a t i n g p e o n i d i n from p e l a r g o n i d i n . The a n t h o c y a n i d i n s , i n 

t h i s s o l v e n t , however, fade q u i t e r a p i d l y as i s u s u a l l y the c a s e w i t h 

a l c o h o l i c s o l v e n t s ( s e e component E l : F i g s . 11.3 and 1 1 . 4 ) . T h i s 
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TABLE 17.1 
COMPOSITION OF THE SOLVENTS USED FOR ANTHOCYANIDIN CHROMATOGRAPHY 

A b b r e v i a t i o n C o m p o s i t i o n 
P e r i o d o f 

Development Hours 

F o r e s t a l HAc-HCl-H 2O:(30:3:10), S 16 

FA-Harborne HC00H-HC1-H 20:(5:2:,3), S ik 

FA-4NHC1 HCOOH-4N H C l : ( 2 : 1 ) , S 1\ 

H A c - H C l 2 HAc-HCl-H 20:(15:3:82), S 6 

P r o p i o n i c PA 3-HCOOH-HCl-H 20:(2:5:1:6), U 10 

3:1:8 H A c - H C l - H 2 0 : ( 3 : l : 8 ) , S 8 

5:1:5 H A c - H C l - H 2 0 : ( 5 : l : 5 ) , S 11 

I s o - P r O H 4 i-PrOH-5% H C l : ( 5 5 : 4 5 ) , S 20 

A q - H C l 2 HC1-H 20:(3:97), S 4 

BAW n-BuOH-HAc-H 20:(4:l:5), U 13 

Chromatography was c a r r i e d o ut a t 20°C "% 1°C. 

2 
A n t h o c y a n i n s o l v e n t o f Harborne (1959a) e x t e n d e d t o a n t h o c y a n i d i n s . 
3 

PA = P r o p i o n i c a c i d . 

^ T s o - P r o p y l a l c o h o l s o l v e n t o f H a y a s h i ( 1 9 5 7 ) , Abe and H a y a s h i ( 1 9 5 6 ) . 

S S i n g l e phase. 

U Upper phase. 



TABLE 17,-11 
RANGE OF R f VALUE VARIATION AND AVERAGE R f VALUES OF STANDARD ANTHOCYANIDINS 
IN THE SOLVENTS LISTED IN TABLE 17,ia» b 

Rf x 100 

CO 

S o l v e n t s 

c 33 M-l 
• H U 00 c •o O c i o 
• H CO 
c c r-l c! d CSI 

o sa •r-l • H •i-l 
60 o •o r. G T3 

r. u • H as CO • H PC 
CO r-l c o 4-1 > o rrV o c -r-l -
01 01 r-l o CO 

1-1 
Pu c_> 

d 
• H 

d o 
CO 
>s CM 

00 
CO 

8 
o 

0) CM 
Pu 

d 
• H •o 
1-1 d 
• H BC 
- d o a. 
r-l CO 
0) 

n 

d 
•i-i 
T3 
• H 

d 
•H aj d o 
CO 
00 r-l 

• H a 

d 
• H •a i-i d 
^ K 
o o 
01 

4-1 CM 
3 

r J 

F o r e s t a l 62-74 
(18) 
67 

60-69 
(13) 

56-64 
( U ) 
60 

45-55 
(14) 
48 

42-50 
(12) 
45 

34-36 
(4) 
35 

81-83 
(3) 
82 

65-70 
(4) 
67 

FA-Harborne 32-40 
(17) 
36 

25-33 
(12) 
29 5 

24-30 
( U ) 
26 

22-27 
(15) 
24 

18-23 
(11) 
20 

13-15 
(13) 
14 

60-62 
(2) 
61 

44 
(2) 
44 

FA-4N H C l 47-55 
(10) 
51 

44-51 
(10) 
48 10 

42-64 
(10) 
44 

33-38 
(12) 
37 

30-35 
(12) 
33 21 69 56 

HAc-HCl 15-19 
(15) 
18 

12-13 
(5) 
12 

8-10 
(10) 

9 

10-12 
(13) 
11.5 

7-8.5 
(10) 

8 7 

27-30 
(3) 
29 

18-21 
(3) 
20 

3,: 1:8 25-28 
(12) 
26 

19-.21 
(7) 
20 

^ -

3 

3 

13-16 
( I D 
15 

15-18 
(15) 
16 

11-13 
(10) 
12 

9 
(3) 
9 38 27 



TABLE 17.11 c o n t i n u e d 

R f x 100 

CO CO 
o PC C O T3 

c o m C J 60 X X) d d 
• H o 4-1 60 O « o d •I-l 1-1 
T J d 1 

•X3 O •r-1 -o • i- l • O r - l CO 13 CM o d T > •r-l * H 

C d d d d •r-l r-J • H d d o ••-I « • H • H • H d ps • H • H 

60 X E •o •r-l » • H o d r - J 

n O • H O CO • i- l o • H o d PC X ! (1) 33 o pa 
CD d 4-1 > d 3 O Q . C O 60 O <u o 

. - i r - i o - 4 d r - l CO CM 4-1 i—l 
• r l 4-1 

CD oj o CD 0) CM OJ O . i—* 3 C M 

P M C J S o Pu P < 

P r o p i o n i c 45-50 
(14) 
46 

39-43 
(8) 
40 

33-38 
(9) 

8 35 

28-32 
(13) 
30 

24-29 
(12) 
26 

20 
(3> 
20 

65-67 51-53 
(3) (3) 
65 52 

IsoPrOH 54-73 
(13) 
68 

45-52 
(6) 
50 

h 
33 

45-42 
(12) 
48 

h 
33 

5:1:5 

49 38 38 31 

Aq-HCl 4.5-5 
(2) 
5 

2.5-3 
(20) 
3 

2-2.25 
(3) 
2 

2.5-3 
(5) 
2.5 

2-2.5 
3 
2 1.5 1 7 4.25 

BAW 80-82 
(2) 
64 

61-68 
(2) 
64 52 60 46 

a I n g e n e r a l , the Rf v a l u e s o f each a n t h o c y a n i d i n i n each s o l v e n t a re l i s t e d i n t h r e e rows: f i r s t tow-shows 
the range o f Rf v a l u e f l u c t u a t i o n s o b t a i n e d i n s e v e r a l r u n s . The number o f such runs i s shown i n 



p a r e n t h e s i s i n the second row. The average Rf v a l u e i s shown i n the t h i r d row. 

k The chromatography was c a r r i e d out a t 20°C t 1<>C. 
c P r o v i d e d by D r . R. M. A c h e s o n , U n i v e r s i t y o f O x f o r d , E n g l a n d . 
^ P r o v i d e d by D r . J . B. H a r h o r n e , J o h n I n n e s H o r t i c u l t u r a l I n s t i t u t i o n , H e r t f o r d s h i r e , 

E n g l a n d (see g, h, and i ) . 

OH a t 3 - p o s i t i o n a b s e n t . 
^ Rf v a l u e s o f the f l u o r e s c e n t p i n k c o n t a m i n a n t p r e s e n t i n the p e o n i d i n sample. 

The m a l v i d i n and p e t u n i d i n were made a v a i l a b l e as a m i x t u r e . 
n M a l v i d i n and p e t u n i d i n do not s e p a r a t e i n the Iso-PrOH s o l v e n t . 
1 D e l p h i n i d i n specimen showed a f l u o r e s c e n t p i n k c o n t a minant a t Rf 0.04 i n Aq-HCl s o l v e n t . 
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s o l v e n t c a n n o t be used as a g e n e r a l s o l v e n t f o r a n t h o c y a n i d i n chromato

graphy because m a l v i d i n and p e t u n i d i n and a l s o c y a n i d i n and p e o n i d i n 

r e s o l v e a t about t h e same c h r o m a t o g r a p h i c l o c i and t h e r e f o r e c a n n o t be 

d i s t i n g u i s h e d . 

The f o r m i c a c i d - 4 N H C l (2:1) s o l v e n t d e v e l o p e d i n t h i s l a b o r a 

t o r y i s a good one f o r r o u t i n e use and has a g r e a t e r s p r e a d i n R f v a l u e s 

t h a n t h e f o r m i c a c i d s o l v e n t o f Harborne ( l o c . c i t . ) . 

The use o f the HAc-HCl s o l v e n t o r i g i n a l l y p r o p o s e d by Harborne 

(1959a) f o r a n t h o c y a n i n s was e x t e n d e d t o a n t h o c y a n i d i n s i n t h i s l a b o r a 

t o r y ( s e e Sec. 1 5 ) . I n c e r t a i n c a s e s , f o r i n s t a n c e s t u d i e s on the 

s t a b i l i t y o f a n t h o c y a n i n s and p a r t i a l h y d r o l y s i s , i t i s e s s e n t i a l t o 

d e t e r m i n e R f v a l u e s o f a n t h o c y a n i n s and a n t h o c y a n i d i n s i n t h e same s o l v e n t . 

The HAc-HCl s o l v e n t p o s s e s s e s e x c e l l e n t p o t e n t i a l f o r t h i s p u r p o s e and i t s 

use was e x t e n s i v e l y e x p l o i t e d : the Rf v a l u e s o f a n t h o c y a n i n s i n the 

s o l v e n t a r e g e n e r a l l y above 0.20 and t h o s e o f a n t h o c y a n i d i n s below 0.20. 

The s o l v e n t g i v e s s h a r p r e s o l u t i o n and m i n i m a l v a r i a t i o n i n R f v a l u e s o f 

a n t h o c y a n i d i n s . I t i s i n t e r e s t i n g t o n o t e from T a b l e 17.11 t h a t the 

f l u c t u a t i o n i n the Rf v a l u e r a n g e of F o r e s t a l s o l v e n t as compared t o the 

HAc-HCl s o l v e n t i s r a t h e r h i g h , though b o t h o f t h e s e s o l v e n t s b a s i c a l l y 

have the same components. The HAc-HCl s o l v e n t , l i k e t h e Lso-PrOH s o l v e n t , 

has a m e r i t i n d i f f e r e n t i a t i n g p e l a r g o n i d i n from p e o n i d i n . 

I t i s known t h a t R f v a l u e s o f a n t h o c y a n i d i n s i n a g i v e n s o l v e n t 

a r e p r e d i c t a b l e on the b a s i s o f t h e i r s t r u c t u r a l f e a t u r e s . I t i s w o r t h y 

o f n o t e t h a t a l t h o u g h t h e b a s i c c o n s t i t u e n t s o f the HAc-HCl s o l v e n t a r e 

the same as t h o s e o f F o r e s t a l s o l v e n t , the o r d e r o f R f v a l u e s o f 

m a l v i d i n and c y a n i d i n , as f o u n d i n F o r e s t a l s o l v e n t i s r e v e r s e d i n the 

HAc-HCl s o l v e n t . T h i s a d d i t i o n a l f a c t can be used i n t h e i d e n t i f i c a t i o n 
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of. m a l v i d i n . 

The 3:1:8 s o l v e n t o f Abe and H a y a s h i (1956) g i v e s q u i t e good \ 

r e s u l t s . I t s b e h a v i o u r i s q u i t e s i m i l a r t o the HAc-HCl s o l v e n t d i s c u s s e d 

above. The s o l v e n t , a l t h o u g h u s e f u l i n the c h a r a c t e r i z a t i o n o f a n t h o 

c y a n i n s , i s q u i t e a c i d i c and was n o t used i n the p u r i f i c a t i o n o f antho

c y a n i n s owing t o the l i k e l y h a z a r d s of p a r t i a l h y d r o l y s i s ( S e c . 1 5 ) . 

A g a i n , l i k e the HAc-HCl s o l v e n t , the o r d e r of R^ v a l u e s f o r m a l v i d i n and 

c y a n i d i n , as found i n F o r e s t a l s o l v e n t , i s r e v e r s e d i n t h i s s o l v e n t . The 

f l u c t u a t i o n i n the Rf v a l u e r a n g e o f a n t h o c y a n i d i n s i n t h i s s o l v e n t , as 

compared t o F o r e s t a l s o l v e n t , i s m i n i m a l . 

The P r o p i o n i c a c i d s o l v e n t d e v e l o p e d i n t h i s l a b o r a t o r y a l s o 

appears t o be an e x c e l l e n t s o l v e n t of i d e n t i f i c a t i o n . There i s a u n i f o r m 

s p r e a d o f a p p r o x i m a t e l y 0.05 Rf v a l u e u n i t s between the a n t h o c y a n i d i n s 

s t u d i e d . The Rf v a l u e s of most a n t h o c y a n i d i n s a r e m u l t i p l e s of 5. 

The 170 aqueous HCl s o l v e n t ( H a r b o r n e , 1959a) i s e x c e l l e n t f o r 

p u r i f i c a t i o n and c h a r a c t e r i z a t i o n of a n t h o c y a n i n s . The Rf v a l u e s f o r 

a n t h o c y a n i d i n s a r e v e r y low. N o n e t h e l e s s , the Rf v a l u e s of a n t h o c y a n i d i n s 

a r e i n c l u d e d i n T a b l e 17.11 because of t h e i r v a l u e i n assessment of the 

p r o d u c t s of p a r t i a l h y d r o l y s i s o f a n t h o c y a n i n s . Of a l l the s o l v e n t s 

l i s t e d . , t h e c o l o r s of a n t h o c y a n i n s and a n t h o c y a n i d i n s , b o t h i n v i s i b l e 

and u l t r a v i o l e t l i g h t s , a r e s h a r p and w e l l - d e f i n e d i n t h e Aq-HCl s o l v e n t . 

17.1 SUMMARY 

The r a n g e of Rf v a l u e v a r i a t i o n and t h e average R f v a l u e s o f 

e i g h t a u t h e n t i c a n t h o c y a n i d i n s i n a t o t a l o f t e n s o l v e n t s , w h i c h were 

used f o r a n t h o c y a n i d i n chromatography, a r e g i v e n . Of the t e n s o l v e n t s , 
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two, namely FA-4NHC1 and P r o p i o n i c , were d e v e l o p e d i n t h i s l a b o r a t o r y . 

A n o t h e r two, namely HAc-HCl and Aq-HCl, w h i c h a r e g e n e r a l l y used f o r 

a n t h o c y a n i n s , were e x t e n d e d t o a n t h o c y a n i d i n s . The a b i l i t y o f each 

s o l v e n t t o d i f f e r e n t i a t e t h e h a r d - t o - d i f f e r e n t i a t e a n t h o c y a n i d i n s i s 

d i s c u s s e d b r i e f l y . A l t h o u g h a l l o t h e r a n t h o c y a n i d i n s can be c h a r a c t e r i z e d 

d e pendably on the b a s i s of Rf v a l u e s a l o n e i n t h e t e n s o l v e n t s y s tems, 

th e need f o r a s o l v e n t t o d i f f e r e n t i a t e p e t u n i d i n from c y a n i d i n s t i l l 

r e m a i n s . 
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METHODS FOR CHARACTERIZING ANTHOCYANINS 

18. CHROMATOPAPER AS A PRODUCER OF ANOMALIES IN GLYCOSIDIC 
AND SPECTRAL ANALYSIS OF ANTHOCYANIN ELUATES 

I t has been r e c e n t l y r e p o r t e d t h a t a r a b i n o s e a r i s e s from chroma

t o g r a p h y paper as an a r t e f a c t i n a n t h o c y a n i n e l u a t e s and t h a t i t s p r e s e n c e 

can be m i s l e a d i n g . ( H a r b o r n e , 1959a). P r e p a r a t o r y t o u n d e r t a k i n g sugar 

a n a l y s i s o f the l a r g e number of a n t h o c y a n i n s ( S e e s . 19.3.5 and 19.3.7) 

i s o l a t e d by the t e c h n i q u e s d e s c r i b e d i n S e c t i o n 16, the a n t h o c y a n i n 

DE3-400 ( T a b l e 1 9 . V I I I . D E ) s e r i e s was a n a l y s e d f o r s u g a r s by the method 

d e s c r i b e d i n S e c t i o n 19.2.4. S i n c e no a r a b i n o s e was d e t e c t e d f r o m t h e 

a n t h o c y a n i n DE ( T a b l e 19.VI) o t h e r a n t h o c y a n i n i s o l a t e s were h y d r o l y z e d 

f o r sugar a n a l y s i s . I n s e v e r a l i n s t a n c e s , however, a r a b i n o s e was fo u n d 

i n a d d i t i o n t o g l u c o s e , g a l a c t o s e and x y l o s e ( s e e T a b l e 1 9 . V I ) . The 

s o u r c e o f a r a b i n o s e , i n v i e w o f Harborne's f i n d i n g became a m a t t e r o f 
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c o n c e r n . A c c o r d i n g l y , b l a n k chromatography papers were p r o c e s s e d a c c o r d i n g 

t o our t e c h n i q u e o f a n t h o c y a n i n p u r i f i c a t i o n and e l u t i o n t o d e t e r m i n e i f 

g l y c o s i d i c a r t e f a c t s c o u l d be d e r i v e d . . 

18.1 MATERIALS AND METHODS 

18.1.1. P r e p a r a t i o n of A n t h o c y a n i n , A n t h o c y a n i d i n and Sugar B l a n k s 

The a n a l y s i s o f p a p e r - d e r i v e d m a t e r i a l s was c a r r i e d out on the 

e l u a t e s o b t a i n e d from b l a n k papergrams d e v e l o p e d by d e s c e n t i n the 

HAc-HCl ( S e c , 1 6 ) . The R f v a l u e d i s t r i b u t i o n o f a n t h o c y a n i n s i n t h i s 

s o l v e n t was between the Rf v a l u e range 0.1 t o 0.85. Twenty b l a n k Whatman 

papers No. 3 d e v e l o p e d i n t h i s s o l v e n t , a c c o r d i n g l y , were c u t i n t o 7 s e t s 

of b l a n k paper s t r i p s ( e a c h s e t c o n s i s t i n g of 20 s t r i p s ) r e p r e s e n t i n g the 

Rf v a l u e r a n g e s as shown below: 

S e t # R f V a l u e Range Set # Rf V a l u e Range 

I 0.1 t o 0.2 V 0.5 t o 0.6 
I I 0.2 t o 0.3 V I 0.6 t o 0.7 

I I I 0.3 t o 0.4 V I I 0.7 t o 0.85 
I V 0.4 t o 0.5 

The b l a n k s t r i p s from each s e t were p l a c e d i n the c o n c e n t r a t i o n 

chamber ( s e e F i g . 16.2) and p r o c e s s e d e x a c t l y i n t h e manner d e s c r i b e d f o r 

the paper s t r i p s c o n t a i n i n g a n t h o c y a n i n bands. As y e l l o w c o n t a m i n a n t s 

moved t o the end of the b l a n k paper s t r i p s ( u s u a l l y i t t o o k a p e r i o d o f 

6-8 h o u r s ) , the ends were s n i p p e d o f f from paper.bands and c o n s o l i d a t e d . 

A p o r t i o n was e x t r a c t e d w i t h w a t e r - m e t h a n o l (1:1) and a n o t h e r p o r t i o n w i t h 

the e l u t i o n s o l v e n t f o r a n t h o c y a n i n s , namely, 0.037o HCl-MeOH ( S e c . 1 6 ) . 

The e l u a t e s o b t a i n e d w i t h the a n t h o c y a n i n e l u e n t w i l l , h e r e a f t e r , be 

r e f e r r e d t o as ' a n t h o c y a n i n b l a n k ' . An a l i q u o t o f a n t h o c y a n i n b l a n k 

o b t a i n e d from t h e y e l l o w e n d s , . f o l l o w i n g the u s u a l d e a c i d i f i c a t i o n and 
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d r y i n g ( S e c . 19.2.4), was s p o t t e d on Whatman paper No. ,1 f o r sugar a n a l y s i s 

i n t he p y r i d i n e s o l v e n t ( S e c . 19.2.4). The r e m a i n d e r o f the a n t h o c y a n i n 

b l a n k was h y d r o l y s e d t o o b t a i n ' a n t h o c y a n i d i n b l a n k ' and 'sugar b l a n k ' ; 

The a n t h o c y a n i d i n b l a n k r e f e r s t o m a t e r i a l s e x t r a c t e d i n i s o a m y l a l c o h o l 

f r o m the h y d r o l y s a t e s o f a n t h o c y a n i n b l a n k , and t h e sugar b l a n k r e f e r s t o 

the m a t e r i a l s r e m a i n i n g i n the aqueous p o r t i o n o f the h y d r o l y s a t e s a f t e r 

e x t r a c t i o n w i t h i s o a m y l a l c o h o l . The sugar b l a n k o f t h e y e l l o w ends was 

chromatographed f o r t h e p r e s e n c e o f s u g a r s ; t h e a n t h o c y a n i d i n b l a n k was 

used f o r s p e c t r a l a n a l y s i s . 

The b l a n k paper s t r i p s f r o m w h i c h t h e y e l l o w ends had been 

s n i p p e d were a l l o w e d a f u r t h e r p e r i o d o f 10 ho u r s f o r a s c e n t i n the 

C o n c e n t r a t i o n Chamber ( S e c . 1 6 ) . The a n t h o c y a n i n , a n t h o c y a n i d i n and 

sugar b l a n k s were o b t a i n e d by the p r o c e d u r e m e n t i o n e d above, e x c e p t t h a t 

t h e e l u t i o n was c a r r i e d out by t r i m m i n g s i d e s o f the paper s t r i p as was 

done f o r the s t r i p s c o n t a i n i n g a n t h o c y a n i n bands. The a n t h o c y a n i n , 

a n t h o c y a n i d i n and sugar b l a n k s were o b t a i n e d f r o m a l l t h e s e t s o f paper 

bands r e p r e s e n t i n g d i f f e r e n t R f v a l u e r a n g e s , s e p a r a t e l y . A l l b l a n k s 

were o b t a i n e d f r o m e q u a l numbers of paper s t r i p s under i d e n t i c a l c o n d i 

t i o n s . The a n t h o c y a n i n and a n t h o c y a n i d i n b l a n k s were d r i e d d i r e c t l y i n a 

vacuum oven a t room t e m p e r a t u r e ; the sugar b l a n k s , however, were n e u t r a l i s e d -

as d e s c r i b e d i n S e c t i o n 19.2.4 b e f o r e d r y i n g . The sugar and a n t h o c y a n i n 

b l a n k m a t e r i a l s were d i s s o l v e d i n 5 drops o f w a t e r , s p o t t e d on Whatman 

paper No. 1 g i v i n g f i v e a p p l i c a t i o n s w i t h a c a p i l l a r y (O.D. 0.8 mm) f o r 

sugar chromatography ( s e e S e c . 19.2.4). The r e m a i n i n g s o l u t i o n s were 

d r i e d i n vacuum oven. 
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18.1.2. S p e c t r a l Measurements 

The s p e c t r a o f t h e a p p r o p r i a t e b l a n k s were drawn on a Beckman 

DK-2 R a t i o R e c o r d i n g S p e c t r o p h o t o m e t e r i n 1-ml s i l i c a c u v e t t e s . The 

b l a n k s were d i s s o l v e d i n methanol c o n t a i n i n g 0.01% H C l ( H a r b o r n e , 1958) 

t o d e t e r m i n e t h e i r q u a l i t a t i v e s p e c t r a i n v i s i b l e and u l t r a v i o l e t l i g h t . 

18.1.3. Removal o f Sugar A r t e f a c t s f r o m A n t h o c y a n i n E l u a t e s 

The p r o c e d u r e t o remove the p a p e r - d e r i v e d s u g a r s f r o m a n t h o 

c y a n i n s , b o t h of w h i c h a r e r e a d i l y s o l u b l e i n w a t e r , was based on t h e 

f o l l o w i n g o b s e r v a t i o n s : ( a ) t h e a d s o r p t i o n o f a n t h o c y a n i n s on a column of 

n y l o n powder* i n an aqueous system, a c i d i f i e d w e a k l y , was so s t r o n g t h a t 

the. a b s o r b e d r i n g o f a n t h o c y a n i n s s c a r c e l y moved down the columnv.even 

a f t e r h o u r s o f c o n t i n u o u s w a s h i n g , ( b ) aqueous s o l u t i o n s o f s u g a r s p a s s e d 

t h r o u g h the n y l o n column w i t h o u t a d s o r p t i o n , and ( c ) t h e a n t h o c y a n i n r i n g 

w h i c h r e m a i n e d t e n a c i o u s l y a d s o r b e d on the column i n the aqueous medium 

c o u l d be e l u t e d r e a d i l y w i t h a c i d i f i e d m e t h a n o l . The p r o c e d u r e , t h u s , I s 

b a s e d on the d i f f e r e n t i a l a d s o r p t i v i t y o f a n t h o c y a n i n s on n y l o n powder i n 

aqueous and a l c o h o l i c media. 

About 40 grams o f n y l o n powder was made i n t o a s l u r r y w i t h 

e l u t i o n s o l v e n t ( 0 . 0 3 % HCl-MeOH) and p a c k e d i n t o a column. The column was 

* K i n d l y s u p p l i e d by Dr. W.O.S.Meredith, G r a i n Exchange 
L a b o r a t o r y , W i n n i p e g , M a n i t o b a . N y l o n powder was o r i g i n a l l y used by 
H a r r i s and R i c k e t t s (1959) f o r c o n c e n t r a t i n g anthocyanogens o f b e e r , and 
l a t e r e x t e n d e d t o the s e p a r a t i o n o f a n t h o c y a n i n s f r o m o t h e r f l a v o n o i d 
a g l y c o n e s by C h a n d l e r and Swain ( 1 9 5 9 ) . R e c e n t l y a n o t h e r p o l y a m i d e 
" P o l y c l a r - A T " ( A n t a r a C h e m i c a l s , New Y o r k , N.Y.) has been i n t r o d u c e d . 
T h i s may be f a r s u p e r i o r t o n y l o n powder. 
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washed w i t h about 100 ml o f the e l u t i o n s o l v e n t f o l l o w e d by 0.057o aqueous 

HCl under s u c t i o n . A c o n c e n t r a t e d a n t h o c y a n i n e l u a t e was p o u r e d i n t o t h e 

column, and w a s h i n g o f the column w i t h 0.057o aqueous HCl under s u c t i o n 

was s t a r t e d . The column e f f l u e n t * i n 10-ml p o r t i o n s was c o n t i n u o u s l y 

a n a l y s e d f o r the p r e s e n c e o f s u g a r s by the M o l i s c h t e s t . I t u s u a l l y took 

5-7 m i n u t e s when s u b s t a n c e s p o s i t i v e t o M o l i s c h t e s t ( s u g a r s ) began t o 

appear i n the e f f l u e n t . The b u l k o f the sugar c o n t a m i n a n t s a r e e l u t e d 

w i t h i n 10 m i n u t e s . The w a s h i n g , however, was c o n t i n u e d , t o be s u r e , f o r 

about an h o u r . The r a t e o f movement o f the a n t h o c y a n i n r i n g , when t h e 

column was washed c o n t i n u o u s l y w i t h the aqueous medium under s u c t i o n , was 

about 1 cm/hour. The a n t h o c y a n i n s were f i n a l l y e l u t e d w i t h the s o l v e n t , 

h y d r o l y s e d and chromatographed f o r t h e i d e n t i f i c a t i o n o f s u g a r s by the 

u s u a l methods ( S e c . 19.2.4). 

18.2. RESULTS 

18.2.1. Sugars f r o m the Paper B l a n k s 

The r e s u l t s o f s u g a r s d e r i v e d from a n t h o c y a n i n and sugar b l a n k s 

a r e shown i n F i g . 18.1. An e s t i m a t e o f r e l a t i v e c o n c e n t r a t i o n o f d i f f 

e r e n t s u g a r s w i t h i n a p a r t i c u l a r e l u a t e a r e n o t e d i n the s p o t s by 

f i g u r e s ( F i g . 1 8 . 1 ) . Weak s p o t s a r e shown by d o t t e d l i n e s . The s u g a r s 

were i d e n t i f i e d by cochromatography w i t h known s u g a r s i n t h e p y r i d i n e 

s o l v e n t . The a v e r a g e Rg v a l u e s f o r x y l o s e , a r a b i n o s e and g a l a c t o s e i n 

* I f d e s i r e d , the e f f l u e n t may be c o n c e n t r a t e d and chromatographed 
t o d e t e r m i n e t h e n a t u r e of t h e c o n t a m i n a n t s u g a r s . 
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F i g . 18.1. 
Sugars and related products derived from chroma topapter; a-c chromatograms of yellow materials accumulating at 
band ends during the f i r s t 6-8 hours of concentration, d-z, chromatograms of materials concentrating at band 
ends af t e r 8 hours; bands taken from several regions of HAc-HCl papergrams treated as i f anthocyanins were 
present. Eluants: a - u n a c i d i f i e d MeOH-H20, b-q, .03% HCl-MeOH, the anthocyanin eluant. Hydrolysis, as for 
anthocyanins, using aquaeous layer following scrubbing with isoamyl alcohol, (sugar blanks) c, e, g, i , k, m, 
o, q. Not hydrolyzed, chromatographed d i r e c t l y (anthocyanin blanks) b, d, f, h, j , 1, n, p. Pyridine 
solvent used throughout. U= unknown. 
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the p y r i d i n e s o l v e n t were 1.90, 1.50 and 0.82 r e s p e c t i v e l y . 

The e l u a t e s from t h e y e l l o w ends were o b t a i n e d p r i m a r i l y t o 

d e t e r m i n e the s u g a r s and o t h e r s u b s t a n c e s e l u t e d , i f any, from the b l a n k 

p a p e r s i n t h e f i r s t 6-8 h o u r s , the u s u a l p e r i o d o f time t a k e n f o r e l u t i o n 

by the methods commonly recommended i n the l i t e r a t u r e ( H a r b o r n e , 1959a). 

I t w i l l be n o t e d t h a t the y e l l o w ends were d i s c a r d e d i n our method of 

a n t h o c y a n i n p u r i f i c a t i o n and e l u t i o n ( S e c . 1 6 ) . I n one i n s t a n c e , the 

y e l l o w t e r m i n u s e s were e x t r a c t e d w i t h t h e m i x t u r e o f w a t e r - m e t h a n o l t o 

d e t e r m i n e t h e i n f l u e n c e of w a t e r i n e l u t i o n s o l v e n t s : the s u g a r s b e i n g 

more s o l u b l e i n w a t e r t h a n m e t h a n o l . 

The w a t e r - m e t h a n o l e x t r a c t f r o m t h e y e l l o w ends gave 6-7 s p o t s 

of s u g a r s , namely, x y l o s e , a r a b i n o s e , g l u c o s e , g a l a c t o s e and t h r e e un

known s p o t s ( F i g . 18.1, a ) . The unknown s p o t No. 1 gave brown ( g r e e n i s h 

f l u o r e s c e n c e ) and the unknown s p o t No.. 2 r e d ( r e d d i s h f l u o r e s c e n c e ) c o l o r s 

w i t h a n i l i n e p h osphate ( S e c . 19.2.4). The unknown s p o t No. 3 was most 

p r o b a b l y r e d d i s h . The R g v a l u e s and c o l o r s of t h e s e s p o t s s u g g e s t t h e y 

may be low m o l e c u l a r w e i g h t p o l y m e r s o f hexose and p e n t o s e t y p e sugars.. 

The p r e s e n c e o f g a l a c t o s e i s shown by d o t t e d l i n e s , n o t because i t was 

weak, b u t because i t f a i l e d t o s e p a r a t e as a d i s t i n c t s p o t f r o m the g l u c o s e 

s p o t i n t h e u s u a l 24 hour p e r i o d o f development i n t h e p y r i d i n e s o l v e n t . 

The a n t h o c y a n i n b l a n k of the y e l l o w ends, -which was e x t r a c t e d 

w i t h t h e a c i d i f i e d , m ethanol show.ed two unknown s u g a r s p r e s e n t In s m a l l 

amounts and a l s o the f o u r known s u g a r s . ( F i g . .18.1, b ) . I t i s t o be 

n o t e d t h a t the r e l a t i v e c o n c e n t r a t i o n o f s u g a r s w i t h w a t e r - m e t h a n o l 

e x t r a c t i o n and a c i d i f i e d m e t h anol e x t r a c t i o n v a r y w i d e l y : i n t h e w a t e r -

methanol the r a t i o o f g l u c o s e t o a r a b i n o s e i s a l m o s t 1:1, i n the a c i d i c 

m e t h a nol i t i s 1:5. S i m i l a r l y , the unknown s u g a r s were p r e s e n t i n 



l a r g e r q u a n t i t i e s i n the H 2 0-MeOH e x t r a c t t h a n i n the a c i d i f i e d methanol 

e x t r a c t . However, when the a c i d i f i e d m e t h a n o l i c e x t r a c t i . e . , the a n t h o 

c y a n i n b l a n k o f the y e l l o w ends was h y d r o l y s e d t o o b t a i n sugar b l a n k ( s e e 

F i g . 1 8 . 1 , c ) , the unknown s u g a r s d i s a p p e a r e d . Note t h e r e l a t i v e con

c e n t r a t i o n s o f the known s u g a r s upon h y d r o l y s i s change c o n s p i c u o u s l y 

(compare a n t h o c y a n i n b l a n k and sugar b l a n k o f the y e l l o w t e r m i n u s e s ) . 

The a n t h o c y a n i n b l a n k s e l u t e d from the paper s t r i p s from w h i c h 

the y e l l o w ends had been s n i p p e d o f f , upon chromatography, showed the 

p r e s e n c e o f g l u c o s e and a weak t r a i l b e g i n n i n g from the s t a r t i n g l i n e , 

and i n some c a s e s , t r a c e s o f x y l o s e a r a b i n o s e and some unknown s u g a r s 

( s e e a n t h o c y a n i n b l a n k s o b t a i n e d from d i f f e r e n t R f v a l u e r a n g e s i n F i g . 

1 8 . 1 , d, f , h, j , 1 , n, p ) . However, when t h e s e a n t h o c y a n i n b l a n k s were 

h y d r o l y s e d the unknown s u g a r s d i s a p p e a r e d ( s e e sugar b l a n k s i n F i g . 1 8 . 1 , 

e, g, i , k, m, o, q ) . Thus, t h e r e s u l t s o f the h y d r o l y s i s are comparable 

t o t h o s e o b t a i n e d from the h y d r o l y s i s o f the a n t h o c y a n i n b l a n k s o f the 

y e l l o w ends. ^ A l s o , a r a b i n o s e appears d i s t i n c t i v e l y i n t h e h y d r o l y s a t e s 

as r e v e a l e d by a co m p a r i s o n o f the r e l a t i v e c o n c e n t r a t i o n r a t i o s o f 

g l u c o s e and a r a b i n o s e i n the a n t h o c y a n i n and c o r r e s p o n d i n g sugar b l a n k s . 

F i g . 1 8 . 1 , a l s o , shows t h a t g a l a c t o s e i s l a r g e l y e l i m i n a t e d , from the 

p a p e r , i n the y e l l o w ends. 

1 8 . 2 . 2 . V i s i b l e and U l t r a v i o l e t S p e c t r a o f the B l a n k s 

The s p e c t r a o f the a n t h o c y a n i d i n b l a n k o f the y e l l o w ends from 

w a v e l e n g t h range 3 5 0 t o 7 0 0 mu are shown i n F i g . 1 8 . 2 . The s p e c t r a were 

drawn from a s e r i e s o f d i l u t i o n s w i t h methanol c o n t a i n i n g 0 ; 0 1 7 o H C l , the 

s o l v e n t used f o r the s p e c t r a l s t u d i e s of a n t h o c y a n i d i n s . Note the b l a n k 

does not g i v e any s p e c t r a l peak when the c o n c e n t r a t i o n i s i n c r e a s e d or 
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S p e c t r a o f i s o a m y l a l c o h o l s o l u b l e m a t e r i a l s ( a n t h o c y a n i d i n b l a n k s ) 
p a r t i t i o n e d from h y d r o l y z e d e l u a t e s , w h i c h were o b t a i n e d from the 
HAc-HCl b l a n k chromatobands w i t h t he y e l l o w ends i n t a c t . D i l u t i o n s e r i e s 
w i t h 0 . 0 1 7 o m e t h a n o l i c H C l ; peak a t c_a. 3 6 0 mu, c h a r a c t e r i s t i c o f antho 
c y a n i n and a n t h o c y a n i d i n d e g r a d a t i o n , i s not o b s e r v e d . 

d e c r e a s e d . However, the b l a n k does show a peak around 2 5 5 mu i n u l t r a 

v i o l e t s i m i l a r t o those shown i n F i g . 1 8 . 5 . V i s i b l e s p e c t r a o f the 

a n t h o c y a n i d i n b l a n k s o b t a i n e d from each o f the 7 s e t s ( S e c . 1 8 . 1 . 1 ) of 

the b l a n k paper bands, t h e y e l l o w e d ends o f w h i c h had been s n i p p e d o f f 

are shown i n F i g . 1 8 . 3 and are i d e n t i c a l t o th o s e o f the y e l l o w ends 

shown i n F i g . 1 8 . 2 . 

V i s i b l e s p e c t r a o f the a n t h o c y a n i n b l a n k s o b t a i n e d from each 

o f the 7 s e t s ( 1 8 . 1 . 1 ) o f b l a n k paper bands, the y e l l o w e d ends o f w h i c h 

had been s n i p p e d o f f a r e shown i n F i g . 1 8 . 4 . I n a d d i t i o n , t he f i g u r e 

a l s o i n c l u d e s t he sp e c t r u m o f the a n t h o c y a n i n b l a n k o b t a i n e d from t he 

^O-MeOH e l u a t e . Note a l l s p e c t r a a r e i d e n t i c a l : t h e y , however, d i f f e r 

f rom t he s p e c t r a o f the a n t h o c y a n i d i n b l a n k s ( F i g s . 1 8 . 2 and 1 8 . 3 ) , 

inasmuch as th e y show a d i s t i n c t s h o u l d e r between 3 6 0 - 3 7 0 mu. 
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F i g . 18.3 
S p e c t r a o f i s o a m y l a l c o h o l s o l u b l e m a t e r i a l s ( a n t h o c y a n i d i n b l a n k s ) 
p a r t i t i o n e d from h y d r o l y z e d e l u a t e s , w h i c h were o b t a i n e d from the 
HAc-HCl b l a n k chromatobands. a f t e r y e l l o w ends had been removed. Curves 
a r e s i m i l a r t o t h o s e o f F i g . 18.2, i n t h a t d e g r a d a t i o n peaks do n o t appear. 

U l t r a v i o l e t s p e c t r a o f a l l the a n t h o c y a n i n b l a n k s o f F i g . 18.4 

i s shown i n F i g . 18.5. A l l b l a n k s show a peak a t 255 mu and an i n f l e c 

t i o n around 250 mu. 

18.2.3. Removal o f Sugar A r t e f a c t s from A n t h o c y a n i n E l u a t e s 

The n y l o n method ( S e c . 18.1.3) was d e v e l o p e d b e l a t e d l y a f t e r 

most o f the a v a i l a b l e a n t h o c y a n i n i s o l a t e s had been h y d r o l y s e d f o r sugar 

d e t e r m i n a t i o n s ( S e c . 19.3.5) by the s t a n d a r d method ( S e c . 19.2.4). 

The d e t a i l s o f the method were e s t a b l i s h e d by w o r k i n g w i t h the 

e l u a t e s o f s e v e r a l a n t h o c y a n i n s w h i c h had undergone p a r t i a l or complete 
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F i g . 18.4 
S p e c t r a o f m a t e r i a l s o b t a i n e d from the HAc-HCl b l a n k chromatobands f r o m 
w h i c h y e l l o w c o n t a m i n a n t s had f i r s t been removed ( a n t h o c y a n i n b l a n k s ) . 
S i m i l a r c u r v e s a r e g i v e n when u n a c i d i f i e d MeOH-^O and HCl-MeOH a r e used 
as e l u a n t s . A d i s t i n c t s h o u l d e r d i s t i n g u i s h e s t h e s e c u r v e s from those o f 
h y d r o l y z e d c o n t a m i n a n t s . 
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breakdown i n the c o u r s e of p r o c e s s i n g . • I t wa3 o b s e r v e d t h a t w i t h i n a f e w 

m i n u t e s of the a d s o r p t i o n of t h e e l u a t e s and t h e washings w i t h 0.05% aqueous 

H C l , t h e e f f l u e n t showed l a r g e amounts o f s u g a r s , w h i c h were e l u t e d com

p l e t e l y w i t h i n about 10 m i n u t e s . 

Owing t o t h e s c a r c i t y o f m a t e r i a l s , o n l y two a n t h o c y a n i n s , 5D 

and IB5GH ( T a b l e 19.VI) were a v a i l a b l e t o compare the r e s u l t s o f sugar 

a n a l y s i s by t h e n y l o n method, and the s t a n d a r d method. The a n t h o c y a n i n 

5D has been c o m p l e t e l y c h a r a c t e r i z e d b u t the a n t h o c y a n i n IB5GH has o n l y 

been p a r t i a l l y c h a r a c t e r i z e d ( T a b l e 1 9 . V I I I . 5 ) The a n t h o c y a n i n IB5GH 

gave g l u c o s e , a r a b i n o s e , and x y l o s e by the s t a n d a r d method. The r e l a t i v e 

c o n c e n t r a t i o n r a t i o s o f the s u g a r s , as e s t i m a t e d v i s u a l l y , were 30:12:8. 

However, by t h e n y l o n method, o n l y g l u c o s e and a r a b i n o s e i n about e q u i -

m o l e c u l a r p r o p o r t i o n s were r e c o v e r e d . The a n t h o c y a n i n 5D l a r g e l y gave 

g l u c o s e by the s t a n d a r d method. A l t h o u g h i t a l s o gave g l u c o s e o n l y by 

the n y l o n method, the e f f l u e n t d i d show the p r e s e n c e of s u g a r s d e t e c t a b l e 

by the M o l i s c h t e s t . 

The n y l o n t r e a t m e n t was a l s o a p p l i e d t o a few o t h e r a n t h o 

c y a n i n s , namely DE5, DE6, and IB5FG ( T a b l e 1 9 . V I ) . These a n t h o c y a n i n s 

were n o t h y d r o l y s e d o r i g i n a l l y by t h e s t a n d a r d method because t h e y were 

a v a i l a b l e i n s m a l l q u a n t i t y . The e f f l u e n t s o b t a i n e d f r o m t h e t h r e e 

a n t h o c y a n i n s were p o s i t i v e t o M o l i s c h t e s t . The c o l o r o f the a n t h o c y a n i n 

e l u a t e s , however, had d i s a p p e a r e d d u r i n g h y d r o l y s i s . N o n e t h e l e s s , t h e 

h y d r o l y s a t e s o f the a n t h o c y a n i n DE5 showed g l u c o s e and some a r a b i n o s e and 

t h a t o f DE6 and IB5FG a l m o s t e q u i m o l e c u l a r p r o p o r t i o n s of g l u c o s e and 

a r a b i n o s e . 
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18.3 DISCUSSION 

The chromatography paper as a p r o d u c e r o f a r a b i n o s e a r t e f a c t s 

i n t he g l y c o s i d i c a n a l y s i s o f a n t h o c y a n i n e l u a t e s , was f i r s t d e m o n s t r a t e d 

by Harborne and S h e r r a t ( 1 9 5 7 ) . L a t e r on, i n a r e v i e w on the chromato

g r a p h i c i d e n t i f i c a t i o n o f a n t h o c y a n i n s , Harborne (1959a) p o i n t e d out t h a t 

N o r d s t r o m (1956) and Asen, S i e g e l m a n and S t e w a r t (1957) had a l s o en

c o u n t e r e d s i m i l a r d i f f i c u l t i e s . The i n v e s t i g a t i o n r e p o r t e d i n t h i s 

s e c t i o n d e m o n s t r a t e s t h a t t h e b l a n k paper bands, b e s i d e s a r a b i n o s e , a l s o 

c o n t a i n o t h e r m o n o s a c c h a r i d e s , such a s , g l u c o s e , x y l o s e and g a l a c t o s e , 

and s e v e r a l unknown ' d i - or t r i - s a c c h a r i d e s ' o f p e n t o s e and hexose s u g a r s . 

I t i s c l e a r from the r e s u l t s p r e s e n t e d i n F i g . 18.1, a and b, 

t h a t a l l the p a p e r - d e r i v e d m o n o s a c c h a r i d e s , and unknown o l i g o s a c c h a r i d e s , 

n o t e d above, c o n c e n t r a t e i n t h e p a p e r - s t r i p ends, i n t h e f i r s t few hours 

o f t h e c o n c e n t r a t i o n p r o c e s s . Because about the same p e r i o d o f time i s 

t a k e n f o r e l u t i n g a n t h o c y a n i n s and because the n a t u r e o f s e v e r a l s u g a r s 

d e r i v e d f r o m the paper per se and tho s e d e r i v e d f r o m a n t h o c y a n i n s a r e 

i d e n t i c a l , t h e p o t e n t i a l f o r e r r o r i n b o t h q u a l i t a t i v e as w e l l as 

q u a n t i t a t i v e s t u d i e s i s s e l f - e v i d e n t . 

The r e s u l t s i n F i g . 18.1 demo n s t r a t e t h a t t h e 'slow-moving' 

unknown o l i g o s a c c h a r i d e s , w h i c h a r e p r e s e n t i n a l l a n t h o c y a n i n b l a n k s 

( a , b, d, f , h, j , 1, n, p ) , d i s a p p e a r f o l l o w i n g h y d r o l y s e s , i . e . , f r o m 

a l l sugar b l a n k s ( c , e, g, i , k, m, o, q ) . The r e s u l t s i n F i g . 18.1 

f u r t h e r i n d i c a t e t h a t n o t o n l y the unknowns d i s a p p e a r b u t a l s o t h e 

r e l a t i v e c o n c e n t r a t i o n r a t i o o f the m o n o s a c c h a r i d e s undergoes s i g n i f i c a n t 

a l t e r a t i o n s f o l l o w i n g h y d r o l y s i s . F o r example, i t w i l l be n o t e d t h a t 

whereas t h e r e l a t i v e c o n c e n t r a t i o n r a t i o o f g l u c o s e t o a r a b i n o s e i s low 
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i n t he a n t h o c y a n i n b l a n k s o f t h e y e l l o w ends ( F i g * 18.1,b), i t I n c r e a s e s 

m a r k e d l y when the b l a n k i s h y d r o l y s e d ( F i g . 1 8 . 1 , c ) . N o t w i t h s t a n d i n g 

t h a t the s t u d y was b a s i c a l l y o f a q u a l i t a t i v e n a t u r e , ,the e x p e r i e n c e s 

i n d i c a t e t h a t f o l l o w i n g h y d r o l y s i s , t h e c o n c e n t r a t i o n o f the m o n o s a c c h a r i d e s 

i n c r e a s e s . These o b s e r v a t i o n s , t h e r e f o r e , s t r e n g t h e n the t e n t a t i v e i d e n 

t i f i c a t i o n of the 'slow-moving' s u g a r s , on the b a s i s o f R f v a l u e s and 

r e a c t i o n s w i t h a n i l i n e p h osphate and p - a n i s i d i n e c h l o r i d e , as d i - or t r i -

s a c c h a r i d e s . The i n c r e a s e i n the c o n c e n t r a t i o n o f m o n o s a c c h a r i d e s 

f o l l o w i n g h y d r o l y s i s may n o t be due t o t h e d i - or t r i - s a c c h a r I d e s a l o n e . 

I t was o b s e r v e d t h a t t h e e l u a t e s f r o m the paper c o n t a i n m i c r o f i b r i l s , 

p r e s u m a b l y o f c e l l u l o s e o r c e l l w a l l d e b r i s c o n s i s t i n g o f c e l l u l o s e and 

p e c t i c s u b s t a n c e s , w h i c h upon h y d r o l y s i s , c o u l d a l s o have g i v e n r i s e t o 

g l u c o s e , and t r a c e s o f a r a b i n o s e and x y l o s e . The p u r i f i c a t i o n o f ant h o 

c y a n i n e l u a t e s on the n y l o n column e l i m i n a t e s the m i c r o f i b r i l s . 

I t i s a l s o c l e a r t h a t i n c o n t r a s t t° t h e number of s u g a r s 

o b t a i n e d f r o m t h e y e l l o w ends ( F i g . 18.1, a, b, and c ) , r e l a t i v e l y a s m a l l 

number i s o b t a i n e d from the paper s t r i p s , t h e ends o f w h i c h had been 

s n i p p e d o f f ( F i g . 18.1, d, e, f , g, h, i , j , k, 1^ m, n, o, p, q ) . The 

r e s u l t s t h e r e f o r e show t h a t s n i p p i n g o f f the y e l l o w ends i n t h i s a n t h o 

c y a n i n p u r i f i c a t i o n t e c h n i q u e ( S e c . 16) was an advantageous o p e r a t i o n f o r 

e l i m i n a t i n g most of t h e sugar a r t e f a c t s , p a r t i c u l a r l y , when a n t h o c y a n i n s 

a r e known t o be l a b i l e i n t h e p r e s e n c e of s u g a r s and t h e i r d e g r a d a t i o n 

p r o d u c t s ( s e e l a t e r ) . 

H arborne (1959a) i n d i c a t e s t h a t sugar a r t e f a c t s can be e l i m i 

n a t e d i f the m i n e r a l a c i d used i n the e l u t i o n s o l v e n t i s s u b s t i t u t e d w i t h 

a c e t i c a c i d . A l t h o u g h t h i s i s an undoubted improvement, r e s u l t s show 

c l e a r l y t h a t t h e w a t e r - m e t h a n o l e l u e n t ( a , F i g . 18.1) w i t h o u t the 
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p r e s e n c e of any a c i d , i n f a c t , e l u t e d the maximum number and a l s o q u a n t i t y 

( a s r e v e a l e d by t h e i r r e l a t i v e c o n c e n t r a t i o n r a t i o s ) o f s u g a r s . I t i s 

n o t e w o r t h y t h a t e l u e n t s c o n t a i n i n g w a t e r - m e t h a n o l ( H a r b o r n e , 1958) a r e 

g e n e r a l l y used f o r the e l u t i o n o f a n t h o c y a n i n s . I t i s a l s o c o n s i d e r e d 

a d v i s a b l e t o wash the chromatography paper b e f o r e use w i t h d i l u t e a c e t i c 

a c i d , t o remove s o l u b l e i m p u r i t i e s ( H a r b o r n e , 1959a). However, s i n c e 

most a n t h o c y a n i n s o l v e n t s c o n t a i n m i n e r a l a c i d s , the p r o d u c t i o n of some 

sugar a r t e f a c t s i n the paper as i n d i c a t e d by Harborne ( 1 9 5 9 a ) , s h o u l d 

o c c u r a g a i n f o l l o w i n g chromatography. Thus, the w a s h i n g , a l s o , does n o t 

appear t o o f f e r f u l l p r o t e c t i o n a g a i n s t the p r o d u c t i o n o f sugar a r t e f a c t s . 

The n y l o n p r o c e d u r e e l i m i n a t e s t h e sugar a r t e f a c t s c o m p l e t e l y . 

The appearance of l a r g e q u a n t i t i e s of M o l i s c h t e s t p o s i t i v e s u b s t a n c e i n 

t h e e f f l u e n t f r o m t h e n y l o n column on w h i c h a n t h o c y a n i n e l u a t e s are ad

s o r b e d and a l s o t h e p r e s e n c e o f s u g a r s i n t h e a n t h o c y a n i n b l a n k s ( F i g . 1 8 . 1 ) 

s u b s t a n t i a t e s t h e p r e s e n c e of p a p e r - d e r i v e d s u g a r s i n t h e a n t h o c y a n i n 

e l u a t e s . However, t h e p r e s e n c e o f a r a b i n o s e and g l u c o s e i n t h e a n t h o 

c y a n i n s h y d r o l y s e d a f t e r n y l o n p u r i f i c a t i o n i n d i c a t e s t h a t a r a b i n o s e l i k e l y 

e x i s t s as a g l y c o s i d i c component of some b a r l e y a n t h o c y a n i n s . 

I t i s n o t o n l y t h e appearance of s u g a r s i n the column e f f l u e n t s 

b u t a l s o the c h r o m a t o g r a p h i c d i s a p p e a r a n c e o f t r a c e q u a n t i t i e s of x y l o s e , 

a r a b i n o s e , g a l a c t o s e , from the a n t h o c y a n i n e l u a t e s f o l l o w i n g the n y l o n 

t r e a t m e n t ( S e c . 18.2.3) t h a t i n d i c a t e s c l e a r l y the s u i t a b i l i t y o f t h i s 

method i n the g l y c o s i d i c a n a l y s i s of c h r o m a t o g r a p h i c a l l y p u r i f i e d a n t h o 

c y a n i n s . The a n t h o c y a n i n s o b t a i n e d by n y l o n p u r i f i c a t i o n a r e a l s o f r e e d 

o f the y e l l o w m a t e r i a l s . The p a p e r - d e r i v e d y e l l o w m a t e r i a l s may 

i n f l u e n c e the a c c u r a c y of s t u d i e s on a n t h o c y a n i n breakdown p r o d u c t s 

because t h e y mask th e s p e c t r a l a b s o r p t i o n s o f the a n t h o c y a n i n breakdown 
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p r o d u c t s around 360 mu as shown e l s e w h e r e ( F i g s . 12 and 1 2 . 3 ) . M o r e o v e r , 

the s p e c t r a l a b s o r p t i o n o f t h e y e l l o w compound a t 440 mu i n t e r f e r e s w i t h 

the E440/ 

^max r a t i o w h i c h has been used ( H a r b o r n e , 1958) f o r d i f f e r e n 

t i a t i n g 3 ^ g l y c o s i d e s f r o m 3, 5 - d i g l y c o s I d e s 

The p r e s e n c e of l a r g e q u a n t i t i e s o f s e v e r a l p e n t o s e and hexose 

t y p e mono- and o l i g o - s a c c h a r i d e s d e r i v e d f r o m chromatography paper may 

shed some f u r t h e r l i g h t on t h e p r o b l e m o f a n t h o c y a n i n i n s t a b i l i t y . Con

s i d e r a b l e work on the f a c t o r s c o n c e r n i n g a n t h o c y a n i n i n s t a b i l i t y b o t h i n 

f o o d p r o d u c t s and model systems has been done i n t h e l a s t decade i n the 

f i e l d o f f o o d t e c h n o l o g y . M e s c h t e r (1953) showed t h a t a s t r a w b e r r y 

a n t h o c y a n i n , p e l a r g o n i d i n - 3 - g l u c o s i d e , degrades a t a f a s t e r r a t e i n the 

p r e s e n c e o f l a b i l e s u g a r s s u c h as a r a b i n o s e , l e v u l o s e and s o r b o s e t h a n i n 

t h e p r e s e n c e of t h e s t a b l e s ugar m a l t o s e and sugar a l c o h o l s o r b i t o l . 

T i n s l e y and B o c k i a n (1960) showed t h a t the d e g r a d a t i o n i s c o n s i d e r a b l y 

i n c r e a s e d i n p r e s e n c e o f f r u c t o s e and g l u c u r o n i c a c i d as compared t o 

g l u c o n i c a c i d . The d e g r a d a t i o n p r o d u c t s of s u g a r s a r e even more i m p o r t a n t 

' c a t a l y s t s ' o f a n t h o c y a n i n d e g r a d a t i o n t h a n s u g a r s per s e . F o r i n s t a n c e , 

a n t h o c y a n i n i n s t a b i l i t y i s g r e a t l y i n c r e a s e d - i n t h e p r e s e n c e o f f u r f u r -

a l d e h y d e s and a l s o 5-hydroxymethylf u r f u r a l ( M a r k a k i s e t a l _ . , 1957; 

T i n s l e y e t al., 1960). I t i s known t h a t the r a t e of d e g r a d a t i o n of g l u c o s e 

and f r u c t o s e t o 5 - h y d r o x y m e t h y l f u r f u r a l i n c r e a s e s as the pH d e c r e a s e s 

( S i n g h , e t a l . , 1 949). The p e n t o s e s and g l u c u r o n i c a c i d , i n g e n e r a l , a r e 

more l a b i l e and b r e a k down t o more r e a d i l y c o r r e s p o n d i n g f u r f u r a l s under 

r e l a t i v e l y d i l u t e a c i d c o n d i t i o n s t h a n do h e x o s e s . 

T i n s l e y and B o c k i a n a l s o f o u n d t h a t t h e r a t e o f p e l a r g o n i d i n - 3 -

g l u c o s i d e d e g r a d a t i o n i n c r e a s e d more i n the p r e s e n c e o f oxygen t h a n I n 

n i t r o g e n . There was, however, a marked i n c r e a s e i n the r a t e of a n t h o -



334 

c y a n i n d e g r a d a t i o n i n p r e s e n c e o f s u g a r s , e t c . , . a n d oxygen. S i n c e b o t h 

f u r f u r a l and 5 - ( h y d r o x y m e t h y l ) f u r f u r a l a r e q u i t e l a b i l e i n p r e s e n c e o f 

oxygen and a c i d , p o s s i b l y some o x i d a t i v e p r o d u c t m i g h t be the r e a c t i v e 

compound i n a n t h o c y a n i n d e g r a d a t i o n ; the mechanism o f t h i s breakdown 

r e a c t i o n i n the p r e s e n c e o f s u g a r s i s n o t known. 

The a d d i t i o n o f amino a c i d s t o t h e a n t h o c y a n i n - s u g a r s o l u t i o n 

enhances t h e r a t e o f a n t h o c y a n i n breakdown - thus i n d i c a t i n g t h a t s u g a r s 

a r e a c t i v e i n t h e f o r m o f t h e i r d e g r a d a t i o n p r o d u c t s i n a f f e c t i n g t he 

r a t e o f pigment d e g r a d a t i o n , and t h a t amino a c i d s a c t by a c c e l e r a t i n g the 

p r o d u c t i o n o f t h e s e breakdown p r o d u c t s ( M a c k i n n e y , L u k t o n and C h i c h e s t e r , 

1955; T i n s l e y and B o c k i a n , 1960$. The i n v o l v e m e n t o f a s c o r b i c a c i d i n t h e 

breakdown o f a n t h o c y a n i n s under a e r o b i c and a n a e r o b i c c o n d i t i o n s i s w e l l 

known ( P r a t t e t a l . , 1954; M e s c h t e r , 1953; Sondheinter and K e r t e s z , 1953). 

I t appears t o be q u i t e p o s s i b l e t h a t t h e e f f e c t o f a s c o r b i c a c i d c o u l d 

be due i n p a r t t o i t s breakdown t o f u r f u r a l ( T i n s l e y and B o c k i a n , 1960). 

I n v i e w of the i n v o l v e m e n t o f s u g a r s and t h e i r breakdown 

p r o d u c t s w i t h the i n s t a b i l i t y o f a n t h o c y a n i n s , the i m p o r t a n c e o f s n i p p i n g 

o f f t he y e l l o w t e r m i n u s e s , w h i c h a l s o c o n t a i n s u g a r s , i n the p u r i f i c a t i o n 

and c o n c e n t r a t i o n p r o c e s s ( S e c . 16.2) i s s e l f - e v i d e n t . I t i s e n t i r e l y 

p o s s i b l e t h a t d u r i n g t h e p r o c e s s o f volume r e d u c t i o n o f a n t h o c y a n i n 

e l u a t e s on a f l a s h e v a p o r a t o r , the p a p e r - d e r i v e d s u g a r s i n p r e s e n c e o f 

c o n s t a n t b o i l i n g h y d r o c h l o r i c a c i d and c o n t i n u o u s a g i t a t i o n o f the f l a s k 

i n an atmosphere o f oxygen ( e v e n though, i t be q u i t e low) c o u l d have 

b r o k e n down t o c o r r e s p o n d i n g f u r f u r a l d e r i v a t i v e s . T h i s t h e n i s a n o t h e r 

f a c t o r t h a t c o u l d have, c o n c e i v a b l y , c a u s e d i r r e v e r s i b l e d e g r a d a t i o n o f 

a n t h o c y a n i n s t o y e l l o w compounds d u r i n g volume r e d u c t i o n . The s i t u a t i o n 

w i t h t h e c h r o m a t o g r a p h i c a l l y p u r i f i e d a n t h o c y a n i n s i s r a t h e r c o n f o u n d e d . . 
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There seem t o be a t l e a s t t h r e e c o u n t e r a c t i n g pH-dependent v a r i a b l e s 

i n v o l v e d i n the i n s t a b i l i t y o f t h e s e a n t h o c y a n i n s : low pH i s b e l i e v e d t o 

i n c r e a s e t h e i r s t a b i l i t y b u t low pRV.also promotes t h e i r h y d r o l y s i s 

( S e c . 23) and p r o d u c t i o n of sugar d e g r a d a t i o n p r o d u c t s . 

N o t h i n g can be s t a t e d a t t h i s time w i t h r e s p e c t t o t h e i n f l u e n c e 

o f t h e y e l l o w compounds d e r i v e d f r o m paper i n t h e p r o c e s s o f e l u t i o n . 

S i n c e t h e d e g r a d a t i o n was most pronounced i n c h r o m a t o g r a p h i c a l l y p u r i f i e d 

a n t h o c y a n i n s and a n t h o c y a n i d i n s , i t appears d e s i r a b l e t h a t t h e n a t u r e and 

i n f l u e n c e o f t h e y e l l o w compounds on a n t h o c y a n i n s t a b i l i t y s h o u l d be a 

s u b j e c t o f a n o t h e r i n v e s t i g a t i o n . 

A p a r t f r o m the p r o b a b l e d e g r a d a t i o n o f a n t h o c y a n i n s due t o 

p a p e r - d e r i v e d s u g a r s and t h e i r o x i d i z e d breakdown p r o d u c t s , the d e g r a d a 

t i o n c o u l d a l s o have o c c u r r e d due t o t h e p r e s e n c e o f p e r o x i d e groups i n 

c h r omatopaper. I t has been d e m o n s t r a t e d r e c e n t l y t h a t t h e p e r o x i d e 

groups p r e s e n t i n the paper cause p a r t i a l o x i d a t i o n o f x y l o s e and a r a 

b i n o s e t o c o r r e s p o n d i n g a l d o n i c a c i d s d u r i n g chromatography ( K l e i n e r t , 

K i e l m a n n , and M a r r a c c i n i , 1 9 6 1 ) . The a u t h o r s a l s o f o u n d t h a t the 

o x i d a t i v e breakdown o f s u g a r s and o t h e r e a s i l y o x i d i z a b l e s u b s t a n c e s , 

s u c h as a n t h o c y a n i n s , can be p r e v e n t e d by w a s h i n g the paper w i t h NaBH^. 

18.4 SUMMARY 

The g l y c o s i d i c a n a l y s i s o f a l a r g e number o f a n t h o c y a n i n 

i s o l a t e s r e v e a l e d t h e p r e s e n c e o f a r a b i n o s e i n a d d i t i o n t o g l u c o s e , 

g a l a c t o s e and x y l o s e ( s e e S e c , 1 9 . 3 .5). I n o r d e r t o e s t a b l i s h t h e o r i g i n 

o f a r a b i n o s e , w h i c h i s known t o a r i s e as an a r t e f a c t f r o m chromatopaper, 

the c o n d i t i o n s of a n t h o c y a n i n e l u t i o n and p r o c e s s i n g had t o be s c r u t i n i z e d 
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u s i n g b l a n k chromatopaper s t r i p s . The s c r u t i n y e s t a b l i s h e s t h a t , i n the 

c o u r s e o f e l u t i o n , g l u c o s e , g a l a c t o s e , x y l o s e and a t l e a s t t h r e e d i - or 

p o l y m e r i c s u g a r s o f p e n t o s e and hexose t y p e a r e e l u t e d f r o m t h e b l a n k 

s t r i p s , b e s i d e s a r a b i n o s e . When t h e e l u a t e s a r e h y d r o l y s e d , t h e unknown 

po l y m e r s d i s a p p e a r and o n l y t h e m o n o s a c c h a r i d e s r e m a i n on chromatograms. 

A method f o r e l i m i n a t i n g the p a p e r - d e r i v e d s u g a r s by a d s o r p t i o n o f 

a n t h o c y a n i n e l u a t e s on n y l o n powder i s p r e s e n t e d . The p r o b a b l e i n f l u e n c e 

o f the p a p e r - d e r i v e d sugar a r t e f a c t s and the p e r o x i d e groups p r e s e n t i n 

chromatopaper on a n t h o c y a n i n s t a b i l i t y i s d i s c u s s e d . 

A l o n g w i t h the sugar a r t e f a c t s a r e a l s o e l u t e d l a r g e amounts 

o f y e l l o w compound(s) f r o m t h e b l a n k s t r i p s . The s p e c t r a o f the y e l l o w 

compounds, b e f o r e and a f t e r h y d r o l y s i s , a r e p r e s e n t e d , and i t i s shown 

t h a t t h e y i n t e r f e r e w i t h ( a ) t h e d e t e c t i o n o f t h e d e g r a d a t i v e peaks ( o f 

a n t h o c y a n i n s ) around 360 mu ( s e e Sec. 1 2 ) , and ( b ) the d e p e n d a b i l i t y o f 

the r a t i o ^^o/^maK f°r d i f f e r e n t i a t i n g 3 - m o n o g l y c o s i d e s f r o m 3, 5 - d i g l y -

c o s i d e s . 
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CHARACTERIZATION OF ANTHOCYANINS 

19. CHARACTERIZATION OF BASAL LEAF 
SHEATH AND CARYOPSIS ANTHOCYANINS 

The d i s t r i b u t i o n o f a n t h o c y a n i c and m e l a n i c c o l o r s i n many p a r t s 

o f the b a r l e y p l a n t and i n many b a r l e y v a r i e t i e s has been r e p o r t e d i n 

e a r l i e r pages. H i s t o l o g i c a l e x a m i n a t i o n o f c o l o r was u n d e r t a k e n i n b a r l e y 

c a r y o p s e s . S t a n d a r d methods f o r the e x t r a c t i o n and p u r i f i c a t i o n o f a n t h o 

c y a n i n s p r o v e d t o be i n a d e q u a t e f o r b a r l e y pigments and new o r m o d i f i e d 

methods were d e v e l o p e d . A l t h o u g h some i n a d e q u a c i e s i n methods r e m a i n e d , i t 

was d e c i d e d t o p r o c e e d towards the r e a l i z a t i o n o f the o b j e c t i v e s o f the 

s t u d y v i z . , t o r e l a t e and c o l l a t e the g e n e t i c s and b i o c h e m i s t r y o f t h e 

b a r l e y a n t h o c y a n i c p i g m e n t s . C h a r a c t e r i z a t i o n o f the a n t h o c y a n i n s t h e r e f o r e 

was nex t approached. The u n d e r t a k i n g p r o v e d t o be f o r m i d a b l e and o f 

n e c e s s i t y has been r e s t r i c t e d t o a few t i s s u e s and v a r i e t i e s . 
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19.1. MATERIALS 

19.1.1. B a s a l L e a f Sheaths 

The b a s a l l e a f s h e a t h s e x t r a c t s o f the p u r p l e v a r i e t i e s o b t a i n e d 

i n 1960 (Se c . 10) were e x h a u s t e d i n the c o u r s e o f i n v e s t i g a t i o n s d e s c r i b e d 

i n S e c t i o n s 10 t o 17. A c c o r d i n g l y the p u r p l e v a r i e t y , G o p a l , and B l a c k 

H u l l e s s a l o n g w i t h s e v e r a l o t h e r v a r i e t i e s , i s o l i n e s and t h e i r h y b r i d s were 

p l a n t e d on A u g u s t 24, 1961 i n the U n i v e r s i t y Greenhouses. The b a s a l l e a f 

s h e a t h s o f the v a r i e t i e s , G o p a l , and B l a c k H u l l e s s were h a r v e s t e d on the 

d a t e s i n d i c a t e d below:: ; 

C o l l e c t i o n No. V a r i e t y D a t e o f T i s s u e C o l l e c t i o n 

400 G o p a l November 7, 1961 
404 G o p a l November 16, 1961 
405 G o p a l November 27, 1961 
402 B l a c k H u l l e s s November 7, 1961 
407 B l a c k H u l l e s s December 10, 1961 
408 B l a c k H u l l e s s December 10, 1961 

The Greenhouse c o l l e c t i o n 400 showed a good development o f a n t h o 

c y a n i n s and was a p p r o x i m a t e l y e q u i v a l e n t t o the F i e l d C o l l e c t i o n 130. The 

c o l l e c t i o n s 404 and 405 a l s o showed good development o f a n t h o c y a n i n s . The 

B l a c k H u l l e s s C o l l e c t i o n s 402 and 407 were made from t i s s u e s showing good 

development o f a n t h o c y a n i n s . However, C o l l e c t i o n 408 was made from the 

sh e a t h s showing l e s s c o l o r development. 

19.1.2. Caryopses M n a c t G r a i n s w i t h o u t H u l l s ) 

The c h a r a c t e r i z a t i o n o f a n t h o c y a n i n s o f the c a r y o p s e s w i l l be 

d e s c r i b e d o n l y f o r the p u r p l e v a r i e t y , B l a c k H u l l e s s . The m a t e r i a l s came 

from the s t o c k s p l a n t e d on May 13, 1960 as d e s c r i b e d i n S e c t i o n 10. 

A l t h o u g h the c a r y o p s e s t i s s u e s were c o l l e c t e d , a t n i n e s t a g e s o f development, 

the r e s u l t s o f o n l y those c o l l e c t i o n s w h i c h were made around the s t a g e o f 
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maximum pigment development w i l l be d e s c r i b e d . The c o l l e c t i o n 217 was made 

on A ugust 15, 1960, c l o s e t o the p e r i o d o f normal c r o p h a r v e s t i n g * on the 

b a s i s o f c o l o r development i n h u l l s . The h u l l s o f C o l l e c t i o n 270 were deep 

d a r k p u r p l e , t h o s e o f C o l l e c t i o n 272 were p u r p l e w i t h y e l l o w i s h p a t c h e s , 

t h o s e o f C o l l e c t i o n 274 were deep p u r p l e i n lemma v e i n s but weak y e l l o w i s h 

p u r p l e i n i n t e r v e i n s , and t h o s e o f C o l l e c t i o n 278 were a l m o s t e n t i r e l y 

y e l l o w . The k e r n e l s o f C o l l e c t i o n 270 were c l o s e t o h a r d dough s t a g e , t h o s e 

o f C o l l e c t i o n 278 c l o s e t o e a r l y f l i n t y s t a g e , and tho s e o f the o t h e r c o l 

l e c t i o n s a t an 'inbetween' s t a g e near m a t u r a t i o n . The c a r y o p s e s o f the 

C o l l e c t i o n 270 showed maximum c o l o r , t h o s e o f the C o l l e c t i o n 278 r e l a t i v e l y 

l e s s c o l o r and the c a r y o p s e s o f the o t h e r c o l l e c t i o n s showed c o l o r between 

270 and 278. 

19.2. METHODS 

19.2.1. E x t r a c t i o n and P r o c e s s i n g 

R o b i n s o n and R o b i n s o n (1933) b e l i e v e d t h a t 1% H C l e x t r a c t s and 

p r e s e r v e s a n t h o c y a n i n s . H arborne (1958, 1959a, 1960) recommended and used 

about the same a c i d c o n c e n t r a t i o n ( m e t h a n o l - H C l , 97:3, v/v) f o r e x t r a c t i o n 

and p r o c e s s i n g o f a n t h o c y a n i n e x t r a c t s f o r chromatography. A p o s s i b i l i t y 

e x i s t e d t h a t the i n s t a b i l i t y o f a n t h o c y a n i n s e n c o u n t e r e d thus f a r c o u l d 

have been due t o the use o f low a c i d c o n c e n t r a t i o n i n o u r e x t r a c t i o n s o l 

v e n t , namely VL cone. H C l . A c c o r d i n g l y , the b a s a l l e a f s h e a t h ( i n c l u d e d 

i n Sec. 19.1.1) were e x t r a c t e d w i t h 1% m e t h a n o l i c H C l t o b r i n g the e x t r a c 

t i o n p r o c e d u r e i n l i n e w i t h t h o s e o f Harborne ( i b i d . ) . The e x t r a c t s were 

c o n c e n t r a t e d i n va c u o , however, a t 30°C r a t h e r t h a n 50°C as used by 

Harborne ( i b i d . ) . The volume o f the e x t r a c t s was re d u c e d t o c a . 15 ml p e r 
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gram d r y w e i g h t o f the t i s s u e s f o l l o w i n g the p r e l i m i n a r y e x t r a c t i o n ( Sec. 

10.2.1). 

The i n t a c t c a r y o p s i s (seeds w i t h o u t h u l l s ) were e x t r a c t e d w i t h 

m e t h anol c o n t a i n i n g 17« cone. H C l as d e s c r i b e d i n S e c t i o n 6.3.5.C. The 

e x t r a c t i o n and p r o c e s s i n g was c a r r i e d o ut a l o n g w i t h the o t h e r 300 ex

t r a c t s as d e s c r i b e d i n S e c t i o n s 10.1 and 10.2.1. 

19.2.2. P u r i f i c a t i o n o f A n t h o c y a n i n s 

The p r e p a r a t i v e chromatography o f the a n t h o c y a n i n e x t r a c t s o f b o t h 

the b a s a l l e a f s h e a t h s and the c a r y o p s e s was c a r r i e d o ut i n the BAW s o l v e n t 

as d e s c r i b e d i n S e c t i o n 10.2.2. The e l u a t e s o f the BAW a n t h o c y a n i n bands 

o b t a i n e d v i a t h e c o n c e n t r a t i o n and e l u t i o n t e c h n i q u e s (Sec. 16) were 

t r a n s f e r r e d t o s m a l l e r b e a k e r s (10 ml t o 50 ml s i z e ) from t h e l a r g e r 

b e a k e r s i n w h i c h t h e y were e l u t e d o r i g i n a l l y . The l a r g e r beakers were 

washed w i t h a few s q u i r t s o f u n a c i d i f i e d methanol^ and the wash i n g s were 

poured i n t o s m a l l b e a k e r s . The b e a k e r s were p l a c e d i m m e d i a t e l y i n a 

vacuum oven f o r d r y i n g the e l u a t e s a t room t e m p e r a t u r e i n the da r k . I f 

the e l u a t e s were o b t a i n e d from a l a r g e number o f paper bands, t h e y were 

d i v i d e d and p l a c e d i n t o two t o t h r e e b e a k e r s p r i m a r i l y t o a v o i d p r o b a b l e 

' p o l y m e r i z a t i o n ' (see l a t e r ) , and a l s o t o a c h i e v e r a p i d d r y i n g i n the 

oven. When the volume o f the e l u a t e s was l a r g e , i t was f i r s t r e d u c e d 

s u b s t a n t i a l l y i n a f l a s h e v a p o r a t o r * b e f o r e d r y i n g i n the oven. The 

i s o l a t i o n o f the many BAW a n t h o c y a n i n bands from the many t i s s u e c o l l e c t i o n s 

* 
I n a few c a s e s the e l u a t e s d r i e d i n a d v e r t e n t l y d u r i n g f l a s h 

e v a p o r a t i o n and y e t t h e r e was no d e t e c t a b l e v i s u a l d e g r a d a t i o n t o y e l l o w 
p r o d u c t s . 
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a t d i f f e r e n t s t a g e s o f development o f the b a s a l l e a f s h e a t h and the 

c a r y o p s i s t i s s u e s t o o k o v e r two months. A l l i s o l a t e s i m m e d i a t e l y a f t e r 

oven d r y i n g were k e p t i n vacuum d e s i c c a t o r s c o n t a i n i n g phosphorus p e n t -

o x i d e a t room t e m p e r a t u r e i n the d a r k . A l t h o u g h the l e n g t h o f time the 

b e a k e r s remained o v e r phosphorus p e n t o x i d e was not r e c o r d e d , a m a t t e r 

w h i c h l a t e r assumed i m p o r t a n c e , the b e a k e r s , i n g e n e r a l remained i n the 

d e s i c c a t o r f o r s e v e r a l weeks; i n some c a s e s , however, t h e y remained f o r 

a few d a y s , w h i l e i n o t h e r s t h e y remained f o r a few months. A f t e r removal 

from the d e s i c c a t o r s , the b e a k e r s were c o v e r e d w i t h p o l y e t h y l e n e s h e e t s . 

A few o f the c a r y o p s i s i s o l a t e s , w h i c h were o b t a i n e d from the l o w e r Rf 

v a l u e r e g i o n s i n the BAW s o l v e n t , showed the p r e s e n c e o f gummy h y g r o s c o p i c 

s u b s t a n c e s . Such i s o l a t e s a f t e r d r y i n g o v e r phosphorus p e n t o x i d e were 

k e p t i n a f r e e z e r away from l i g h t . 

The d r i e d BAW e l u a t e s , w h i c h had b e e n . p u r i f i e d once v i a . t h e 

c o n c e n t r a t i o n chamber (S e c . 1 6 ) , were chromatographed i n the HAc-HCl 

s o l v e n t f o r a second p u r i f i c a t i o n . The HAc-HCl e l u a t e s were p r o c e s s e d 

a g a i n v i a , t h e p u r i f i c a t i o n and e l u t i o n t e c h n i q u e s (Sec. 1 6 ) . D r y i n g o f 

the e l u a t e s o v e r phosphorus p e n t o x i d e was d i s c o n t i n u e d (see l a t e r ) . 

D r y i n g i n a vacuum, oven was u n d e r t a k e n o n l y a f t e r the s p o t t i n g was com

p l e t e d . The e l u a t e s , i m m e d i a t e l y a f t e r e l u t i o n , were e i t h e r p l a c e d i n a 

f r e e z e r (r-15°C), o r chromatographed d i r e c t l y f o r c h a r a c t e r i z a t i o n . The 

c h r o m a t o g r a p h i c c h a r a c t e r i z a t i o n was c a r r i e d out on Whatman p a p e r No. 1 

i n a t l e a s t f i v e s o l v e n t s , namely, BAW, B u - H C l , A q - H C l , HAc-HCl and 

3:1:8 (see T a b l e 10.11). S y n t h e t i c c y a n i d i n - 3 - g l u c o s i d e , and p e l a r g o n i d i n -

3 - g l u c o s i d e were r u n as c o n t r o l s on each s h e e t . 
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19.2.3. P r e p a r a t i o n o f Pu r e A n t h o c y a n i d i n s 

S i n c e a n t h o c y a n i d i n s a r e u s u a l l y l e s s s t a b l e t h a n a n t h o c y a n i n s , 

the p u r i f i c a t i o n o f a n t h o c y a n i d i n s by chromatography, e l u t i o n and f l a s h 

e v a p o r a t i o n ( s e e H a r b o r n e , 1958) was g i v e n up. I n s t e a d , a n t h o c y a n i n s 

a f t e r p u r i f i c a t i o n i n a t l e a s t t h r e e s o l v e n t s , as d e s c r i b e d i n S e c t i o n s 

16 and 19.2.2, were h y d r o l y s e d t o the c o r r e s p o n d i n g a n t h o c y a n i d i n s l a r g e l y 

by the method o f Harborne (1960) w i t h s l i g h t m o d i f i c a t i o n s . D r y anth o 

c y a n i n s were d i s s o l v e d i n 8-10 ml o f N H C l and h y d r o l y s e d f o r 1-4/2 

h o u r s ( i n s t e a d o f 1 hour recommended by H a r b o r n e , I960) i n an atmosphere 

o f n i t r o g e n under h a l f l i g h t c o n d i t i o n s . D u r i n g t h i s p e r i o d , a n t h o c y a n i n s 

were c o m p l e t e l y h y d r o l y s e d . 

I n some ca s e s where the q u a n t i t y o f a n t h o c y a n i n s f o r h y d r o l y s i s 

was v e r y s m a l l , t h e h y d r o l y s i s was con d u c t e d on a b o i l i n g w a t e r b a t h f o r 

a l i t t l e o v e r 2 hours (Abe and H a y a s h i , 1956). T h i s was done because a 

s m a l l q u a n t i t y o f a n t h o c y a n i n s ' c h a r s ' owing t o su p e r h e a t i n g i n the 

r e g i o n above the l i q u i d l e v e l i n t h e pea r - s h a p e d t h r e e - n e c k f l a s k when a 

bunsen! b u r n e r i s used. 

The p a r t i a l h y d r o l y s i s was co n d u c t e d under the same c o n d i t i o n s 

u s i n g an i n t e r v a l o f 5', 20',,and 40 m i n u t e s . The h y d r o l y s a t e s a r e 

s p o t t e d w i t h o u t e x t r a c t i o n w i t h i s o a m y l a l c o h o l . 

An a n t h o c y a n i d i n , a f t e r e x t r a c t i o n i n i s o a m y l a l c o h o l ( i n s t e a d o f 

h e x a n o l used by Harborne ( i b i d ) ) , was d r i e d i n a s m a l l b e a k e r i n a 

vacuum oven. A few f l a k e s o f the d r i e d a n t h o c y a n i d i n were d i s s o l v e d i n 

hot 1% aqueous H C l ( n o t i n a c i d i f i e d m ethanol) and the s o l u t i o n s p o t t e d 

on s e v e r a l s h e e t s o f Whatman P a p e r No. 1 t o o b t a i n R f v a l u e s i n s e v e r a l 

s o l v e n t s ( T a b l e 17.1). I t i s n o t e w o r t h y t h a t the s o l u t i o n o f d r i e d 
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a n t h o c y a n i d i n s i n hot aqueous H C l l e a v e s b e h i n d p o s s i b l y p a p e r - d e r i v e d 

m e t h a n o l - s o l u b l e , w a t e r - i n s o l u b l e c o n t a m i n a n t s . F u r t h e r , the r e l a t i v e 

i n s o l u b i l i t y o f a n t h o c y a n i d i n s i n w a t e r and the g r e a t e r a f f i n i t y o f 

c e l l u l o s e f o r w a t e r makes p o s s i b l e a s p o t o f r e s t r i c t e d a r e a on chromo-

t o g r a p h y paper a t the time o f a p p l i c a t i o n . The ease o f o b t a i n i n g a 

c o n c e n t r a t e d s p o t i n a r e s t r i c t e d a r e a and r e l a t i v e freedom from c o n t a m i 

n a n t s make f o r b e t t e r c h r o m a t o g r a p h i c r e s o l u t i o n , economy o f time and 

p r e c i s e Rf v a l u e s . 

The a n t h o c y a n i d i n s were i d e n t i f i e d by cochromatography w i t h 

a u t h e n t i c compounds i n seven s o l v e n t s , . namely, F o r e s t a l , FA H a r b o r n e , 

FA-4NHC1, HAc-HCl, 3:18, P r o p i o n i c , and Iso-PrOH s o l v e n t s d e s c r i b e d i n 

S e c t i o n 17, T a b l e s 17.1 and 17.11. Whenever p r a c t i c a b l e , the chromato

g r a p h i c i d e n t i f i c a t i o n s were supplemented w i t h s p e c t r a l measurements w i t h 

and w i t h o u t the a d d i t i o n o f aluminum c h l o r i d e ( H a r b o r n e , 1958). S p e c t r a 

were drawn on Beckman Dk2 R a t i o R e c o r d i n g S p e c t r o p h o t o m e t e r . 

19.2.4. Sugar A n a l y s i s 

A f t e r e x t r a c t i o n o f the a g l y c o n e w i t h i s o - a m y l a l c o h o l ( S e c . 

1 9 . 2 . 3 ) , the r e m a i n i n g aqueous h y d r o l y s a t e i s p r o c e s s e d f o r s u g a r a n a l y s i s 

l a r g e l y by the method d e s c r i b e d by Harborne ( 1 9 6 0 ) . The h y d r o l y s a t e s a r e 

n e u t r a l i z e d e i t h e r w i t h a t e r t i a r y amine o r i o n exchange r e s i n s . The 

h y d r o l y s a t e , w h i c h may be s l i g h t l y r e d , owing t o the p r e s e n c e o f 

u n h y d r o l y z e d a n t h o c y a n i n s , i s washed w i t h a 10% s o l u t i o n o f d i - n -

o c t y l m e t h y l a m i n e i n c h l o r o f o r m . U s u a l l y , two such w a s h i n g s w i t h 5 ml 

p o r t i o n s a t a time a r e s u f f i c i e n t t o ' n e u t r a l i z e ' the a c i d i t y . The 

' n e u t r a l ' p o i n t i s i n d i c a t e d by the d i s a p p e a r a n c e o f r e d a n t h o c y a n i n 

c o l o r a t i o n . The d e a c i d i f i e d h y d r o l y s a t e s a r e washed f u r t h e r w i t h 10 ml 
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p o r t i o n s o f c h l o r o f o r m t w i c e . 

The d e a c i d i f i c a t i o n and p u r i f i c a t i o n o f h y d r o l y s a t e s i s b e t t e r 

a c h i e v e d by t r e a t m e n t w i t h a mixed bed i o n exchange r e s i n , A m b e r l i t e 

MB-1 ( P r a t t and Wender, 1961). I t was l a t e r found t h a t A m b e r l i t e MB-3 was 

more e c o n o m i c a l and e f f i c i e n t . An a p p r o p r i a t e q u a n t i t y o f the r e s i n i s 

added t o a b e a k e r c o n t a i n i n g the h y d r o l y s a t e . A f t e r a t l e a s t 15 m i n u t e s , 

the c o n t e n t s o f the b e a k e r are poured i n t o a column and the e l u a t e t e s t e d 

f o r a c i d i t y . When d e a c i d i f i c a t i o n i s c o m p l e t e , the column i s washed w i t h 

a t l e a s t 50 ml d i s t i l l e d w a t e r and the t o t a l e l u a t e i s r e d u c e d i n volume 

i n vacuo a t 30°C, and f i n a l l y d r i e d i n a s m a l l v i a l i n a vacuum oven a t 

room t e m p e r a t u r e . 

The d r i e d s ugar i n the v i a l i s d i s s o l v e d i n one drop o f w a t e r 

and s p o t t e d r e p e a t e d l y w i t h a f i n e c a p i l l a r y (ca.. 0.8 mm O.D.) on chroma

t o g r a p h y paper. I n g e n e r a l , f i v e such a p p l i c a t i o n s a r e s u f f i c i e n t t o 

r e s o l v e the s u g a r s p r e s e n t i n . t h e Unknown m i x t u r e . Of s e v e r a l s o l v e n t s 

t r i e d f o r sugar chromatography, the top l a y e r o f p y r i d i n e * * e t h y l a c e t a t e -

w a t e r (2:8:2) and the BAW s o l v e n t s were found s a t i s f a c t o r y . Of t h e s e two, 

the p y r i d i n e s o l v e n t was the b e t t e r f o r r e s o l v i n g h a r d - t o - s e p a r a t e m i x t u r e s 

o f s u g a r s such as g l u c o s e and g a l a c t o s e . The chromatograms were d e v e l o p e d 

f o r 24 hours a t 20°C £ I°C i n t h i s s o l v e n t . I n g e n e r a l , g l u c o s e and 

g a l a c t o s e d i d s e p a r a t e from one a n o t h e r i n a p e r i o d o f 24 h o u r s . B e t t e r 

s e p a r a t i o n s were o b t a i n e d by e x t e n d i n g the p e r i o d o f development t o 30 

h o u r s . 

The s u g a r s were d e v e l o p e d w i t h a n i l i n e phosphate s p r a y r e a g e n t 

( F r a h n and M i l l s , 1959). T h i s r e a g e n t i s e c o n o m i c a l and was found s u p e r i o r 

t o p - a n i s i d i n e h y d r o c h l o r i d e and a n i l i n e hydrogen p h t h a l a t e . The a n i l i n e 

phosphate r e a g e n t was p r e p a r e d by m i x i n g 11.5 ml f r e s h l y d i s t i l l e d a n i l i n e 
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and 20.2 ml o r t h o p h o s p h o r i c a c i d (H3PO4) i n 1968.3 ml n - b u t a n o l c o n t a i n i n g 

12% w a t e r . T h i s r e a g e n t can be s t o r e d i n d e f i n i t e l y i n a r e f r i g e r a t o r . 

However, i t must be warmed t o ca.. 40°C t o r e d i s s o l v e the c r y s t a l l i z e d a n i l i n e 

phosphate p r i o r t o s p r a y i n g . The chromatograms are l i b e r a l l y s p r a y e d w i t h 

the r e a g e n t and d e v e l o p e d i n an oven, p r o v i d e d w i t h a g l a s s window, a t 

around 110°C f o r a few m i n u t e s u n t i l c h a r a c t e r i s t i c c o l o r s o f the s u g a r s 

appear. 

I t i s u s e f u l t o s t a t e t h a t o u r e a r l y a t t e m p t s t o r e s o l v e g l u c o s e 

and g a l a c t o s e were not s u c c e s s f u l . T r i a l s were t h e r e f o r e made t o s t u d y the 

s p e c t r a l c h a r a c t e r i s t i c s o f the c o l o r e d p r o d u c t s o f glucosfe and g a l a c t o s e 

o b t a i n e d from t h e ^ ' u n s u l f o n a t e d r e s o r c i n o i r e a c t i o n ' (Devor e t a l . . 1958). 

T h i s r e a c t i o n has been used by Harborne (1960) i n c h a r a c t e r i z i n g s u g a r 

e l u a t e s . T h i s method worked v e r y s a t i s f a c t o r i l y w i t h a known specimen 

o f g l u c o s e and g a l a c t o s e but i t would not be r e a d i l y used i f s u g a r s a r e 

e l u t e d from the paper. E l u t i o n may o n l y be u n d e r t a k e n s u c c e s s f u l l y i f a 

r e l a t i v e l y l a r g e q u a n t i t y o f a n t h o c y a n i n pigments are a v a i l a b l e f o r i n i t i a l 

h y d r o l y s i s . S i n c e g l u c o s e and g a l a c t o s e can be e f f e c t i v e l y r e s o l v e d by the 

p y r i d i n e s o l v e n t , no f u r t h e r a t t e m p t s were made t o s t u d y t h i s method i n 

d e t a i l . 

Whenever p o s s i b l e , the a n t h o c y a n i n , e l u a f i e s - j r y n f a .'veryeiew c a s e s , 

were p u r i f i e d f i r s t by a n y l o n t r e a t m e n t ^ S e c t i o n 18.1.3) b e f o r e under

t a k i n g h y d r o l y s i s f o r s u g a r a n a l y s i s . 

19.3. RESULTS 

19.3.1. P r e p a r a t o r y Chromatography. P u r i f i c a t i o n and I s o l a t i o n : B a s a l  
L e a f Sheath A n t h o c y a n i n s 

The r e s u l t s o f the p r e p a r a t o r y chromatography o f the b a s a l l e a f 

s h e a t h e x t r a c t s o f G o p a l (Greenhouse C o l l e c t i o n s 400, 404, and 4 0 5 ) , and 
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F i g . 19.1 
P r e p a r a t o r y chromatography o f 
e x t r a c t s from greenhouse grown 
G o p a l ( C o l l e c t i o n s 400, 404, 
405) and B l a c k H u l l e s s 
( C o l l e c t i o n s 402, 407, 408) 
b a s a l l e a f s h e a t h s . S o l v e n t 
BAW; by a s c e n t . Note the 
o c c u r r e n c e o f weak orange p e l a r 
g o n i d i n d e r i v a t i v e s (band C) i n 
c o l l e c t i o n 402 and the absence 
i n a l l o t h e r s . C h r o m a t o s t r i p s 
400a and 408a are a t t e m p t s t o 
o b t a i n maximum band r e s o l u t i o n 
and t o show, i f p r e s e n t , 
masked p e l a r g o n i d i n d e r i v a t i v e s . 

B l a c k H u l l e s s (Greenhouse C o l l e c t i o n s 402, 407, and 4 0 8 ) , i n the BAW 

s o l v e n t by a s c e n t , are shown i n F i g . 19.1, chromatograms 400a, 400, 404, 

405, 402, 407, 408 and 408a. 

The r e s u l t s o f the G o p a l b a s a l l e a f s h e a t h e x t r a c t s o b t a i n e d 

from the 1961-62 ( W i n t e r ) Greenhouse C o l l e c t i o n s ( F i g . 19.1) and the 1960 

(Summer) F i e l d C o l l e c t i o n s ( F i g . 1 0 . 3 ) , i n the BAW r u n , were l a r g e l y 

i d e n t i c a l e x c e p t f o r a t l e a s t one major d i f f e r e n c e . I t was shown i n 

S e c t i o n 13, t h a t the orange r e d band G-130 o r G-138 was a m i x t u r e o f c y a n i ' d i n 

(see T a b l e 13.11). A l t h o u g h the p e l a r g o n i d i n band d i d s e p a r a t e from the 

c y a n i d i n band i n the BAW s o l v e n t , the s e p a r a t i o n was g e n e r a l l y not c l e a r -

c u t and t h e r e f o r e the band was e l u t e d as a m i x t u r e . I n c o n t r a s t , the 

orange r e d p e l a r g o n i d i n band was not d e t e c t e d i n the G o p a l l e a f s h e a t h s 

o b t a i n e d from the Greenhouse C o l l e c t i o n s ( F i g . 19.1). S e v e r a l G o p a l l e a f 

s h e a t h chromatograms were d e v e l o p e d u s i n g d i f f e r e n t q u a n t i t i e s o f the 

e x t r a c t s , and u s i n g l o n g e r p e r i o d s o f c h r o m a t o g r a p h i c development i n the 

BAW s o l v e n t t o o b t a i n b e t t e r r e s o l u t i o n ( f o r i n s t a n c e , see Chromatogram 

400a ) . The orange r e d p e l a r g o n i d i n band d i d not s e p a r a t e i n the 'greenhouse' 
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chromatograms. The orange r e d band G-402, a l t h o u g h weak, was p r e s e n t i n the 

b a s a l l e a f s h e a t h C o l l e c t i o n 402 ( B l a c k H u l l e s s ) , but absent from the same 

greenhouse p l a n t s , the b a s a l l e a f s h e a t h s o f w h i c h were c o l l e c t e d about a 

month l a t e r (c|_. , Sec. 19.1.1) e.g., C o l l e c t i o n s 407 and 408. I n o r d e r t o 

be s u r e , s p e c i a l s t r i p chromatography ( F i g . 19.1, Chromatogram 408a) t o 

o b t a i n b e t t e r r e s o l u t i o n was u n d e r t a k e n , but i n no case d i d the orange r e d 

p e l a r g o n i d i n band o c c u r . 

I n a d d i t i o n t o the d i f f e r e n c e s i n the band G, the BAW bands F 

and H ( F i g . 19.1) showed q u a n t i t a t i v e v a r i a t i o n s w i t h i n d i f f e r e n t c o l l e c 

t i o n s o f the same v a r i e t y . Whereas the band F i s b a r e l y v i s i b l e i n the 

Greenhouse C o l l e c t i o n s 404, 405, 407, and 408 ( F i g . 1 9 . 1 ) , i t was one o f 

t h e major bands i n the F i e l d C o l l e c t i o n s 130, and 138 ( F i g . 10.3). The 

B l a c k H u l l e s s e x t r a c t s 407 and 408 showed the p r e s e n c e o f a d d i t i o n a l 

a n t h o c y a n i n bands K and L. 

S e v e r a l bands o f each c o l l e c t i o n were e l u t e d s e p a r a t e l y a f t e r 

the u s u a l p u r i f i c a t i o n i n the a n t h o c y a n i n c o n c e n t r a n t as d e s c r i b e d i n Sec. 

19.2.2. An a l i q u o t o f each e l u a t e , i m m e d i a t e l y a f t e r e l u t i o n ( w i t h o u t 

d r y i n g ) was chromatographed, by b a n d i n g , on Whatman paper No. 1, by d e s c e n t , 

i n f o u r a n t h o c y a n i n s o l v e n t s l i s t e d i n T a b l e 10.11. The b a n d i n g i n the 

f o u r s o l v e n t s , namely BAW, Bu-HCl, Aq-HCl and HAc-HCl was u n d e r t a k e n t o 

e s t a b l i s h the c o r r e s p o n d e n c e o f the a n t h o c y a n i n s of G o p a l and B l a c k 

H u l l e s s b a s a l l e a f s h e a t h s , and a l s o t o d e t e r m i n e the c o r r e s p o n d e n c e o f 

the G o p a l l e a f s h e a t h a n t h o c y a n i n s o b t a i n e d under f i e l d c o n d i t i o n s (Sees. 

10 and 13) and under greenhouse c o n d i t i o n s ( F i g . 19.1). 

The s p e c i a l s t r i p chromatography i n p r i n c i p l e i s s i m i l a r t o 
t h a t d e v e l o p e d f o r amino a c i d s by M a t t h i a s ( 1 9 5 4 ) . 
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A s k e l e t o n o f the c h r o m a t o g r a p h i c r e s u l t s o b t a i n e d i n o n l y two 

o f the f o u r s o l v e n t s , namely, BAW and HAc-HCl i s i n c l u d e d i n T a b l e 19.1. 

D e s p i t e the m i l d c o n d i t i o n s o f e l u t i o n and p r o c e s s i n g , the s p l i t t i n g o f 

a n t h o c y a n i n s i n t o s e v e r a l components o c c u r r e d as u s u a l ( c f . , Sees. 11 and 

1 3 ) . The c o r r e s p o n d i n g R f v a l u e s o f the s p l i t a n t h o c y a n i n components i n 

the two s o l v e n t s a re a r r a n g e d on the b a s i s o f r e l a t i v e c o n c e n t r a t i o n r a t i o s 

( e s t i m a t e d v a l u e s o n l y ) and on the b a s i s o f t h e i r v i s i b l e and u l t r a v i o l e t 

c o l o r c h a r a c t e r i s t i c s . A l t h o u g h the a n t h o c y a n i n s s p l i t i n t o s e v e r a l com

p o n e n t s , the p r o d u c t i o n o f the c o r r e s p o n d i n g a g l y c o n e s o c c u r r e d i n o n l y 

t r a c e amounts i n some e l u a t e s . The a g l y c o n e s , whenever t h e y o c c u r r e d , 

were not d e t e c t a b l e i n the BAW and Bu-HCl s o l v e n t s because t h e y f a d e , as 

i s w e l l known, i n the b u t a n o l i c s o l v e n t s (cf.. , H a r b o r n e , 1959a^ ; t h e y 

were d e t e c t e d o n l y i n the Aq-HCl and the HAc-HCl s o l v e n t s (see: Sec. 1 7 ) . 

The components around R f 0.10 i n the HAc-HCl s o l v e n t ( T a b l e l9-*-l) are 

due t o the c o r r e s p o n d i n g a g l y c o n e s . 

The a n t h o c y a n i n band A i n . a l l c a s e s s p l i t s i n t o tw® components 

and y i e l d s no a g l y c o n e . The a n t h o c y a n i n band B s p l i t s i n t o t h r e e major 

a n t h o c y a n i n s i n a l l c a s e s . However, i n a few c a s e s , some a d d i t i o n a l 

m inor s p o t s and a l s o t r a c e s o f the a g l y c o n e were d e t e c t e d ( T a b l e 19.1). 

The p r e s e n c e o f a d d i t i o n a l s p o t s i s most l i k e l y due t o v a r i a b l e h y d r o l y s i s 

d u r i n g h a n d l i n g . The band C s e p a r a t e d o n l y i n the case o f B l a c k H u l l e s s 

C o l l e c t i o n 402. The pigment was o b t a i n e d i n s m a l l amounts and c o u l d not 

be a n a l y s e d f u r t h e r . However, i t s Rf v a l u e s i n the BAW s o l v e n t s u g g e s t 

t h a t i t may be a component o f band B. The band B i t w i l l be shown l a t e r 

i s a m i x t u r e o f two a n t h o c y a n i n s d e r i v e d from c y a n i d i n and p e o n i d i n . As 

no t e d e l s e w h e r e ( S e c . 13.2.3),and i t w i l l a l s o be g a t h e r e d from F i g . 19.1 

t h a t the bands D and E, g e n e r a l l y r e s o l v e as a s i n g l e band. However, i n 

Chromatograms 405, and 408, t h e y s p l i t i n t o t h e i r component p a r t s . Upon 
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TABLE 19.1. 
CHROMATOGRAPHIC DATA* OF THE BAW BANDS FROM GOPAL AND B L A C K HULLESS B A S A L 

LEAF SHEATHS (COLLECTIONS 400, 404, 405, & 4 0 7 ) , IMMEDIATELY AFTER ELUTION 
(WITHOUT DRYING), IN BAW AND HAc-HCl SOLVENTS 

Rf x 100 

o BAW HAc-HCl * 
«3 

BA
W 

Ba
nd
 

GC
 
40
0 <r o <r 

u o 

O <• 
o 

CN O 
<r 
u e> GC

 
40
0 

GC
 
40
4 CM 

o <r 
o o Av

er
ag

e 
Re
l.
 C
or
 

A 11 17 15 14 58 60 60 59 (5) 
22 26 25 24 26 29 29 28 CD 

B 6 77 ( t ) 
9 10 10 

12 
10 56 59 56 57 (10) 

(£) 
14 15 16 15 65 66 63 64? (2) 
21 22 21 21 29 29 29 29 (8) 
25? 30 ? 35 

9 
36 
9 

(1) 
(t) 

C 21 
25 
14 

(1) 
10 

(1) 

D 14 
24 

60 
32 
21 
11 

(1) 
(1) 

( t ) 

E 26 
? 

34 
21 
11 

(15) 
• i 

(1) 

DE. 12 14 14 ? 58 60 60 ? (1) 
24 26 26 24 34 

.? 
10 

34 34 
22 ? 
11 11 

34 
1 
? 

(10) 
(2)? 
( t ) 

F ( 4 ) 27 30 29 30 38 38 38 39 *** 
. (3) 23 25 25 25 29 31 31 31. 

18 21 ( t ) 
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TABLE 9.1 c o n t i n u e d 

R f x 100 

o 
SS 
13 
C 
CO 

PQ 

3 

BAW 

o -a- o 
o o O o o 
-3- -a- <r <r <r 
C J a o C J C J 

c j C J C J C J 

HAc-HCl 

-3-
o 
-3-
C J 
C J 

u-i 
o 
C J 
C J 

CM 

o 

C J 
C J 

a> 
00 
CO 
u. 
OJ > 

o c o 
C J 

CD 
Pi 

32 38 (1) 
30 30? 40 40 ( I ) 
26 26 26 26 30 30 30 29 (10) 

21 ? (1) 
15 60 ( t ) 

16" 17 18 (1) 
9 9 <t> 

H 28 29 29 ,? 35 36 (1) 
24 25 25 24 30 30 30 30 (20) 

16 16 ? '(?) 
9 9 ? 

I 26 25 i.o 

F 55 12 12 10 

GC = Greenhouse C o l l e c t i o n No. 
F = Fades 
t = t r a c e 

Chromatography was c a r r i e d out by b a n d i n g . The R f v a l u e s a r e a r r a n g e d 
on the b a s i s o f c o l o r c o m p a r i s o n and r e l a t i v e pigment c o n c e n t r a t i o n r a t i o s . 

E s t i m a t e d v a l u e s a r e g i v e n t o d i f f e r e n t i a t e the major bands. 

*** The r e l a t i v e c o n c e n t r a t i o n r a t i o s o f the s p o t s w h i c h u l t i m a t e l y were 
d e s i g n a t e d as F3 and F4 (HAc-HCl R f Components 6.31 and 0.38, r e s p e c t i v e l y ) 
v a r i e d c o n s i d e r a b l y . F o r example, the F ( 3 ) : F ( 4 ) r a t i o s f o r the e x t r a c t s 
No. 400, 404, 405 and 402 were 1:1, 2:1, 4:1, and 1:3 r e s p e c t i v e l y . 
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r e c h r o m a t o g r a p h y (see T a b l e 1 9 . 1 ) , the band D-405 s p l i t s i n t o two major 

components and the band E-405 i n t o one major component. The e l u a t e s o f the , 

bands T) and E, however, gave o n l y two major components i n a l l c a s e s . The 

HAc-HCl component a t Rf 0.22 i s d i f f i c u l t t o demarcate because the component 

a t Rf 0.34, u s u a l l y t r a i l s t o R f 0.15. 

The band F s p l i t s i n t o two major components i n a l l c a s e s . I n 

g e n e r a l , the HAc-HCl component a t Rf 0.38, w h i c h i s a p e o n i d i n d e r i v a t i v e , 

d e c r e a s e s towards the l a t e r s t a g e s o f development (see f o o t n o t e (***) i n 

T a b l e 19.;I). I t i s c l e a r c u t t h a t the d e c r e a s e i n the r a t i o s i s due t o 

development r a t h e r t h a n t o p a r t i a l h y d r o l y s i s i n t h i s case because the o t h e r 

HAc-HCl component ( R f 0.31) i s a c y a n i d i n d e r i v a t i v e . M o r e o v e r , the g l y c o 

s i d i c h y d r o l y s i s was not d e t e c t e d i n any o f the e l u a t e s e i t h e r i n the 

Aq-HCl o r the HAc-HCl chromatography. I t may, however, be noted t h a t the 

band A a l s o showed s u b s t a n t i a l v a r i a t i o n s i n the c o n c e n t r a t i o n r a t i o s p f 

the two s p o t s shown i n T a b l e 19.1. The v a r i a t i o n s i n the band A a r e , i n 

f a c t , due t o d i f f e r e n t i a l h y d r o l y s i s and n o t due t o v a r i a t i o n i n d e v e l o p 

ment beca u s e , the HAc-HCl component a t Rf 0.59 upon rechromatography. a g a i n 

s p l i t s i n t o ' the two components as n o t e d elsewhere, i n S e c t i o n , \\ .. 

S i m i l a r l y the r e l a t i v e c o n c e n t r a t i o n r a t i o s o f the o t h e r s p l i t components 

i n c l u d e d i n T a b l e 19.1 v a r i e d between the c o l l e c t i o n s . I t i s i n the 

i n t e r e s t o f b r e v i t y t h a t o n l y the average r e l a t i v e c o n c e n t r a t i o n r a t i o s o f 

the s p l i t components a r e g i v e n i n t h e . t a b l e p r i m a r i l y t o d i f f e r e n t i a t e the 

major from the m i n o r components. 

I t was n o t e d e a r l y i n t h i s S e c t i o n t h a t the orange r e d p e l a r 

g o n i d i n component was not p r e s e n t . i n the BAW bands G o b t a i n e d from the 

greenhouse m a t e r i a l s . .Because o f t h i s i m p o r t a n t o b s e r v a t i o n the r e s u l t s 

o f chromatography o f a l l e l u a t e s o f the band G i n d i f f e r e n t s o l v e n t s were 
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compared c a r e f u l l y t o d e t e r m i n e i f the orange r e d band was p r e s e n t as a 

m i x t u r e i n the band G. The orange r e d HAc-HCl component ( R f 0.38) o f the 

band G-402 ( T a b l e 19.1) gave R f v a l u e s 0.32, 0.38, and 0.12 i n the BAW, 

Bu-HCl and the Aq-HCl s o l v e n t s r e s p e c t i v e l y . A l t h o u g h the Rf v a l u e s d i d 

not match s t r i c t l y w i t h the component G-130 o r G-138 ( T a b l e s 13.1, 1 3 . I l l , 

1 3 . I V ) , t h e y are n o n e t h e l e s s q u i t e comparable. Based on the c o m p a r a b i l i t y 

and the d i s t i n c t i v e orange r e d c o l o r , the component appears t o be s i m i l a r 

t o the orange r e d component o f the band G-130. The component was a v a i l a b l e 

o n l y i n s m a l l amounts: no f u r t h e r s t u d i e s c o u l d , t h e r e f o r e , be c a r r i e d o u t . 

A s i m i l a r HAc-HCl component Rf c a . 0.40 was a l s o n o t e d upon chromatography 

o f the band G-400 (see T a b l e 1 9 . 1 ) . The component was v e r y weak, and i t s 

c o l o r c o u l d not be d i f f e r e n t i a t e d w i t h c e r t a i n t y i n a l l t he four s o l v e n t s . 

However, the HAc-HCl component, Rf 0.40, o f the band G-404 was d i s t i n c t l y 

b l u i s h r e d , and so a l s o were the HAc-HCl components, Rf 0.38, o f the 

band G-407 and G-408. No orange r e d component from the bands G-404, G-405, 

G-407 and G-408 was d e t e c t e d i n any o f the t h r e e o t h e r s o l v e n t s . 

The band H I n a l l c o l l e c t i o n s o f G o p a l showed two to three 

a n t h o c y a n i n s and one a g l y c o n e (Table 19.1). The B l a c k H u l l e s s C o l l e c t i o n 

No. 402, however, showed o n l y t h e major component and no aglycone. The 

band 1-400 gave one a n t h o c y a n i n and c y a n i d i n (Table 19.1),. 

The BAW e l u a t e s o f a l l a n t h o c y a n i n bands shown i n F i g . 19.1 

r e m a i n i n g a f t e r the above chromatography, were d r i e d i n a vacuum oven, 

and t h e n p l a c e d f o r d e s i c c a t i o n o v e r phosphorus p e n t o x i d e ( S e c . 19.2.2). 

A p o r t i o n o f each o f the d e s i c c a t e d e l u a t e s was chromatographed i n the 

f i v e a n t h o c y a n i n s o l v e n t s t h a t were used e x t e n s i v e l y i n the c h a r a c t e r i s a t i o n 

work (See s e c . 19.3.7.3). I t was n o t e d i n v a r i a b l y t h a t a l l t he d e s i c c a t e d 

e l u a t e s showed s u b s t a n t i a l q u a n t i t i e s o f the c o r r e s p o n d i n g a g l y c o n e s ( t h e 
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lowermost components i n the HAc-HCl, A q - H C l , and 3 : 1 : 8 s o l v e n t s ) due t o 

g l y c o s i d i c h y d r o l y s e s . I n a d d i t i o n , each o f the d e s i c c a t e d e l u a t e s gave 

g r e a t e r numbers o f a n t h o c y a n i n s t h a n were r e c o v e r e d from the c o r r e s p o n d i n g 

e l u a t e s w i t h o u t d r y i n g and d e s i c c a t i o n as shown i n T a b l e 1 9 . 1 . The 

g l y c o s i d i c h y d r o l y s i s and the i n c r e a s e i n the number o f a n t h o c y a n i n s 

f o l l o w i n g d e s i c c a t i o n was a l s o o b s e r v e d c o n s i s t e n t l y w i t h the e l u a t e s o f 

the c a r y o p s e s a n t h o c y a n i n s (Sec. 1 9 . 3 . 2 ) . I t was n o t e d from the r e s u l t s 

p r e s e n t e d i n T a b l e 1 9 . 1 t h a t most o f the e l u a t e s p r i o r t o d r y i n g and 

d e s i c c a t i o n , e i t h e r d i d not show the g l y c o s i d i c h y d r o l y s i s , o r a t b e s t 

showed the a g l y c o n e s i n b a r e l y d e t e c t a b l e amounts on the chromatograms. 

A l t h o u g h i t was e s t a b l i s h e d t h a t pronounced h y d r o l y s i s o f - a n t h o c y a n i n s 

o c c u r s upon d r y i n g the 17o m e t h a n o l i c H C l e x t r a c t s (Sec. 2 3 ) , d r y i n g a l o n e 

cannot a c c o u n t f o r the s u b s t a n t i a l h y d r o l y s i s because the a n t h o c y a n i n 

e l u e n t c o n t a i n e d o n l y a s m a l l amount o f a c i d ( 0 . 0 3 7 „ H C l ) , and the 

q u a n t i t y o f the e l u e n t used f o r e l u t i o n was v e r y s m a l l by our t e c h n i q u e s 

(Sec. 1 6 ) . The h y d r o l y s i s c o u l d have o c c u r r e d i n t h e p r e s e n c e o f the 

a c i d i c phosphorus p e n t o x i d e , * and was enhanced by the l o n g p e r i o d s o f 

d e s i c c a t i o n o v e r t h i s m a t e r i a l . The v i e w i s s t r e n g t h e n e d because t h o s e 

e l u a t e s , w h i c h were d r i e d but not d e s i c c a t e d o v e r phosphorus p e n t o x i d e 

d i d not show s i g n i f i c a n t h y d r o l y s i s . 

B e i n g unaware o f the h y d r o l y t i c i n f l u e n c e o f , p h o s p h o r u s 
p e n t o x i d e , s u i t a b l e p r e c a u t i o n s c o u l d not be t a k e n d u r i n g vacuum d e s i c 
c a t i o n . One o f the prime f a c t o r s t h a t c o u l d have c o n t r i b u t e d t o h y d r o l y s i s 
a ppears t o be the r e l e a s e o f vacuum whenever a f r e s h b a t c h o f the d r i e d 
a n t h o c y a n i n i s o l a t e s was i n t r o d u c e d i n the d e s i c c a t o r . M o i s t u r e - f r e e a i r 
s h o u l d have been i n t r o d u c e d t o r e l e a s e the vacuum. M o i s t u r e i n the a i r , 
each time the vacuum was r e l e a s e d t o i n t r o d u c e more i s o l a t e s , a c c u m u l a t e d 
as a wet f i l m o r l a y e r o v e r phosphorus p e n t o x i d e . 
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The chromatograms o f the d e s i c c a t e d e l u a t e s o f the s i x b a s a l 

l e a f s h e a t h c o l l e c t i o n s , namely, 400, 404, 405, 402, 407 and 408, i n the 

f i v e s o l v e n t s were c a r e f u l l y compared w i t h t h o s e o b t a i n e d from the u n d e s i c -

c a t e d e l u a t e s ( e . g . , T a b l e 19.1). A l t h o u g h the band A showed o n l y two s p o t s 

i n the c o l l e c t i o n s p r i o r t o d e s i c c a t i o n , i t showed seven components i n the 

HAc-HCl s o l v e n t (see l a t e r F i g . 19.2, and T a b l e 19 . 1 1 ) i n a l l c o l l e c t i o n s 

f o l l o w i n g the d e s i c c a t i o n . The b e h a v i o u r o f o t h e r i s o l a t e s was a l s o 

i d e n t i c a l . On the b a s i s o f d e t a i l e d comparisons i n d i f f e r e n t s o l v e n t 

s y s t e m s , i t was e s t a b l i s h e d t h a t a l l major components o f each band o f each 

c o l l e c t i o n were i d e n t i c a l i n b o t h B l a c k H u l l e s s and G o p a l b a s a l l e a f 

s h e a t h s . I t i s c e r t a i n t h a t no orange r e d s p o t i n d i c a t i v e o f p e l a r g o n i d i n 
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d e r i v a t i v e s was p r e s e n t i n the C o l l e c t i o n s 404,.405, 407 and 408. I t i s 

a l s o c e r t a i n t h a t the orange r e d spot was p r e s e n t i n the C o l l e c t i o n 402, 

and t h a t i t s p r e s e n c e i n t h e C o l l e c t i o n 400 i s d o u b t f u l . The C o l l e c t i o n s 

407 and 408 c o n t a i n two a d d i t i o n a l , r e l a t i v e l y f a s t moving bands K and L 

w h i c h were not p r e s e n t i n any o t h e r c o l l e c t i o n . A few o f the bands o f 

d i f f e r e n t c o l l e c t i o n s d i d show a d d i t i o n a l l y some weak s p o t s f o r i n s t a n c e 

as t h a t shown i n T a b l e 19.1, but t h e s e were r e g a r d e d t o be due t o d i f f e r 

e n t i a l degree o f p a r t i a l h y d r o l y s i s . 

A l l c o r r e s p o n d i n g BAW i s o l a t e s o f d i f f e r e n t c o l l e c t i o n s , w h i c h 

showed i d e n t i c a l r e s u l t s on the b a s i s o f above c o m p a r i s o n were mixed and 

chromatographed i n the HAc-HCl s o l v e n t f o r f u r t h e r p u r i f i c a t i o n . The 

r e s u l t s a r e shown i n F i g . 19.2. The c h r o m a t o g r a p h i c d a t a of the HAc-HCl 

p u r i f i c a t i o n i s summarised i n T a b l e 19.11. 

The d e s i g n a t i o n p f a n t h o c y a n i n bands i s based on the s y s t e m 

d e s c r i b e d i n S e c t i o n 11.2.3. F o r the ease o f r e f e r e n c e , the mixed 

a n t h o c y a n i n bands o f the s e v e r a l c o l l e c t i o n s shown i n F i g . 19.1 w i l l be 

r e f e r r e d t o c o l l e c t i v e l y as t h o s e b e l o n g i n g t o the greenhouse c o l l e c t i o n s 

o f the 400 s e r i e s ( s ) . Thus, f o r example, the band A ( F i g . 19.2) because 

o f i t s c h r o m a t o g r a p h i c i d e n t i t y i n the C o l l e c t i o n s 400, 404, 405, 402, 407, 

and 408 ( T a b l e 19.1) w i l l be d e s i g n a t e d as band A-400s. The s u f f i x ' s ' 

denote s the ' s e r i e s ' . 

The BAW band A s p l i t s i n t o seven HAc-HCl components i n a l l 

c a s e s as shown i n F i g . 19.2, and T a b l e 1 9 . 1 1 . The BAW band B s p l i t s 

i n t o e i g h t HAc-HCl components i n a l l c o l l e c t i o n s e x c e p t No. 402. A l t h o u g h 

the BAW band B-402 and C-402, when combined, gave about the same number o f 

HAc-HCl -components as g i v e n by the band B o f the o t h e r f i v e c o l l e c t i o n s , 

the c o l o r s o f a few components appeared t o be d i f f e r e n t and t h e r e f o r e , 
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TABLE 19.11 
CHROMATOGRAPHIC DATA FROM GOPAL AND BLACK HULLESS BASAL LEAF 
SHEATH ANTHOCYANINS FOLLOWING PURIFICATION I N HAc-HCl 

^c
-H
Cl
 

jm
p e

m
it
s 

o o C o l o r s 

^c
-H
Cl
 

jm
p e

m
it
s X 

(*s Re
l.
 

Co
ne
* 

V i s i b l e UV X 

(*s Re
l.
 

Co
ne
* 

A l 12 100 B l u i s h r e d RPk .f 
A1-A2 12-22 3 B l u i s h p u r p l e wk 
A2 31 150 Redder t h a n A l BIP 
A2-A3 32-45 1 weak wk 
A3 58 125 Redder t h a n A2 BIP t o M 
A4 73 5 Redder t h a n A3 wk 
A5 82 1 weak wk 

B l 11 100 Magenta o r B l u i s h r e d RPk f 
B1-B2 12-22 2 weak r e d wk 
B2 29 150 Redder t h a n B l DM 
B3 35 15 P i n k i s h b Pk 
B3-B4 36-50 5 R e d d i s h wk 
B4 59 100 Redder t h a n B2 DM 
B5 60-72 15 R e d d i s h ? 
B6 72-82 1 weak wk 

DEI 10-12 30 Magenta RPk f 
DE2 21 3 weak b l u i s h p u r p l e Mv 
DE3* 26 5 P u r p l i s h wk 
DE4 33 100 Rose r e d BIP 
DE5 36 2 R e d d i s h wk 
DE6 38-43 3 R e d d i s h ? 
DE7 45-58 6 s l i g h t l y b l u i s h r e d ? 
DE8 58-71 2 R e d d i s h 7 
DE9 71-80 1 R e d d i s h ? 

F l 10 5 B l u i s h r e d 7 
F2 17 15 B l u i s h p u r p l e BIP-VP 
F3 29 100 B l u i s h r e d BIP 
F4 35 100 P i n k i s h bPk** 
F5 36-58 5 R e d d i s h wk 
F6 58-75 1 R e d d i s h wk 
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TABLE 9 . I I c o n t i n u e d 

CO 
4-1 * C o l o r s 

HA
c-
HC
l 

co
mp
on
en
 o o 

r-l 
X 
m 
pi 

Re
l.
 

Co
ne
.*
*"
 

V i s i b l e UV 

G l 10 2 R e d d i s h wk 
G2 19 5 B l u i s h p u r p l e wk 
G3 30 100 B l u i s h r e d B1R 
G4 39 5 B l u i s h r e d wk 
G5 40-75 5 R e d d i s h wk 

HI 10 20 Mauve o r B l u i s h r e d Mv 
H2 19 10 R e d d i s h v i o l e t V i o 
H3** 28 20 Rose r e d bR 
H4 32 80 Rose r e d bR 
H5 36 3 B l u i s h p u r p l e wk 
H6 42 2 R e d d i s h wk 
H7 45-75 2 R e d d i s h wk 

E s t i m a t e d v a l u e 
Lower p o r t i o n o f the major component 

the bands B-402 and C-402 were not mixed w i t h the o t h e r c o l l e c t i o n s . No 

new bands were d e t e c t e d when the r e g i o n between the BAW bands B and D 

( F i g . 19.1) was e l u t e d and chromatographed. The BAW band D and E s e p a r a t e d 

o n l y ' oh; T a few chromatograms o f the C o l l e c t i o n s 405 and 408. The 

c h r o m a t o g r a p h i c d i s t r i b u t i o n o f t h e i r m a j o r components i n the HAc-HCl 

p u r i f i c a t i o n was i d e n t i c a l t o t h a t shown f o r the band DE i n T a b l e 19.1 

ex c e p t t h a t s e v e r a l o t h e r weak components d i d appear as a consequence o f 

p a r t i a l h y d r o l y s i s f o l l o w i n g the d e s i c c a t i o n . Because the bands D and E 

i n g e n e r a l d i d not r e s o l v e , as i n d i c a t e d a l r e a d y , t h e y were e l u t e d as a 

m i x t u r e . The m i x t u r e o f the bands D-E r e s o l v e d i n t o 14 t o 15 components 

( s i m i l a r t o a n t h o c y a n i n 5 -- see l a t e r ) but i n some chromatograms the 

r e s o l u t i o n was not c l e a r c u t . . T h e r e f o r e , o n l y n i n e components w h i c h 
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c o u l d be e a s i l y demarcated were e l u t e d . A c c o r d i n g l y , 3ome o f the compon

e n t s shown i n F i g . 19.2 must be a m i x t u r e o f two o r more a n t h o c y a n i n s . 

The band F gave s i x HAc-HCl components. The Component F2 d i d 

not appear i n a l l c o l l e c t i o n s : i t was p r e s e n t c o n s p i c u o u s l y o n l y i n the 

C o l l e c t i o n s No. 400, 402, and 404". There a r e a l s o r e a s o n s t o b e l i e v e t h a t 

t h e r e may s t i l l be a n o t h e r a n t h o c y a n i n component between the components F3 

and F4. However, the pigment from the r e g i o n F3-F4 c o u l d not be c o l l e c t e d 

i n s u f f i c i e n t amounts f o r f u r t h e r s t u d i e s . I t a l s o appears p r o b a b l e t h a t 

the C o l l e c t i o n 402 c o n t a i n s a component i m m e d i a t e l y 'above 1 the component 

F4 w h i c h was n o t p r e s e n t i n o t h e r c o l l e c t i o n s . However, no work c o u l d be 

done on the component owing t o the s c a r c i t y o f m a t e r i a l . The components 

F5 and F 6 , each r e s o l v e d i n t o 2 t o 3 a n t h o c y a n i n bands but t h e y were 

r a t h e r weak and were, t h e r e f o r e , not e l u t e d . Thus, o n l y t h r e e bands, 

namely F 2 , F 3 , and F4 w h i c h were the major bands o f b o t h G o p a l and B l a c k 

H u l l e s s were e l u t e d . 

The band G from the C o l l e c t i o n s 404, 405, 407 and 408 gave up N 

t o 8 HAc-HCl components ( F i g . 19.2, chromatogram G-400s). The band G 

from the C o l l e c t i o n 400 was, however, l o s t . The band G-402 d i d show a l l 

t h e HAc-HCl components as were shown by the above f o u r c o l l e c t i o n s , e x c e p t 

one s i g n i f i c a n t d i f f e r e n c e : the r e l a t i v e c o n c e n t r a t i o n r a t i o o f the m a j o r 

component G3-400s ( R f 0.30) t o the component G4-400s ( R f 0.39) i s 20:1* and 

t h a t the c o l o r o f the two component G4 i s b l u i s h r e d ( F i g . 19.2, and T a b l e 

19.11). The band G-402 ( F i g . 19.2) g i v e s the major component G3 ( R f 0.29) 

(and p r o b a b l y G 4 ) , but a l s o an orange r e d component a t Rf 0.39. The 

r e l a t i v e c o n c e n t r a t i o n r a t i o o f the major t o the orange r e d component was 

e s t i m a t e d v a l u e o n l y 
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5:1*. The h y d r o l y s i s o f the orange r e d component gave p e l a r g o n i d i n * * 

( T a b l e 19.V). I t w i l l be n o t e d from T a b l e 19.11, .that G3 i s the m a j o r 

component, and G2, G4, a r e the m i n o r components o f the band G. A l t h o u g h 

a t l e a s t f o u r s p o t s , Rf v a l u e s 0.46, 0.54, 0.65 and ca,. 0.75 were d e t e c t e d , 

t h e y were, however, v e r y weak and were e l u t e d as one band d e s i g n a t e d as 

G5. 

The band H gave up t o 9 HAc-HCl components. The component H3 

i s the l o w e r p o r t i o n o f the major component. H3 was e l u t e d s e p a r a t e l y t o 

d e t e r m i n e i f i t were a c o n t a m i n a n t o f H4. The component H7 (Rf range 0.45 

t o ca.. 0.75), i n f a c t , c o n s i s t e d o f t h r e e bands a t Rf v a l u e s , 0.54, 0.68, 

and 0.74. The bands were, however, weak and d i f f u s e and t h e r e f o r e e l u t e d 

as a m i x t u r e . 

The d e s i c c a t e d i s o l a t e s K and L o f the C o l l e c t i o n s 407 and 408 

were a v a i l a b l e i n s m a l l q u a n t i t y and t h e r e f o r e c o u l d not be p u r i f i e d i n 

the HAc-HCl s o l v e n t . The r e s u l t s o f t h e i r chromatography i n the f i v e 

a n t h o c y a n i n s o l v e n t s a r e shown i n T a b l e 1 9 . V I I I , K and L. 

I t i s e v i d e n t from the r e s u l t s p r e s e n t e d above t h a t a l l b a s a l 

l e a f s h e a t h a n t h o c y a n i n s o f b a r l e y s p l i t i n t o s e v e r a l components. A l l 

a n t h o c y a n i n s y i e l d weak components w h i c h g i v e v e r y h i g h R f v a l u e s i n the 

HAc-HCl s o l v e n t . As f a r as p r a c t i c a b l e , most o f the HAc-HCl components 

were e l u t e d a f t e r the u s u a l p u r i f i c a t i o n i n t h e a n t h o c y a n i n c o n c e n t r a n t 

Sec. 19.2.2). An a l i q u o t o f each e l u a t e was chromatographed d i r e c t l y  

a f t e r e l u t i o n on Whatman p a p e r No. 1 by d e s c e n t i n the BAW, B u - H C l , A q - H C l , 

HAc-HCl, and 3:1:8 s o l v e n t s . I t may be n o t e d t h a t the e l u a t e s were n e i t h e r 

e s t i m a t e d v a l u e o n l y 
** 

Owing t o the s c a r c i t y o f the m a t e r i a l no f u r t h e r work on the 
orange r e d component o f G-402 c o u l d be c a r r i e d o u t . 
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d r i e d i n v a c u o , nor d e s i c c a t e d o v e r phosphorus p e n t o x i d e . Whenever 

n e c e s s a r y , and the n e c e s s i t y a r o s e o n l y i n a few c a s e s , the e l u a t e s a t 

b e s t were c o n c e n t r a t e d i n a vacuum oven p r i o r t o chromatography. The 

e l u a t e s were h y d r o l y s e d f o r the d e t e r m i n a t i o n o f s u g a r s ( S e c . 19.2.4) and 

the c o r r e s p o n d o n g a g l y c o n e s ( S e c . 19.2.3). I t w i l l be o b s e r v e d t h a t a 

l a r g e number o f the HAc-HCl components (see F i g . 19.2) were r a t h e r weak. 

The e l u a t e s from the weak bands were chromatographed o n l y f o r a n t h o c y a n i n s 

and not f o r a n t h o c y a n i d i n s and s u g a r s owing t o the s c a r c i t y o f the 

m a t e r i a l . 

B e f o r e p r e s e n t i n g the r e s u l t s o f c h a r a c t e r i z a t i o n , the p r e p a r a 

t i v e c hromatography and the d e t a i l s o f i s o l a t i o n o f the c a r y o p s i s a n t h o 

c y a n i n s w i l l be d e s c r i b e d n e x t . 

19.3.2 P r e p a r a t i v e Chromatography. P u r i f i c a t i o n and I s o l a t i o n : 
C a r y o p s i s A n t h o c y a n i n s 

The r e s u l t s o f the p r e p a r a t i v e chromatography o f the B l a c k 

H u l l e s s c a r y o p s e s e x t r a c t s ( F i e l d C o l l e c t i o n s 217, 270, 274, and 278, i n 

BAW a r e shown i n F i g . 19.3. The r e s u l t s o f the F i e l d C o l l e c t i o n 272 a r e 

s i m i l a r and a r e shown e l s e w h e r e i n S e c t i o n 6 ( F i g . 6.2). The c a r y o p s e s were 

e x t r a c t e d i n A u g u s t 1960; the p r o c e s s i n g and s t a n d a r d i z a t i o n o f the 

e x t r a c t s , a l o n g w i t h the o t h e r 300 e x t r a c t s , was c o m p l e t e d i n F e b r u a r y 

1961 ( S e c . 10.2.1), The chromatogram 270-a ( F i g . 19,3) was d e v e l o p e d i n 

March 1961. A l l c o n c e n t r a t e d e x t r a c t s o f the above c o l l e c t i o n s remained 

i n s t o r a g e as d e s c r i b e d e l s e w h e r e (Sec. 10) u n t i l F e b r u a r y 1962, when 

p r e p a r a t i v e chromatography o f the e x t r a c t s , chromatogrammed i n F i g . 19.3, 

was u n d e r t a k e n . About 20 t o 60 chromatograms were p r e p a r e d from each o f 

the e x t r a c t s . A c o m p a r i s o n the chromatogram 270-a and 270-c, d e v e l o p e d i n 
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F i g . 19.3 
P r e p a r a t o r y chromatography o f 
c a r y o p s i s e x t r a c t s from F i e l d 
C o l l e c t i o n s 217, 270, 274, 278 o f 
B l a c k H u l l e s s . S o l v e n t BAW; by 
a s c e n t . C o l l e c t i o n s made i n one 
day but i n c r e a s i n g m a t u r i t y i s 
r e p r e s e n t e d from 217 t o 278. 
C h r o m a t o s t r i p 270a was d e v e l o p e d 
i n 1961, 270b and c, one y e a r . / 
l a t e r ; a l l show e s s e n t i a l l y the 
same p a t t e r n s but most bands are 
weakened as a r e s u l t o f e x t r a c t 
s t o r a g e . Bands 1-4, i n g e n e r a l , 
r e s o l v e d p o o r l y and o f t e n 
appeared as 1 o r 2 c o n s o l i d a t i o n s . 
Bands o f m a t e r i a l s v i s i b l e under 
u.v. l i g h t a f t e r N H 3 t r e a t m e n t 
a r e shown w e a k l y a t 270c r i g h t . 

March 1961 and March 1962 r e s p e c t i v e l y , shows t h a t the o n l y change t h a t 

o c c u r r e d i n the e x t r a c t i n a y e a r ' s s t o r a g e was the s i g n i f i c a n t r e d u c t i o n 

i n the i n t e n s i t y o f band 8, and i n c r e a s e i n the i n t e n s i t y o f band 5. Of 

c o u r s e , the o v e r a l l i n t e n s i t y o f a l l the bands, i n g e n e r a l , d e c r e a s e d . I t 

may be noted t h a t the r e s o l u t i o n o f bands 5, 6, and 7, i n g e n e r a l , i s 

c l e a r - c u t i n a l l chromatograms. The bands 1 t o 4, however, do not r e s o l v e 

d i s t i n c t l y i n most o f the chromatograms (see F i g . 1 9 . 3 ) ; chromstograms 

217, 270-b, 274, and 278. I n some chromatograms, f o r i n s t a n c e , chromato

gram 272 ( F i g . 6.2) and chromatogram 270-a, the r e s o l u t i o n o f the bands 1 

t o 4 i s c l e a r - c u t . However, i n chromatogram 270b, the a n t h o c y a n i n s 1 t o 

4 do not r e s o l v e , and i n chromatogram 270-c, the r e s o l u t i o n on the r i g h t 

hand s i d e i s c l e a r - c u t but confounded on the l e f t hand s i d e o f the 

chromatogram. The r e s u l t s from o t h e r chromatograms i n d i c a t e t h a t the 

r e g i o n between the bands 1-4 may, i n f a c t , have f i v e bands i n s t e a d o f f o u r 
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bands. The d e l i n e a t i o n cSfi the b o u n d a r i e s o f each band i s v e r y e x a c t i n g . 

I t i s v e r y p r o b a b l e t h a t the band 4, may i n f a c t be a m i x t u r e o f two bands. 

I t s e p a r a t e d o n l y r a r e l y i n t o two components. The d i f f i c u l t i e s i n r e s o 

l u t i o n a r e p r i m a r i l y due t o brown p i g m e n t s , w h i c h a r e e x t r a c t e d i n l a r g e 

amounts from the c a r y o p s e s , and w h i c h r e s o l v e below the major a n t h o c y a n i n 

band 5. No such pigments were e n c o u n t e r e d i n the l e a f t i s s u e s ( F i g . 19.1). 

the 'co-pigments' not o n l y i n t e r f e r e w i t h the c h r o m a t o g r a p h i c r e s o l u t i o n 

b u t a l s o , owing t o t h e i r s u p e r i m p o s i t i o n , the d e t e c t i o n o f a n t h o c y a n i n s . 

The a n t h o c y a n i n s 1 t o 4 o c c u r i n s m a l l amounts as compared t o the o t h e r 

a n t h o c y a n i n s ; i n t h e chromatograms shown i n F i g . 19.3, t h e y appear as 

s t r o n g bands i n the p h o t o g r a p h o n l y because o f the superimposed b r o w n i s h 

p i g m e n t s . I t may be added t h a t the bands 1 t o 4 showed g e n e r a l l y a g r e a t 

d e a l o f v a r i a t i o n ; e.g., the bands 1 and 2 appear t o be a b s e n t from the 

C o l l e c t i o n 278, the c o l l e c t i o n w h i c h was made from n e a r l y f l i n t y k e r n e l s . 

I t was p o i n t e d out i n the p r e c e d i n g s e c t i o n (19.3.1) t h a t 

the orange r e d band, a p e l a r g o n i d i n d e r i v a t i v e , w h i c h was c o n s p i c u o u s i n 

the G o p a l l e a f s h e a t h s i n the I960 summer p l a n t i n g s ( f i e l d c o n d i t i o n s ) 

( F i g . 10.3) was a b s e n t i n the 1961 W i n t e r p l a n t i n g s (greenhouse c o n d i t i o n s ) 

( F i g . 1 9.1). I n the case o f the c a r y o p s e s t i s s u e s o f B l p p k H u l l e s s , a 

c o n s p i c u o u s orange r e d band 7 ( F i g . 19.3) was p r e s e n t i n the 1960 summer 

p l a n t i n g s ( f i e l d c o n d i t i o n s ) but a b s e n t i n the 1961 w i n t e r p l a n t i n g s 

(greenhouse c o n d i t i o n s ) ( F i g . 2 0 . 3 ) . The r e s u l t s o f the 1961 w i n t e r 

p l a n t i n g , w h i c h show s e v e r a l o t h e r b a s i c d i f f e r e n c e s a r e not r e p o r t e d . 

However, an e x t r a c t i o n o f the spermoderm t i s s u e s o f B l a c k H u l l e s s (shown 

i n F i g . 20.3) was a l s o u n d e r t a k e n on the m a t e r i a l s grown i n t h e M 9 6 5 

summer (see F i g . 22.1). A l t h o u g h an orange r e d band, e q u i v a l e n t t o the 

band 7 was not d e t e c t e d , n o n e t h e l e s s , the 1965 e x t r a c t s d i d show the 
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p r o b a b l e p r e s e n c e o f t r a c e amounts of p e l a r g o n i d i n ( F i g . 2 2 . 2 ). 

The r e l a t i v e c o n c e n t r a t i o n o f the band 6 w h i c h i s e q u i v a l e n t 

o f the band F ( F i g . 19.1) a l s o , l i k e the l e a f s h e a t h s , d e c r e a s e s towards 

m a t u r i t y ( F i g . 19.3). The bands 8 and 9 a r e r e l a t i v e l y l a b i l e i n e x t e n d e d 

s t o r a g e and a l s o p r o b a b l y , i n the c o u r s e o f p r e p a r a t i v e chromatography i n 

BAW. The c l e a r - c u t r e s o l u t i o n o f t h e s e bands as shown i n F i g . 19.3 was 

o b t a i n e d r a r e l y ; i n g e n e r a l , the bands were d i f f u s e , weak and d i s c o n t i n u o u s 

on the p a p e r w h i c h made d i f f i c u l t the d e l i n e a t i o n o f the c o r r e s p o n d i n g 

bands even from chromatograms d e v e l o p e d a t the same t i m e . 

The BAW bands 1-4 were e l u t e d v i a the u s u a l p u r i f i c a t i o n 

t h r o u g h the a n t h o c y a n i n c o n c e n t r a n t . Owing t o t h e i r poor r e s o l u t i o n , t h e y 

were e l u t e d s e p a r a t e l y o n l y from a few chromatograms o f the C o l l e c t i o n s 

217 and 272, w h i c h showed d i s t i n c t r e s o l u t i o n . The e l u a t e s , i m m e d i a t e l y 

a f t e r e l u t i o n ( w i t h o u t d r y i n g i_n v a c u o , o r d e s i c c a t i o n o v e r phosphorus 

p e n t o x i d e ) , were chromatographed* by b a n d i n g f o r the HAc-HCl p u r i f i c a t i o n . 

The r e s u l t s o f the HAc-HCl p u r i f i c a t i o n a r e shown i n F i g . 19.4. The band 4 

shown i n F i g . 19.4 i s p r o b a b l y an e q u i v a l e n t o f the BAW band D o f b a s a l 

l e a f s h e a t h s ( S e c . 19.3.1). Because o f the s c a r c i t y o f the m a t e r i a l s 

f u r t h e r c h a r a c t e r i z a t i o n o f o n l y a few o f the HAc-HCl components was 

u n d e r t a k e n . As i n d i c a t e d a l r e a d y , the BAW bands, 1-2, r e s o l v e d as a s i n g l e 

band, and the BAW bands, 3-and a p o r t i o n o f 4, r e s o l v e d as a n o t h e r s i n g l e 

band. The r e s t o f the band 4, w h i c h u s u a l l y o c c u r r e d as a m i x t u r e o f two 

bands, u s u a l l y d i d not s e p a r a t e from the band 5. The HAc-HCl chromatography 

A l i q u o t s o f the e l u a t e s from the bands 1, 2, and 3 were a l s o 
chromatographed i n the f o u r a n t h o c y a n i n s o l v e n t s . The r e s u l t s a r e p r e 
s e n t e d e l s e w h e r e i n S e c t i o n 19.3.7.3 ( T a b l e 1 9 . V I I I . 1 . 2 . 3 ) . 
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F i g . 19.4 
Components o b t a i n e d , u s i n g 
HAc-HCl s o l v e n t , from e l u t e d 
BAW chromatobands 1-4 o f F i g . 
19.3. A n t h o c y a n i n s o r i g i n a t e d 
i n c a r y o p s e s o f B l a c k H u l l e s s . 

o f the bands 1-2 and 3-4 i s a l s o shown i n F i g . 19.4 and the r e s u l t s o f 

the bands 1 t o 4 are summarized i n T a b l e 1 9 . I I I . A l m o s t a l l c o l l e c t i o n s 

gave s i m i l a r r e s u l t s e x c e p t t h a t towards m a t u r i t y o f the t i s s u e s , the 

r e l a t i v e c o n c e n t r a t i o n r a t i o s o f the bands d e c r e a s e d s i g n i f i c a n t l y . F o r 

i n s t a n c e , the BAW chromatogram of the C o l l e c t i o n 278 ( F i g . 19.3) shows 

t h a t the BAW bands 1-2 were m i s s i n g . The r e g i o n o f the bands 1 t o 4 was 

e l u t e d as a m i x t u r e and rechromatog r a p h e d i n the HAc-HCl t o a s c e r t a i n i f 

the bands i - 2 were i n d e e d a b s e n t . The component, 0.56 ( c h a r a c t e r i s t i c 

o f the BAW bands 1 and 2) was b a r e l y d e t e c t a b l e . 

C h r o n o l o g i c a l l y , the c h a r a c t e r i z a t i o n o f the BAW a n t h o c y a n i n s 

1 t o 4 was u n d e r t a k e n f i r s t . The o c c a s i o n s and r e a s o n s f o r s p l i t t i n g o f 

the a n t h o c y a n i n s i n t o s e v e r a l components were not c l e a r t h e n . A c c o r d i n g l y , 

the HAc-HCl e l u a t e s were r e p u r i f i e d i n s e v e r a l s o l v e n t s but the s p l i t t i n g 

t o s e v e r a l components s t i l l o c c u r r e d . I n the p r o c e s s most o f the e l u a t e s 

were used up, and d e t a i l e d c h a r a c t e r i z a t i o n o f the a n t h o c y a n i n s 1-4 c o u l d 
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TABLE 1 9 . I l l 
CHROMATOGRAPHIC DATA FROM ANTHOCYANIN BANDS, 1-4, FROM BLACK HULLESS 
CARYOPSES FOLLOWING PURIFICATION IN HAc-HCl. 

o 

a 
c o 
s O u 

o 
o 

<4-l 

o 
c o u 

0) 
PS 

C o l o r s 

V i s i b l e UV 

217/1A 13 1 B l u i s h r e d wk 
217/1B 24 5 B l u i s h r e d wk 
217/1C 51 2 B l u i s h r e d wk 
217/1D ca.. 70 t weak t r a i l 

217/2A 25:. 1 B l u i s h r e d dB l P 
217/2B 55 10 B l u i s h r e d dB l P 
217/2C c_a. 70 t weak t r a i l wk 

217/3A 16 10 P u r p l e DVioP 
217/3B 24 3 P u r p l e t o mauve dBl P 
217/3C 36 1 P u r p l i s h wk 
217/3D 40 1 P u r p l i s h wk 
217/3E 54 1 P u r p l i s h wk 
217/3F c a . 80 t P u r p l i s h wk 

1-2A 19 1 P u r p l i s h wk 
1-2B 26 3 Magenta dM 
1-2C 36 t R e d d i s h wk 
1-2D 56 10 Redder t h a n 1-2B dBlR 

3-4A 16 2 P u r p l e d V ioP 
3-4B 27 5 Magenta dM 
3-4C 28-60 1 weak P u r p l e t r a i l wk 
3-4D ca.. 70 1 P u r p l e d B l P 

217/4A 18 100 P u r p l e d V ioP 
217/4B 21 5 R e d d i s h t r a i l wk 
217/4C 27 50 Magenta dM 
217/4D 30 5 R e d d i s h wk 
217/4E 34 3 R e d d i s h t r a i l wk 
217/4F .39 10 Mauve ? 
217/4G 41 3 R e d d i s h t r a i l wk 
217/4H 47 10 Mauve ? 
217/4J 47-62 5 R e d d i s h t r a i l wk 
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not be c a r r i e d out. N o n e t h e l e s s , p e r t i n e n t c h r o m a t o g r a p h i c d a t a o f s e v e r a l 

HAc-HCl components i n s e v e r a l s o l v e n t s w i l l be i n c l u d e d e l s e w h e r e ( T a b l e s 

1 9 . V I I I . 1 . 2 . 3 . and A ) . I t was p r i m a r i l y because of the p r o b l e m o f a n t h o 

c y a n i n s p l i t t i n g t h a t f u r t h e r p u r i f i c a t i o n o f BAW a n t h o c y a n i n e l u a t e s 5 t o 

9 ( c a r y o p s i s t i s s u e s ) , and the BAW e l u a t e s o f the b a s a l l e a f s h e a t h 

a n t h o c y a n i n s (Sec. 1 9 .3.1), w h i c h was u n d e r t a k e n c o n c u r r e n t l y , was w i t h 

h e l d . The e l u a t e s o f the a n t h o c y a n i n s 5 t o 9, as a l s o the e l u a t e s o f the 

b a s a l l e a f s h e a t h a n t h o c y a n i n s (Sec. 19.3.1) were d r i e d i n a vacuum oven, 

and d e s i c c a t e d o v e r phosphorus p e n t o x i d e . The d r y i n g was u n d e r t a k e n 

p r i m a r i l y t o ensure c o n v e n i e n t h a n d l i n g o f the i s o l a t e s u n t i l the e s t a 

b l i s h m e n t o f s u i t a b l e methodology f o r f u r t h e r p r o c e s s i n g . 

F i g . 19.5 
Components o b t a i n e d , u s i n g 
HAc-HCl s o l v e n t , from e l u t e d BAW 
chromatobands 5-7 o f F i g . 19.3. 
A n t h o c y a n i n s o r i g i n a t e d i n 
c a r y o p s e s of B l a c k H u l l e s s . Note 
the b r i g h t orange p e l a r g o n i d i n 
d e r i v a t i v e s o f 7H. 
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An a l i q u o t o f each o f the d e s i c c a t e d BAW e l u a t e s 5 t o 9, o f a l l 

c o l l e c t i o n s , was chromatographed i n the f i v e a n t h o c y a n i n s o l v e n t s e x a c t l y 

as d e s c r i b e d f o r t h e b a s a l l e a f s h e a t h a n t h o c y a n i n s (Sec. 19.3.1). The 

c o r r e s p o n d i n g a n t h o c y a n i n bands o f d i f f e r e n t c o l l e c t i o n s were mixed on 

the b a s i s o f c h r o m a t o g r a p h i c i d e n t i t y and chromatographed i n the HAc-HCl 

s o l v e n t f o r f u r t h e r p u r i f i c a t i o n . The r e s u l t s o f the HAc-HCl p u r i f i c a t i o n 

a r e shown i n F i g . 19.5, and summarized i n T a b l e "19.IV. The d e s i g n a t i o n 

o f the a n t h o c y a n i n bands i s based on the system d e s c r i b e d i n S e c t i o n 

11.2.3. 

I t i s c l e a r from the c o m p a r i s o n o f the r e s u l t s p r e s e n t e d i n • 

F i g . 19.4 and F i g . 19.5 t h a t when the a n t h o c y a n i n s a r e chromatographed 

w i t h o u t d r y i n g o r d e s i c c a t i o n , the h y d r o l y s i s , i f any, i s not d e t e c t a b l e 

e.g., F i g . 19.4. However, when the a n t h o c y a n i n s a r e chromatographed a f t e r 

d r y i n g and d e s i c c a t i o n ( F i g . 1 9 . 5 ) , a g r e a t d e a l o f g l y c o s i d i c h y d r o l y s i s 

o c c u r s . I t was no t e d g e n e r a l l y , and i t i s r e v e a l e d c l e a r l y on c o m p a r i s o n 

o f the r e s u l t s shown i n F i g . 19.4 and F i g . 19.5 t h a t the f o r m a t i o n o f 

' p o l y m e r i z e d ' s t a t i o n a r y m a t e r i a l s , n o t e d e a r l i e r i n S e c t i o n s 11 and 15 

(see a l s o n e x t s e c t i o n ) , was m i n i m a l when the a n t h o c y a n i n e l u a t e s were 

not d r i e d t h a n when t h e y were d r i e d and d e s i c c a t e d . 

The .BAW a n t h o c y a n i n band 5, w h i c h i s e q u i v a l e n t o f the a n t h o 

c y a n i n DE-40Qs, s p l i t s i n t o a l e a s t t h i r t e e n components ( see T a b l e 1 9 . I V ) . 

The component 5C was marked a r b i t r a r i l y because i t was s l i g h l y b l u e r t h a n 

i t s p a r e n t component 5D, the major component. The component 5G was most 

p r o m i n e n t i n the C o l l e c t i o n 274 and the component 5H i n the C o l l e c t i o n s 

272 and 217. The components 5F-5G c o n s t i t u t e d the t r a i l between the 

components 5F and 5G. S i n c e the m a t e r i a l s from band No. 5 were a v a i l a b l e 

i n l a r g e q u a n t i t y , a l l the HAc-HCl components o f the band were e l u t e d f o r 
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TABLE 19.IV 
CHROMATOGRAPHIC DATA OF ANTHOCYANIN BANDS, 5-9, FROM BLACK HULLESS 
CARYOPSES FOLLOWING PURIFICATION IN HAc-HCl 

co 
J_I o y 

Ci 
C o l o r s 

HA
c-
HC
l 

co
mp

on
en

i o 

r- l 

U-l 

PC 

o 
o 
r-l 
CD 
Pi 

V i s i b l e UV 

5A 12 10 P i n k p i n k f l u o r e s c e n c e 
5B 18 wk R e d d i s h (wk) 
5C* 26 5 B l u i s h r e d d u l l b l u i s h p u r p l e 
5D 34 100 Rose r e d d u l l b l u i s h p u r p l e 
5E •38 7 R e d d i s h mauve deeper mauve 
5F 43 7 R e d d i s h mauve mauvish 
5F- 5G 46 wk M a u v i s h 
5G 51 5 R e d d i s h mauve mauvish 
5G-5H 53 wk B l u i s h t i n g e 
5H 59 10 B l u i s h p u r p l e d u l l b l u i s h p u r p l e 
5H- 5K 62 wk R e d d i s h t i n g e 
5K 73 1 R e d d i s h t i n g e 
5 f 1** 76 wk R e d d i s h t i n g e 
5L 82 wk R e d d i s h t i n g e 

6A 10 2 B l u i s h r e d weak f l u o r e s c e n c e 
6B 29 50 Mauve d u l l b l u i s h p u r p l e 
6C 31 5 Mauve d u l l ? 
6D 37 100 P i n k b r i g h t p i n k 
6E 39 1 Orange Red weak 
6F 39-64 2 R e d d i s h t r a i l 
6G 64-ca.85 wk R e d d i s h t r a i l 

7A 10 10 B l u i s h r e d p i n k i s h f l u o r e s c e n c e 
7C 16 15 Red r e d f l u o r e s c e n c e 
7D 20 1 ? y e l l o w i s h r e d , 

f l u o r e s c e n c e 
7E 24 wk R e d d i s h 
7F 29 50 P u r p l e d u l l b l u i s h p u r p l e 
7G 35 5 R e d d i s h ? 
7H 41 100 Orange Red Red 
7J 41-73 4 Orange shade 

8A 
8B 

8 
14 

20 
1 

P i n k 
wk 

Mauve f l u o r e s c e n c e 

8C 
8D 

29 
32 

50 
3 

P u r p l e t o mauve 
wk 

d u l l b l u i s h p u r p l e 

8E 38 10 Red t o mauve d u l l mauve 
8F 42 wk weak-
8G 52 1 weak 
8H 61 1 weak 
8K 64-80 wk weak t r a i l 
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TABLE 19.IV c o n t i n u e d 

HA
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<u 
Pi 

C o l o r s 

HA
c-
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l 
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Rf
 x

 
10
0 u c o o 

<u 
Pi 

V i s i b l e UV 

8-9A 9 10 Mauve Mauve f l u o r e s c e n c e 
8-98 15 wk wk 
8-9C 29 30 P u r p l e t o mauve d u l l b l u i s h p u r p l e 
8-9D 33 1 weak 
8-9E 39 5 Orange r e d Red 
8-9F 40-70 2 weak t r a i l 
8~9K 80 wk weak 

Lower p o r t i o n the major band 
The t r a i l d e s i g n a t e d 5 f l shows a f l u o r e s c e n t c o n t a m i n a n t 

f u r t h e r c h a r a c t e r i z a t i o n . 

The BAW band 6 w h i c h i s b r o a d l y e q u i v a l e n t o f the band F-400s, 

gave a t l e a s t s e v e n HAc-HCl components The band 6B and 6D were the 

major components o f the band. The major components o f the band 7 a r e 

the orange r e d band 7H and the p u r p l e band 7F. The bands 7D and 7E 

were o b s e r v e d o n l y i n the C o l l e c t i o n s 272 and 274. The t r a i l ( R f 0.41 t o 

0.73) above the component 7H was weak and c o u l d not be r e s o l v e d i n t o 

c l e a r - c u t components. The t r a i l was e l u t e d as a s i n g l e component 

d e s i g n a t e d 7 J . 

The BAW bands 8 and 9, as a l r e a d y m e ntioned, a r e h i g h l y 

l a b i l e and d i d not r e s o l v e p r o p e r l y . T h e r e f o r e , o n l y i n a few c a s e s , t he 

e l u a t e s o f the band 8 were o b t a i n e d s e p a r a t e l y . I n g e n e r a l , t he bands 

8 and 9 were e l u t e d t o g e t h e r . The r e s u l t s o f the band 8 and the bands 8 

and 9 are summarised i n T a b l e 19.IV; i t w i l l be noted t h a t t he major 

components o f the bands gave i d e n t i c a l R f v a l u e s and c o l o r s i n the 
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i n the HAc-HCl s o l v e n t . Because the pigments o f the bands 8 and 9 were 

a v a i l a b l e o n l y i n s m a l l q u a n t i t y , the c o r r e s p o n d i n g e l u a t e s from the HAc-HCl 

bands were g e n e r a l l y mixed. 

The HAc-HCl a n t h o c y a n i n components o f a l l bands were e l u t e d 

a f t e r the u s u a l p u r i f i c a t i o n i n the a n t h o c y a n i n c o n c e n t r a n t and p r o c e s s e d 

f u r t h e r f o r the a n a l y s i s o f a g l y c o n e s , s u g a r s and a n t h o c y a n i n s as was done 

f o r the HAc-HCl components o f the b a s a l l e a f s h e a t h s . However, b e f o r e 

p r e s e n t i n g the c h a r a c t e r i z a t i o n d a t a , a few o b s e r v a t i o n s on the p o l y m e r i 

z a t i o n o f a n t h o c y a n i n s made when the e l u a t e s were d r i e d w i l l be p r e s e n t e d 

i n the n e x t s e c t i o n . 

19.3.3. P o l y m e r i z a t i o n o f A n t h o c y a n i n s D u r i n g D r y i n g 

I n a few i n s t a n c e s , t he f o l l o w i n g o b s e r v a t i o n s were made on the 

e l u a t e s o f the bands 5 ( F i g . 19.3) and DE ( F i g . 19.1) d u r i n g d r y i n g i n a 

vacuum oven. The BAW bands DE and 5 a r e , o t h e r w i s e , i d e n t i c a l . 

The band 5 o r DE a r e the major bands and d e p e n d i n g upon the 

number o f such bands e l u t e d s i m u l t a n e o u s l y , the volume o f the e l u a t e s 

v a r i e d f r o m , s a y , 5 ml t o 50 ml. I t was noted t h a t when the volume o f the 

e l u a t e was s m a l l End the r e l a t i v e c o n c e n t r a t i o n o f a n t h o c y a n i n s i n the 

e l u a t e l a r g e , t he a n t h o c y a n i n s d r i e d w i t h o u t a p p a r e n t m o d i f i c a t i o n . However, 

when the q u a n t i t y o f the e l u a t e was l a r g e , because o f e l u t i o n from l a r g e 

number o f bands, a major p o r t i o n o f the a n t h o c y a n i n s t u r n e d i r r e v e r s i b l y t o 

r e d d i s h brown t o d a r k brown and f i n a l l y t o b l a c k c o l o r s . The dar k brown 

p r o d u c t was s p a r i n g l y s o l u b l e and the b l a c k p r o d u c t i n s o l u b l e i n 0.17<> 

m e t h a n o l i c H C l , s u g g e s t i n g t h e r e b y ' p o l y m e r i z a t i o n ' o f a n t h o c y a n i n s . I t 

was noted t h a t when an e l u a t e was d r i e d i n a f l a s k w i t h a s u b s t a n t i a l 

s u r f a c e on a f l a s h e v a p o r a t o r , the p o l y m e r i z a t i o n t o s l i g h t l y b r o w n i s h r e d 
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m a t e r i a l was m i n i m a l . When, however, the e l u a t e s were d r i e d i n a b e a k e r o f 

s m a l l s u r f a c e i n a vacuum oven, a t room t e m p e r a t u r e , much p o l y m e r i z a t i o n 

o c c u r r e d . The p o l y m e r i z a t i o n i n the b e a k e r , however, was not u n i f o r m : 

a l o n g the p e r i p h e r a l d e p r e s s i o n o f the b e a k e r , the a n t h o c y a n i n s became c a r b o n 

b l a c k and i n s o l u b l e i n the a c i d i f i e d m e t h a n o l , i n some r e g i o n s o f the beake r 

t h e y t u r n e d b r o w n i s h , and i n o t h e r s t h e y d i d not show any a p p a r e n t m o d i f i 

c a t i o n . P o l y m e r i z a t i o n i n such cases c o u l d be m i n i m i z e d by t i l t i n g and 

r o t a t i n g the beaker p e r i o d i c a l l y t o s p r e a d the a n t h o c y a n i n s o v e r s u b s t a n t i a l  

s u r f a c e o f the beaker j u s t when the a n t h o c y a n i n s were about t o d r y (see Sec. 

19.2.2). Under such c o n d i t i o n s , the a n t h o c y a n i n s d i d not become c a r b o n 

b l a c k ; a t most a p o r t i o n t u r n e d o n l y t o b r o w n i s h r e d c o l o r s . Thus the 

t r a n s f o r m a t i o n o f a n t h o c y a n i n s t o b r o w n i s h c o l o r e d p r o d u c t s seems t o be an 

i n t e r m e d i a t e s t e p t o e v e n t u a l b l a c k e n i n g . 

The bro w n i n g and b l a c k e n i n g o f a n t h o c y a n i n i s o l a t e s a t t r a c t e d 

our a t t e n t i o n f o r s e v e r a l r e a s o n s , the p r i n c i p a l among them b e i n g the 

s i z e a b l e l o s s o f the pigment. I t was a l s o o b s e r v e d t h a t the r e s i d u a l 

a n t h o c y a n i n s i n t i s s u e s , w h i c h had been e x t r a c t e d once w i t h a c i d i f i e d 

m ethanol ( S e c . 10.2.1), t u r n e d b l a c k upon d r y i n g i n an oven above 80°C. 

Thus, the b l a c k e n i n g of a n t h o c y a n i n s , and t h e c o - o c c u r r e n c e of a n t h o c y a n i n s 

and m e l a n i n s i n the b l a c k v a r i e t i e s w a r r a n t e d f u r t h e r s c r u t i n y o f the b l a c k 

brown and r e d d i s h brown p r o d u c t s . A few c h r o m a t o g r a p h i c o b s e r v a t i o n s on 

the n a t u r e of the b r o w n i s h p r o d u c t s o b t a i n e d from the i s o l a t e s 5-274 and 

5-217 w i l l be d e s c r i b e d n e x t . 

I t was o b s e r v e d t h a t the e l u a t e s o f the BAW a n t h o c y a n i n bands 

5-274 and 5-217, i n a few c a s e s , had p a r t i a l l y t u r n e d brown upon d r y i n g i n 

a vaccum oven. The browning was l o c a l i s e d o v e r c e r t a i n a r e a s o f the 

c o n t a i n e r s ( b e a k e r s ) . The i s o l a t e s were d e s i c c a t e d o v e r phosphorus p e n t o x -
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ide as described i n Section 19.2.2. I t was observed that the brownish 

material dissolved very slowly i n 0.017= methanolic HCl and i n the case of 

the i s o l a t e 5-217, a few dark specks remained insoluble. The i s o l a t e s were 

banded on Whatman paper No. 3 for the usual p u r i f i c a t i o n of the anthocyanins 

i n the HAc-HCl solvent. The insoluble specks of the i s o l a t e 5-217 were 

also deposited on the band during banding. The re s u l t s of the HAc-HCl 

chromatography are shown i n F i g . 19.6: Chromatograms 5-274 and 5-217. Both 

the chromatograms show the brownish materials, and also the insoluble dark 

specks (chromatogram 5-217) only at the s t a r t i n g l i n e . The chromatograms 

also show the usual anthocyanins ( c f . . F i g . 19.5) that are obtained from 

the band 5; however, the components above the component 5D i n F i g . 19.6 are 

F i g . 19.6 
Polymerization of anthocyanins and 
anthocyanidins as a r e s u l t of 
drying. Note brown materials 
derived from anthocyanins immobile 
st the s t a r t i n g l i n e s of chromato-
s t r i p s 5-274 and 5-217. Note the 
pink anthocyanidins, derived from 
p a r t i a l hydrolysis (E-130) and 
complete hydrolysis (3-272 III) of 
anthocyanins, immobile on the 
s t a r t i n g l i n e s cf the two chromato 
s t r i p s on the r i g h t . 
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r a t h e r weak and have not been p e n c i l l e d . The m a t e r i a l s a t the s t a r t i n g 

l i n e , i n c o l o r s , r esemble e x a c t l y t o the s t a t i o n a r y m a t e r i a l s w h i c h a r e 

e n c o u n t e r e d a t the s t a r t i n g l i n e whenever a n t h o c y a n i n e l u a t e s a r e chromato

graphed (see Sees. 11 and 15). S i m i l a r b r o w n i s h and b r o w n i s h r e d m a t e r i a l s 

a r e a l s o p r e s e n t a t the s t a r t i n g l i n e i n the case o f e l u a t e s o b t a i n e d from 

o t h e r bands though the e l u a t e s upon d r y i n g d i d not show any l o c a l i z e d 

b r o w n i n g i n the c o n t a i n e r s (see F i g s . 19.2, 19.4 and 19.5). The o n l y 

d i f f e r e n c e i s t h a t the r a t i o o f t h e s t a t i o n a r y m a t e r i a l s t o a n t h o c y a n i n s was 

m i n i m a l when no l o c a l i s e d b r o w n i n g o c c u r r e d i n the c o n t a i n e r s d u r i n g d r y i n g . 

The c o l o r o f the s t a t i o n a r y m a t e r i a l s v a r i e s d e p e n d i n g upon the 

c o n d i t i o n s . F o r example, when the BAW a n t h o c y a n i n bands A, E, F, G o f the 

c o l l e c t i o n 130 (see Sec. 10) were h y d r o l y s e d p a r t i a l l y as d e s c r i b e d i n 

S e c t i o n 19.2.3, the c o l o r o f the m a t e r i a l s a t the s t a r t i n g l i n e was g e n e r a l l y 

b r i g h t r e d o r p i n k ( f l u o r e s c e n t under UV). The r e s u l t s f o r the band E-130 

a r e shown i n F i g . 19.6. S i m i l a r l y the f l u o r e s c e n t s p o t a t the s t a r t i n g 

l i n e was n o t e d when the d e l p h i n i d i n d e r i v a t i v e 2 7 2 - I I I / 3 (Sec. 6.4.2.c) was 

h y d r o l y s e d d i r e c t l y on paper by the method d e s c r i b e d i n Sec. 20. The 

r e s u l t s o f the h y d r o l y s i s are a l s o i n c l u d e d i n F i g . 19.6. I f , however, 

the h y d r o l y s i s was c a r r i e d out t o c o m p l e t i o n i n s o l u t i o n , the c o l o r s o f 

the s t a t i o n a r y m a t e r i a l s , i n the case o f h y d r o l y s a t e s from the p u r i f i e d 

a n t h o c y a n i n s (Sec. 19.3.4) were g e n e r a l l y r e d and o n l y o c c a s i o n a l l y brown. 

S i m i l a r v a r i a t i o n i n the c o l o r s o f p o l y m e r i z e d a n t h o c y a n i n s was n o t e d 

t h r o u g h o u t the c o u r s e o f t h i s i n v e s t i g a t i o n . F o r example, when the 

a n t h o c y a n i n e l u a t e s a r e chromatographed, the c o l o r s o f the p o l y m e r i z e d 

m a t e r i a l s were sometimes weak r e d , g e n e r a l l y b r o w n i s h r e d , but a t times, 

b r o w n i s h y e l l o w (see F i g s . 19.4 and 19.5). O c c a s i o n a l l y , however, the 

c o l o r o f the s t a t i o n a r y m a t e r i a l s as shown i n F i g . 19.1, i n the case o f 
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the greenhouse C o l l e c t i o n 407 was b l u i s h p u r p l e , but i n the case o f the 

C o l l e c t i o n 408, w h i c h was o b t a i n e d on the same day from the same m a t e r i a l s 

i s weak l i g h t r e d . S i m i l a r v a r i a t i o n i n the c o l o r s was noted i n s e v e r a l 

o t h e r c a s e s . The p o l y m e r i z e d m a t e r i a l s o b t a i n e d from a n t h o c y a n i d i n s , a t 

l e a s t under the c o n d i t i o n s mentioned above, f l u o r e s c e and tho s e o b t a i n e d 

from a n t h o c y a n i n s show d u l l a b s o r p t i o n . The above o b s e r v a t i o n s c l e a r l y 

i n d i c a t e t h a t t h e r e must be a l i n k between the brown, r e d , and p u r p l e 

s t a t i o n a r y m a t e r i a l s , and t h a t b o t h a n t h o c y a n i n s and a n t h o c y a n i d i n s undergo 

p o l y m e r i z a t i o n . The c o n d i t i o n s under w h i c h the c o l o r s o f the p o l y m e r i z e d 

p r o d u c t s v a r y a r e not u n d e r s t o o d , and t h e r e f o r e the n e c e s s i t y o f f u r t h e r 

s c r u t i n y o f the t e c h n i q u e s o f p r o c e s s i n g a n t h o c y a n i n s i n r e l a t i o n s h i p t o 

p o l y m e r i z a t i o n can be h a r d l y o v e r e m p h a s i z e d . 

The b r o w n i s h m a t e r i a l s remained s t a t i o n a r y i n a l l a n t h o c y a n i n 

s o l v e n t s l i s t e d e l s e w h e r e ( T a b l e 10.11) i n c l u d i n g the Bu-HCl s o l v e n t . 

Inasmuch as the r e d d i s h brown p r e c i p i t a t e o f L u k t o n , C h i c h e s t e r and 

Ma c k i n n e y (1956) were r e a d i l y m o b i l e i n the Bu-HCl s o l v e n t and the b r o w n i s h 

m a t e r i a l s e n c o u n t e r e d i n t h i s s t u d y i m m o b i l e , the l a t t e r may, t h e r e f o r e , 

be o f d i f f e r e n t n a t u r e . L u k t o n e t al _ . , ( i b i d . ) s u g g e s t e d t h a t the i n s o l u -

b i l i z a t i o n o f t h e i r r e d d i s h brown p r e c i p i t a t e c o u l d have.been due e i t h e r 

t o p o l y m e r i z a t i o n o r c o n v e r s i o n o f the pseudo base t o the p r e c i p i t a t e o r 

due t o the h y d r o l y s i s o f the pseudo base t o the a g l u c o n e w i t h subsequent 

c o n v e r s i o n t o the p r e c i p i t a t e . The p o l y m e r i z a t i o n o f a n t h o c y a n i n s t o the 

b r o w n i s h r e d p r o d u c t s e n c o u n t e r e d i n t h i s s t u d y cannot be due t o the 

p o l y m e r i z a t i o n o f pseudo bases because the c o n d i t i o n s o f o u r h a n d l i n g 

p r e c l u d e pseudo base f o r m a t i o n . M o r e o v e r , L u k t o n e t a l . ( i b i d . ) have 

i m p l i c a t e d the d e g r a d a t i o n t h r o u g h pseudo base f o r m a t i o n on the a s s u m p t i o n 

t h a t i t i s the f l a v y l i u m s t a t e w h i c h i s more s t a b l e . The s t u d i e s d e s c r i b e d 



375 

i n S e c t i o n 24 show t h a t i t i s the pseudo base s t a t e w h i c h i s more s t a b l e 

t h a n the f l a v y l i u m s t a t e . 

I t i s c l e a r from the above, o b s e r v a t i o n s t h a t d e p e n d i n g upon the 

c o n d i t i o n s , v a r y i n g degrees o f a n t h o c y a n i n l o s s e s o c c u r upon d r y i n g i n the 

form o f s t a t i o n a r y m a t e r i a l s due p r o b a b l y t o p o l y m e r i z a t i o n . E l i m i n a t i o n 

o f such l o s s e s i s v e r y i m p o r t a n t p a r t i c u l a r l y from the p o i n t o f view o f 

h y b r i d a n a l y s i s w h i c h r e q u i r e s sound b a s i s f o r q u a n t i f i c a t i o n . 

19.3.4. I d e n t i f i c a t i o n , o f A n t h o c y a n i d i n s : B a s a l L e a f Sheaths and C a r y o p s e s 

The i d e n t i f i c a t i o n d a t a o f the a n t h o c y a n i d i n s o f the HAc-HCl 

a n t h o c y a n i n components, and, o n l y i n some c a s e s , the BAW a n t h o c y a n i n 

components o f the b a s a l l e a f s h e a t h (Sec. 19.3.1) and c a r y o p s i s (Sec. 19. 

3.2) a n t h o c y a n i n s a r e i n c l u d e d i n T a b l e 19.V. The R f v a l u e s o f the a n t h o 

c y a n i d i n s were compared c a r e f u l l y w i t h a u t h e n t i c a n t h o c y a n i d i n s i n s e v e n 

s o l v e n t s y s t e m s , two o f w h i c h , namely, the P r o p i o n i c a c i d s o l v e n t and the 

FA-4NHC1 s o l v e n t (See T a b l e s 17.1 and 1 7 . I I ) were d e v e l o p e d i n t h i s 

l a b o r a t o r y . U n l e s s s t a t e d o t h e r w i s e , the Rf v a l u e s o f the i d e n t i f i e d 

a g l y c o n e s were i d e n t i c a l w i t h the c o r r e s p o n d i n g s y n t h e t i c a g l y c o n e s on the 

same s h e e t i n a t l e a s t t h r e e r u n s . Whenever the pigment was a v a i l a b l e 

i n s u f f i c i e n t q u a n t i t y , the c h r o m a t o g r a p h i c i d e n t i f i c a t i o n was s u p p o r t e d 

by s p e c t r a l d a t a . C o n t r o l s p e c t r a o f the s y n t h e t i c a g l y c o n e s , i n g e n e r a l , 

was a l s o d e t e r m i n e d on the same day. The s p e c t r a l measurements o f the 

aluminum c h l o r i d e s h i f t were e s p e c i a l l y h e l p f u l i n r e i n f o r c i n g the i d e n t i 

f i c a t i o n s . 

I n the n e x t s e c t i o n a r e p r e s e n t e d the c h a r a c t e r i z a t i o n o f 

s u g a r s o b t a i n e d from the h y d r o l y s a t e s o f the a n t h o c y a n i n components. 
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TABLE 19.V 
R f VALUES AND SPECTRAL CHARACTERISTICS OF THE ANTHOCYANIDINS 
FROM THE BASAL LEAF SHEATHS AND THE CARYOPSES 

BASAL LEAF SHEATHS 

X 100 mu 
max 

Band 
No. 

co 

CD 
a 
u 
o 
rt 

r-l 

c_> 
o 

•rJ 
r-t in 

CD > 
u 
CD 
CO 

j j 
14-1 
•rJ 
J3 
CO 

CO 

A g l y c o n e ^ 
JJ 0) 
<D 
U 
Q 

M 
CO 

r-l 

c_> u 
| 

00 o 
•H 
fx 

o u 
Pu 

CD > 
u 
CD 
CO 

VJ 
CO 

-D 
r-t 

j j 
14-1 
•rJ 
J3 
CO 

CO 
JJ 0) 
<D 
U 
Q 

1 o r-l o o 

CD > 
u 
CD 
CO 

C 
CO 

I—* 
CJ 

S3 CO H CO 
M 

J3 
o 

4J 
CO 

f—4 

< 

A l 50 23 33 11 14 30 43 C y a n i d i n 

A2 46 23 36 11 16 29 45 532 532 16 C y a n i d i n 
A3 45 24 33 12 15 31 50 534 534 22 C y a n i d i n 

A4 46 25 38 30 51 532 532 20 C y a n i d i n 

A 48 27 37 12 15 30 50 534 534 26 C y a n i d i n 

B l 50 11 14 30 C y a n i d i n 

B2 50 22 36 12 14 31 48 534 534 22 C y a n i d i n 

B3 62 
46 

29 
23 

12 40 
30 

50 P e o n i d i n 
C y a n i d i n (wk) 

B4 48 
T60 

25 
30? 

37 
48T 

30 
40 

50 C y a n i d i n 
P e o n i d i n (wk) 

B 50 
64 

37 
50 

30 
40 

50 C y a n i d i n (5) 
P e o n i d i n (1) 

G-402 46 
64 

22 
33 

36 
50a 

30 
41 

C y a n i d i n (5) 
P e o n i d i n (1) 

DEI 50 24 33 12 15 29 42 C y a n i d i n 

DE2 
46 

15 
23 

28? 
36 

6k 
10 

20 
29 

D e l p h i n i d i n 0 ( I ) 
C y a n i d i n (5) 

DE3 46 22 36 11 26 43 534 534 21 C y a n i d i n 

DE4 48 22 35 12 30 45 533 534 22 C y a n i d i n 
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TABLE 19.V c o n t i n u e d 

R f x 100 " ^ m a x m u 

Band ^ u 

No. g o £ A g l y c o n e f 

1-1 o r-4 •r4 33 T3 T3 -C3 CD -O u p r4 CO 
4-1 M as CJ o u > CO co co 03 OO •H pi 13 CO <D 33 <r I • • a. 1 01 C3 r- l 

u i O r-l o o CO CD u o < < < u (0 XI 4J r- l 

33 CO H o C/J < 

DE7 47 21 38 9 14 31 46 532 534 36 C y a n i d i n * 3 

DE8 30 C y a n i d i n 0 

DE9 20 33 28 P r o b a b l y 
P e t u n i d i n 0 

D-405 50 24 34 10 29 45 C y a n i d i n 

E-405 48 22 36 .12 28 45 C y a n i d i n 

F2<* 52 
66 

15 
19 

P e t u n i d i n o e (5) 
P e o n i d i n o r 
M a l v i d i n 0 

F3 48 26 37 11 30 50 C y a n i d i n 

F4 62 31 46 15 40 51 P e o n i d i n 

G3 46 21 33 30 50 534 534 13 C y a n i d i n 

G-402 8 68 38 51 47 60 P e l a r g o n i d i n 
(see t e x t ) 

HI 48 
60 

34 
68 

10 
27 

27 
54 

C y a n i d i n 0 ( I ) 
PPPH (2) 

H2 46 10 C y a n i d i n o r 
P e t u n i d i n : 
see a l s o F2 

H3 55 18 C y a n i d i n 0 d h 

H4 48 26 36 32 53 532 30 C y a n i d i n 

K 46 
60 

25 
33 

38 
50 

33 
40 

C y a n i d i n 0 (7) 
P e o n i d i n (1) 

L 46 25 40 30 C y a n i d i n 0 
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TABLE 19.V c o n t i n u e d 

CARYOPSES 

R f x 100 / \ m g x mu 

1C
1 

jn
en
t 

No
. 

st
al

 

ar
bo
rn
e 

-4
NH
C1
 

:-
HC
l 

OO Lo
ni
c 

33 

<2 
rt . 

:v
ed
 

la
rd
 

Sh
if

t 

A g l y c o n e ^ 

HA
c-
I 

co
mp
c 33 -4
NH
C1
 

:-
HC
l 

cx 
/-» 

t-u 
1 0J c CO 

HA
c-
I 

co
mp
c 

o 
u* 

< < 
CO 

U 
u 
cu . 

O 
CO 
I-l o 

CO 
4J 
GO 

u 
r- l 

<: . 

3-4A 35 15 21 6 10 20 D e l p h i n i d i n 

4A 35 16 20 7 9 20 30 D e l p h i n i d i n 

4C 48 22 34 11 15 30 44 C y a n i d i n 

5A 49 
59 

24 36 30 43 C y a n i d i n (15) 
? (1) 

5B 45 22 37 11 31 47 C y a n i d i n 

5C 46 25 36 11 16 30 48 534 534 22 C y a n i d i n 

5D 
5D 

46 
( n y l 

26 36 
on p u r i f i e d 

10 
[ 

17 28 45 534 
534 

534 
534 

20 
21 

C y a n i d i n 
C y a n i d i n 

5E 46 
6.3 

22 36 
46 

16 29 
40 

43 530 532 10 
30 

C y a n i d i n (20) 
P e o n i d i n (1) 

5F 46 25 35 16 29 49 532 534 * C y a n i d i n 

5G 44 24 36 29 48 532 532 29 C y a n i d i n 

5H 46 22 
52 

36 
70 

27 
60 

46 535 534 28 C y a n i d i n (5) 
PPH (1) 

5K 47 24 36 30 48 C y a n i d i n 

5 f l 46 
74 

24 
57 

35 
67 

30 
65 

52 
F 

C y a n i d i n (10) 
PPH (1) 

5L 46 23 36 9 14 30 * * C y a n i d i n 
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TABLE 19.V c o n t i n u e d 

R f x 100 "> 'max mu 

No
. 

01 
rj 

A g l y c o n e ^ 
4-1 

c r - l 
H 
O i—i 

CJ 
•H 

CD 

i l 
•H 

C J d pc o 
• a. 
c l B 

CD 
4-1 W 

C J 

- 3 

u 
r-r-l 

d o <s CD I-l 
- d 
C O C J d pc o 

• a. 
c l B 

CD S3 

C J 

- 3 
PC 
1 t \ 

0 0 

<s 
u TO 

t— 
co 

Si o 
M 

o < < 
Pn % o 

u 
p* 

o 
ca 

M 

CD 
CO 

J D 
O 

CD 
4-1 

cn 

C J 
r-4 

<C 

IB5GH 23 36 C y a n i d i n (10) 

IB5KH 47 
74 

23 
55 

37 
67 

30 
64 

50 
F 

C y a n i d i n (25) 
PPH (1) 

6B 48 
64 

(wk) 

26 
30 

37 
47 

11 30 
41 

50 532 16 C y a n i d i n (10) 
P e o n i d i n (3) 

6C 46 
62 

24 
32 

35 
48 

29 
40 

51 C y a n i d i n (1) 
P e o n i d i n (3) 

6D 62 31 46 15 18 40 51 530 530 0 P e o n i d i n 

7A 51 23 32 44 C y a n i d i n c 

7C 16 P e l a r g o n i d i n 

7F 48 24 35 10 29 48 C y a n i d i n 

7G d 16* 
25 

37* 
52 

C y a n i d i n 0 (1) 
P e l a r g o n i d i n 0 (2) 

7H 64 38 50 17 47 71 518 518 0 P e l a r g o n i d i n 

7J 45 24 33 11 30 51 516 C y a n i d i n (1) 
64 37 48 17 j 47 69 

516 P e l a r g o n i d i n (4) 

8A 28 P e t u n i d i n o r 8A 28 C y a n i d i n 

86= 9C 47 24 37 11 31 51 C y a n i d i n 

8D 46 24 35 10 30 47 C y a n i d i n 

8&9E 65 36 52 16J 46 68 P e l a r g o n i d i n 

8FGH 50 
67 

24 
36 

36 
50 

29 
43 

48 
66 

C y a n i d i n ( 5 ) * 
P e l a r g o n i d i n (1) 

8&9K 45 23 C y a n i d i n 
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TABLE 19.V c o n t i n u e d 

F = f a d e s 
PPPH = p r o b a b l y p a r t i a l p r o d u c t s o f h y d r o l y s i s 
a = Rf v a l u e s i d e n t i c a l w i t h s y n t h e t i c p e o n i d i n on the same s h e e t 
b = a l t h o u g h Rf v a l u e s i n some s o l v e n t s (and a l s o c o l o r s ) resemble 

c l o s e l y p e t u n i d i n , the pigment i s i d e n t i f i e d as c y a n i d i n 
p r i m a r i l y on the b a s i s o f s p e c t r a l c h a r a c t e r i s t i c s 

c = p r o v i s i o n a l i d e n t i f i c a t i o n 
d = Rf v a l u e s under s t a n d a r d c o n d i t i o n s c o u l d not be d e t e r m i n e d 
e = Rf v a l u e s and c o l o r s do not t a l l y w i t h s y n t h e t i c c y a n i d i n on 

the same s h e e t 
f = an e s t i m a t e o f r e l a t i v e c o n c e n t r a t i o n o f the two a g l y c o n e s i s 

i n c l u d e d i n p a r e n t h e s i s 
g = the orange r e d HAc-HCl component o f the band G-402 ( c f . . s e c . 

19.3.1) 
h = Rf v a l u e s ' t a l l y w i t h ' c y a n i d i n on the same s h e e t 
j = p e l a r g o n i d i n on the same s h e e t gave an Rf v a l u e 0.21 
k = see T a b l e 1 9 . V I I . 
* = d e g r a d i n g d u r i n g s p e c t r a l a n a l y s i s ; the specimen d i d show the 

aluminum c h l o r i d e s h i f t 
T = t r a i l 
wk = weak 

19.3.5. C h a r a c t e r i z a t i o n o f S u g a r s : B a s a l L e a f Sheath and the  
C a r y o p s i s A n t h o c y a n i n s 

The s u g a r s o b t a i n e d from the h y d r o l y s a t e s o f the HAc-HCl a n t h o 

c y a n i n components o f the b a s a l l e a f s h e a t h s and the c a r y o p s e s a r e i n c l u d e d 

i n T a b l e 19.VI. The s u g a r s were i d e n t i f i e d by cochromatography w i t h known 

compounds i n the p y r i d i n e s o l v e n t and BAW s o l v e n t (Sec. 19.2.4). I t w i l l 

be n o t e d t h a t the s u g a r s o b t a i n e d from the h y d r o l y s i s o f b o t h the a n t h o 

c y a n i n e l u a t e s ( T a b l e 1 9 . V I ) , and the a n t h o c y a n i n b l a n k s ( F i g . 18.1) a r e 

i d e n t i c a l , namely, g l u c o s e , g a l a c t o s e , a r a b i n o s e x y l o s e . The i n v e s t i 

g a t i o n s on the g l y c o s i d i c components o f the s u g a r b l a n k s ( i . e . , the 

b l a n k s o b t a i n e d from the h y d r o l y s i s o f a n t h o c y a n i n b l a n k s : see Sec. 18.1.1) 

were c a r r i e d out o n l y a t the c o n c l u s i o n o f the s u g a r d e t e r m i n a t i o n s o f 

a l l HAc-HCl a n t h o c y a n i n e l u a t e s r e p o r t e d i n T a b l e 19.V. S i n c e a l l a n t h o 

c y a n i n i s o l a t e s had been used up i n the d e t e r m i n a t i o n s o f a g l y c o n e s , s u g a r s , 
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TABLE 19.VI 
SUGARS OBTAINED FROM THE HYDROLYSATES OF THE HAc-HCl ANTHOCYANIN * 
COMPONENTS OF THE BASAL LEAF SHEATHS AND THE CARYOPSES 

HAc-HCl 
Component S u g a r s * * 

. A2 g l u . 
g l u . 

A3 g l u . ( 2 0 ) : a r a ( 1 ) : x y l (1) 
g l u 

A4 g l u 
g l u 

A5 g l u : a r a ( t ) : x y l ( t ) 

B4 g l u 
g l u 

( 5 ) : a r a (1) 

DE2 U l : 
g l u 

g l u 

DE3 g l u 
g l u 

DE5 g l u : a r a (wk)* 

DE6 g l u ( 1 ) : a r a ( 1 ) : x y l ( t ) * 

DE7 g l u : 
g l u 

a r a ( t ) : x y l ( t ) 

DE8 g l u 
g l u 

(20) 
(10) 

: a r a (1) : 
: x y l (1) 

x y l (1) 

DE9 g l u 
g l u 

G3 g l u 
g l u 

(10) : a r a ( 1 ) : x y l ( t ) 

H2 g l u 
g l u 

H4 g l u 
g l u 
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TABLE 19.VI c o n t i n u e d 

HAc-HCl 
Component 

S u g a r s * * 

5B g l u ( 3 0 ) : a r a ( 5 ) : x y l 
g l u 

(2) 

5C g l u ( 2 0 ) : a r a ( 3 ) : x y l 
g l u 
U2: g l u * 

(3) 

5E g l u ( 2 0 ) : a r a ( 4 ) : x y l (2) 

5F g l u ( 1 0 ) : a r a ( 2 ) : x y l 
g l u 

CD 

IB5FG g l u ( 1 ) : a r a ( 1 ) * 

5G g l u ( 2 0 ) : a r a ( 5 ) : x y l 
g l u (5): a r a ( 1 ) : x y l 

( 4 ) : U5 (BAW o n l y ) 
( D 

IB5GH g l u ( 1 0 ) : a r a ( 3 ) : x y l 
g l u ( 5 ) : a r a ( 1 ) : x y l 
g l u ( 1 ) : a r a ( 1 ) * 

(2) 
CD 

5H U3: U4: U5(BAW): g a l ( 1 ) : g l u ( 1 5 ) : a r a ( 3 ) : x y l (2) 
U3: U4: U5(BAW): g l u ( 1 0 ) : a r a (3) x y l (3) 

IB5KH g l u ( 2 0 ) : a r a ( 8 ) : x y l 
g l u ( 1 0 ) : a r a ( 5 ) : x y l 

( 5 ) : U.5 (BAW) 
CA) 

5K U3: U4: U5: U6: g a l ( 2 ) : g l u ( 2 0 ) : a r a ( 8 ) : x y l (5) 

5L U5: U6: g a l ( 5 ) : g l u ( 2 0 ) : a r a ( 1 0 ) : x y l (5) 

5 f l g l u - g a l ( 3 0 ) : a r a . ( 3 ) : x y l (3) 

6B g l u : g a l ( t ) : a r a ( t ) : 
g l u 

x y l ( t ) 

6C g l u 

6D g l u 

6E g l u : a r a ( t ) 
g l u 
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TABLE 19.VI c o n t i n u e d 

HAc-HCl 
Component S u g a r s * * 

7F g l u : a r a ( t ) 

7H g l u 

7 J g l u ( 3 0 ) : a r a ( 1 ) : x y l (2) 
g l u 

8-9C g l u c o s e 

8DE g a l ( 1 ) : g l u ( 1 0 ) : x y l (1) 

8-9DE g l u c o s e 

8FGH g a l ( 1 ) : g l u ( 2 0 ) : a r a ( 2 ) : x y l (1) 
g l u ( 1 0 ) : x y l (1) 

8-9K g a l ( 1 ) : g l u ( 2 0 ) : a r a ( 1 ) : x y l (1) 
g l u 

F i r s t row: 
Second row 
* 

r e s u l t s 

o r i g i n a l r e s u l t s 
: r e s u l t s a f t e r c o r r e c t i n g f o r b l a n k v a l u e s (see t e x t ) 
o b t a i n e d by n y l o n t r e a t m e n t 

U = unknown 
P y r = p y r i d i n e s o l v e n t 
g a l = g a l a c t o s e 
g l u = g l u c o s e 
a r a = a r a b i n o s e 
x y l = x y l o s e 
t = t r a c e amounts 
U l = Rg0.34 ( P y r ) . 
U2 = R g 0.51 ( P y r ) . 
U3 = Rg 0.06 ( P y r ) : p i n k f l u o r e s c e n c e 
U4 = R g 0.25 ( P y r ) , 0.47 (BAW): d u l l y e l l o w (UV): R g v a l u e s 

i d e n t i c a l w i t h g e n t i o b i o s e 
U5 = Rg 1.52 (BAW): b l u i s h g r e e n f l u o r e s c e n c e 
U6 = R g 0.54 (BAW), 0.30 ( P y r ) : r e d f l u o r e s c e n c e 

f i g u r e s i n p a r e n t h e s e s i n d i c a t e r e l a t i v e c o n c e n t r a t i o n r a t i o s o f 
the d i f f e r e n t components on the same s h e e t . The r a t i o s were 
e s t i m a t e d v i s u a l l y . 
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and a n t h o c y a n i n s , r e d e t e r m i n a t i o n o f the g l y c o s i d i c components of 

a n t h o c y a n i n s by the n y l o n method ( c f . , Sec. 18.1.3) c o u l d not be u n d e r 

t a k e n . 

To s e c u r e a r e a s o n a b l e measure o f c o n f i d e n c e i n the g l y c o s i d i c 

a n a l y s i s o f a n t h o c y a n i n e l u a t e s , the a n t h o c y a n i n s u g a r s were r e c h r o m a t o 

graphed a l o n g w i t h the s u g a r b l a n k s o b t a i n e d from the c o r r e s p o n d i n g Rf 

r e g i o n s ( S e c . 18.1.1). As f a r as p o s s i b l e , the s u g a r b l a n k s were 

p r e p a r e d from the same number and same s i z e o f the HAc-HCl d e v e l o p e d 

b l a n k p a p e r bands as were used f o r the e l u t i o n o f a n t h o c y a n i n s . The 

r e l a t i v e c o n c e n t r a t i o n r a t i o s o f the s u g a r s o b t a i n e d from the s u g a r b l a n k s 

and t h o s e o b t a i n e d from the a n t h o c y a n i n h y d r o l y s a t e s were c a r e f u l l y 

compared. A l t h o u g h the. c o m p a r i s o n was not f u l l y q u a n t i t a t i v e , by s u b t r a c t i n g 

the b l a n k r a t i o s from the r a t i o s o f a n t h o c y a n i n s u g a r s , i t c o u l d be 

d e t e r m i n e d w h e t h e r the s u g a r s l i k e a r a b i n o s e , and x y l o s e were p r e s e n t as 

p r o b a b l e a n t h o c y a n i n components o r as mere a r t e f a c t s d e r i v e d from the 

pa p e r . I n T a b l e 19.VI, the a n t h o c y a n i n s u g a r s a r e g e n e r a l l y g i v e n i n two 

rows and o c c a s i o n a l l y i n t h r e e rows. The r e s u l t s g i v e n i n t h e f i r s t . r o w 

a r e the a c t u a l s u g a r s t h a t were o b t a i n e d upon h y d r o l y s i s o f the a n t h o 

c y a n i n e l u a t e . The r e s u l t s i n the second row a r e tho s e o b t a i n e d a f t e r 

s u b t r a c t i n g the b l a n k r a t i o s . The r e s u l t s marked w i t h an a s t e r i s k , some

ti m e s g i v e n i n the t h i r d tow, are the ones o b t a i n e d by the n y l o n t r e a t m e n t . 

Because a d e n s i t o m e t e r was not a v a i l a b l e , o n l y an e s t i m a t e o f the r e l a t i v e 

c o n c e n t r a t i o n r a t i o s o f s u g a r s i s s t a t e d i n p a r e n t h e s i s i n T a b l e 19.VT. 

I t was p o i n t e d out e l s e w h e r e ( S e e s . 16 and 18) t h a t a l a r g e 

q u a n t i t y ,of s u g a r a r t e f a c t s from the paper c o n c e n t r a t e a t the y e l l o w 

endings, I . e . , the y e l l o w t e r m i n u s e s . The paper b l a n k s from w h i c h the 

y e l l o w ends a r e s n i p p e d o f f show o n l y s m a l l amounts o f g l u c o s e and 
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a r a b i n o s e ( F i g . 18.1). Inasmuch as the y e l l o w ends of the HAc-HCl 

a n t h o c y a n i n components i n c l u d e d i n T a b l e s 19.11, 1 9 . I l l and 19.IV had 

been s n i p p e d o f f p r i o r t o e l u t i o n ( S e c . 1 6 ) , the b u l k o f s u g a r a r t e f a c t s 

were t h u s removed. I n p a r t i c u l a r , the y e l l o w ends o f the slow-moving 

a n t h o c y a n i n s (HAc-HCl Rf below 0.5) were s n i p p e d o f f a t l e a s t two t o 

t h r e e t i m e s , because the a n t h o c y a n i n s r e a c h the t e r m i n u s e s s l o w l y i n 

r e l a t i o n t o the ' y e l l o w ' and the s u g a r s (cf_. , Sec. 1 6 ) . The e l u a t e s 

from slow-moving a n t h o c y a n i n s j t h e r e f o r e , must c o n t a i n minimum o f 

s u g a r a r t e f a c t s . However, the s n i p p i n g o f the y e l l o w t e r m i n u s e s became 

d i f f i c u l t i n the case o f f a s t - m o v i n g a n t h o c y a n i n s , w h i c h r e s o l v e above 

Rf 0.65 i n the HAc-HCl s o l v e n t (see Sec. 1 6 ) . The d i f f i c u l t y a r i s e s 

because the ' y e l l o w s ' and the f a s t - m o v i n g a n t h o c y a n i n s : c o n c e n t r a t e a t 

the paper ends a t about the same t i m e . A t the time the a n t h o c y a n i n 

e l u a t e s were p r e p a r e d , the a u t h o r was not aware o f the p r e s e n c e o f s u g a r s 

a r t e f a c t s a t the y e l l o w t e r m i n u s e s . T h e r e f o r e , i n s e v e r a l c a s e s , t h e 

y e l l o w ends were s n i p p e d o f f o n l y once. The Rf v a l u e s i n the HAc-HCl 

s o l v e n t s u g g e s t t h a t the f a s t - m o v i n g a n t h o c y a n i n s must be p o l y g l y c o s y l a t e d . 

M o r e o v e r , the m a j o r i t y o f the f a s t moving a n t h o c y a n i n s show the p r e s e n c e 

o f s u g a r s , such a s , g a l a c t o s e , g l u c o s e , a r a b i n o s e and x y l o s e . These 

s u g a r s a l s o a r i s e as a r t e f a c t s from the p a p e r , a f a c t w h i c h c a s t s 

doubt i f a l l o f t h e s e s u g a r s , i n the o b s e r v e d q u a n t i t i e s , e x i s t as com

ponents o f t h e a n t h o c y a n i n s . However, the p r e s e n c e o f g l u c o s e , 

a r a b i n o s e and x y l o s e i n some h y d r o l y s a t e s o f the n y l o n p u r i f i e d a n t h o c y a n i n s 

i s d e f i n i t e and i s r e l i a b l e e v i d e n c e t h a t t h e s e s u g a r s may be the 

components o f some a n t h o c y a n i n s . 

I t i s amply . c l e a r from the r e s u l t s o f the a n t h o c y a n i n 5G-5H 

t h a t the c o n c e n t r a t i o n r a t i o s of s u g a r s i n c l u d e d i n T a b l e 19.VI a r e n o t 
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dependable. F o r example, the c o n c e n t r a t i o n r a t i o o f g l u c o s e : a r a b i n o s e : 

x y l o s e w i t h o u t the n y l o n p u r i f i c a t i o n o f the a n t h o c y a n i n 5G-5H was 

10:3:2. A f t e r n y l o n p u r i f i c a t i o n , x y l o s e d i s a p p e a r e d and the r a t i o o f 

g l u c o s e : a r a b i n o s e f e l l t o 1:1. Thus,. g l u c o s e i s the major a r t e f a c t 

r e m a i n i n g a f t e r s n i p p i n g the y e l l o w ends. T h i s i s f u r t h e r s u p p o r t e d by 

the r e s u l t s o f s u g a r b l a n k s shown e l s e w h e r e ( F i g . 18.1). The r e s u l t s , 

however, c l e a r l y i n d i c a t e t h a t a r a b i n o s e i s a d e f i n i t e component o f the 

a n t h o c y a n i n . 

The BAW a n t h o c y a n i n band 5 ( c a r y o p s e s ) and the band DE ( b a s a l 

l e a f s h e a t h s ) aire s i m i l a r and g i v e a l a r g e number o f components i n 

HAc-HCl. The c o n c e n t r a t i o n r a t i o s of the s u g a r s o b t a i n e d from the 

HAc-HCl components o f the two BAW bands, however, do not t a l l y . An 

o b s e r v a t i o n , w h i c h f u r t h e r i n d i c a t e s the u n d e p e n d a b i l i t y o f the g l y c o 

s i d i c a n a l y s i s r e p o r t e d i n T a b l e 19.VI. Thus the i d e n t i f i c a t i o n o f 

most o f the a n t h o c y a n i n s i n c l u d e d i n a l l T a b l e s numbered 1 9 . V I I I must 

a w a i t f u r t h e r p r e c i s i o n i n the g l y c d s i d i c a n a l y s i s by the n y l o n method 

(see Sec. 18.1.3). On the b a s i s o f the r e s u l t s o b t a i n e d by the n y l o n 

method, i t a p pears t h a t b a r l e y may p o s s e s s a n t h o c y a n i n s e r i e s c o n s i s t i n g 

l a r g e l y of g l u c o - a r a b i n o s i d e s i n c o n t r a s t t o the g l u c o - r h a m n o s i d e s 

d i s c o v e r e d by Harborne (1960) i n p o t a t o e s . 

19.3.6. P a r t i a l H y d r o l y s i s o f A n t h o c y a n i n s : B a s a l L e a f Sheaths  
and C aryopses 

The r e s u l t s o f p a r t i a l h y d r o l y s i s of a few a n t h o c y a n i n s from 

the b a s a l l e a f s h e a t h s and the c a r y o p s e s a r e i n c l u d e d i n T a b l e 1 9 . V I I . 

The i d e n t i f i c a t i o n o f the p r o d u c t s o f p a r t i a l h y d r o l y s e s , m a i n l y , 

a n t h o c y a n i n s and a n t h o c y a n i d i n s , i s based on the Rf v a l u e s and s p e c t r a l 

d a t a and i s summarized e l s e w h e r e i n T a b l e s 19.V. and a l l T a b l e s numbered 
1 9 . V I I I . 
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TABLE 19.VII 
PARTIAL HYDROLYSIS OF THE ANTHOCYANINS 

HAc-HCl R f x 100 
Component — I d e n t i f i c a t i o n c 

HAc -HCl 3: 1:8 

5' 20' 5' 20' 

A2 10 11 15 16 C y a n i d i n 
28 26 39 37 C y a n i d i n - 3 - g l u c o s i d e 

A3 11 C y a n i d i n 
26 C y a n i d i n - 3 - g l u c o s i d e 

B2 9 10 14 1.5 C y a n i d i n 
25 - 34 C y a n i d i n - 3 - g l u c o s i d e 

DE2 6 D e l p h i n i d i n (1) 
10 C y a n i d i n (5) 
18 D e l p h i n i d i n - 3 - g l u c o s i d e 3 

24 C y a n i d i n - 3 - g l u c o s i d e a 

DE3 10 12 14 16 C y a n i d i n 
27 26 37 wk c y a n i d i n - 3 - g l u c o s i d e 

DE7 9 9 13 15 C y a n i d i n * 
24 24 36 37 C y a n i d i n - 3 - g l u c o s i d e 3 

58 58? 

DE8 10 C y a n i d i n 
25 C y a n i d i n - 3 - g l u c o s i d e 

G3 11 C y a n i d i n 
26 C y a n i d i n - 3 - g l u c o s i d e 

H2 10 C y a n i d i n o r P e t u n i d i n 0 

H4 12 C y a n i d i n 
26 C y a n i d i n - 3 - g l u c o s i d e 

5B 11 C y a n i d i n 
26 C y a n i d i n - 3 - g l u c o s i d e 

5C 10 10 16 16 C y a n i d i n 
27 26 37 37 C y a n i d i n - 3 - g l u c o s i d e 

5D 10 11 16 16 C y a n i d i n 
27 24 37 wk C y a n i d i n - 3 - g l u c o s i d e 

5E 10 12 15 C y a n i d i n ' 
24 26 37 C y a n i d i n - 3 - g l u c o s i d e 
33 wk 46 P e o n i d i n = 3 - g l u c o s i d e a 
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TABLE 19.VII c o n t i n u e d 

HAc-HCl 
Component 

Rf x 100 
I d e n t i f i c a t i o n 0 

HAc-HCl 
Component 

HAc -HCl 3:1:8 
I d e n t i f i c a t i o n 0 

5' 20' 5' 20' 

5F 10 
27 
AO 

11 
26 
wk 

15 
39 
53 

16 C y a n i d i n 
C y a n i d i n - 3 - g l u c o s i d e 
P r o b a b l y a 3 , 5 - d i g l y c o s i d e 

5G 9 
26 
A8 

10 
2A 

1A 
37 
59 

16 
38 

C y a n i d i n 
C y a n i d i n - 3 - g l u c o s i d e 
C y a n i d i n p o l y g l y c o s i d e 

5H 8 
26 
A 8? 
5A 

9 
25 

1A 
38 

69 

15 
38 

C y a n i d i n 

C y a n i d i n - 3 - g l u c o s i d e 

C y a n i d i n p o l y g l y c o s i d e 
5K 9 

19 
26 

1A 
29 
36 

C y a n i d i n 
?? 
C y a n i d i n - 3 - g l u c o s i d e 

5 f l 11 
21 
26 

C y a n i d i n 
??? 
C y a n i d i n - 3 " g l u c o s i d e 

5G-5H 9 
26 
52 

10 
2A 

13 
37 
66 

1A 
39 

C y a n i d i n ? 

5K-5H 10 
2A 

C y a n i d i n 
C y a n i d i n - 3 - g l u c o s i d e 3 

6B 11 
2A 

C y a n i d i n 
C y a h i d i n - 3 - g l u c o s i d e 

6D 12 
35 

18 
A3 

P e o n i d i n 
P e o n i d i n - 3 - g l u c o s i d e 

7F 10 C y a n i d i n 

7H 17 
37 

22 
A7 

P e l a r g o n i d i n 
P e l a r g o n i d i n - 3 - g l u c o s i d e 

7J 11 
17 

C y a n i d i n (1) 
P e l a r g o n i d i n (A) 
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TABLE 19.VII c o n t i n u e d 

c = the f i g u r e s i n p a r e n t h e s i s are e s t i m a t e s of the r e l a t i v e 
c o n c e n t r a t i o n r a t i o s 

* = see f o o t n o t e f o r a n t h o c y a n i d i n DE7 i n T a b l e 19.V. 
a = p r o v i s i o n a l i d e n t i f i c a t i o n 
b = see T a b l e 19.V. 

I t was o b s e r v e d t h a t most o f the a n t h o c y a n i n s even a f t e r 5 

m i n u t e s o f p a r t i a l h y d r o l y s i s gave o n l y the c o r r e s p o n d i n g a g l y c o n e and 

i t s 3 - g l y c o s i d e , when, i n f a c t , some of the a n t h o c y a n i n s , w h i c h a r e 

h i g h l y complex, were e x p e c t e d t o y i e l d s e v e r a l p r o d u c t s o f p a r t i a l 

h y d r o l y s e s . F o r example, the a n t h o c y a n i n 5D, on t h e b a s i s o f p a r t i a l 

h y d r o l y s e s and c o m p a r a b i l i t y o f Rf v a l u e s i n the f i v e a n t h o c y a n i n s o l v e n t s , 

was i n i t i a l l y i d e n t i f i e d as c y a n i d i n - 3 - g l u c o s i d e . I t was however e s t a 

b l i s h e d l a t e r ( S e c . 19.3.7) t h a t the i d e n t i f i c a t i o n was e r r o n e o u s because 

upon chromatography o f the s t o r e d sample a f t e r 3 y e a r s (See F i g . 1 5 . 3 ) , 

the a n t h o c y a n i n 5D y i e l d e d a l m o s t a l l the components o b t a i n e d from the 

d e s i c c a t e d a n t h o c y a n i n i s o l a t e No. 5 ( F i g . 19.5). S i m i l a r l y , a n t h o 

c y a n i n DE4 (Sec. 1 9 . 3 . 7 ) , and s e v e r a l o t h e r a n t h o c y a n i n s (compare T a b l e s 

1 9 . V I I , and 19.VIII), upon p a r t i a l h y d r o l y s i s f o r o n l y f i v e m i n u t e s , gave 

fewer components t h a n were o b t a i n e d f o l l o w i n g e x t e n d e d s t o r a g e (see 

F i g , 1 5 . 3 ) * o r a f t e r m i l d c o n d i t i o n s o f e l u t i o n . These r e s u l t s s u g g e s t 

t h a t the c o n d i t i o n s o f p a r t i a l h y d r o l y s i s , employed i n t h i s i n v e s t i g a t i o n , 

w h i c h were found s a t i s f a c t o r y f o r p o t a t o a n t h o c y a n i n s ( H a r b o r n e , 1960), 

were too ' d r a s t i c ' f o r b a r l e y a n t h o c y a n i n s . The p a r t i a l h y d r o l y s i s , 

d o u b t l e s s l y , s h o u l d have been c a r r i e d out under v e r y m i l d c o n d i t i o n s , 

The a n t h o c y a n i n E3 shown i n F i g . 15.3 i s the same as the 
HAc-HCl component d e s i g n a t e d as DE4 i n t h i s s e c t i o n . 



p r o b a b l y , comparable o r even m i l d e r t h a n t h o s e used by Abe and H a y a s h i 

(1956). 

The a n t h o c y a n i n s o f b a r l e y i t may be r e c a l l e d from e a r l i e r 

s e c t i o n s , a r e h i g h l y l a b i l e : t h e y s p l i t i n t o s e v e r a l components even upon 

re c h r o m a t o g r a p h y w i t h o u t e l u t i o n (Sec 13) and f o l l o w i n g e l u t i o n under 

v e r y m i l d c o n d i t i o n s ( T a b l e 19.1). The h y d r o l y t i c breakdown was v e r y 

marked upon d e s i c c a t i o n o v e r phosphorus p e n t o x i d e (Sec. 19.3.1 and 

19.3.2). D e s i c c a t i o n o v e r phosphorus p e n t o x i d e as a d r y i n g p r o c e d u r e 

p r o v e d t o be u n s a t i s f a c t o r y because i t r e s u l t e d i n p a r t i a l h y d r o l y s i s o f 

the a n t h o c y a n i n s . However, t h i s m i s f o r t u n e became good f o r t u n e when i t 

was seen t h a t phosphorus p e n t o x i d e h y d r o l y s i s was l e s s ' d r a s t i c ' t h a n 

the h y d r o l y s i s e f f e c t e d by the Harborne p r o c e d u r e f o r p a r t i a l h y d r o l y s i s . 

A l t h o u g h the phosphorus p e n t o x i d e was c o n s i d e r e d as an u n d e s i r a b l e d r y i n g 

a g e n t , i t proved t o be an e x c e l l e n t m i l d h y d r o l y t i c agent and the 

chromatography o f the 'HAc-HCl components', p a r t i a l l y h y d r o l y z e d i n 

d r y i n g , y i e l d e d a g r e a t d e a l o f i n f o r m a t i o n on the n a t u r e o f u n i t s 

e n t e r i n g i n t o the complex a n t h o c y a n i n m o l e c u l e s i n v i v o . T h i s i n f o r 

m a t i o n i s p r e s e n t e d i n the next s e c t i o n . 

19.3.7. C h r o m a t o g r a p h i c C h a r a c t e r i z a t i o n o f A n t h o c y a n i n s 

19.3.7.1 G e n e r a l Comments 

The c h r o m a t o g r a p h i c r e s u l t s from the HAc-HCl components o f the 

b a s a l l e a f s h e a t h a n t h o c y a n i n s A t o H, and c a r y o p s e s a n t h o c y a n i n s 1-2, 

and 4 t o 9 i n the f i v e a n t h o c y a n i n s o l v e n t s (see T a b l e 10 . 1 1 ) a r e 

summarized i n T a b l e s 1 9 . V I I I . A t o 1 9 . V I I I . H and 1 9 . V I I I . 1 t o 1 9 . V I I I . 9 . 

The l e a f s h e a t h a n t h o c y a n i n s K and L, and c a r y o p s i s a n t h o c y a n i n s , 1, 2, 

and 3 were a v a i l a b l e i n such s m a l l amounts t h a t t h e y c o u l d not be p u r i f i e d 
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i n the HAc-HCl s o l v e n t . The BAW e l u a t e s o f t h e s e a n t h o c y a n i n s , a f t e r the 

u s u a l p u r i f i c a t i o n i n the a n t h o c y a n i n c o n c e n t r a n t (Sec. 16) were 

chromatographed d i r e c t l y i n the f i v e s o l v e n t s . The r e s u l t s a r e summarized 

i n T a b l e s 1 9 . V I I I . K , 1 9 . V I I I . L , and 1 9 . V I I I . 1. 2. 3-. 

I t was i n d i c a t e d e a r l y t h a t t h e HAc-HCl components r e p r e s e n t e d 

the p r o d u c t s o f p a r t i a l h y d r o l y s i s , because the BAW e l u a t e s u n l e s s 

o t h e r w i s e s t a t e d were d e s i c c a t e d o v e r phosphorus p e n t o x i d e . I n o r d e r , 

t h e r e f o r e , t o u n d e r s t a n d the c o m p l e x i t y o f each BAW a n t h o c y a n i n band, 

even the weakest o f the HAc-HCl components, whenever p r a c t i c a b l e , were 

e l u t e d . Sometimes, weak components were p r e s e n t as u n r e s o l v e d t r a i l s 

between two w e l l r e s o l v e d bands. Such components were a l s o e l u t e d , and 

a r e d e s i g n a t e d w i t h a hyphen between the names of the two components 

between w h i c h the u n r e s o l v e d o r t r a i l i n g component was p r e s e n t . F o r 

example, the d e s i g n a t i o n A1-A2 means the t r a i l i n g o r u n r e s o l v e d component 

between the HAc-HCl components A l and A2. The system o f d e s i g n a t i n g 

a n t h o c y a n i n s i s t h a t d e s c r i b e d e l s e w h e r e i n S e c t i o n 11.2.3. B r i e f l y the 

a n t h o c y a n i n s o f b a s a l l e a f s h e a t h s a r e d e s i g n a t e d w i t h l a t t e r s o f 

E n g l i s h a l p h a b e t and t h o s e o f c a r y o p s e s w i t h A r a b i c numerals. 

The r e s u l t s shown i n T a b l e s 1 9 . V I I I . A t o 1 9 . V I I I . H and • 1 9 . V I I I . 1 

t o 1 9 . V I I I . 9 , c l e a r l y i n d i c a t e t h a t most o f the HAc-HCl components s p l i t 

a g a i n i n t o s e v e r a l sub-components. I t i s n o t a b l e t h a t none o f the 

e l u a t e s showed t h e i r a g l y c o n e s p r i m a r i l y because o f the m i l d n e s s o f the 

p u r i f i c a t i o n and e l u t i o n t e c h n i q u e s ( S e c , 16). The HAc-HCl components, 

w h i c h d i d not s p l i t , o r w h i c h s p l i t o n l y i n t o two t o t h r e e sub-components 

d i d n ot cause any d i f f i c u l t y i n d e t e r m i n i n g t h e i r Rf v a l u e s i n the 

d i f f e r e n t s o l v e n t system. I n g e n e r a l , c o r r e s p o n d i n g R f v a l u e s were 

d e t e r m i n e d on the b a s i s o f the r e l a t i v e c o n c e n t r a t i o n r a t i o s and c o l o r s 
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i n u l t r a v i o l e t l i g h t . The d e t e r m i n a t i o n o f the c o r r e s p o n d i n g Rf v a l u e s 

was p a r t i c u l a r l y d i f f i c u l t when t h e - a n t h o c y a n i n s were e i t h e r l a b i l e o r 

showed e x t e n s i v e t r a i l i n g o r when two o r more sub-components r e s o l v e d as 

a s i n g l e s p o t or a t r a i l . I n s e v e r a l c a s e s , as shown i n the t a b l e s , 

t r a i l s were d i f f e r e n t i a t e d by u l t r a v i o l e t l i g h t . I t w i l l be o b s e r v e d from 

p e r u s a l o f T a b l e 19.V. t h a t BAW a n t h o c y a n i n bands B,F,G and H, and bands 

4, 6, 7 and 8 a r e m i x t u r e s o f a n t h o c y a n i n s d e r i v e d from d i f f e r e n t combin

a t i o n s o f a g l y c o n e s such as p e l a r g o n i d i n and c y a n i d i n , d e l p h i n i d i n and 

c y a n i d i n , o r p e o n i d i n and c y a n i d i n . A l t h o u g h i t was d i f f i c u l t t o 

d i f f e r e n t i a t e c y a n i d i n from p e o n i d i n d e r i v a t i v e s on the b a s i s o f v i s i b l e 

c o l o r s , the d i f f e r e n t i a t i o n o f the Rf v a l u e o f c y a n i d i n from those o f 

p e l a r g o n i d i n , o r t h o s e o f c y a n i d i n f r o m . t h o s e o f d e l p h i n i d i n d e r i v a t i v e s 

was g r e a t l y a i d e d by the c h a r a c t e r i s t i c v i s i b l e c o l o r s o f t h e s e 

a n t h o c y a n i n s . 

I t i s a p p r o p r i a t e t o add a few words about the c o l o r s o f 

a n t h o c y a n i n s . I t i s c l e a r from T a b l e 19.V t h a t most o f the a n t h o c y a n i n s 

of b a r l e y a re d e r i v e d from c y a n i d i n . The c y a n i d i n and c y a n i d i n d e r i v a t i v e s , 

i n g e n e r a l , g i v e b l u i s h r e d (magenta; H a r b o r n e , 1959a) c o l o r s i n v i s i b l e 

l i g h t . I t was, however, n o t e d t h a t the v i s i b l e c o l o r s o f c y a n i d i n d e r i 

v a t i v e s d i f f e r e d from one a n o t h e r . The k i n d o f d i f f e r e n c e s i n v o l v e d w i l l 

be i l l u s t r a t e d from the c o l o r s o f the HAc-HCl components o f the BAW band 

A noted .in..Table .1.9.11. A l l the components are c y a n i d i n d e r i v a t i v e s 

( T a b l e 19.V), and t h e i r i d e n t i f i c a t i o n i s d e t a i l e d i n T a b l e 19.VIII.A. 

The component A l i s c y a n i d i n and i t s c o l o r i s b l u i s h r e d ( T a b l e 19.I.I). 

The component A2, a m o n o g l y c o s i d e of c y a n i d i n i s b l u i s h r e d , but d i s t i n c t l y 

r e d d e r t h a n the b l u i s h r e d c o l o r o f c y a n i d i n . The complex component A3, 

the p a r e n t o f the component A2, i s i n t u r n b l u i s h r e d but i s o t h e r w i s e 
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d i s t i n c t l y r e d d e r t h a n the A2 b l u i s h r e d . The component A4, w h i c h i s a l s o 

a p o l y g l y c o s i d e o f c y a n i d i n , i n t u r n i s r e d d e r t h a n the component A3. O n l y 

when a l l the components are on one s h e e t t h a t the d i f f e r e n c e s i n shades 

a r e e a s i l y d i s c e r n i b l e by human eye. The d e s i g n a t i o n o f the d i f f e r e n c e s 

i n the shades o r tones o f each component by c o m p a r i s o n w i t h S t a n d a r d 

C o l o r C h a r t s i s not v e r y f r u i t f u l . A l t h o u g h the c y a n i d i n components, i n 

g e n e r a l , a r e b l u i s h r e d , some o f the b l u i s h r e d shades c o u l d h a r d l y be 

d i f f e r e n t i a t e d from the p i n k i s h shades o f the p e o n i d i n components. The 

d e s i g n a t i o n o f a n t h o c y a n i n c o l o r s i s t r y i n g , p a r t i c u l a r l y when d e a l i n g 

w i t h a l a r g e number o f s p o t s . 

I n a d d i t i o n t o the d i f f i c u l t i e s o f d i f f e r e n t i a t i n g and d e s i g 

n a t i n g the shades o f a n t h o c y a n i n c o l o r s d e p e n d a b l y , the d i f f e r e n t i a t i o n 

o f c o l o r s i n t h i s p a r t i c u l a r i n v e s t i g a t i o n was c o m p l i c a t e d by c o l o r 

changes o c c u r r i n g i n s t o r a g e . I t was shown i n S e c t i o n 15 t h a t the d u l l 

b l u i s h p u r p l e (UV) c o l o r o f the a n t h o c y a n i n E3-138 changed t o b r i g h t e r 

magenta (UV) c o l o r upon s t o r a g e . The change o c c u r r e d due t o the i n s i t u 

p a r t i a l h y d r o l y s i s o f the a n t h o c y a n i n ( d u l l i n UV) t o a n t h o c y a n i d i n 

( f l u o r e s c e n t i n UV). I t was a l s o shown t h a t the f l u o r e s c e n c e o f 

a n t h o c y a n i d i n s becomes d u l l e r upon s t o r a g e . The f l u o r e s c e n c e , d u l l n e s s 

and b r i g h t n e s s o f a n t h o c y a n i n s i n u l t r a v i o l e t l i g h t , however, p r o v i d e 

c h a r a c t e r i s t i c i n f o r m a t i o n as t o the s t a t e o f g l y c o s i d a t i o n o f an a n t h o 

c y a n i n m o l e c u l e ( H a y a s h i and Abe, 1952; H a r b o r n e , 1959a). The r e a l i z a t i o n 

t h a t c o l o r s o f a n t h o c y a n i n s c o u l d have undergone m o d i f i c a t i o n s d u r i n g 

s t o r a g e came r e g r e t a b l y l a t e i n the s t u d y . A l t h o u g h the chromatography 

o f a n t h o c y a n i n s i n c l u d e d i n a l l T a b l e s numbered 19 . V 1 1 I was c o m p l e t e d i n 

1962, a c r i t i c a l e v a l u a t i o n o f the d i a g n o s t i c f e a t u r e s o f a n t h o c y a n i n c o l o r s 

i n v i s i b l e and u l t r a v i o l e t l i g h t was u n d e r t a k e n o n l y i n 1965. Thus i n 
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l i g h t o f the above o b s e r v a t i o n s , the c o l o r s d e t e r m i n e d i n 1965 c o u l d not 

be r e l i e d upon. A c c o r d i n g l y , o n l y such a n t h o c y a n i n c o l o r d i f f e r e n t i a t i o n s , 

w h i c h seem dependable and u s e f u l i n c h a r a c t e r i z a t i o n are i n c l u d e d i n a l l 

T a b l e s number 1 9 . V I I I . 

C y a n i d i n - 3 - g l u c o s i d e , and p e l a r g o n i d i n - 3 - g l u c o s i d e were the 

o n l y a v a i l a b l e s y n t h e t i c a n t h o c y a n i n s , w h i c h were cochromatographed as 

c o n t r o l s , on e v e r y s h e e t i n a l l the f i v e s o l v e n t s . 

I t was shown i n S e c t i o n 19.3.5 t h a t g l u c o s e , a r a b i n o s e , x y l o s e , 

and i n some cases g a l a c t o s e were the p r i n c i p a l s i m p l e s u g a r components o f 

s e v e r a l a n t h o c y a n i n s i n c l u d e d i n a l l T a b l e s numbered 1 9 . V I I I . The 

b e l a t e d r e a l i z a t i o n t h a t the same p r i n c i p a l s u g a r s , namely, g a l a c t o s e , 

g l u c o s e , a r a b i n o s e and x y l o s e c o u l d have been e l u t e d a l o n g w i t h 

a n t h o c y a n i n s as a r t e f a c t s from chromatography paper (see Sec. 18) has 

made the c h a r a c t e r i z a t i o n o f the g l y c o s i d i c component o f each a n t h o c y a n i n 

u n c e r t a i n . N o n e t h e l e s s on the b a s i s of c h r o m a t o g r a p h i c d a t a i n c l u d e d i n 

T a b l e s 19.V, and 19.VII and 1 9 . V I I I , a good d e a l of v a l u a b l e i n f o r m a t i o n 

on the c o m p l e x i t y and n o v e l t y o f b a r l e y a n t h o c y a n i n s has been o b t a i n e d 

and i s p r e s e n t e d n e x t . I t w i l l be n o t e d from the T a b l e s 19,VIII t h a t , 

o f the f i v e a n t h o c y a n i n s o l v e n t s , the f i r s t . f o u r a re the s o l v e n t s used 

by Harborne (1959a) and f i f t h s o l v e n t i s t h a t used by H a y a s h i ( 1 9 5 7 ) . 

These s o l v e n t s were s e l e c t e d because c h r o m a t o g r a p h i c d a t a o f o v e r 55 

n a t u r a l a n t h o c y a n i n s i s a v a i l a b l e i n t h e s e s o l v e n t s . 

19.3.7.2. C h a r a c t e r i z a t i o n of B a s a l L e a f Sheath A n t h o c y a n i n s 

BAW Band A-400s: HAc-HCl Components 

BAW band A, when i t was chromatographed i m m e d i a t e l y a f t e r 

e l u t i o n ( w i t h o u t d r y i n g o r d e s i c c a t i o n ) , gave o n l y two components and no 
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a g l y c o n e ( T a b l e 1 9 ; I ) . However, f o l l o w i n g the p a r t i a l h y d r o l y s i s o v e r 

phosphorus p e n t o x i d e , i t s p l i t i n t o 5 d i s c r e t e a n t h o c y a n i n components 

A l , A2, A3, AA, A5, and two t r a i l s A1-A2, and A2-A3 d u r i n g p u r i f i c a t i o n 

i n the HAc-HCl s o l v e n t ( T a b l e 1 9 . 1 1 ) . The HAc-HCl components A, and A3, 

w h i c h are the major a n t h o c y a n i n . c o m p o n e n t s . ( A l , i s a l s o a major 

component but i t i s c y a n i d i n : see T a b l e 19.V) a r e , i n a l l p r o b a b i l i t y , 

the two components ( T a b l e 1 9 . 1 ) , w h i c h were o b t a i n e d p r i o r t o the d e s i c 

c a t i o n of the e l u a t e . The BAW band A, and f o u r o f i t s HAc-HCl components 

a r e d e r i v a t i v e s o f c y a n i d i n ( T a b l e 19.V). The major a n t h o c y a n i n com

pone n t s A2 and A3, each y i e l d e d c y a n i d i n - 3 - g l u c o s i d e on p a r t i a l h y d r o l y s i s 

( T a b l e 1 9 . V I I ) . W i t h the above i n f o r m a t i o n r e g a r d i n g the band A 

c o n s o l i d a t e d from d i f f e r e n t T a b l e s , we s h a l l now c o n s i d e r the chromato

g r a p h i c r e s u l t s o f the band A i n c l u d e d i n T a b l e 1 9 . V I I I . A . A l i s t o f 

f o o t n o t e s f o r T a b l e s 1 9 . V I I I . A t o 1 9 . V I I I . K . L and 1 9 . V I I I . 1 t o 1 9 . V I I I . 9 

i s shown on page 397. 

The component A2 upon chromatography i n the f i v e s o l v e n t s d i d 

not s p l i t , and gave Rf v a l u e s i d e n t i c a l t o c y a n i d i n - 3 - g l u c o s i d e . The 

component A3, even under the m i l d c o n d i t i o n s o f e l u t i o n (Sec. 1 6 ) , and 

a l s o under chromatography w i t h o u t e l u t i o n (see F i g s . 13.A, and 1 3 , 7 ) , 

s p l i t s i n t o two sub-components i . e . , the major component A3 and the 

minor component A2, the c y a n i d i n - 3 - g l u c o s i d e (see the e s t i m a t e d r e l a t i v e 

c o n c e n t r a t i o n r a t i o s o f the two components i n T a b l e 19.VII.I.A and T a b l e 

1 9 . 1 1 ) . Inasmuch as the s p l i t t i n g o f the component A3 was noted 

c o n s i s t e n t l y , i t i s c l e a r t h a t the component A3 c o n s i s t s o f c y a n i d i n - 3 -

g l u c o s i d e and an unknown s u b s t i t u e n t ( s ) , w h i c h i s h i g h l y l a b i l e . None 

o f a n t h o c y a n i n components i n c l u d e d i n T a b l e 1 9 . V I I I . A showed h y d r o l y t i c 

breakdown t o the c o r r e s p o n d i n g a g l y c o n e s , p a r t i c u l a r l y i n the Aq-HCl 
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TABLE 1 9 . V I I I . A 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM 
THE ANTHOCYANIN BAND A OF GOPAL AND BLACK HULLESS LEAF SHEATHS 

HAc-HCl 
R f x 100 

component 
i-i on

e 

r-l r-l CJ. o cj CJ EC. 0 0 

w * 
EC. 

.. EE 1 1 o r-l 

< 3 cr HA
 CD 

fQ PQ <C HA
 

<n ptS 

r J - U 

O C 
CD 

co C 
4 J O 
C O. 
CD . E d o 
O CJ 
cx a j a -o 3 

CJ co 

P r o v i s i o n a l 
I d e n t i f i c a t i o n 

A l F 68 2.2 
6 

11 14 A l C y a n i d i n 

A2 32 23 8 27 37 A2 C y a n i d i n - 3 - g l u c o s i d e 

A3 20 5 25 56 63 15) A3 C y a n i d i n - 3 - g l u c o - ( ? ) -
g l y c o s i d e . A new 
c y a n i d i n d e r i v a t i v e 

31 22 7 25 39 (1) A2 • C y a n i d i n - 3 - g l u c o s i d e 

A4 10-
15 7* 46* 68 75 (3) A4 A new C y a n i d i n - 3 ! -

g l u c o s i d i c d e r i v a t i v e 
x* 12 T* :T* x* A2- A3 ? 

21 5 25 56 64 (2) A3 C y a n i d i n - 3 - g l u c o - ( ? ) 
g l y c o s i d e 

32 25 7 26 39 (1) A2 , C y a n i d i n - 3 - g l u c o s i d e 

A 5 C d 7 50 76 80 A5 A new a n t h o c y a n i n : 
h i g h l y g l y c o s y l a t e d & 
v e r y l a b i l e 

T* x* x* T* 

A1-A2 32 24 8 26 38 (2) A2 C y a n i d i n - 3 - g l y c o s i d e 
T 29 4 19 30 (1) A1-A2 New b l u i s h P u r p l e 

a n t h o c y a n i n : c_f. , H2 
& DE2b 

A 2-A3 . 21 5 26 55 64 ( t ) A3 T r a i l o f A3 
28 13 16* 40 52 A2-A3 New a n t h o c y a n i n : 

p r o b a b l y a 3 , 5 - d i g l y c o 
s i d e c f . , DE6a, 5 F i 

33 22 7 25 41 ( t ) A2 Same as A2; a r i s i n g as 
a r e s u l t o f s p l i t t i n g 
o f component A3 



FOOTNOTES FOR TABLE 1 9 . V I I I . A TO 19.VI1I.K.L 

AND 1 9 . V I I I . 1 . 2 . 3 TO 1 9 . V I I I . 8 . 9 

P-3-g = P e l a r g o n i d i n - 3 - g l u c o s i d e 

r = r o s e 

t = t r a c e s 

T* = r e s o l v e s as a l o n g t r a i l w h i c h makes f o r the d i f f i c u l t i e s 
o f d e t e r m i n i n g the number and the e x a c t Rf v a l u e s o f the 
component a n t h o c y a n i n s 

* = the Rf v a l u e s are not c l e a r c u t because of t r a i l i n g o r 
r e s o l u t i o n o f two components around the same Rf r e g i o n 

b = d i f f i c u l t t o d e t e r m i n e the c o r r e s p o n d i n g Rf v a l u e s o f 
the component(s) i n the d i f f e r e n t s o l v e n t . 

c = the component was h i g h l y l a b i l e 

d = I s o l a t e was a v a i l a b l e i n s m a l l q u a n t i t y . T h e r e f o r e no 
f u r t h e r c h a r a c t e r i z a t i o n c o u l d be u n d e r t a k e n 

e' = Rf v a l u e s a r e a r r a n g e d i n a s c e n d i n g o r d e r i n each s o l v e n t 
because o f the d i f f i c u l t i e s o u t l i n e d i n b above. 

the component was d e s i c c a t e d o v e r phosphorus p e n t o x i d e 
p r i o r t o chromatography 

pure component: was e l u t e d w i t h o u t c o n t a m i n a n t s 

h = i n o t h e r chromatograms, the f o l l o w i n g Rf v a l u e s o f the 
component 7H and s y n t h e t i c p e l a r g o n i d i h - 3 - g l u c o s i d e were 
o b s e r v e d on the same s h e e t . 

BAW Bu-HCl Aq-HCl HAc-HCl 3:1:8 
7J 41 50, 44, 42 15 39 49, 47 
P-3-g 40 47, 40, 38 12 37 47, 44 

j = Rf v a l u e s d e t e r m i n e d i n "RSCO" Two-way c h r o m a t o - c a b i n e t 
a t room t e m p e r a t u r e on Whatman paper No. 3. 

s o l v e n t i n w h i c h t h e y a r e d e t e c t e d r e a d i l y . The absence o f a g l y c o n e s 

p r i n c i p a l l y due t o the m i l d c o n d i t i o n s o f the p u r i f i c a t i o n and e l u t i o n 

t e c h n i q u e s (Sec. 1 6 ) . The a g l y c o n e s were, however, p r e s e n t when the 
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the u s u a l t e c h n i q u e s of e l u t i o n were used (see Sec, 11.3. F i g , 11.1). 

The HAc-HCl component A4, a l t h o u g h d i s c r e t e i s o t h e r w i s e a 

minor component (see T a b l e 19.11). The component s p l i t s i n t o t h r e e 

d i s c r e t e , o r p r o b a b l y f o u r sub-components i n the f i v e s o l v e n t s . I t i s 

i n t e r e s t i n g t h a t one o f the d i s c r e t e sub-components i s c y a n i d i n - 3 - g l u c o s i d e 

( A 2 ) , the second d i s c r e t e sub-component i s A3 and the t h i r d , the major 

component i s A4 i t s e l f . I n a d d i t i o n i t g i v e s a t r a i l p r o b a b l y s i m i l a r to 

the component A2-A3. I t i s t h u s c l e a r t h a t the a n t h o c y a n i n A4 c o n s i s t s o f 

the a n t h o c y a n i n A3, A2, A2-A3 and an unknown l a b i l e component. I t i s a l s o 

c l e a r t h a t the b a s i c s t r u c t u r a l u n i t o f the component A4 i s c y a n i d i n - 3 -

g l u c o s i d e as was a l s o the case w i t h the component A3. 

The f a s t e s t moving HAc-HCl component A5, o t h e r w i s e a v e r y minor 

component (see T a b l e 19.11), i s e x t r e m e l y l a b i l e and shows c o n t i n u o u s 

t r a i l i n g i n the f i v e s o l v e n t s . I t c o u l d not be i s o l a t e d i n s u f f i c i e n t 

q u a n t i t y even f o r the d e t e r m i n a t i o n o f Rf v a l u e s . I t may be n o t e d t h a t i t 

g i v e s v e r y - h i g h Rf v a l u e s i n the aqueous s o l v e n t s and v e r y low v a l u e s i n 

the o r g a n i c s o l v e n t s : t h i s s u g g e s t s t h a t component A5 i s h i g h l y 

g l y c o s y l a t e d . 

The t r a i l between the components A1-A2 y i e l d s two d i s c r e t e 

a n t h o c y a n i n components, one o f w h i c h , as e x p e c t e d , i s the t r a i l o f A2. 

The second component, d e s i g n a t e d as Al-A/2, however, i s d i s t i n c t l y b l u i s h 

p u r p l e and d i f f e r s from the v i s i b l e and u l t r a v i o l e t c o l o r s o f a i l o t h e r 

components o f the band A. The Rf v a l u e s o f the component A1-A2 a r e 

comparable t o the components DE2 and H2 but t h e y a r e not comparable i n the 

f i v e s o l v e n t s w i t h any of the known a n t h o c y a n i n s . The a n t h o c y a n i n A1-A2 

i s , t h e r e f o r e , a new a n t h o c y a n i n . Owing t o i t s s m a l l q u a n t i t y , no f u r t h e r 

c h a r a c t e r i z a t i o n d a t a i s a v a i l a b l e . The d e t e c t i o n o f a new a n t h o c y a n i n 
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component from the weak t r a i l i n g r e g i o n emphasises the n e c e s s i t y o f e l u t i n g 

even the weakest components w h i c h a r e p r e s e n t on a chromatogram and w h i c h , 

g e n e r a l l y , are d i s c a r d e d ( f o r example: see H a r b o r n e , 1960). 

The t r a i l between the components A2-A3 y i e l d s , as e x p e c t e d , t r a c e s 

o f the components A2 and A3 and, a l s o , a d i s t i n c t component A2-A3, w h i c h 

may (see Rf v a l u e s i n B u - H C l ) , o r may not be a component o f the a n t h o c y a n i n s 

A4. 

The r e s u l t s p r e s e n t e d above wo u l d i n d i c a t e d t h a t the B A W band A 

i s a complex a n t h o c y a n i n , w h i c h s p l i t s i n t o s e v e r a l a n t h o c y a n i n components, 

and i s not a s i m p l e m i x t u r e . o f d i f f e r e n t a n t h o c y a n i n s . I f A i s a s i m p l e 

m i x t u r e , the Rf v a l u e s o f the HAc-HCl components upon r e c h r o m a t o g r a p h y i n 

the BAW s o l v e n t w o u l d have r e s o l v e d around 0.15, the u s u a l Rf r e g i o n o f 

the BAW band A, On the c o n t r a r y , the R^ v a l u e s o f the d i f f e r e n t components 

v a r y from 0.10 t o 0.33 i n the BAW s o l v e n t . A s i m i l a r v a r i a t i o n was 

e n c o u n t e r e d when the BAW band A, a f t e r d e s i c c a t i o n o v e r phosphorus p e n t o x i d e 

was r e c h r o m a t o g r a p h e d i n the BAW s o l v e n t . Thus, the appearance o f s e v e r a l 

d i s c r e t e a n t h o c y a n i n s and a l s o the c o r r e s p o n d i n g a n t h o c y a n i d i n must be due 

t o p a r t i a l h y d r o l y s i s o f the complex a n t h o c y a n i n A. The p o s s i b i l i t y t h a t 

the BAW band A may be c o n t a m i n a t e d w i t h components o f o t h e r a n t h o c y a n i n s , 

w i l l be c o n s i d e r e d n e x t . 

I t was o b s e r v e d t h a t the component A2 ( c y a n i d i n - 3 - g l u c o s i d e ) o r 

o t h e r s i m p l e a n t h o c y a n i n s (see l a t e r ) d i d not s p l i t . However, the 

components, such as A 3 j A4 and s e v e r a l o t h e r s t o be d e s c r i b e d l a t e r , s p l i t 

i n t o two t o f o u r components. The s p l i t t i n g o f antho.cyanins may o c c u r f o r 

two r e a s o n s . F i r s t , the s t u d i e s on the p o t a t o a n t h o c y a n i n s (Dodds and 

Long, 1955) have shown t h a t a c y l a t e d a n t h o c y a n i n s , w h i c h u s u a l l y , as a r u l e , 

a r e p o l y g l y c o s y l a t e d , always s p l i t i n t o two components i n the Bu-HCl 
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s o l v e n t , the main component w i t h a h i g h e r R f v a l u e and the minor component 

w i t h a l o w e r Rf v a l u e ( H a r b o r n e , 1959a). The d e a c y l a t l o n o c c u r s because o f 

the ease o f h y d r o l y s i s o f the e s t e r l i n k a g e . I t i s known (see a l s o Sec. 

5.3) t h a t the R f v a l u e s o f the h i g h l y g l y c o s y l a t e d a n t h o c y a n i n s a r e 

e x c e p t i o n a l l y low i n the Bu-HCl s o l v e n t . But owing t o the g r e a t e r s o l u b i l i t y 

o f the a c y l group i n t h e o r g a n i c phase o f the s o l v e n t , w h i c h i s p r e p o n d e r a n t 

i n the h i g h e r Rf r e g i o n s (see Sec. 5 . 3 ) , t h e Rf v a l u e s o f the a c y l a t e d 

( p o l y g l y c o s y l a t e d ) a n t h o c y a n i n s i n c r e a s e i n t h e Bu-HCl s o l v e n t . Because 

a c y l a t e d a n t h o c y a n i n s s p l i t o n l y i n t o two components, i t i s c l e a r t h a t the 

g l y c o s y l groups a r e not h y d r o l y s e d w i t h the u s u a l e l u e n t s . The u s u a l 

e l u e n t s c o n t a i n 1% H C l as compared t o 0.037. H C l used i n o u r e l u e n t . The 

a c i d i n the e l u e n t was f u r t h e r d i l u t e d b e c a u s e , o f the a d d i t i o n o f 

m e t h a n o l i c w a s h i n g s (Sec. 19.2.2). M o r e o v e r , w i t h our t e c h n i q u e s , the 

a n t h o c y a n i n s a r e e l u t e d w i t h o n l y a few drops o f the s o l v e n t ( S e c . 16.3). 

Inasmuch as the HAc-HCl e l u a t e s were not d r i e d , the m i l d a c i d c o n c e n t r a t i o n 

o f o u r e l u e n t , t h e o r e t i c a l l y , cannot h y d r o l y s e the a c e t a l t y p e l i n k a g e o f 

the g l y c o s i d e s . I n p r a c t i c e , a l s o , no a g l y c o n e s were d e t e c t e d on 

chromatograms, i n any c a s e , when the HAc-HCl e l u a t e s were not d r i e d . Thus, 

the p r o d u c t i o n o f s e v e r a l components, f o r i n s t a n c e up t o f o u r components 

when,the e l u a t e s o f A4 were chromatographed, remains e n i g m a t i c . A l t h o u g h 

the d a t a i s i n s u f f i c i e n t t o w a r r a n t s p e c u l a t i o n , i t i s c l e a r t h a t the 

a n t h o c y a n i n s o f b a r l e y are complex and h y d r o l y s e even i n weak a c i d i n t o 

s e v e r a l components. 

The s p l i t t i n g o f a n t h o c y a n i n s , o c c u r r i n g under the m i l d a c i d 

c o n c e n t r a t i o n of o u r e l u e n t , l e a d s s u m m a r i l y t o the c o n c l u s i o n t h a t s i m i l a r 

s p l i t t i n g o f a n t h o c y a n i n s must have o c c u r r e d i n the p r e p a r a t i o n o f the 

o r i g i n a l a n t h o c y a n i n e x t r a c t s . That t h i s , i n f a c t , i s the c a s e , i s b rought 



401 

f o r t h by the f o l l o w i n g o b s e r v a t i o n s . I t was o b s e r v e d t h a t when the e l u a t e s 

o f the BAW band A were rechromatographed i n BAW, t h e y u s u a l l y s p l i t i n t o 

3 t o 4 components. M o r e o v e r , the Rf v a l u e s o f a l l but one components were 

always h i g h e r t h a n the Rf v a l u e s o f the o r i g i n a l BAW band A. C o n s i s t e n t 

w i t h t h e s e o b s e r v a t i o n s , i t w i l l be noted t h a t a l l a n t h o c y a n i n s o f the 

band A r e s o l v e , a t l e a s t i n t o f o u r Rf v a l u e r e g i o n s , namely, 0.10-0.15, 

0.21, 0.28, and 0.33, i n the BAW s o l v e n t . Thus, the BAW band A, as a 

r e s u l t o f s p l i t t i n g , d u r i n g the p r e p a r a t i o n o r s t o r a g e o f e x t r a c t s . would 

have g i v e n r i s e t o a t l e a s t f o u r a n t h o c y a n i n components i n the p r e p a r a t o r y 

chromatography i n the BAW s o l v e n t . The component a t Rf 0.21 i s a p p r o x i 

m a t e l y the Rf v a l u e r e g i o n * , o f the BAW band B. The components a t Rf 0.28, 

and 0.33 are about the Rf v a l u e r e g i o n s * o f the BAW bands D and E. I t w i l l , 

t h e r e f o r e , be n e c e s s a r y t o s c r u t i n i z e c a r e f u l l y the c h a r a c t e r i z a t i o n d a t a 

o f the BAW bands B, D, and E t o d e t e r m i n e i f the s p l i t c o n t a m i n a n t s o f the 

BAW band A a r e p r e s e n t . On the same b a s i s , i t i s e q u a l l y p l a u s i b l e t h a t 

the s p l i t components o f the o t h e r BAW bands may have g i v e n r i s e t o some 

of the components o f the BAW band A. I t , t h e r e f o r e , s t a n d s t o r e a s o n t h a t 

a t l e a s t some o f the BAW bands c o n t a i n c o n t a m i n a n t s from o t h e r a n t h o c y a n i n s . 

W i t h t h e s e c o n s i d e r a t i o n s i n the background the p r o b a b l e n a t u r e o r t h e 

b a s i s o f the p r o v i s i o n a l i d e n t i f i c a t i o n s o f the HAc-HCl components o f the 

band A ( T a b l e 1 9 . V I I I . A ) w i l l now be s c r u t i n i z e d . 

I t i s c l e a r from the r e s u l t s p r e s e n t e d a l r e a d y t h a t the component 

A3 and A4, because t h e y g i v e r i s e t o the component A2, the c y a n i d i n - 3 -

g l u c o s i d e , must be the d e r i v a t i v e s o f c y a n i d i n - 3 - g l u c o s i d e . The component 

A3 s p l i t s i n t o two components, a minor A2, and a major A3. Inasmuch as i t 

I t i s w e l l known t h a t the R v a l u e s o f a n t h o c y a n i n s , p r i o r t o 
and f o l l o w i n g p u r i f i c a t i o n v a r y w i d e l y ( H a r b o r n e , 1959a). 
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s p l i t s i n t o two components, the component A3 may be a c y l a t e d on the b a s i s 

o f known b e h a v i o u r o f a c y l a t e d a n t h o c y a n i n s (Dodds and L o n g , l o c . c i t : 

H a r b o r n e , l o c . c i t . ) . The p r o b a b i l i t y t h a t the component A3 may be a c y l a t e d 

i s s t r e n g t h e n e d f u r t h e r from two o b s e r v a t i o n s : (a) t h a t the a n t h o c y a n i n 

band A s p l i t s i n t o o n l y two components p r i o r t o d r y i n g and d e s i c c a t i o n 

( T a b l e 19.1). The major ( o f two) components gave Rf v a l u e s e q u i v a l e n t to 

A3; (b) because A3 was the major component p r i o r t o d e s i c c a t i o n and d r y i n g 

( T a b l e 19.1) and because the component A4 appeared o n l y f o l l o w i n g d r y i n g 

and d e s i c c a t i o n , i t seemed t h a t A4 would have a r i s e n as a r e s u l t o f 

d e a c y l a t i o n o f A3. T h i s s t a t e m e n t seems t o be a c o n s i s t e n t one because 

a c y l a t e d a n t h o c y a n i n s a r e p o l y g l y c o s y l a t e d , and because d e a c y l a t e d 

p o l y g l y c o s y l components g i v e h i g h e r Rf v a l u e s t h a n the c o r r e s p o n d i n g 

a c y l a t e d components i n the aqueous s o l v e n t s . However, a c a r e f u l c o m p a r i s o n 

o f the p u b l i s h e d Rf v a l u e s o f a c y l a t e d a n t h o c y a n i n s (c_f. , H a r b o r n e , 1959a) 

r e v e a l e d t h a t a c y l a t e d a n t h o c y a n i n s , when h y d r o c h l o r i c a c i d c o n c e n t r a t i o n 

o f the aqueous s o l v e n t s , used i n chromatography, i s h i g h e r t h a n 17», g i v e 

d i s t i n c t l y h i g h e r Rf v a l u e s t h a n t h e i r c o r r e s p o n d i n g d e a c y l a t e d components. 

A g a i n , the component A3 cannot be a c y l a t e d because o f i t s v e r y low Rf 

v a l u e (0.05) i n the Bu-HCl s o l v e n t . I n Bu-HCl, o n l y p o l y g l y c o s i d e s T g i v e 

such low Rf v a l u e s ; the a c y l a t e d a n t h o c y a n i n s , because o f the g r e a t e r 

s o l u b i l i t y o f the u s u a l a c y l s u b s t i t u e n t s , g i v e Rf v a l u e s above 0.20. 

The component A3 has t h e r e f o r e been i d e n t i f i e d p r o v i s i o n a l l y as a new 

c y a n i d i n - 3 - g l u c o - ( ? ) - g l y c o s i d i c d e r i v a t i v e . S u pport f o r the newness o f 

a n t h o c y a n i n A3 i s found i n the Rf v a l u e s w h i c h do not match any one o f 

o v er 50 known a n t h o c y a n i n s i n the f i v e s o l v e n t s . 

The p o s s i b i l i t y t h a t the component A4 i s a c y l a t e d i s r u l e d 

out on the b a s i s o f s e v e r a l c o n s i d e r a t i o n s , the p r i n c i p a l among them 
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b e i n g t h a t the known a c y l a t e d c y a n i d i n d e r i v a t i v e s do not g i v e such h i g h 

Rf v a l u e s (0.46) i n the A q - H C l , o r low R f v a l u e s (0.07) i n the Bu-HCl 

s o l v e n t s . I n the Aq-HCl s o l v e n t , on the b a s i s o f t h e i r p u b l i s h e d R f v a l u e s 

( H a r b o r n e , l o c . c i t . ) ? the a c y l a t e d a n t h o c y a n i n s g i v e s i g n i f i c a n t l y l o w e r 

Rf v a l u e s t h a n t h e i r c o r r e s p o n d i n g d e a c y l a t e d p o l y g l y c o s i d e s . The 

s i t u a t i o n i n the HAc-HCl s o l v e n t i s r e v e r s e d . I n HAc-HCl the a c y l a t e d 

a n t h o c y a n i n s g i v e , i n g e n e r a l , s l i g h t l y h i g h e r Rf v a l u e s . I n s o f a r as the 

Rf v a l u e s o f the component A4 do not compare w i t h any o f the known 

a n t h o c y a n i n s i n the f i v e s o l v e n t s , the component A4 i s a l s o a new 

c y a n i d i n - 3 - g l u c o - ( ? ) - p o l y g l y c o s i d e . 

Because o f the i n s u f f i c i e n t d a t a o f the a n t h o c y a n i n A5, i t i s 

not c l e a r i f i t i s a component o f the BAW band A. Most o f the f a s t - m o v i n g 

HAc-HCl components o f o t h e r a n t h o c y a n i n s a l s o g i v e s i m i l a r Rf v a l u e s ( s ee 

l a t e r ) . I n any e v e n t , the Rf v a l u e s i n the f i v e s o l v e n t s a g a i n c l e a r l y 

i n d i c a t e t h a t the h i g h l y l a b i l e component A5 i s a l s o a new a n t h o c y a n i n . 

The R f v a l u e s a r e u n u s u a l l y h i g h and compare w e l l w i t h the u n u s u a l g l y c o 

s i d e , p e l a r g o n i d i n - 3 - d i g l u c o s i d o - 7 ( o r 4 ) - g l u c o s i d e , w h i c h c o n t a i n s u g a r s 

a t t a c h e d i n u n u s u a l p o s i t i o n s , e i t h e r 3,7- o r ( 3 , 4 ) . A l t h o u g h the 

component A5 i s not a p e l a r g o n i d i n d e r i v a t i v e , the above c o m p a r a b i l i t y of 

Rf v a l u e s i n d i c a t e s t h a t s u g a r s i n t h i s a n t h o c y a n i n may be a t t a c h e d a t unu

s u a l p o s i t i o n s . 

The b l u i s h p u r p l e a n t h o c y a n i n A1-A2 a g a i n i s a new a n t h o c y a n i n 

because the Rf v a l u e s do not match w i t h any o f the known a n t h o c y a n i n s . 

The R f v a l u e s a r e i d e n t i c a l t o the a n t h o c y a n i n component DE2 ( T a b l e 

1 9 . V I I I . D E ; a l s o see the R f v a l u e s o f the component H2, T a b l e 1 9 . V I I I . H ) . 

I t i s , t h e r e f o r e , l i k e l y p r e s e n t as a c o n t a m i n a n t . N o n e t h e l e s s , i t i s a 

new a n t h o c y a n i n . 
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The ,component A2-A3 (HAc-HCl, Rf 0.40) g i v e s R f v a l u e s i n a l l 

o t h e r s o l v e n t s , e x c e p t B u - H C l , e q u i v a l e n t t o c y a n i d i n - 3 , 5 - d i g l u c o s i d e . 

However, the Rf v a l u e s i n Bu-HCl a r e , s i g n i f i c a n t l y h i g h e r . The a n t h o c y a n i n , 

t h e r e f o r e , i s d e s i g n a t e d p r o v i s i o n a l l y as a new a n t h o c y a n i n , p r o b a b l y a 

3 , 5 - d i g l y c o s i d e . The component A2-A3 i s i d e n t i c a l t o the components DE6a 

( T a b l e 1 9 . V I I I . B E ) , 5 F i ( T a b l e 19.VIII.FG) ( t h e BAW bands DE and 5 a r e 

i d e n t i c a l ) . The component A2-A3 cannot be a c o n t a m i n a n t from the band 

DE because i t s Rf v a l u e s i n BAW (0.28) p r e c l u d e t h a t p o s s i b i l i t y . On the 

c o n t r a r y , the Rf 0.28 i s the BAW r e g i o n o f the band DE. T h e r e f o r e , i t i s 

l i k e l y t h a t a t l e a s t , a p o r t i o n o f the component DE6a may, i n r e a l i t y , be 

a c o n t a m i n a n t from the band A. T h i s p o s s i b i l i t y w i l l be examined f u r t h e r 

a l o n g w i t h the o t h e r components o f the band DE. Because b o t h the a n t h o 

c y a n i n A and a n t h o c y a n i n s DE are complex c y a n i d i n d e r i v a t i v e s , the 

p o s s i b i l i t y , the component A2-A3 c o u l d have a r i s e n as a p r o d u c t o f p a r t i a l 

h y d r o l y s i s o f the a n t h o c y a n i n A4 cannot y e t be r u l e d o u t . 

BAW Band B-400s: HAc-HCl Components 

The BAW band B upon h y d r o l y s i s gave a m i x t u r e o f c y a n i d i n and 

p e o n i d i n : c y a n i d i n was the major c o n s t i t u e n t o f the band ( T a b l e 19.V). 

A l t h o u g h the band gave 8 HAc-HCl components ( T a b l e s 19 . 1 1 and 19.VIII.8) 

the c h r o m a t o g r a p h i c d a t a o f o n l y 4 components, namely B2, B3, B3-B4, and 

B4 w i l l be examined. The component B2 y i e l d e d c y a n i d i n ; the Rf v a l u e s i n 

d i f f e r e n t s o l v e n t s , and the d a t a o f p a r t i a l h y d r o l y s i s ( T a b l e 19.VII) 

a r e c o n s i s t e n t w i t h i t s i d e n t i f i c a t i o n as c y a n i d i n - 3 - g l u c o s i d e . The 

component B3 i s l a r g e l y a p e o n i d i n d e r i v a t i v e , though t r a c e s o f c y a n i d i n 

were a l s o p r e s e n t ( T a b l e 19.V). I t r e s o l v e s as a s i n g l e s p o t i n a l l the 

s o l v e n t s e x c e p t BAW ( T a b l e 1 9 . V I I I . B ) , and has been i d e n t i f i e d as 
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TABLE 1 9 . V I I I . B 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS F R O M 
THE ANTHOCYANIN BAND "B" OF GOPAL AND BLACK H U L L E S S LEAF S H E A T H S 

R f x 100 
o 

u ti 
O CD C 
•U O P r o v i s i o n a l HAC t i l L c d cu P r o v i s i o n a l 

Component r - l 
C J 

r j 

r - l r-l 
u oo o o CD S 

d o 
O O 

I d e n t i f i c a t i o n r - l 
C J 

r j 
i 

r j . 
cj r-l 

CD 

OH 

o. ' 
S xi < IS C") 

r-l 
CD 

OH o d 

C_) CO 

B l F X 2 l l 14 B l C y a n i d i n 

B1-B2 32 
42 

6.5 36 
28 

(10) 
(1) 

B2 
B1-B2 

Same as B2 

B2 30 24 7 25 37 B2 C y a n i d i n - 3 - g l u c o s i d e 

B3 34 30 9 30 43 (10) B3 P e o n i d i n - 3 - g l u c o s i d e 
28 T (1) B2 Contaminant o f B2 
38 (wk) 
22 ( t ) 

B3-B4 17 6 25 51* 62 (2) B4 T r a i l o f B4 
23 11 17 43 62 (3) B3-rB4 P e o n i d i n - 3 , 5 - d i g l u c o s i d e 
28 24 7 24 38 (1) B2 C y a n i d i n - 3 - g l u c o s i d e 

B4 19 6 26 55 63 (5) B4 C y a n i d i n - 3 - g l u c o - ( ? ) -

69* 
g l y c o s i d e . Same as A3 

22 T 59* 69* 
< f c> 

T r a i l o f B5b--a p e o n i d i n 
d e r i v a t i v e 

29 24 7 24 36 (1) B2 C y a n i d i n - 3 - g l u c o s i d e 

B5 12- 6 42* 69* 72* (2) B5 A new h i g h l y g l y c o s y l a t e d 
16 
22 9 28* 60* 67* (3) 

a n t h o c y a n i n 

27 (1) 
33 (wk) 

B6 10 

16 
21 
27 

7 

7 

48* 74* 79* (2) 

(1) 
(1) 
(wk) 

A new h i g h l y g l y c o s y l a t e d 
a n t h o c y a n i n 

p e o n i d i n - 3 - g l u c o s i d e on the b a s i s o f the p u b l i s h e d R f v a l u e s . The com

ponent must have a r i s e n as an a r t e f a c t o f p a r t i a l h y d r o l y s i s (when the 

BAW e l u a t e s were d r i e d and d e s i c c a t e d ) , because i t s Rf v a l u e i n BAW, 0.34, 

i s s i g n i f i c a n t l y h i g h e r t h a n the Rf v a l u e o f the band B, 0.20. i n BAW. 
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On t h i s b a s i s , the component B2, BAW Rf 0.30, must a l s o be a p r o d u c t o f 

p a r t i a l h y d r o l y s i s . 

The weak t r a i l between the components B3 and B4, d e s i g n a t e d as 

B3-B4 ( T a b l e 19.11) gave t h r e e d i s c r e t e a n t h o c y a n i n s p o t s . Of the t h r e e 

s p o t s , two are p r e s e n t as c o n t a m i n a n t s from the t r a i l o f the band B4, the 

t h i r d s p o t , d e s i g n a t e d as B3-B4 p r o p e r , has been i d e n t i f i e d p r o v i s i o n a l l y 

as p e o n i d i n - 3 , 5 - d i g l u c o s i d e on the b a s i s o f Rf v a l u e s , w h i c h are i d e n t i c a l 

t o t hose p u b l i s h e d i n the l i t e r a t u r e ( H a r b o r n e , l o c . c i t . . ) . 

The component B4, upon H y d r o l y s i s , gave l a r g e l y c y a n i d i n , and 

o n l y a t r a c e o f p e o n i d i n . The p e o n i d i n component (BAW R f 0.22) i s l i k e l y 

a t r a i l o f the sub-component B5b ( T a b l e 1 9 . V I I I . B ) w h i c h appears t o be a 

h i g h l y g l y c o s y l a t e d d e r i v a t i v e o f p e o n i d i n . The component B4 p r o p e r g i v e s 

Rf v a l u e s i d e n t i c a l t o the component A3, and l i k e A 3 , i t y i e l d s c y a n i d i n -

3 - g l u c o s i d e . I t i s , t h e r e f o r e , c l e a r t h a t a l l components must have a r i s e n 

as breakdown p r o d u c t s o f the components B4, w h i c h i s the same as A3, a new 

a n t h o c y a n i n i d e n t i f i e d p r o v i s i o n a l l y as c y a n i d i n - 3 - g l u c o - ( ? ) - g l y c o s i d e 

(see Band A, T a b l e 1 9 . V I I I . A ) . 

I t i s o b v i o u s from the r e s u l t s t h a t the c y a n i d i n d e r i v a t i v e s o f 

the band B a r i s e as a r t e f a c t s because o f the s p l i t t i n g o f the band A. 

The s p l i t t i n g must have o c c u r r e d d u r i n g the p r e p a r a t i o n and p r o c e s s i n g o f 

the o r i g i n a l e x t r a c t . I t i s , t h e r e f o r e , n e c e s s a r y t o d e v e l o p m i l d e r 

methods o f e x t r a c t i o n and p r o c e s s i n g , i f the i n . v i v o s t a t e o f a n t h o c y a n i n s 

i s t o be i n v e s t i g a t e d f o r s t u d y i n g b i o g e n e s i s , s u c c e s s i v e s t a g e s o f g l y c o -

s y l a t i o n , a c y l a t i o n , a n t h o c y a n i n ontogeny, and p a r t i c u l a r l y , f o r s t u d y i n g 

b i o c h e m i c a l r e s p o n s e s t o gene a c t i o n . 

I t i s l i k e l y t h a t the component B3 ( p e o n i d i n - 3 - g l u c o s i d e ) i s an 

a r t e f a c t : the Rf v a l u e s i n BAW suggest t h a t i t may a l s o be found e i t h e r 
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i n the BAW bands E, or F, p r o v i d e d o f c o u r s e , the p a r t i a l h y d r o l y s i s o f 

the main p e o n i d i n d e r i v a t i v e o f the band B had o c c u r r e d d u r i n g the p r e p a r 

a t i o n and p r o c e s s i n g o f the e x t r a c t s . I t i s d i f f i c u l t t o i n d i c a t e , because 

o f i n s u f f i c i e n t d a t a , w h e t h e r p e o n i d i n - 3 , 5 - d i g l u c o s i d e (component B3-B4) 

i s the main p e o n i d i n component o f the BAW band B. The t r a c e s o f p e o n i d i n 

o b t a i n e d upon h y d r o l y s i s o f the component B4 ( T a b l e 19.V) i n d i c a t e t h a t 

the component B5b(see T a b l e 1 9 . V I I I . B ) may be a p e o n i d i n d e r i v a t i v e . 

Inasmuch as the Rf v a l u e s o f the BAW band B, o f the component B3-B4, and 

o f the component B5b are the same, i t i s not c e r t a i n w h i c h o f the two 

components, B3-B4, o r B5b i s the main component o f the band B. The 

p o s s i b i l i t y t h a t the band B, w h i c h o t h e r w i s e was o b s e r v e d c o n s i s t e n t l y 

i n e x t r a c t s o b t a i n e d o v e r s e v e r a l y e a r s (see (See s . 5, 7, 8, 10, 11, 1 3 ) , 

may e n t i r e l y be an i n . v i t r o a r t e f a c t w i l l be e l a b o r a t e d upon l a t e r . 

BAW Band DE-400s: Hac-HCl Components 

The band DE i s the ma j o r a n t h o c y a n i n band (see p r e p a r a t o r y BAW 

chromatograms, F i g . 19.1). As no t e d i n Sec. 19.3.1, some o f the HAc-HCl 

components, owing t o poor r e s o l u t i o n , were e l u t e d as a m i x t u r e so t h a t 

o n l y 9 e l u a t e s were o b t a i n e d t o t a l l y ( T a b l e 1 9 . 1 1 ) . The BAW bands 

D-405, E-405 and the HAc-HCl components, D E I , DE3, DE4, and DE8, upon 

h y d r o l y s i s gave c y a n i d i n ( T a b l e 19.V). A l t h o u g h R f v a l u e s i n some 

s o l v e n t s , and a l s o c o l o r s resemble c l o s e l y p e t u n i d i n , the component DE7 

has been i d e n t i f i e d as c y a n i d i n p r i m a r i l y on the b a s i s o f s p e c t r a l 

c h a r a c t e r i s t i c s . The component DE9 c o u l d not be i d e n t i f i e d c o n c l u s i v e l y : 

the d a t a was meagre because the pigment was a v a i l a b l e i n s m a l l q u a n t i t y . 

I t may e i t h e r be p e t u n i d i n o r c y a n i d i n . No s u i t a b l e c h r o m a t o g r a p h i c 

s o l v e n t s a r e y e t a v a i l a b l e t h a t d i f f e r e n t i a t e p e t u n i d i n and c y a n i d i n 
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TABLE 19.VIII.DE 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BAND DE OF GOPAL AND BLACK HULLESS LEAF SHEATHS 

Rf x 100 y i 
d 

HAc-HCl C3 

o 
d 

0) 
o 
Q . 

P r o v i s i o n a l 
Component r-l r-l 

r - J 

CJ oo o d 

o u 
a o £ I d e n t i f i c a t i o n 

CJ u 33 .. o Cu O y CD 
ta 33 • o r-l r - l B i 

< a cr < CO 0) 
0 3 o 

CJ 
D 

p q PQ <• 33 CO 

DEI 67 2.5 10 15 (20) DEI C y a n i d i n 
6 ( 1) 

DE2 24 6 26 37 ( 4) DE2a C y a n i d i n - 3 - g l u c o s i d e 
27 4 19 29 ( 5) DE2b A d e l p h i n i d i n d e r i v a t i v e ? 

same as A1-A2, K 3 S L3 

DE3 32 26 8 27 40 DE4 T r a i l o f DE4 

DE4 33 24 9 28 40 DE4 A new complex c y a n i d i n 
d e r i v a t i v e : same as 5D 

DE5 40 39 ? ( ?) DE5a See 5E i 
37 28 Q 32 49 ( 3) DE5b P r o b . c o n t a m i n a n t from F4 
33 y 27 38 ( 5) DE2a C y a n i d i n - 3 - g l u c o s i d e 
28 15* 14 38 ( 2) DE6a T r a i l o f DE6a:same as 5 F i 

DE6 ? 7 19 48 59 ( t ) 
27 15 16 40 51 ( 3) DE6fi A new c y a n i d i n d e r i v a t i v e 

same as 5 F i , A2-A3 
32 26 8 27 38 ( 5) DE2a C y a n i d i n - 3 - g l u c o s i d e 

DE7 21, 6 23 53 65 ( 1) DE7a 7 
29 20 19* 45 60* ( 3) DE7b Same as 5 G i 
33 24 65 23 41 ( 1) DE2a C y a n i d i n - 3 - g l u c o s i d e 

D E 8 c d 69* 73 DE8 H i g h l y g l y c o s y l a t e d 
a n t h o c y a n i n 

T 22* 
a n t h o c y a n i n 

6 23 7 

D E 9 T * c d 55* DE9 H i g h l y g l y c o s y l a t e d a n t h c 
c y a n i n 

d e p e n d a b l y . The components DE5 and DE6 were not a v a i l a b l e i n s u f f i c i e n t 

amounts f o r h y d r o l y s i s . 

The a n t h o c y a n i n DE2a (see T a b l e 19.VIII.DE) i s most p r o b a b l y 

a c y a n i d i n - 3 - g l u c o s i d e , o r e l s e i t may m e r e l y be a t r a i l o f the component 
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DE4 (see l a t e r the r e s u l t s o f components 5B, 5C S 5D: T a b l e 19.VIII.5). The 

sub-component DE2b has been i d e n t i f i e d p r o v i s i o n a l l y as a d e l p h i n i d i n d e r i 

v a t i v e on the b a s i s o f p a r t i a l h y d r o l y s i s ( T a b l e 19.VII), and Rf v a l u e s o f 

i t s h y d r o l y s a t e s i n a few o t h e r s o l v e n t s ( T a b l e 19.V). A l t h o u g h i t was one 

o f the major s p o t s o f the component DE2, i t s c o n c e n t r a t i o n i n r e l a t i o n t o 

the t o t a l a n t h o c y a n i n c o n t e n t o f the band DE ( T a b l e 1 9 . 1 1 ) , as w e l l as the 

t o t a l a n t h o c y a n i n s o f the b a s a l l e a f s h e a t h e x t r a c t s i s , o t h e r w i s e , 

n e g l i g i b l e . The p r e s e n c e o f d e l p h i n i d i n was not d e t e c t e d i n the h y d r o l y s a t e s 

o f the BAW band DE o r the b a s a l l e a f s h e a t h e x t r a c t s p r o b a b l y because o f 

the n e g l i g i b l e amounts o f the sub-component DE2b. I t w i l l be r e c a l l e d t h a t 

the component A1-A2 a l s o gave Rf v a l u e s and b l u i s h p u r p l e c o l o r s comparable 

( a l m o s t i d e n t i c a l ) t o the DE2b, but no d e l p h i n i d i n was r e c o v e r e d from the 

h y d r o l y s i s o f the BAW band A. Thus, the p r e s e n c e o f the component A1-A2 

i n the band A a l s o remains confounded. S h o u l d b o t h the components, namely, 

A1-A2, and DE2b, be d e r i v a t i v e s o f d e l p h i n i d i n , i t i s c l e a r t h e n t h a t 

d e l p h i n i d i n does not e x i s t as a s i m p l e 3 - m o n o g l y c o s i d i c d e r i v a t i v e . 

The Rf v a l u e s o f the component DE5 c o u l d not be a r r a n g e d i n 

d i f f e r e n t s o l v e n t s w i t h c e r t a i n t y because o f poor r e s o l u t i o n o f the con

s t i t u e n t a n t h o c y a n i n s ( T a b l e 1 9 . V I I I . D E ) . A l t h o u g h the r e s u l t s o f 

h y d r o l y s i s a r e not a v a i l a b l e , i t w o u l d seem on the b a s i s o f R f v a l u e s , 

t h a t the c o n s t i t u e n t d e s i g n a t e d DE5b i s a c o n t a m i n a n t from the p e o n i d i n 

band F; i t s Rf v a l u e s match p e o n i d i n - 3 - g l u c o s i d e . I t , t h e r e f o r e , i s 

h i g h l y p r o b a b l e t h a t the component DE5b i s the breakdown p r o d u c t , B3, o f 

the p e o n i d i n band B. The o t h e r two c o n s t i t u e n t s o f the component DE5 a r e 

the t r a i l s o f the component DE6. 

The c o n s t i t u e n t DE6a o f the HAc-HCl component DE6, as i n d i c a t e d 

a l r e a d y , g i v e s Rf v a l u e s i d e n t i c a l t o the component A2'-A3, and t h a t i t i s 

l i k e l y an a r t e f a c t o r i g i n a t i n g from the band A. 
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The o t h e r HAc-HCl components o f the band DE a r e b a s i c a l l y the 

same as the c o r r e s p o n d i n g HAc-HCl components o f the BAW band 5. They w i l l 

be s c r u t i n i z e d a l o n g w i t h the components o f the band 5 ( T a b l e 19.VIII.5). 

BAW Band F-AOOs: HAc-HCl Components 

The band F s p l i t s i n t o 6 o r more HAc-HCl components ( T a b l e 19.11). 

O n l y the major components F3 and F4 were s t u d i e d i n some d e t a i l . The 

component F3 gave a d u l l b l u i s h p u r p l e c o l o r i n u.v. ( T a b l e 19.VIII.F) and 

upon h y d r o l y s i s y i e l d e d c y a n i d i n ( T a b l e 19.V). C o n s i s t e n t l y the component 

gave Rf v a l u e s w h i c h d i f f e r e d s l i g h t l y f rom the Rf v a l u e s o f c y a n i d i n - 3 -

g l u c o s i d e on the same s h e e t . The component most l i k e l y i s a new mono-

g l y c o s i d e o f c y a n i d i n (see a l s o G3: T a b l e 19.VIII.G) and i s s i m i l a r t o the 

c a r y o p s e s components 6B and 7F ( T a b l e s 1 9 . V I I I . 6 , and 19.VIII.7). The 

p o s s i b i l i t y t h a t i t may be a complex g l y c o s i d e , comparable t o o r p a r t o f 

the c a r y o p s e s component 5D, cannot be r u l e d o u t . 

The component F4, upon h y d r o l y s i s y i e l d e d p e o n i d i n e x c l u s i v e l y 

( T a b l e 19.V) and has been i d e n t i f i e d as p e o n i d i n - 3 - g l u c o s i d e on t h e b a s i s 

o f Rf v a l u e s . The component i s i d e n t i c a l t o the c a r y o p s i s component 6C 

and p r o b a b l y 0D ( T a b l e 1 9 . V I I I . 6 ) . 

A l t h o u g h the BAW band F i s a m i x t u r e o f c y a n i d i n and p e o n i d i n 

d e r i v a t i v e s , i t gave a b r i g h t p i n k c o l o r i n u.v. as o f c o u r s e d i d the BAW 

band F-130 (Sees. 11, and 13) o r BAW band 6 from c a r y o p s i s t i s s u e s ( T a b l e 

1 9 . V I I I . 6 ) . The b r i g h t c o l o r s a r e u s u a l l y g i v e n by p o l y g l y c o s i d e s . 

Because o f the b r i g h t c o l o r and because the band s p l i t i n t o s e v e r a l f a s t 

moving components i n the HAc-HCl s o l v e n t ( T a b l e 19.11), i t i s r e a s o n a b l e 

t o assume t h a t the band F may be a m i x t u r e o f p o l y g l y c o s y l a t e d d e r i v a t i v e s 

o f p e o n i d i n and c y a n i d i n . 
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TABLE 1 9 . V I I I . F and 1 9 . V I I I . G 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BANDS F AND G OF GOPAL AND BLACK HULLESS LEAF SHEATHS 
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I d e n t i f i c a t i o n 

F l 9 

F2 see H2 

F3 32 27 8 28 34 F3 A new c y a n i d i n d e r i v a t i v e 
See a l s o G3, 6B and 7F 

F4 37 34 9.5 33 42 F4 P e o n i d i n - 3 - g l u c o s i d e 

G2 same as H2 F 2 , G2 and H2 were mixed 

G3 31 28 8 28 35 G3 A new c y a n i d i n d e r i v a t i v e : 
same as F3 

G4 33 29 8 28 (6) G3 A new c y a n i d i n d e r i v a t i v e : 
same as F3 

40 41 12 37 (1) G4a Same as H5a 

G 5 b c 29 
9 

41 

11* 
24* 
44* 

36 
60 

wk 
wk 

( t ) 
V e r y l a b i l e 

The component F2 was d i s t i n c t l y b l u i s h p u r p l e and so were the 

components G2 and H2 (see T a b l e s 1 9 . V I I I . G , and 1 9 . V I I I . H ) . A c c o r d i n g l y , 

t h e y were mixed because the q u a n t i t y o f each component was t o o s m a l l t o 

be p r o c e s s e d s e p a r a t e l y . The Rf v a l u e s o f the m i x t u r e a r e g i v e n i n T a b l e 

1 9 . V I I I . H . A p o r t i o n o f the i s o l a t e F2-400 was, however, h y d r o l y s e d and 

chromatographed o n l y i n two s o l v e n t s (see T a b l e 19.V). The r e s u l t s o f 

h y d r o l y s i s show t h a t the band F2 may be a m i x t u r e o f two a n t h o c y a n i d i n s 
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i d e n t i f i e d p r o v i s i o n a l l y as p e t u n i d i n (major) and p e o n i d i n o r m a l v i d i n 

( v e r y m i n o r ) . However, the d a t a i s t o o meagre f o r c o n c l u s i o n . M o r e o v e r , 

when an a l i q u o t o f the m i x t u r e H2 was h y d r o l y s e d , no s p o t around the Rf o f 

p e o n i d i n o r m a l v i d i n was d e t e c t e d (see T a b l e 19.V). 

BAW Band G-400s: HAc-HCl Components 

The BAW band G s p l i t s i n t o s e v e r a l HAc-HCl components ( T a b l e 

19.11). Most o f the components were weak and c o u l d not be s t u d i e d . The 

m a j o r component, G3, i s a c y a n i d i n d e r i v a t i v e ( T a b l e 19.V). The Rf v a l u e s 

and c o l o r r e a c t i o n s o f the component are s i m i l a r t o the components F 3 , 6B 

and 7F. I t w i l l be noted t h a t the l e a f s h e a t h bands F and G ( F i g . 19.1) 

and so a l s o the c a r y o p s i s bands 6 and 7 ( F i g . 19.3) a r e d i s t i n c t bands 

w i t h d i s c r e t e R f v a l u e s i n BAW. However, t h e i r HAc-HCl components F 3 , 

G3, 6B and 7F, w h i c h a r e o t h e r w i s e c h r o m a t o g r a p h i c a l l y i d e n t i c a l ( F i g s . 

19.2, and 19.5) g i v e R f v a l u e s i n BAW about the r e g i o n o f the BAW bands 

D and E. The c o n c l u s i o n i s , t h e r e f o r e , w a r r a n t e d t h a t the c y a n i d i n 

d e r i v a t i v e s o f the band F and G (and a l s o 6 and 7) a r e r e a d i l y h y d r o l y z a b l e 

even under the m i l d c o n d i t i o n s o f our e l u t i o n and t h a t t h e y end up as 

a r t e f a c t s i n the band DE. Thus, the BAW bands A, F, G and t o some e x t e n t 

B, a l l c o n t r i b u t e components t h a t r e s o l v e a t the Rf v a l u e s Of the bands DE. 

I t i s p r i m a r i l y f o r t h i s r e a s o n t h a t , u p o n s t o r a g e , the c o n c e n t r a t i o n o f the 

band DE i n c r e a s e s and t h a t o f the o t h e r bands d e c r e a s e s (Sec. 7, 23, and 

2 4 ) . 

The b l u i s h r e d HAc-HCl component G4 (HAc-HCl R f c a . 0.39, T a b l e 

19.11) y i e l d e d two c o n s t i t u e n t s , a major c o n s t i t u e n t (HAc-HCl R f 0.28, 

T a b l e 1 9 . V I I I . G ) , w h i c h was i d e n t i c a l w i t h the component G3, and a m i n o r 

c o n s t i t u e n t G4a (HAc-HCl R f 0.37). The r e s u l t s i n d i c a t e t h a t the component 
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G4 must be h i g h l y l a b i l e , because under the m i l d c o n d i t i o n s o f our h a n d l i n g , 

the breakdown p r o d u c t s , G3, was the predominant c o n s t i t u e n t . The predomin

ance o f the breakdown p r o d u c t G3 s u g g e s t s t h a t the minor c o n s t i t u e n t G4a i s 

the u n h y d r o l y s e d p o r t i o n o f the o r i g i n a l component G4. However, the Rf 

v a l u e s o f the c o n s t i t u e n t G4a a p proach t h o s e o f p e l a r g o n i d i n - 3 - g l u c o s i d e , 

an i n t r i g u i n g s i t u a t i o n . I t i s i n t r i g u i n g (a) because the b a s a l l e a f s h e a t h 

e x t r a c t s o f the s i x Greenhouse C o l l e c t i o n s o f G o p a l and B l a c k H u l l e s s d i d 

not show the orange r e d p e l a r g o n i d i n d e r i v a t i v e i n the p r e p a r a t o r y 

chromatography i n BAW (Sec. 1 9 . 3 . 1 ) j a n d (b) because the l e a f s h e a t h e x t r a c t s 

o b t a i n e d from the f i e l d grown m a t e r i a l s ( C o l l e c t i o n s ^ 1 3 0 and 138) d i d show 

the orange r e d p e l a r g o n i d i n d e r i v a t i v e c o n s p i c u o u s l y (Sec. 10, 11, 13, and 

2 4 ) . I t was f u r t h e r o b s e r v e d i n S e c t i o n 19.3.1 t h a t when the e l u a t e s o f 

the BAW band G were chromatographed i n HAc-HCl ( F i g . 1 9 . 2 ) , the Greenhouse 

C o l l e c t i o n 402 (and p r o b a b l y 400) d i d show r e l a t i v e l y s m a l l q u a n t i t i e s o f 

the orange r e d component, the p r e s e n c e o f w h i c h must have been masked by 

the predominance o f c y a n i d i n d e r i v a t i v e s o f the band G d u r i n g p r e p a r a t o r y 

chromatography i n BAW. A l t h o u g h no orange r e d band was r e c o v e r e d from the 

o t h e r f o u r greenhouse c o l l e c t i o n s (see Sec. 19.3.1) i n the HAc-HCl 

p u r i f i c a t i o n ( T a b l e 19.11), the component G4 does show the m i n o r c o n s t i 

t u e n t G4a, the n a t u r e and c o l o r r e a c t i o n s o f w h i c h c o u l d not be a s c e r t a i n e d 

w i t h c e r t a i n t y . I t may, however, be n o t e d t h a t c o n s t i t u e n t s K5, H5a, 

w h i c h g i v e Rf v a l u e s s i m i l a r t o the c o n s t i t u e n t G4a but w h i c h do not g i v e 

p e l a r g o n i d i n on h y d r o l y s i s , were r e c o v e r e d from the bands H and K. The 

r e s u l t s o f the c o n s t i t u e n t s w i l l be s c r u t i n i z e d i n the f o l l o w i n g s e c t i o n s . 

I n the meantime, i t may be added t h a t the BAW band H-130 o f G o p a l l e a f 

s h e a t h s ( T a b l e 1 3 . 1 1 ) , and band 8 ( T a b l e s 19.V, 1 9 . V I I I . 8 - 9 ) o f B l a c k 

H u l l e s s c a r y o p s e s do c o n t a i n some p e l a r g o n i d i n . b u t the band H-400s ( T a b l e 
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19.V) does not c o n t a i n p e l a r g o n i d i n . 

BAW Band H-400s: HAc-HCl Components 

The component HI has been i d e n t i f i e d on the b a s i s o f R f v a l u e s 

as c y a n i d i n . A l t h o u g h the component as u s u a l , was not h y d r o l y s e d because 

i t i s an a g l y c o n e i t s e l f (cf.. , T a b l e 19.11), i t gave a n o t h e r c o n s t i t u e n t i n 

s e v e r a l s o l v e n t s .which has been d e s i g n a t e d as a p r o b a b l e p r o d u c t o f p a r t i a l 

h y d r o l y s i s (PPPH) i n T a b l e 19.V). I t has been d e s i g n a t e d PPPH, because 

components w i t h i d e n t i c a l Rf v a l u e s were r e c o v e r e d from t h e h y d r o l y s a t e s o f 

the c a r y o p s e s a n t h o c y a n i n s (see l a t e r ) . The c o n s t i t u e n t , PPPH, shows d u l l 

a b s o r p t i o n i n u l t r a v i o l e t l i g h t and i n t h i s p a r t i c u l a r case may be a 

c o n t a m i n a n t o f the a n t h o c y a n i n components H2 and H3. 

The component H2 as i n d i c a t e d a l r e a d y , i s a m i x t u r e o f the 

a n t h o c y a n i n components F 2 , G2, and H2. A l l the t h r e e b l u i s h p u r p l e ( v i s i b l e 

c o l o r ) components were p r e s e n t i n v e r y s m a l l amounts and e l u t e d t o g e t h e r as 

a m i x t u r e . An a l i q u o t o f the m i x t u r e was h y d r o l y s e d and Rf v a l u e s d e t e r m i n e d 

but o n l y i n two s o l v e n t s . On the b a s i s o f t h i s meagre i n f o r m a t i o n , the 

component may e i t h e r be a c y a n i d i n , o r more l i k e l y p e t u n i d i n d e r i v a t i v e 

( T a b l e 19.V). The component H2 s p l i t s i n t o t h r e e c o n s t i t u e n t s ( T a b l e 19. 

V I I I . H ) . The weak c o n s t i t u e n t H2a may be a t r a i l from the components H3, 

G3, o r F 3 . The c o l o r s o f c o n s t i t u e n t s H2b and H2c a r e s t r i k i n g l y b l u i s h 

p u r p l e . The c o n s t i t u e n t H2c shows d u l l r e d d i s h v i o l e t c o l o r i n u l t r a v i o l e t 

l i g h t . The c o n s t i t u e n t s a r e mope l i k e l y d e r i v a t i v e s o f p e t u n i d i n t h a n o f 

c y a n i d i n on the b a s i s o f t h e i r c o l o r s . 

The component H3 i s a l o w e r p a r t , o f the major component H4 

( T a b l e 19.11). The h y d r o l y s a t e s o f H3 (see f o o t n o t e s c, d, and h: T a b l e 

19.V) and H4 b o t h showed c y a n i d i n . The component H4 i s b r i g h t magenta i n 
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TABLE 1 9 . V I I I . H 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BAND H OF GOPAL AND BLACK HULLESS LEAF SHEATHS 

HAc-HCl Rf x 100 
u O 01 c 

Component 
r - l u w 

r - l 
U 

r - l 
u 
3 3 
I 

0 0 

i 

• o e o c_> 

•u o 
C3 O . 
oi 6 c o o o a. " 
c r\ 

P r o v i s i o n a l 
I d e n t i f i c a t i o n 

% 3 

pa < 3 C O 
<u 
PS 

C3 —^" O 3 
U CO 

HI H i C y a n i d i n (see T a b l e 19.V) 

H2 32 
32 
T* 

29 
T* 

1 
4.5* 
3 * 

26 
20* 
16* 

31 
26* 
22* 

(1) 
(3) 

(10) 

H2a 
H2b 
H2c 

D i s t i n c t b l u i s h p u r p l e 
components o f bands F 2 , 
G2 and H 2 d 

H3 35 28 8 29 36 H4 T r a i l o f H4 

H4 36 28 9 30 38 H4 A new c y a n i d i n d e r i v a t i v e : 

H5 40 
36 
33 

40 
32 
28 

13 
9 
8 

37 
34 
28 

45 
43 
36 

(1) 
(3) 
(7) 

H5a 
H5b 
H4 

Same as G4a 
Same as F4 
Same as H4 

H6 18 
28 

15 
8 

40* 
28 

(1) 
(2) H4 

A new a n t h o c y a n i n 

H7 9 
49 
27 

23* 
20* 

8 

70* 
61 
55 

37 

( t ) 
(1) 
(3) 

(5) 

H7a 
H7b 
H7c 

H4 

H i g h l y g l y c o s y l a t e d ' n i n . 
A new a c y l a t e d d e r i v a t i v e 
p r o b a b l y o f c y a n i d i n . 
P r o b a b l y d e a c y l a t e d com
ponent o f H7b. 
Same as H4. 

H8 45 
34 
25 
8 

wk 
wk 
wk 
(1) 

? 

u l t r a v i o l e t l i g h t and has been i d e n t i f i e d as a new d e r i v a t i v e o f c y a n i d i n . 

Inasmuch as the BAW band H showed d u l l a b s o r p t i o n , i t i s c l e a r t h a t the 

component H4 i s a h y d r o l y t i c a r t e f a c t and t h a t the band H i s l a b i l e (see 

a l s o F i g . 2 3 . 1 ) . 
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The components H5 t o H8 were a v a i l a b l e i n s m a l l amounts and 

t h e r e f o r e c o u l d not be h y d r o l y s e d , however, r e s u l t s o f t h e i r chromatography 

i n a few o f the a n t h o c y a n i n s o l v e n t s a r e shown i n T a b l e 1 9 . V I I I . H . 

A l t h o u g h the d a t a do not p e r m i t c o n c l u s i o n s , i t i s c l e a r from the Rf v a l u e s 

t h a t the c o n s t i t u e n t H7b may be an a c y l a t e d a n t h o c y a n i n , p r o b a b l y a 

c y a n i d i n d e r i v a t i v e , and the c o n s t i t u e n t H7c p r o b a b l y a d e a c y l a t e d component 

o f H7b. 

I t w i l l be n o t e d t h a t the c o n s t i t u e n t H5a i s s i m i l a r t o the 

c o n s t i t u e n t G4a and t h e h y d r o l y t i c p a t t e r n o f the c o n s t i t u e n t G4 and H5 

a r e a l s o s i m i l a r 

Components o f the BAW Band K and L 

The f a s t - m o v i n g BAW bands K and L were p r e s e n t o n l y i n the 

C o l l e c t i o n s 407 and 408. As a l r e a d y i n d i c a t e d ( s e c . 19.3.1), the 

d e s i c c a t e d BAW e l u a t e s were not p u r i f i e d i n the HAc-HCl s o l v e n t owing t o 

the s c a r c i t y o f the m a t e r i a l s . The r e s u l t s from the chromatography o f the 

BAW i s o l a t e s , w h i c h as u s u a l were p a r t i a l l y h y d r o l y s e d f o l l o w i n g phosphorus 

p e n t o x i d e d e s i c c a t i o n a r e shown i n T a b l e 1 9 . V I I I . K . L . The Rf v a l u e s a r e 

a r r a n g e d i n a s c e n d i n g o r d e r i n each s o l v e n t , and e s t i m a t e d r e l a t i v e con

c e n t r a t i o n r a t i o o f each component i n each s o l v e n t i s shown i n p a r e n t h e s i s 

t o a i d d e t e r m i n a t i o n o f the c o r r e s p o n d i n g Rf v a l u e s i n d i f f e r e n t s o l v e n t s . 

The b l u i s h r e d BAW band K i s a m i x t u r e o f two a n t h o c y a n i n s 

because i t gave on h y d r o l y s i s c y a n i d i n ( m a j o r ) and p e o n i d i n ( m i n o r ) a s shown 

i n T a b l e 19.V. The cromatography o f a n t h o c y a n i n i n the f i v e s o l v e n t s 

( T a b l e 1 9 . V I I I . K ) shows t h a t the r e s o l u t i o n o f the components i s n o t 

u n i f o r m i n the aqueous and a l c o h o l i c s o l v e n t s . I t i s n o t e w o r t h y t h a t the 

a n t h o c y a n i n K, w h i c h i s one o f the f a s t - m o v i n g a n t h o c y a n i n s i n SAW, a l m o s t 
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TABLES 1 9 . V I I I . K and 1 9 . V I I I . L 
CHROMATOGRAPHIC CHARACTERISTICS OF THE BAW BANDS K AND L FROM 
BLACK HULLESS LEAF SHEATHS 

R f x 100 ( R e l a t i v e C o n c e n t r a t i o n ) " ^ Component o r 
BAW Sub-component 
Band 

BAW Bu-HCl Aq-HCl HAc-HCl 3:1:8 

5 9 ( t ) 55*(wk) 70*(wk) K6 
57 (wk) 

39(1) 42(1) 12(1) 36(1) 45 (2) K5 
31(10) 21(10) 8(10) 28(10) 37 (10) K4 

5 ? 19(2) 29 (2) K3 
15(1) K2 

2.5(1) 10(1) 15 (1) K l 

L b e f 50(wk) 37 21*(wk) L6 
37(1) 30(1) L5 
31(3) 21(10) 7(3) 25(5) 37(3) L4 

4.5(1) 20(3) 29(1) L3 
14(1) L2 

2.2(2) 9(2) 14(2) L I 
/ F i g u r e s i n p a r e n t h e s i s i n d i c a t e an e s t i m a t e o f the r e l a t i v e 

c o n c e n t r a t i o n o f the components 

d i s a p p e a r s and the component K4 ( R f v a l u e i n BAW about the r e g i o n o f the 

band DE) emerges as the major component. The t r a c e component K6 (BAW Rf 

0.59) may o r may not be the o r i g i n a l a n t h o c y a n i n K. A l t h o u g h it'., i s 

d i f f i c u l t t o a r r a n g e t h e . c o r r e s p o n d i n g Rf v a l u e s , the component d e s i g n a t e d 

K5 appears t o be i d e n t i c a l w i t h the c o n s t i t u e n t G4a. The v i s i b l e c o l o r o f 

the component K5 i s c e r t a i n l y b l u i s h r e d and not orange r e d . The component 

K3 i s s i m i l a r t o the c o n s t i t u e n t DE2b. The d a t a , however, i s too meagre t o 

draw f u r t h e r c o n c l u s i o n s . 

The BAW band L i s , e x c l u s i v e l y , a d e r i v a t i v e o f c y a n i d i n ( T a b l e 

19.V). I t s b e h a v i o u r upon chromatography i n the a n t h o c y a n i n s o l v e n t s 



( T a b l e 1 9 . V I I I . L ) i s comparable t o the band K (see T a b l e 1 9 . V I I I . K ) . T h i s 

f a s t - m o v i n g a n t h o c y a n i n i s a l s o h i g h l y l a b i l e and b r e a k s down i n t o major 

component L 4 , w h i c h g i v e s Rf v a l u e s s i m i l a r t o c y a n i d i n - 3 - g l u c o s i d e and 

p r o b a b l y s i m i l a r t o the component K4. The second major component L3 i s 

s i m i l a r t o the component K3 and DE2b. Inasmuch as no d e l p h i n i d i n was 

r e c o v e r e d from the h y d r o l y s i s o f the banks K, L, A and component DE, the 

p r o v i s i o n a l i d e n t i f i c a t i o n o f .the component DE2b as a d e l p h i n i d i n d e r i v a 

t i v e i s d o u b t f u l . 

A l t h o u g h the d a t a f o r the bands K and L i s meagre, i t w o u l d , 

on t h e b a s i s o f t h e i r o r i g i n a l h i g h Rf v a l u e s i n BAW, seem t h a t the bands 

must be a c y l a t e d f o r r e a s o n s d i s c u s s e d i n S e c t i o n s 5 and 7. 

19.3.7.3 C h a r a c t e r i z a t i o n o f the C a r y o p s i s A n t h o c y a n i n s 

Components o f the BAW Bands 1-4 

The r e s u l t s of. r e c h r o m a t o g r a p h y o f the e l u a t e s from BAW bands 

1, 2, 3 (see f o o t n o t e , Sec. 19.3.2, p.363 ) i n f o u r s o l v e n t s a r e shown 

i n T a b l e 1 9 . V I I I . 1 . 2 . 3 . These e l u a t e s were o b t a i n e d o n l y from t h o s e 

chromatograms w h i c h showed good r e s o l u t i o n . The r e s u l t s o f r e c h r o m a t o 

graphy o f the HAc-HCl components 1-2/A, 1-2/B, 1-2/D and 3-4/B (see 

T a b l e 1 9 . I I I ) . a r e summarized i n T a b l e s 1 9 . V I I I . 1 - 2 and 1 9 . V I I I . 3 - 4 . The 

m a t e r i a l s a v a i l a b l e from o t h e r components l i s t e d i n T a b l e 1 9 . I l l were not 

a v a i l a b l e f o r f u r t h e r s t u d i e s . However, a l m o s t a l l the HAc-HCl components 

o f the band 4 (see T a b l e 1 9 . I l l ) were chromatographed i n s e v e r a l s o l v e n t s 

and the r e s u l t s a r e summarized i n T a b l e 1 9 . V I I I . 4 . 

I t w i l l be seen from T a b l e 1 9 . V I I I . 1 . 2 . 3 t h a t the R f v a l u e s 

o f BAW bands 1 and 2 a r e s i m i l a r t o th o s e o f the components A3 and A2 o f 
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TABLE 1 9 . V I I L . 1 . 2 . 3 6 J 

CHROMATOGRAPHIC CHARACTERISTICS FROM THE BAW BAND 1, 2, AND 3 
OF BLACK HULLESS CARYOPSIS ANTHOCYANINS 

BAW 
Band 

R f x 100 o d 
U 
O 1 

c P r o v i s i o n a l BAW 
Band 

< 
PQ Bu

-H
Cl
 

Aq
-H

Cl
 

HA
c-
HC
l o c_> 

r - l 

Pi Co
mp
on
er
 

su
b-
co
mp
 

4-1 
a 
CD 

I d e n t i f i c a t i o n 

1 25 
15 
13 

24 
12 
7 

7 

25 

26 

51 

(1) 

(5) 

1A 

1C 

S i m i l a r t o A2 

S i m i l a r t o A3 

2 15 7 23 53 (4) IC R f v a l u e s comparable t o 

27 
11 
22 7 27 (1) 1A the BAW band 1. 

3 20 4 
6 

17 
26 

(5) 
(1) 

3A 
3B 

A d e p h i n i d i n - m o n o g l y c o s i d e 

TABLE 19. V I I I . 1-2 and 3--4 
CHROMATOGRAPHIC CHARACTERISTICS 
ANTHOCYANIN MIXTURE 1-2 AND 3"4 

OF A FEW HAc-HCl COMPONENTS FROM THE 
OF BLACK HULLESS CARYOPSIS ANTHOCYANINS 

HAc-HCl 
R f x 100 

Co
mp
on
en
t 

or
 

su
b-
co
mp
on
en
t 

Component 

< 
P Q 

Bu
-H
Cl
 

Aq
-H
Cl
 

HA
c-
HC
l 

0 0 

r - l 

C O Co
mp
on
en
t 

or
 

su
b-
co
mp
on
en
t 

P r o v i s i o n a l 
I d e n t i f i c a t i o n 

1-2/A 4 18 Contaminant from band 3 

1-2/B 31 25 7 26 1-2B C y a n i d i n - 3 - g l u c o s i d e : same 
as A2 

1-2/D 16 

29 

7 

23 

25 

7 

56 

26 

l-2Da 

1-2B 

New a n t h o c y a n i n : R f s i m i l a r 
t o A3 
Same as 1-2B 

3-4/B 34 29 8 28 35 Same as F3 and 6B 



420 

the BAW band A ( T a b l e s 19.1, 19.11 and 1 9 . V I I I . A ) . E v i d e n c e was p r e s e n t e d 

e a r l i e r t h a t the c y a n i d i n p o r t i o n o f the BAW band a r o s e as an a r t e f a c t , 

s p e c i f i c a l l y , o f the component A3. I t would seem t h a t the BAW band 2 

o r i g i n a t e s i n a s i m i l a r f a s h i o n , as an a r t e f a c t o f t h e BAW band 1. T h i s 

view r e c e i v e s s u p p o r t from the r e s u l t o f the HAc-HCl components o f the 

mixed bands 1-2 ( T a b l e 1 9 . V I I I . 1 - 2 ) , and from the r e s u l t s summarized i n 

T a b l e 1 9 . I I I . (Sec. 19.3.2). A l t h o u g h the pigments o f the bands 1 and 2 

were a v a i l a b l e i n q u a n t i t i e s i n s u f f i c i e n t f o r h y d r o l y s i s , the chromato

g r a p h i c e v i d e n c e s u g g e s t s t h a t the bands 1 and 2 are i d e n t i c a l t o the 

bands A and B» and, t h e r e f o r e , a r e c y a n i d i n d e r i v a t i v e s . I t i s , however, 

c e r t a i n t h a t the a n t h o c y a n i n s o f the band 2 d i d not show any component 

a t Rf v a l u e s e q u i v a l e n t t o t h o s e o f t h e p e o n i d i n d e r i v a t i v e s o f the BAW 

band B. 

The b l u i s h r e d o r p u r p l e BAW band 3 gave s i x HAc-HCl components 

by b a n d i n g ( T a b l e 1 9 . I l l and F i g . 19.4) but o n l y two components by 

s p o t t i n g ( T a b l e 1 9 . V I I I . 1 . 2 . 3 ) . The Rf v a l u e s o f t h e major component 

3A ( T a b l e 1 9 . V I I I . 1 . 2 . 3 ) are i d e n t i c a l t o the components 4A ( T a b l e 

1 9 . V I I I . 4 ) , and 3-4/A ( T a b l e 1 9 . I I I ) . The h y d r o l y s a t e s o f the components 

3-4A and 4A gave d e l p h i n i d i n ( T a b l e 19.V). The component 4A (see T a b l e 

1 9 . V I I I . 4 ) has been i d e n t i f i e d as d e l p h i n d i n - 3 - g l u c o s i d e . I t i s 

t h e r e f o r e c l e a r t h a t the major component 3A a l s o a d e l p h i n I d i n - 3 - g l u e o s i d e 

and i t i s h i g h l y p r o b a b l e t h a t a few o f the o t h e r components o f the BAW 

band 3 and a l s o the component 3-4/D ( T a b l e 1 9 . I l l ) a r e p o l y g l y g o s y l a t e d 

d e r i v a t i v e s o f d e l p h i n i d i n . The e q u i v a l e n t o f the d e l p h i n d i n band was 

not found i n . t h e b a s a l l e a f s h e a t h s . The HAc-HCl component 1-2/A ( T a b l e 

1 9 . V I I I . 1 - 2 and 3-4) w h i c h a l s o gave Rf v a l u e s s i m i l a r t o the component 

3A ( T a b l e 1 9 . V I I I . 1 . 2 . 3 ) i s l i k e l y a t r a i l o f the BAW band 3. 
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The magenta component 3-4/B ( T a b l e \ 1 9 . I I I . ) i s c h r o m a t o g r a p h i c a l l y 
i 

( T a b l e s 1 9 . V I I I . 1 - 2 and 3-4) i d e n t i c a l t o the a n t h o c y a n i n s F3 ( T a b l e 19. 

V I I I . F ) , and 6B ( T a b l e 1 9 . V I I I . 6 ) and i s , t h e r e f o r e , a new c y a n i d i n d e r i v a 

t i v e . Inasmuch as the o t h e r components o f the band on the b a s i s o f t h e i r 

c o l o r s ( T a b l e 1 9 . I l l ) appear t o be d e l p h i n d i n d e r i v a t i v e s , the component 

3-4/B must have a r i s e n as an a r t e f a c t upon the h y d r o l y s i s o f the band 6 

d u r i n g s t o r a g e o f the e x t r a c t s . 

I t may be added t h a t owing t o d e g r a d a t i o n and s e v e r a l o t h e r 

d i f f i c u l t i e s , c omplete d a t a o f the components o f the bands 3-4 have not 

been p o s s i b l e t o p r e s e n t . However, one s i g n i f i c a n t o b s e r v a t i o n w i l l be 

added. I n e a r l y a t t e m p t s , the a n t h o c y a n i n e l u a t e s o f the bands 3-4 were 

p u r i f i e d by b a n d i n g i n HAc-HCl and a g a i n by b a n d i n g i n BAW. A l t h o u g h 

the d e t a i l s a r e not a v a i l a b l e , one o f the b l u i s h r e d HAc-HCl components 

s p l i t i n t o a t l e a s t t h r e e c o n s t i t u e n t s i n the BAW s o l v e n t s . One o f the 

c o n s t i t u e n t s a t Rf ca.. 0.20 was d i s t i n c t l y orange r e d , i n d i c a t i n g the 

p r e s e n c e o f a p e l a r g o n i d i n d e r i v a t i v e . 

The BAW band 4 appears t o c o n t a i n c o n t a m i n a n t s from bands 3 

and 5 . The band, most p r o b a b l y , i s s i m i l a r t o the band D o f b a s a l l e a f 

s h e a t h s . I n g e n e r a l , the bands 4 and 5 were e l u t e d t o g e t h e r . On the 

b a s i s o f h y d r o l y s i s ( T a b l e 19.V) and Rf v a l u e s , the component 4A has been 

i d e n t i f i e d as d e l p h i n i d i n - 3 - g l u c o s i d e . The component 4A may e i t h e r be 

p r e s e n t as a c o n t a m i n a n t of the band 3 (because o f poor r e s o l u t i o n ) o r 

may have a r i s e n as a r e s u l t o f the u s u a l s p l i t t i n g o f the d e l p h i n i d i n 

band 3, a p o l y g l y c o s y l a t e d d e r i v a t i v e . The h y d r o l y s a t e s o f the major 

component 4C, gave c y a n i d i n ( T a b l e 19.V). The component has been i d e n t i f i e d 

as a c y a n i d i n - 3 - g l u c o s i d e on the b a s i s o f Rf v a l u e s ( T a b l e 19.VI1I.4). The 

component 4D ( T a b l e 1 9 . V I I I . 4 ) i s p r o b a b l y a t r a i l o f the a n t h o c y a n i n 5 D 
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TABLE 1 9 . V I I I . 4 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BAND 4 OF BLACK HULLESS CARYOPSIS ANTHOCYANINS 

HAc-HCl 
Component 

R f x 100 y 4-1 4J 
HAc-HCl 
Component i - i cj 

EC 
I - I cj 
EC -H

Cl
 

0 0 

c o 
CJ 

C C 
0) I 01 
c J O e 
O 3 O 

P r o v i s i o n a l 
I d e n t i f i c a t i o n 

% i i 
rr* 

y •-j e E 

PQ M .-.< CO 0) 
04 

o ^ o cj o y 

4A 27 13 4 18 4A D e l p h i n i d i n - 3 - g l u c o s i d e 

4C 31 25 7 26 4C C y a n i d i n - 3 - g l u c o s i d e 

4D n 25 (2) M i x t u r e : P o o r r e s o l u t i o n : 
28 9 35 ( t ) p r o b a b l y t r a i l o f 5D 
19 15 (2) 

4E 32 25 7 26 
24 17 16 

13 
40 

(wk) 
4E Same as 4F 

4F 32 25 7 26 (5) 4C C y a n i d i n - 3 - g l u c o s i d e 
25 17 16 40 (3) 4 F i A new c y a n i d i n d e r i v a t i v e 

s i m i l a r t o 5 F i 

4 H f 32 25 8 27 36 (2) 4C C y a n i d i n - 3 - g l u c o s i d e o r 

28 T* 21 50 
18 

58 (3) 
(1) 

o r 
3-4/B 
4 H i 
4 H i i 

same as F3,6B 
same as 5Gi 
Some l a b i l e d e r i v a t i v e o f 
d e l p h i n i d i n may a l s o be 
present„ 

2 10 14 (1) C y a n i d i n 

4 J v e r y l a b i l e — d e g r a d e s 

( T a b l e 1 9 . V I I I . 5 ) . The component 4E i s the t r a i l o f the component 4F. The 

component 4F g i v e s two d i s t i n c t c o n s t i t u e n t s , a c y a n i d i n - 3 - g l u c o s i d e and a 

new c y a n i d i n d e r i v a t i v e d e s i g n a t e d as 4 F i . The Rf v a l u e s o f the components 

ar e i d e n t i c a l t o t h o s e o f a n t h o c y a n i n s 5 F i , DE6a, and A2-A3. Inasmuch as 

the a n t h o c y a n i n 4 F i y i e l d s c y a n i d i n - 3 - g l u c o s i d e , i t i s r e a s o n a b l e t o assume 

t h a t the b a s i c s t r u c t u r e o f the new a n t h o c y a n i n 4 F i i s c y a n i d i n - 3 - g l u c o s i d e 

T h i s view i s s u p p o r t e d by the c h r o m a t o g r a p h i c d a t a o f the a n t h o c y a n i n s , 
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A2-A3, DE6a and 5 F i . I t was shown t h a t the a n t h o c y a n i n BE6a would have 

a r i s e n as an a r t e f a c t o f the component A2-A3 o f the band A. The p r e s e n c e 

o f the components 4 F i and 5 F i f u r t h e r s u p p o r t the view t h a t the BAW band 1 

i s e q u i v a l e n t t o the BAW band A o f b a s a l l e a f s h e a t h s . The p o s s i b i l i t y 

t h a t the component A F i may a l s o be a breakdown p r o d u c t o f one o f the com

p l e x c y a n i d i n d e r i v a t i v e s o f the component 5D (see l a t e r ) can s t i l l be 

accommodated by the above view. The component 4H ( T a b l e 1 9 . V I I I . 4 ) i s 

s i m i l a r t o 5G ( T a b l e 1 9 . V I I I . 5 ) and i t i s l i k e l y t h a t i t a l s o may c o n t a i n 

a l a b i l e d e r i v a t i v e o f d e l p h i n i d i n as i n d i c a t e d by the HAc-HCl Rf 0,18 

o f the c o n s t i t u e n t 4 H i i . 

BAW Band 5: HAc-HCl Components 

The r e l e v a n t c h r o m a t o g r a p h i c d a t a o f the HAc-HCl components 

of r.the band 5 a r e summarized i n T a b l e 19.IV. The d a t a o f h y d r o l y s i s , 

p a r t i a l h y d r o l y s i s , s u g a r components and Rf v a l u e s i n o t h e r s o l v e n t s a r e 

summarized i n T a b l e s 19.V, 1 9 . V I I , 19.VI, and 1 9 . T O I . 5 , r e s p e c t i v e l y . 

The component 5A has been i d e n t i f i e d as c y a n i d i n . The components 5B and 

5C a r e l a r g e l y t r a i l s o f the complex a n t h o c y a n i n 5D. The component 5B, 

however, does g i v e though v e r y weak, a component s i m i l a r t o the 

a n t h o c y a n i n DE2b. 

The a n t h o c y a n i n 5D ( T a b l e 1 9 . V I I I . 5 ) i s c h r o m a t o g r a p h i c a l l y 

i d e n t i c a l t o the a n t h o c y a n i n DE4 ( T a b l e 19.VIII.DE) and E3-138 (Sees. 

11, 13, and 1 5 ) . The i d e n t i f i c a t i o n work r e p o r t e d i n t h i s s e c t i o n was 

c a r r i e d out e a r l y i n 1962. I n 1962, as w i l l be n o t e d from T a b l e 1 9 . V I I I . 5 , 

the a n t h o c y a n i n 5D gave o n l y one d i s c r e t e s p o t w i t h no s p l i t t i n g w h atso

e v e r . The Rf v a l u e s of the spot a re comparable t o c y a n i d i n - 3 - g l u c o s i d e 

e x c e p t t h a t t h e y a re c o n s i s t e n t l y s l i g h t l y h i g h e r i n the aqueous m i n e r a l 
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TABLE 1 9 . V I I I . 5 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BAND 5 OF BLACK HULLESS CARYOPSIS ANTHOCYANINS 

HAc-HCl R f x 100 4-1 

u c P r o v i s i o n a l 
I d e n t i f i c a t i o n Components 

i—i c_> W 
i 
3 

P Q 

r-4 
u re 

i 

< 

i — i 
u 
« 
1 

o 
$ 

0 0 

r-i 

C O 

u 
c 
o o 

r - l 

0) 
04 Co

mp
on
en
t 

o 
su
b-
co
mp
on
e P r o v i s i o n a l 

I d e n t i f i c a t i o n 

5A 63 3 
6 

11 15 
31 

(20) 
(1) 

5A 
5 A i 

C y a n i d i n 
? . 

5B 34 
25 26 

8 
4 

28 
19 

39 
.28 

(5) 
(1) 

5D 
5B . 

T r a i l o f 5D 
S i m i l a r t o DE2b 

5C 34 25 8 28 39 5D T r a i l o f 5D 

5D 33 24 9 29 41 5D New complex c y a n i d i n 
d e r i v a t i v e 

5E 39 
32 
28 
21 

40 
26 
23 
14 

9 

6.5 
15 

32 

26 
40 

47 

37 

(5) 
(3) 
(10) 
(1) 

5 E i 

5 S i i 
5 F i 

? 

C y a n i d i n - 3 - g l u c o s i d e 
See 5 F i 

5F '.21 

28 

14 

23 

15 

6.5 
18* 

38 

25 

48 

52* 

(3) 

(5) 
( t ) 

5 F i 

5 E i i 

New c y a n i d i n d e r i v a t i v e : 
same as DE6a, A2-A3, 4 F i 
C y a n i d i n - 3 " g l u c o s i d e 

5G 30 
24 

42 

22 
18 

7 
.21 

26 
48 

36 
58 

65* 

(1) 
(2) 

( t ) 

5 E i i 
5 G i 

5Hi 

C y a n i d i n - 3 - g l u c o s i d e 
New c y a n i d i n d e r i v a t i v e : 
d e a c y l a t e d p r o d u c t o f 5H 
Pr o b . c o n t a m i n a n t o f 5 H i 

5H 
41 

24 
30 

50 

T* 
22 

26* 
17 

7 

T 
54 

26 

72* 
67 

37 

( t ) 
(5) 

(1) 
(2) 

5H1 

5 H i i 

? 
New a c y l a t e d c y a n i d i n 
d e r i v a t i v e 
T r a c e s o f 5 G i , 4 H i 
C y a n i d i n - 3 - g i u c o s i d e 

5 K c d 42 

33 
T 

60* 

24 

36* 
19* 
7 

62* 
?* 

24 

75 
?* 

37 

(1) 
(1) 
(2) 

A new a n t h o c y a n i n 

C y a n i d i n - 3 " g l u c o s i d e 

5 L c d 50 74 80 
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a c i d s o l v e n t s . The a n t h o c y a n i n i s o l a t e 5D, a f t e r the u s u a l chromatography 

i n the f i v e s o l v e n t s , was d r i e d i n a vacuum oven f o r s t o r a g e . The i s o l a t e 

t u r n e d b l u i s h on d r y i n g , an o b s e r v a t i o n t o be a s s o c i a t e d w i t h the a d d i t i o n 

o f m e t h a n o l i c w a s h i n g s (see Sec. 1 9 .2.2), and the weak hydrogen i o n con

c e n t r a t i o n o f our e l u e n t . Thus, the amount o f a c i d i n the e l u a t e a t the 

time o f d r y i n g was so s m a l l as t o o b v i a t e s i g n i f i c a n t h y d r o l y s i s . When 

the a n t h o c y a n i n was r e c h r o m a t o g raphe d i n the HAc-HCl s o l v e n t i n 1965, i t 

gave r i s e t o s e v e r a l h y d r o l y t i c p r o d u c t s . : F o r example, a p a r t from the 

c y a n i d i n component 5A, and the major component 5D, a pronounced s t r e a k 

e x t e n d i n g from the component 5D t o Rf around 0.90 was d i s t i n c t ( F i g . 15.3). 

I n o t h e r w ords, s e v e r a l of the components o f the band 5 were a g a i n 

r e c o v e r e d . The r e c h r o m a t o g r a p h y o f 1965, t h e r e f o r e , e s t a b l i s h e s t h a t the 

a n t h o c y a n i n 5D i s not a s i m p l e a n t h o c y a n i n such as c y a n i d i n - 3 - g l u c o s i d e . 

I t i s , r a t h e r , a complex d e r i v a t i v e o f c y a n i d i n . I t w i l l be r e c a l l e d t h a t 

the c r y s t a l l i n e a n t h o c y a n i n E3-138 a l s o gave s i m i l a r r e s u l t s upon 

r e c h r o m a t o g r a p h y i n 1965 (see F i g . 1 5 . 3 ) . 

I t w i l l be n o t e d from the r e s u l t s o f p a r t i a l h y d r o l y s i s i n c l u d e d 

i n T a b l e l 9 . V I I , t h a t the a n t h o c y a n i n 5D shows o n l y two s p o t s , namely, 

c y a n i d i n and c y a n i d i n - 3 - g l u c o s i d e even w i t h i n f i v e m i n u t e s o f p a r t i a l 

h y d r o l y s i s . . The a n t h o c y a n i n i s h i g h l y l a b i l e and the r e s u l t s o f p a r t i a l 

h y d r o l y s i s s u p p o r t the e a r l i e r c o n c l u s i o n s (Sec. 19.3.6) t h a t the p a r t i a l 

h y d r o l y s i s of b a r l e y a n t h o c y a n i n s s h o u l d have been c a r r i e d out under v e r y 

m i l d c o n d i t i o n s . Even the c r y s t a l l i n e samples o f b a r l e y a n t h o c y a n i n s 

undergo p a r t i a l h y d r o l y s i s i n s t o r a g e (cf.. , Sec. 1 5 ) . 

The component 5E i s s i m i l a r t o the component DE5 o f b a s a l l e a f 

s h e a t h s . The c o n s t i t u e n t 5 E i i s a t r a i l o f the p e o n i d i n d e r i v a t i v e o f 

band 6 and the o t h e r two c o n s t i t u e n t s a r e the t r a i l s o f the band 5F. The 
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component 5F, as i n d i c a t e d a l r e a d y , i s a new c y a n i d i n d e r i v a t i v e s i m i l a r t o 

the a n t h o c y a n i n s DE6a, A2-A3, and 4 F i . 

The d i s t i n c t l y b l u i s h p u r p l e components 5G and 5H ( T a b l e 19. 

V I I I . 5 ) w i l l be examined i n some d e t a i l . The e q u i v a l e n t o f the component 

5G i s p r e s e n t i n the b a s a l l e a f s h e a t h s ( e . g . , component DE7) but an 

e q u i v a l e n t o f the component 5H i s not p r e s e n t i n the b a s a l l e a f s h e a t h s 

( T a b l e 19.VIII.DE) p r o b a b l y due t o h y d r o l y s i s ( s ee l a t e r ) . The component 

5G g i v e s r i s e t o two d i s t i n c t c o n s t i t u e n t s , one o f w h i c h has been i d e n t i f i e d 

as c y a n i d i n - 3 - g l u c o s i d e . The o t h e r c o n s t i t u e n t d e s i g n a t e d as 5 G i i s , i n 

f a c t , the a n t h o c y a n i n 5G. I t i s a new c y a n i d i n d e r i v a t i v e , the b a s i c 

s t r u c t u r e o f w h i c h a g a i n i s c y a n i d i n - 3 - g l u c o s i d e . 

The a n t h o c y a n i n c o n s t i t u e n t 5 H i g i v e s Rf v a l u e s w h i c h a r e 

t y p i c a l o f a c y l a t e d a n t h o c y a n i n s . The component 5H g i v e s a n o t h e r c o n s t i 

t u e n t 5 H i i , the Rf v a l u e s o f w h i c h a r e d i s t i n c t o n l y i n BAW. F o r i n s t a n c e , 

the BAW Rf 0.24 i s i d e n t i c a l t o the BAW Rf o f the c o n s t i t u e n t 5 G i . The 

Bu-HCl Rf 0.18 o f the constituent. r>5Gi cannot be d i s c e r n e d from the o v e r l a p p i n g 

Rf 0.22 o f c y a n i d i n - 3 - g l u c o s i d e , the t h i r d c o n s t i t u e n t o f the component 5H. 

I n A q - H C l , the c o n s t i t u e n t 5Hi shows a weak t r a i l e x t e n d i n g from R f 0.17 

t o 0.26, w h i c h does show i n c r e a s e d i n t e n s i t y around R f 0.21, the Aq-HCl 

R f o f the c o n s t i t u e n t 5 G i . There i s e v e r y l i k e l i h o o d t h a t the HAc-HCl and 

the 3:1:8 s o l v e n t s a l s o show the p r e s e n c e o f e x t r a component a t Rf 0.48 

and 0.58, r e s p e c t i v e l y , but the p r e s e n c e o f the component i s masked by 

s t r o n g t r a i l s o f the c o n s t i t u e n t 5 H i (See T a b l e 1 9 . V I I I . 5 ) . On t h i s b a s i s 

i t a ppears t h a t the c o n s t i t u e n t 5 H i i i s e q u i v a l e n t o f the c o n s t i t u e n t 5 G i . 

The c o n s t i t u e n t 5 H i has been d e s i g n a t e d as the d e a c y l a t e d p r o d u c t o f the 

c o n s t i t u e n t 5 H i f o r two main r e a s o n s : a) the Rf v a l u e s o f an a c y l a t e d 

a n t h o c y a n i n a r e always h i g h e r i n b u t a n o l i c s o l v e n t s t h a n the Rf v a l u e s o f 
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d e a c y l a t e d a n t h o c y a n i n s ; b) a f t e r a c a r e f u l c o m p a r i s o n o f the p u b l i s h e d Rf 

v a l u e s o f a c y l a t e d a n t h o c y a n i n s and the p o l y g l y c o s y l a t e d p r o d u c t s o f t h e i r 

immediate d e a c y l a t i o n , i t was noted t h a t the Rf v a l u e s o f the a c y l a t e d 

a n t h o c y a n i n s , as a r u l e , were l o w e r t h a n the d e a c y l a t e d components i n the 

Aq-HCl. I n the H A c - H C l s o l v e n t , the Rf v a l u e s of a c y l a t e d a n t h o c y a n i n s were 

i n g e n e r a l , h i g h e r o r v e r y c l o s e t o the Rf v a l u e s of the d e a c y l a t e d 

components. The i n c r e a s e i n the Rf v a l u e o f a c y l a t e d a n t h o c y a n i n s i n the 

HAc-HCl s o l v e n t i s p r o b a b l y due t o the i n c r e a s e d i o n i z a t i o n of a c y l com

ponents caused by the s t r o n g e r a c i d o f the HAc-HCl s o l v e n t as compared t o 

the Aq-HCl s o l v e n t . The Rf v a l u e s o f the c o n s t i t u e n t s 5 H i and 5 G i meet the 

above r e q u i r e m e n t s . The absence o f the c o n s t i t u e n t from the b a s a l l e a f 

s h e a t h s e q u i v a l e n t t o 5 H i may be due t o d e a c y l a t i o n . 

A q u e s t i o n a r i s e s , how c o u l d the c o n s t i t u e n t 5 H i , w h i c h has an 

Rf v a l u e o f 0.41 i n BAW a r i s e from the a n t h o c y a n i n band 5. No s a t i s f a c t o r y 

e x p l a n a t i o n i s o f f e r e d . 

The a n t h o c y a n i n 5K was a v a i l a b l e i n v e r y s m a l l amounts. I t s Rf 

v a l u e s i n d i c a t e t h a t i t i s an a c y l a t e d a n t h o c y a n i n , but l a c k o f m a t e r i a l 

makes a c o n c l u s i o n u n r e a s o n a b l e . I t I s , i t s h o u l d be n o t e d , a new 

a n t h o c y a n i n . The v e r y l a b i l e component 5L appears t o be a h i g h l y g l y 

c o s y l a t e d a n t h o c y a n i n . 

BAW Band 6: HAc-HCl Components 

The c h r o m a t o g r a p h i c d a t a o f the HAc-HCl components from band 6 

i s summarized i n T a b l e 19.IV. The d a t a from h y d r o l y s i s , sugar d e t e r m i n a t i o n , 

and p a r t i a l h y d r o l y s i s w i t h the a p p r o p r i a t e chromatography i n the s e v e r a l 

s o l v e n t s i s summarized i n T a b l e s 19.V, 19.VI, 19.VII and 1 9 . V I I I . 6 , r e s 

p e c t i v e l y . W h i l e s c r u t i n i z i n g the n a t u r e and the c o r r e s p o n d e n c e o f the 
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TABLE 1 9 . V I I I . 6 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM 
THE ANTHOCYANIN BAND 6 OF BLACK HULLESS CARYOPSIS ANTHOCYANIN 

HAc-HCl 
Component £ c c P r o v i s i o n a l 

< 
PQ 

X 100 o 4J 4-) 
' c d d r-l o CD 1 CD 

I—! u u d x d u u a O O o 3 o 
a a i . • . C L CO 

• o r-l r—' B E 
: 3 0) O M o 
PQ < a C O a O O o 

I d e n t i f i c a t i o n 

6B 30 29 8 28 34 6B A new c y a n i d i n d e r i v a t i v e : 
same as F 3 , G3, 7F( ? ) , 
3-4/B 

6C 29 34 '9 2& 31 (1) 6B Contaminant of 6B 
36 

34 
33? 40 (5) 6C P e o n i d i n - 3 - g l u c o s i d e : same 

as F4, B3 

6D 36 34 10 35 44 6D P r o b . P e o n i d i n - 3 - g l u c o s i d e 
(see t e x t ) 

6E 40 41 13 37 44 (2) 6 E i P e l a r g o n i d i n - 3 - g l u c o s i d e : 
c o n t a m i n a n t from band 7 

36 30 8 30 40 (1) 6 E i i ? 
33 (1) ? 

6 F b d 34* 62* 
36 39 24 (2) A new a n t h o c y a n i n 
32 19 52 63 (3) 

30 
28 8 31 42 (2) 6 E i i S i m i l a r t o 6 E i i 

6G cd 72 
63 70' 

(wk) 
(wk) A h i g h l y g l y c o s y l a t e d 

a n t h o c y a n i n : d a t a i n s u f 
f i c i e n t 

m ajor components o f the BAW band F t o the BAW band 6, i t was p o i n t e d o ut 

t h a t t he component 6B i s s i m i l a r t o the component F3. Reasons were a l s o 

advanced as t o why the component has been d e s i g n a t e d as a new c y a n i d i n 

d e r i v a t i v e and not c y a n i d i n - 3 - g l u c o s i d e . The R^ v a l u e s s u g g e s t t h a t i t may 

r e s o l v e as a component 3-4/B upon p a r t i a l h y d r o l y s i s o f the o r i g i n a l 

e x t r a c t d u r i n g s t o r a g e , and thus c o n t a m i n a t e the d e l p h i n i d i n band 3. 
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The component 6C c o n s i s t s p r e d o m i n a n t l y o f p e o n i d i n - 3 - g l u c o s i d e 

though i t does show a weak c o n t a m i n a n t due t o the component 6B. The com

ponent i s p r o b a b l y e q u i v a l e n t t o the a n t h o c y a n i n F4. 

The component 6D i s a p e o n i d i n d e r i v a t i v e . Though i t s Rf v a l u e s 

are comparable t o p e o n i d i n - 3 - g l u e o s i d e , t h e y a re c o n s i s t e n t l y s l i g h t l y 

h i g h e r t h a n p e o n i d i n - 3 - g l u c o s i d e i n the aqueous m i n e r a l s o l v e n t s . The 

component i s b r i g h t r e d t o p i n k i n u.v., an o b s e r v a t i o n w h i c h i n c r e a s e s 

the i m p r o b a b i l i t y t h a t i t i s p e o n i d i n - 3 - g l u c o s i d e w h i c h i s d u l l i n u.v. 

The i n c r e a s e o f Rf v a l u e s i n the aqueous m i n e r a l s o l v e n t s , i t w i l l be 

n o t e d , i s s i m i l a r t o the i n c r e a s e t h a t was o b s e r v e d f o r the component 5D. 

Thus t h e r e a r e r e a s o n s f o r t h i n k i n g t h a t the component 6D may be a complex 

d e r i v a t i v e o f p e o n i d i n , as i s 5D o f c y a n i d i n . 

The component 6E s p l i t s i n t o a t l e a s t two sub-components; the 

c o n s t i t u e n t 6 E i , i d e n t i f i e d as p e l a r g o n i d i n - 3 - g l u c o s i d e , i s c e r t a i n l y a 

t r a i l o f the band 7. The n a t u r e of the s u b - c o n s t i t u e n t 6 E i i i s not known. 

The component 6F i s a new a n t h o c y a n i n d e r i v a t i v e and one of i t s c o n s t i t u e n t s 

i s 6 E i i . I t w i l l be noted t h a t e q u i v a l e n t o f the component F2 ( T a b l e 

1 9 . V I I I . F ) was not r e c o v e r e d from the band 6. 

BAW Band 7: HAc-HCl Components 

The c h r o m a t o g r a p h i c d a t a o f the HAc-HCl components o f band 7 i s 

i n c l u d e d i n T a b l e 19.IV. The d a t a from h y d r o l y s i s , s u g a r a n a l y s i s , 

p a r t i a l h y d r o l y s i s and R^ v a l u e s i n o t h e r s o l v e n t s i s summarized i n T a b l e s 

19.V, 19.VI, 19.VII and 1 9 . V I I I . 7 , r e s p e c t i v e l y . The bands 7A and 7C have 

been i d e n t i f i e d as c y a n i d i n and p e l a r g o n i d i n , r e s p e c t i v e l y . The band 7B 

o f the C o l l e c t i o n s 272 and 274, w h i c h o r i g i n a l l y showed y e l l o w i s h r e d 

f l u o r e s c e n c e ( T a b l e 1 9 . I V ) , was a v a i l a b l e i n q u a n t i t y o n l y s u f f i c i e n t f o r 
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TABLE 1 9 . V I I I . 7 . 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BAND 7 OF BLACK HULLESS CARYOPSIS ANTHOCYANIN 

HAc-HCl 
Components 

100 

I—! r-J CJ 
u CJ S3 oo S3 

i 
S3 
I 

a 
y r-J 

3 cr • . pa < 2 

y c o 
CJ 

CD 
PA 

O 0) c 
4-1 O 
C3 O . 
OJ E a o o v 
C X I E J O o a 
O 03 

P r o v i s i o n a l 
I d e n t i f i c a t i o n 

7A 65 3 7 A C y a n i d i n ( c f . , T a b l e 19.V). 

7C 5 17 7C P e l a r g o n i d i n ( c f . , T a b l e 19.V) 

7D 7 (5) 7F . T r a i l o f 7F 
12 (1) ? 9 

7E 47 (1) 7 E i ? 
36 (8) 7 E i i T r a i l o f 7F 
7 6 ( t ) ? 

7F 33 22 8 28 36 7F New c y a n i d i n d e r i v a t i v e : 
prob.same as 6B,F3,G3 

7G 40 37 13 36 46 (5) 7Gi P e l a r g o n i d i n - 3 - g l u c o s i d e 
37 42 (3) 7 G i i C y a n i d i n d e r i v a t i v e ? see 8D 

27 9 32 
33 T* T* T* 36 (1) 7 G i i i Prob.same as 7F o r c y a n i d i n -

3 - g l u c o s i d e 

7H 41 38 15 38 53 7H Pro b . a complex p e l a r g o n 
i d i n d e r i v a t i v e (see t e x t ) 

P-3-g 39 36 13. 35 50 Rf v a l u e s o f p e l a r g o n i d i n -
3 - g l u c o s i d e on same sheet 

7 J d 23 12 35* 68 75 ( t ) 7 J i C o l o r s d i f f i c u l t t o d i s t i n -
26 27* 58* 66* (2) gu.ish;spots appear l a r g e l y 
21 2u 48* 58* • (3) orange r e d . .". m i x t u r e o f 

p o l y g l y c o s y l a t e d ' n i n s , 
m o s t l y p e l a r g o n i d i n d e r i 
v a t i v e ( s ) . 

40 36 13 35 49 (6) 7 G i i P e l a r g o n i d i n - 3 - g l u c o s i d e : a 
breakdown p r o d u c t . 

31 21 8 26* 39 (1) P r o b . c y a n i d i n - 3 - g l u c o s i d e . 
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chromatography i n one' s o l v e n t . I t w i l l be no t e d ( T a b l e 19.VIII.7) t h a t i t 

broke down i n t o two components n e i t h e r o f w h i c h showed the y e l l o w i s h r e d 

f l u o r e s c e n c e i n the Aq-HCl s o l v e n t . The component 7E o f the C o l l e c t i o n s 

272 and 274 s p l i t i n t o t h r e e c o n s t i t u e n t s , the major c o n s t i t u e n t i s the 

t r a i l o f the component 7F. I t i s , t h e r e f o r e , c l e a r t h a t the components 7D 

and 7E may o n l y be t r a i l i n g components r a t h e r t h a n any new a n t h o c y a n i n s . 

The e q u i v a l e n t s o f the components 7D and 7E were absent from the o t h e r 

c o l l e c t i o n s . 

The component 7F i s a new c y a n i d i n d e r i v a t i v e . The Rf v a l u e s 

a r e i d e n t i c a l t o the components 6B, F 3 , G3 e x c e p t t h a t the Rf v a l u e s i n 

Bu-HCl a r e s l i g h t l y l o w e r t h a n the o t h e r components. 

The component 7G i s a m i x t u r e o f c y a n i d i n and p e l a r g o n i d i n 

d e r i v a t i v e s ( T a b l e 19.V). The c o n s t i t u e n t 7 G i i s i d e n t i f i e d as p e l a r g o n i d i n -

3 - g l u c o s i d e . The c o n s t i t u e n t s 7 G i i and 7 G i i i r e s o l v e c l e a r l y i n the BAW 

and the 3:1:8 s o l v e n t s but i n the o t h e r t h r e e s o l v e n t s , t h e y r e s o l v e as a 

s i n g l e t r a i l . The component 7 G i i may e i t h e r be c y a n i d i n - 3 - g l u c o s i d e o r i t 

may be e q u i v a l e n t o f the component 7F. The c o n s t i t u e n t 7 G i i i s a c y a n i d i n 

d e r i v a t i v e but i t s n a t u r e and c o r r e s p o n d e n c e t o o t h e r components i s not 

c l e a r . 

The component 7H i s the major a n t h o c y a n i n o f the band 7 ( T a b l e 

1 9 . I V ) . I t i s orange r e d v i s i b l y and b r i g h t orange r e d i n u l t r a v i o l e t 

l i g h t . The Rf v a l u e s o f the component 7H and s y n t h e t i c p e l a r g o n i d i n - 3 -

g l u c o s i d e (P-3-g) on the same s h e e t (average o f s e v e r a l r u n s ) a r e shown 

i n T a b l e 1 9 . V I I . 7 ) . I t was o b s e r v e d c o n s i s t e n t l y t h a t the Rf v a l u e s o f 

the component 7H were s l i g h t l y h i g h e r t h a n the Rf v a l u e s o f s y n t h e t i c 

p e l a r g o n i d i n - 3 - g l u c o s i d e . The o b s e r v a t i o n l e n d s e v i d e n c e t o - a p r o p o s a l 

t h a t the component 7H, l i k e the components 6D and 5D, may be a complex 
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d e r i v a t i v e of p e l a r g o n i d i n . P r o b a b l y i n b a r l e y a new s e r i e s of complex 

a n t h o c y a n i n s d e r i v e d from c y a n i d i n , p e o n i d i n and p e l a r g o n i d i n may e x i s t . 

The component 7J (HAc-HCl R f range 0.41 t o 0.73) i s a m i x t u r e 

o f a t l e a s t two t o t h r e e a n t h o c y a n i n s . P e l a r g o n i d i n was found t o be the 

major component and c y a n i d i n , a minor component ( T a b l e 19.V). The Rf 

v a l u e s d o u b t l e s s i n d i c a t e t h a t i t i s a m i x t u r e o f p o l y g l y c o s y l a t e d a n t h o 

c y a n i n s d e r i v e d from p e l a r g o n i d i n and p r o b a b l y c y a n i d i n . The b a s i c 

s t r u c t u r e o f the p o l y g l y c o s y l d e r i v a t i v e s , moreover, i s p e l a r g o n i d i n - 3 -

g l u c o s i d e because i t was r e c o v e r e d as a major p r o d u c t o f breakdown and 

c y a n i d i n - 3 - g l u c o s i d e r e c o v e r e d as minor p r o d u c t o f breakdown. I t i s 

p r o b a b l e t h a t the h i g h l y l a b i l e t r a c e c o n s t i t u e n t 7 J i might have ended up 

as a c o n t a m i n a n t o f the BAW bands 3-4. 

BAW Band 8-9: HAc-HCl Components 

The c h r o m a t o g r a p h i c d a t a o f the HAc-HCl components o f the bands 

8 and 9 are i n c l u d e d i n T a b l e 19.IV. The d a t a o f h y d r o l y s i s and Rf v a l u e s 

i n o t h e r s o l v e n t s a r e summarized i n T a b l e s 19.V and 1 9 . V I I I . 8 - 9 , r e s p e c 

t i v e l y . I t may be s t a t e d a t the o u t s e t t h a t e x c e p t f o r the major band 

8-9C, the r e s u l t s i n g e n e r a l are i n c o m p l e t e . The major band 8-9C i s a 

c y a n i d i n d e r i v a t i v e ( T a b l e 19.V); i t s Rf v a l u e s i n o t h e r s o l v e n t s a r e 

comparable t o the component H4 e x c e p t t h a t i n u l t r a v i o l e t l i g h t , H4 i s 

b r i g h t and 8-9C d u l l . 

The component 8D i s a c y a n i d i n d e r i v a t i v e . The Rf v a l u e s a r e 

s i m i l a r t o the c o n s t i t u e n t s 7 G i i and ' ^ G i i i . I t i s l i k e l y t h a t t h e s e 

c o n s t i t u e n t s o f the band 7 may i n f a c t be the t r a i l s o f the band 8. The 

component 8 and 9E i s a p e l a r g o n i d i n d e r i v a t i v e . The o r i g i n o f the 

p e l a r g o n i d i n d e r i v a t i v e i s not c l e a r . Owing to the s c a r c i t y o f m a t e r i a l s , 
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TABLE 1 9 . V I I I . 8 - 9 
CHROMATOGRAPHIC CHARACTERISTICS OF THE HAc-HCl COMPONENTS FROM THE 
ANTHOCYANIN BANDS 8-9 OF BLACK HULLESS CARYOPSIS ANTHOCYANIN 

HAc-HCl 
R f x 100 4-1 

u c 
O CD c 

Components 

< 

r - i u 
3 3 

g 
3 m Aq

-H
Cl
 

HA
c-
HC
l 

0 0 

r - l 

C O Re
l.
 
Co
ne
 

Co
mp
on
en
t 

su
b-
co
mp
o P r o v i s i o n a l 

I d e n t i f i c a t i o n 

8-9C 34 27 8 27 36 A c y a n i d i n d e r i v a t i v e . 
^ D i f f e r s i n UV from H4 

8D 36 
28 8 31 

44 (1) A c y a n i d i n d e r i v a t i v e : s e e 
c o n s t i t u e n t s 7 H i i & 7 G i i i 

30 T T 36 (2) 

8F 20* 
14 
8 

41 
27 

( t ) 
(1) 
(2) 

Same as H6 

8G 22 
8 

8-9H 22 
18 

(1) 
(2) 

8FGH 30t ? 
42 44 23* 53 63 (1) 8FGH& P r o b a b l y an a c y l a t e d 

a n t h o c y a n i n s i m i l a r t o 
H7b 

32 29 8 27 36 (5) 

the c h r o m a t o g r a p h i c d a t a o f the components 8F, 8G, 8H was o b t a i n e d o n l y i n 

a few s o l v e n t s ( T a b l e 1 9 . V I I I . 8 - 9 ) . However, the d a t a o b t a i n e d from the 

m i x t u r e o f the t h r e e components (see 8FGH, T a b l e 1 9 . V I I I . 8 - 9 ) shows t h a t 

the component 8FGH c o n s i s t s l a r g e l y o f c y a n i d i n and s m a l l amounts o f a 

p e l a r g o n i d i n d e r i v a t i v e . The c o n s t i t u e n t 8F£Hi appears t o be an a c y l a t e d 

a n t h o c y a n i n s i m i l a r t o the c o n s t i t u e n t H7b o f b a s a l l e a f s h e a t h s ( T a b l e 

1 9 . V I I I . H ) . 
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19.4. DISCUSSION 

19.4.1 A n t h o c y a n i d i n s o f B a s a l L e a f Sheaths and C a ryopses 

The i d e n t i f i c a t i o n o f a n t h o c y a n i d i n s o f B l a c k H u l l e s s and G o p a l 

b a s a l l e a f s h e a t h s , and B l a c k H u l l e s s c a r y o p s e s i s , w i t h few e x c e p t i o n s , 

s t r a i g h t f o r w a r d . C y a n i d i n i s a m a j o r , and p e o n i d i n a v e r y minor a n t h o c y a n i d 

of the b a s a l l e a f s h e a t h s grown under greenhouse c o n d i t i o n s . A l t h o u g h 

p e t u n i d i n . p e r s e . has not been i d e n t i f i e d , t h e r e a r e i n d i c a t i o n s (see 

T a b l e 19.V) t h a t p e t u n i d i n , i n s t e a d o f c y a n i d i n , may be the a g l y c o n e o f a 

few a n t h o c y a n i n s . Such i n d i c a t i o n s were o b t a i n e d o n l y from c h r o m a t o g r a p h i c 

c h a r a c t e r i s t i c s : the v a l u e s o f p e t u n i d i n and c y a n i d i n i n seven s o l v e n t s 

a r e v e r y c l o s e . Whenever a g l y c o n e s b e l i e v e d t o be p e t u n i d i n were a v a i l a b l e 

i n q u a n t i t y s u f f i c i e n t t o be s t u d i e d s p e c t r o p h o t o m e t r i c a l l y , t h e y were 

i d e n t i f i e d as c y a n i d i n . B u t , i n c ases where s p e c t r o p h o t o m e t r y o f the s u s 

p e c t e d a g l y c o n e s ( p a r t i c u l a r l y , a few HAc-HCl components o f the band H) 

c o u l d not be u n d e r t a k e n , because o f the l i m i t e d a v a i l a b i l i t y o f m a t e r i a l s , 

the i d e n t i f i c a t i o n s r e m a i n i n c o n c l u s i v e . A s o l v e n t system s u i t a b l e f o r 

d i f f e r e n t i a t i n g p e t u n i d i n and c y a n i d i n , s i m i l a r t o the Iso-PrOH s o l v e n t 

w h i c h d i f f e r e n t i a t e s p e l a r g o n i d i n and p e o n i d i n , i s needed. 

The d i s t r i b u t i o n o f c y a n i d i n and p e o n i d i n i n the G o p a l b a s a l 

l e a f s h e a t h s o b t a i n e d i n 1960 summer from the f i e l d grown m a t e r i a l s 

( C o l l e c t i o n s 130, 138; Sees. 10, 11, 13) was s i m i l a r t o t h a t i n greenhouse 

grown l e a f s h e a t h s r e f e r r e d t o above, e x c e p t t h a t p e o n i d i n was p r e s e n t i n 

r e l a t i v e l y l a r g e r q u a n t i t i e s (compare F i g s . 10.3 and 19.1). The o c c u r r e n c e 

o f t r a c e q u a n t i t i e s o f d e l p h i n i d i n (see HAc-HCl component DE2; T a b l e 19.V) 

i n the greenhouse m a t e r i a l s i s e n i g m a t i c and r e q u i r e s r e a p p r a i s a l . 

D e l p h i n i d i n was not r e c o v e r e d from the c o r r e s p o n d i n g F i e l d C o l l e c t i o n s 130 
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and 138 e i t h e r from the h y d r o l y s a t e s o f the e x t r a c t s , o r the i n d i v i d u a l 

e l u a t e s ( T a b l e 13.11). 

C y a n i d i n i s a l s o the major a n t h o c y a n i d i n o f the B l a c k H u l l e s s 

c a r y o p s e s w h i c h were o b t a i n e d from the f i e l d c o n d i t i o n s ( s ee T a b l e 19.V). 

D e l p h i n i d i n , p e o n i d i n , and p e l a r g o n i d i n a r e m i n o r components. The 

s i t u a t i o n r e g a r d i n g p e t u n i d i n i s the same as d e s c r i b e d f o r the b a s a l l e a f 

s h e a t h s . 

I t was shown i n S e c t i o n s 6.4.2.c t h a t , from i n t a c t c a r y o p s e s , 

a n t h o c y a n i n s a r e e x t r a c t e d from p e r i c a r p - s p e r m o d e r m o n l y . S i n c e the 

a n t h o c y a n i n e x t r a c t s o f c a r y o p s e s used i n t h i s and the e a r l i e r i n v e s t i 

g a t i o n ( s e c . 6) a r e the same, t h e y a r e c o n i i d e c e d as th o s e d e r i v e d from 

spermoderm: the c o n t r i b u t i o n o f a n t h o c y a n i n s from the p e r i c a r p i s non

e x i s t e n t o r n e g l i g i b l e . However, a t the time t h a t c a r y o p s e s were e x t r a c t e d 

f o r t h i s i n v e s t i g a t i o n , the w r i t e r was not aware o f the above f a c t . The 

c a r y o p s e s , a t the t i m e , were e x t r a c t e d i n the b e l i e f t h a t the e x t r a c t s 

would c o n t a i n the a n t h o c y a n i n s b o t h from the a l e u r o n e and spermoderm. By 

making a t o t a l d e t e r m i n a t i o n and ' s u b t r a c t i n g ' the spermoderm a n t h o c y a n i n s , 

the a n t h o c y a n i n s o f the a l e u r o n e c o u l d be e s t a b l i s h e d by d i f f e r e n c e . The 

e x t r a c t i o n o f the i n t a c t c a r y o p s e s , a t t h a t t i m e , appeared t o be d e s i r a b l e 

because i t e l i m i n a t e d the l a b o r i o u s p e e l i n g o f a l e u r o n e a b s o l u t e l y f r e e 

o f the a d h e r i n g spermoderm fragments a t the f u r r o w . However, as i t 

t u r n e d o u t , the a n t h o c y a n i n s from a l e u r o n e were not e x t r a c t e d , an 

o b s e r v a t i o n w h i c h e v e n t u a l l y l a i d the b a s i s f o r the s e l e c t i v e e x t r a c t i o n 

o f a n t h o c y a n i n s from spermoderm, and a l e u r o n e w i t h o u t manual p e e l i n g 

(Sec. 2 2 ) . However, a c o m p a r i s o n o f h y d r o l y s a t e s o f the f i r s t and the 

t h i r d e x t r a c t s from the c a r y o p s e s ( C o l l e c t i o n s 272, 278) showed t h a t 

most o f the d e l p h i n i d i n i n the t h i r d e x t r a c t o f c a r y o p s e s was due t o 
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l e a c h i n g o f a l e u r o n e pigments t h r o u g h the damaged seeds (Sec. 6, F i g . 6.3). 

I t was t h e r e f o r e assumed (Se c . 6) t h a t the s l i g h t p r e s e n c e o f d e l p h i n i d i n 

i n the f i r s t e x t r a c t s o f c a r y o p s e s ( t o be a c c u r a t e , the e x t r a c t s used f o r 

t h i s i n v e s t i g a t i o n were l a r g e l y a m i x t u r e o f the f i r s t two e x t r a c t s , the 

o v e r a l l p e r i o d o f t i m e t a k e n f o r the f i r s t two e x t r a c t i o n s a r e n o t e d 

e l s e w h e r e : Sec. 6.3.5.c) must be due t o ' c o n t a m i n a t i o n ' from a l e u r o n e 

because no p r e c a u t i o n s were t a k e n t o use o n l y the undamaged seeds. L a t e r 

i n 1965, i t was n o t e d d u r i n g ! development o f a method f o r s e l e c t i v e 

e x t r a c t i o n from spermoderm and a l e u r o n e w i t h o u t manual p e e l i n g ( F i g . 22.2) 

t h a t the h y d r o l y s a t e s o f the p e e l e d spermoderm d i d show s m a l l amounts of 

d e l p h i n i d i n . Thus, i t became c l e a r t h a t d e l p h i n i d i n e x i s t s as a m i n o r 

component o f the spermoderm. The f a c t t h a t no d e l p h i n i d i n was r e c o v e r e d 

from the h y d r o l y s a t e s o f spermoderm i n the 1958 (Sec. 5) and 1959 (Sec.8) 

appears t o be due t o d e v e l o p m e n t a l o r e n v i r o n m e n t a l d i f f e r e n c e s . The 

h y d r o l y s a t e s o f the 1958 and 1959 spermoderm e x t r a c t s were chromatographed 

by s p o t t i n g . Because d e l p h i n i d i n was r e c o v e r e d as a r e l a t i v e l y weak 

band i n the 1965 s t u d i e s ( F i g . 2 2 . 2 ) , the 1958, 1959 chromatograms were 

r e c h e c k e d s i n c e o m i s s i o n i n the d e t e c t i o n o f weak components on chromato

grams does o c c u r by the s p o t t i n g as compared t o b a n d i n g t e c h n i q u e . The 

r e c h e c k i n g d i d not r e v e a l d e l p h i n i d i n . 

The r e s u l t s from the s t u d i e s o f the c a r y o p s i s a n t h o c y a n i n s show 

t h a t p e l a r g o n i d i n d e r i v a t i v e s a r e the major a n t h o c y a n i n ( s ) o f the band 7, 

and m i n o r a n t h o c y a n i n ( s ) o f the band 8. Thus, p e l a r g o n i d i n was abundant 

i n the summer 1960 f i e l d c o l l e c t i o n s . I t was i n d i c a t e d i n S e c t i o n s 5 and 

8 t h a t because a n t h o c y a n i d i n s above the c y a n i d i n band r e s o l v e d p o o r l y 

( i n F o r e s t a l s o l v e n t ) and because o t h e r a n t h o c y a n i d i n s o l v e n t s , such as 

t h o s e l i s t e d e l s e w h e r e i n T a b l e 17.1 were not u s e d, the p r e s e n c e o f 
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p e l a r g o n i d i n d e r i v a t i v e s i n the 1958 and 1959 c o l l e c t i o n s c o u l d not be 

c o n f i r m e d . A l t h o u g h i t has not been p o s s i b l e t o p r e s e n t the r e s u l t s o f 

B l a c k H u l l e s s spermoderm o b t a i n e d from the 1961-1962 w i n t e r p l a n t i n g s i n 

the g reenhouse, i t may be s t a t e d s u m m a r i l y t h a t none o f the a n t h o c y a n i n 

bands gave p e l a r g o n i d i n on h y d r o l y s i s . 

I t was d e m o n s t r a t e d i n S e c t i o n 13 t h a t G o p a l b a s a l l e a f s h e a t h 

e x t r a c t s o f the C o l l e c t i o n s 130, 138, and s p e c i f i c a l l y , f o r example, the 

bands G-130 and H-130 b o t h gave p e l a r g o n i d i n i n a d d i t i o n t o c y a n i d i n 

( T a b l e 13.11). Whereas the band G-130 was orange r e d , the band H-130 was 

b l u i s h r e d . I n o t h e r words, the p e l a r g o n i d i n d e r i v a t i v e o f the band H-130 

was masked by the p r e p o n d e r a n t c y a n i d i n d e r i v a t i v e . Inasmuch as the Rf 

v a l u e o f the major p e l a r g o n i d i n d e r i v a t i v e o f the band G-130 was v e r y 

s i m i l a r t o p e l a r g o n i d i n - 3 - g l u c o s i d e , i t appeared t h a t the orange r e d 

band, G-130, c o u l d have a r i s e n as an a r t e f a c t due t o s p l i t t i n g o f p e l a r 

g o n i d i n d e r i v a t i v e s i n band H-130 o v e r e x t e n d e d p e r i o d o f s t o r a g e . S i n c e 

the p e r i o d o f s t o r a g e f o r the e x t r a c t s 405, 407, 408 was v e r y s h o r t as 

compared t o t h o s e f o r the e x t r a c t s o f F i e l d C o l l e c t i o n s 130 and 138, i t 

seemed d e s i r a b l e t o f i n d out whether o r not the bands H, K, o r L 

( C o l l e c t i o n s 400s) c o n t a i n e d masked p e l a r g o n i d i n d e r i v a t i v e s . The e l u a t e s 

o f the band K and L upon h y d r o l y s i s d i d not y i e l d p e l a r g o n i d i n ( T a b l e 

19.V). A l t h o u g h the BAW e l u a t e o f the band H was not h y d r o l y s e d d i r e c t l y , 

the e l u a t e s o f a l l the major HAc-HCl components o f the band H upon 

h y d r o l y s i s d i d not y i e l d p e l a r g o n i d i n ( T a b l e 19.V); the t r a c e components 

o f the band were not a v a i l a b l e i n q u a n t i t y s u f f i c i e n t f o r h y d r o l y s i s . 

I t i s , however, c e r t a i n t h a t none o f the HAc-HCl antohocyanin components 

o f the barid H showed the c h a r a c t e r i s t i c orange r e d c o l o r o f p e l a r g o n i d i n 

d e r i v a t i v e s . O n l y one v e r y weak sub-component d e s i g n a t e d H5a ( T a b l e 
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19.VIII.H) g i v e s Rf v a l u e s comparable t o p e l a r g o n i d i n - 3 - g l u c o s i d e . Even 

i f t h i s component s h o u l d prove t o be a p e l a r g o n i d i n d e r i v a t i v e , the 

r e l a t i v e amount o f the, component i s so s m a l l t h a t i t may, a t b e s t , be a 

c a r r y o v e r from e a r l y s t a g e s o f development; i t was shown t h a t s m a l l 

amounts o f p e l a r g o n i d i n a r e p r e s e n t , p a r t i c u l a r l y i n B l a c k H u l l e s s l e a f 

s h e a t h s a t an e a r l y s t a g e o f development (see the r e s u l t s o f a n t h o c y a n i n 

G-402: F i g . 19.1, and 19.2). 

The d a t a p r e s e n t e d above seem t o show t h a t the absence and 

p r e s e n c e o f p e l a r g o n i d i n from the greenhouse c o l l e c t i o n s o f b a s a l l e a f 

s h e a t h s i s due t o the d i f f e r e n c e s i n development. However, the c a r y o p s e s 

a n t h o c y a n i n s ( F i e l d C o l l e c t i o n s 217, 270, 272, 274, 278) w h i c h were 

o b t a i n e d i n the summer-of 1960, and w h i c h were c o l l e c t e d a t s u c c e s s i v e 

s t a g e s o f p l a n t development, b e g i n n i n g from the s t a g e o f maximum pigment 

development, d i d show p e l a r g o n i d i n i n the e x t r a c t o f a l l c o l l e c t i o n s . 

A l t h o u g h the d a t a i n c l u d e d i n S e c t i o n 8 t e n d t o s u p p o r t t h a t s t e p w i s e 

development o f a n t h o c y a n i n s may be i n v o l v e d i n the e a r l y s t a g e o f d e v e l o p 

ment, i t i s d i f f i c u l t t o c o n c l u d e t h a t the absence o f p e l a r g o n i d i n , on 

o c c a s i o n , i s e n t i r e l y d e v e l o p m e n t a l because the a n t h o c y a n i n s o f the b a s a l 

l e a f s h e a t h were a l s o c o l l e c t e d around and d u r i n g the maximum s t a g e o f 

development. Thus, i t i s c o n c e i v a b l e t h a t the absence o f p e l a r g o n i d i n 

from the b a s a l l e a f s h e a t h s towards l a t e r s t a g e s s o f development i n 

greenhouses may be due t o v a r i a t i o n s i n e n v i r o n m e n t s ( p a r t i c u l a r l y , 

greenhouse and f i e l d c o n d i t i o n s ) i n s t e a d o f v a r i a t i o n s i n development. 

The o b s e r v a t i o n s l i s t e d i n S e c t i o n 4 t e n d t o s u p p o r t the former v i e w p o i n t 

(see b e l o w ) . 

The b a r l e y s t o c k s employed i n t h i s s t u d y were p l a n t e d i n 

greenhouses i n August 1961, and o b s e r v a t i o n s and t i s s u e c o l l e c t i o n s were 
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c o n t i n u e d u n t i l A p r i l 1962. I t was o b s e r v e d t h a t , a l t h o u g h the s h e a t h s 

d i d d e v e l o p c o l o r somewhat s p o r a d i c a l l y t h r o u g h o u t the p e r i o d o f g rowth, 

the heads o f the p u r p l e v a r i e t i e s , i s o l i n e s and t h e i r h y b r i d s , w h i c h 

emerged between November 1961, and e a r l y J a n u a r y 1962, d i d not d e v e l o p 

a n t h o c y a n i n s . However, the heads t h a t emerged a f t e r about the m i d - J a n u a r y 

1962, d e v e l o p e d c h a r a c t e r i s t i c p u r p l e c o l o r s . Thus, from a s i n g l e p u r p l e 

s e e d , t r u e b r e e d i n g under f i e l d c o n d i t i o n s , t i l l e r s a r o s e , h a l f o f w h i c h 

had p u r p l e heads and h a l f o f w h i c h had c o l o r l e s s heads (see F i g . 4.3). 

I n v i e w o f the s t r i k i n g v a r i a t i o n s i n e x p r e s s i v i t y o f a n t h o c y a n i n genes 

i n a s i n g l e g e n o t ype, i t i s r e a s o n a b l e t o assume t h a t the absence o f 

p e l a r g o n i d i n i n c e r t a i n greenhouse m a t e r i a l s i s l a r g e l y due t o d e v i a t i o n s 

i n g r o w i n g c o n d i t i o n s . 

S e i k e l and B u s h n e l l (1959) have i s o l a t e d a C - g l y c o s i d i c 

f l a v o n o i d , l u t o n a r i n , from b a r l e y l e a v e s . They r e p o r t t h a t " p l a n t 

m a t e r i a l s c o n t a i n i n g l u t o n a r i n c o u l d be o b t a i n e d o n l y under c e r t a i n 

c u l t u r a l c o n d i t i o n s w h i c h have not y e t been c o m p l e t e l y worked o u t . . ." 

I t i s s i g n i f i c a n t S e i k e l and B u s h n e l l f i n d t h a t o n l y f i e l d grown c r o p s 

c o n t a i n e d l u t o n a r i n , and t h a t i n d o o r grown p l a n t s d i d n o t ; t h i s 

o b s e r v a t i o n t e n d s t o s u p p o r t our o b s e r v a t i o n t h a t p e l a r g o n i d i n i s a b s e n t 

from o u r greenhouse grown m a t e r i a l s and p r e s e n t , i n our f i e l d grown 

m a t e r i a l s . 

I t i s a common p r a c t i c e i n b r e e d i n g and g e n e t i c a l s t u d i e s t o 

get an a d d i t i o n a l c r o p by g r o w i n g b a r l e y i n greenhouses f o r example, see 

B u c k l e y ( 1 9 3 0 ) . The o b s e r v a t i o n s and r e s u l t s c i t e d above de m o n s t r a t e 

t h a t the a d d i t i o n a l c r o p , i n the case o f c h a r a c t e r s w h i c h a r e i n f l u e n c e d 

e a s i l y by e n v i r o n m e n t s , s h o u l d be o b t a i n e d o n l y a f t e r c a r e f u l l y p r o v i d i n g 

s u i t a b l e c o n d i t i o n s f o r the optimum e x p r e s s i v i t y o f the c h a r a c t e r . 
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19.4.2. A Comparison o f the Methods of E l u t i o n and P u r i f i c a t i o n 

I t was shown i n S e c t i o n s 11, and 15 t h a t when such a c i d concen

t r a t i o n s as are recommended i n the l i t e r a t u r e were used i n the e l u t i o n 

s o l v e n t , much d e g r a d a t i o n o f a n t h o c y a n i n s o c c u r r e d due t o h y d r o l y s i s 

(Sec. 23, 1 5 ) ; i r r e v e r s i b l e m o d i f i c a t i o n s t o ' y e l l o w p r o d u c t ' (Sec. 1 1 ) , 

s e v e r a l s p e c t r a l m o d i f i c a t i o n s ( Sec. 12) and s t a t i o n a r y m a t e r i a l s ( Sec. 

15 and 19.3.8). The r e s u l t s o f t h i s i n v e s t i g a t i o n d e m o n s t r a t e the 

m i l d n e s s o f our e l u t i o n and p u r i f i c a t i o n t e c h n i q u e s (Sec. 16) because 

a g l y c o n e p r o d u c t i o n d i d not o c c u r . The d e g r a d a t i o n l e a d i n g t o the f o r 

m a t i o n o f s t a t i o n a r y m a t e r i a l s was m i n i m a l . I n s t a b i l i t y t h r o u g h 

t r a n s f o r m a t i o n o f a n t h o c y a n i n s t o y e l l o w p r o d u c t s o c c u r r e d s p e c i f i c a l l y 

i n t h o s e e l u a t e s w h i c h were o b t a i n e d from the HAc-HCl R f r e g i o n g r e a t e r 

t h a n 0.65. E x p l o r a t i o n o f the causes o f t h i s i n s t a b i l i t y i s needed. 

19.4.3. A n t h o c y a n i n s o f B a s a l L e a f Sheaths and Caryopses 

I d e n t i f i c a t i o n s o f a g l y c o n e s and a n t h o c y a n i n s by e x t e n s i v e 

c hromatography i n s e v e r a l s o l v e n t s and by s p e c t r a have e s t a b l i s h e d t h a t 

b a r l e y c o n t a i n s a s e r i e s o f new a n t h o c y a n i n s l a r g e l y o f c y a n i d i n o r i g i n . 

F o r example, the a n t h o c y a n i n A i s a complex new a n t h o c y a n i n w h i c h 

c o n s i s t s o f a t l e a s t f o u r components, namely, A, A2-A3, A3, A4. E x c e p t 

f o r the c o n s t i t u e n t A2 ( c y a n i d i n - 3 - g l u c o s i d e ) , a l l o t h e r c o n s t i t u e n t s , as 

i s c l e a r from t h e i r Rf v a l u e s , a r e new and must p o s s e s s i n c r e a s i n g 

numbers of g l y c o s y l s u b s t i t u e n t s . Inasmuch as the complex a n t h o c y a n i n 

A (see Sees. 13.2.4, and 19.3.7.2) i s not a c y l a t e d , the s p l i t t i n g o f 

the g l y c o s y l a t e d a n t h o c y a n i n A and i t s HAc-HCl components i n t o s e v e r a l 

s u b - c o n s t i t u e n t s , even under the m i l d c o n d i t i o n s o f our e l u t i o n i s 



i n t r i g u i n g . The r e p r o d u c i b l e p a t t e r n s o f s p l i t t i n g , and p a r t i c u l a r l y , 

the ease of a n t h o c y a n i n s p l i t t i n g not o n l y o f a n t h o c y a n i n A, but a l s o of 

the o t h e r a n t h o c y a n i n s of b a r l e y i n d i c a t e s t h a t a t l e a s t some l i n k a g e s o f 

( a p p a r e n t l y ) g l y c o s y l s u b s t i t u e n t s must be n o v e l and h i g h l y l a b i l e . The 

e x t r e m e l y h a r d - t o - h y d r o l y z e g l y c o s y l l i n k a g e s of the C - g l y c o s y l type 

f l a v o n o i d s o f b a r l e y , e.g., s a p o n a r i n ( S e i k e l and Geissman, 1957), and 

l u t o n a r i n ( S e i k e l and B u s h n e l l , 1959) and i t s 3-methyl e t h e r ( S e i k e l , 

B u s h n e l l and B i r z g a l i s , 1962) s h a r p l y c o n t r a s t w i t h the e x t r e m e l y l a b i l e 

g l y c o s y l l i n k a g e s o f the a n t h o c y a n i n type f l a v o n o i d s o f b a r l e y . The 

o b s e r v a t i o n i n d i c a t e s t h a t i f g l y c o s y l a t i o n o c c u r s f o l l o w i n g the b i o 

s y n t h e s i s o f the C6-C3-C6 m o i e t y , the pathways of g l y c o s y l a t i o n o f the 

above b a r l e y f l a v o n o i d s must be d i f f e r e n t from t h o s e o f b a r l e y a n t h o 

c y a n i n s . A l t h o u g h any f u r t h e r d i s c u s s i o n o f the n a t u r e o f the g l y c o s y l . 

l i n k a g e s o f a n t h o c y a n i n s as y e t i s p u r e l y s p e c u l a t i v e , i t i s c e r t a i n t h a t 

not o n l y the a n t h o c y a n i n A i s a new and complex c y a n i d i n d e r i v a t i v e but 

t h a t the n a t u r e o f i t s s e v e r a l c o n s t i t u e n t s i s a l s o h i t h e r t o unknown. 

Thus, i t i s c l e a r t h a t the a n t h o c y a n i n band A c o n s i s t s o f a s e r i e s o f new 

c y a n i d i n d e r i v a t i v e s . 

S i m i l a r l y , the major c o n s t i t u e n t o f the a n t h o c y a n i n bands DE 

o r 5, on the b a s i s o f 1962 chromatography, were b e l i e v e d t o be s i m i l a r 

t o c y a n i d i n - 3 - m o n o s i d e . T h i s b e l i e f was r e i n f o r c e d by the i d e n t i f i c a t i o n 

o f the major a n t h o c y a n i n band b o t h f r o m b a r l e y husks (Metche and U r i o n , 

1961) and b a r l e y c o r n ( U r i o n and Metche, 1961) o f the v a r i e t y v i o l e t 

G u i m a l a y e , as c y a n i d i n - 3 - a r a b i n o s i d e . I n c i d e n t l y , a l t h o u g h the r e s u l t s 

o f the h u l l s have not been p r e s e n t e d i n any d e t a i l i n t h i s t h e s i s , t h e y 

do show an e q u i v a l e n t o f the major band PE o r 5. I n 1965, as a l r e a d y 

i n d i c a t e d , the major c o n s t i t u e n t s 5D, D E 4 V E 3 - 1 3 8 o f the bands under 
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c o n s i d e r a t i o n were e s t a b l i s h e d as b e i n g h i g h l y complex. The c o m p l e x i t y , 

however, i s i n t r i g u i n g , p r i n c i p a l l y because the Rf v a l u e s o f the major 

c o n s t i t u e n t s , f o r example, 5D ( T a b l e 1 9 . V I I I . 5 ) and i t s e q u i v a l e n t s , i n 

a l l the f i v e s o l v e n t s a re c o n s i s t e n t w i t h a m o n o g l y c o s i d i c s t r u c t u r e . 

The a n t h o c y a n i n 5D and i t s e q u i v a l e n t s , t h e r e f o r e , must have a n o v e l 

type o f s u b s t i t u e n t , w h i c h r e t a r d s the m o b i l i t y o f the a n t h o c y a n i n , f o r 

i n s t a n c e , i n the HAc-HCl s o l v e n t . The s u b s t i t u e n t ^ however, must be 

v e r y l a b i l e inasmuch as the l a b i l i t y o c c u r s even i n s t o r a g e o f c r y s t a l l i n e 

samples. As the s u b s t i t u e n t i s removed, p r o b a b l y h y d r o l y s e d ( ? ) , 

s e v e r a l s u b - c o n s t i t u e n t s o f the component (5D) w i t h R f v a l u e s as h i g h as 

0.90 appear on the HAc-HCl chromatograms, i n d i c a t i n g t h e r e b y t h a t the com

ponent 5D c o n t a i n s s e v e r a l p o l y g l y c o s y l d e r i v a t i v e s o f c y a n i d i n (see 

F i g . 15.3). The b e l i e f i n the above p o s t u l a t e i s g r e a t l y s t r e n g t h e n e d 

because the components 5D, DE4 and E3-138 had been p u r i f i e d e x t e n s i v e l y , 

because t h e y were i s o l a t e d as s t a b l e e n t i t i e s w i t h o u t any a p p a r e n t 

d e g r a d a t i o n ( t h e BAW a n t h o c y a n i n band E, even o t h e r w i s e i s a s t a b l e 

a n t h o c y a n i n as compared t o the o t h e r BAW a n t h o c y a n i n bands (cf.. , Sec. 12: 

F i g . 1 2 . 1 ) , and because t h e i r c h r o m a t o g r a p h i c b e h a v i o u r p r i o r t o and 

f o l l o w i n g s t o r a g e was i d e n t i c a l and r e p r o d u c i b l e . . Thus, the a n t h o c y a n i n 

under s c r u t i n y (bands DE4 o r 5D) i s a n o v e l c y a n i d i n d e r i v a t i v e , s e v e r a l 

c o n s t i t u e n t s o f w h i c h , l i k e the a n t h o c y a n i n A, a r e a l s o new c y a n i d i n 

d e r i v a t i v e s . From the r e s u l t s o f s e v e r a l o t h e r s bands, i t i s c l e a r t h a t 

b a r l e y i s a r i c h s o u r c e of s e v e r a l new c y a n i d i n d e r i v a t i v e s . 

I t w i l l be n o t e d t h a t the complex a n t h o c y a n i n component 5D 

( T a b l e 1 9 . V I I I . 5 ) g i v e s v e r y s l i g h t l y h i g h e r R f v a l u e s t h a n c y a n i d i n -

3 - g l u c o s i d e i n the aqueous m i n e r a l s o l v e n t s . S i m i l a r l y the component 6D 

( T a b l e 1 9 . V I I I . 6 ) , a d e r i v a t i v e o f p e o n i d i n , and the component 7H ( T a b l e 
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1 9 . V I I I . 7 ) a d e r i v a t i v e o f p e l a r g o n i d i n a r e , i n c h r o m a t o g r a p h i c b e h a v i o r , 

i d e n t i c a l t o the component 5D: t h e y a l s o g i v e s l i g h t l y h i g h e r R f v a l u e s 

t h a n t h e i r c o r r e s p o n d i n g 3 - g l u c o s i d e s . The r e a s o n s f o r the s l i g h t 

d i f f e r e n c e s i n R^ v a l u e s r e m a i n t o be i n v e s t i g a t e d . 

T a n g i b l e p r o g r e s s on the i d e n t i f i c a t i o n o f a n t h o c y a n i n s would 

have d o u b t l e s s l y r e s u l t e d , had the r e s u l t s o f su g a r d e t e r m i n a t i o n s ( T a b l e 

19.VI; Sec. 19.3.5) been dependable. Subsequent t o the a n a l y s i s o f s u g a r s 

from a l l a v a i l a b l e a n t h o c y a n i n s , i t was found t h a t the chromatography 

paper p e r se c o n t r i b u t e d s u b s t a n t i a l amounts o f s u g a r s t o the a n t h o c y a n i n 

e l u a t e s and t h a t the s u g a r s c o n t r i b u t e d by the paper c o u l d be the same 

as those o b t a i n e d from the a n t h o c y a n i n s (Sec. 1 8 ) . However, a t e c h n i q u e 

f o r e l i m i n a t i n g the p a p e r - d e r i v e d g l y c o s i d i c a r t e f a c t s from a n t h o c y a n i n 

e l u a t e s ( w h i c h a r e d r i e d i n vacuo, p r e s u m a b l y because c r y s t a l l i z a t i o n i s 

i m p r a c t i c a l (cf_. , H a r b o r n e , 1 9 5 8 ) ) , has now been worked out s u c c e s s f u l l y 

(Sec. 18.2.3). A few of the r e s u l t s o b t a i n e d by the t e c h n i q u e , r e f e r r e d 

t o as n y l o n method ( T a b l e 1 9 . V I ) , i n d i c a t e t h a t some a n t h o c y a n i n s o f 

b a r l e y c o n t a i n a r a b i n o s e and x y l o s e as su g a r s u b s t i t u e n t s . 

A l t h o u g h the r e s u l t s o f su g a r a n a l y s i s a r e i n c o n c l u s i v e , i t 

has been e s t a b l i s h e d on the b a s i s o f Rf v a l u e s t h a t the b a s i c s t r u c t u r e o f 

s e v e r a l b a r l e y a n t h o c y a n i n s i s c y a n i d i n - 3 - g l u c o s i d e , p e o n i d i n - 3 - g l u c o s i d e 

and p e l a r g o n i d i n - 3 - g l u c o s i d e c ( . S t r u c t u r a l c o m p l e x i t y o f most b a r l e y a n t h o 

c y a n i n s i s b u i l t on the 3 - g l u c o s i d i c u n i t . Inasmuch as the a n t h o c y a n i n s o f 

the v a r i e t i e s , G o p a l and B l a c k H u l l e s s , a re h i g h l y complex, the s i m p l e 

a n t h o c y a n i n s t r u c t u r e o f the b a r l e y v a r i e t y , v i o l e t Guimalaye as r e v e a l e d 

by the t e c h n i q u e s used by U r i o n and Metche (1960) i s not w a r r a n t e d . 
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1 9 . 4 . 4 . F a s t - M o v i n g A n t h o c y a n i n s 

The f a s t - m o v i n g a n t h o c y a n i n s ( ' n i n s ) were p r e s e n t i n abundance 

on the p r e p a r a t o r y chromatograms o f b a s a l l e a f s h e a t h e x t r a c t s w h i c h were 

o b t a i n e d from f i e l d grown b a r l e y e a r l y i n November, 1 9 5 8 . They were 

a b s e n t from e x t r a c t s w h i c h were o b t a i n e d i n December, 1 9 5 8 (Sec. 7 ) , and 

the summer o f 1 9 6 0 ( F i e l d C o l l e c t i o n s 1 3 0 , 1 3 8 ; Sees. 1 0 , 1 1 , 1 3 , and 2 4 ) . 

I t w i l l be n o t e d t h a t the f a s t - m o v i n g ' n i n s a r e a l s o a b s e n t from the 

1 9 6 1 - 6 2 w i n t e r greenhouse c o l l e c t i o n s 4 0 0 , 4 0 2 , 4 0 4 , and 4 0 5 . The c o l 

l e c t i o n s 4 0 7 and 4 0 8 , however, do show r e l a t i v e l y weak a n t h o c y a n i n s K and 

L, the Rf r e g i o n o f wh i c h i s s i m i l a r t o some o f the f a s t - m o v i n g ' n i n s 

e n c o u n t e r e d i n e a r l i e r s t u d i e s . I t w i l l be r e c a l l e d t h a t the 1 9 5 8 and 

1 9 6 0 e x t r a c t s were p r e p a r e d w i t h T% cone. H C l and t h o s e o f 1 9 6 1 - 6 2 w i t h 17, 

H C l and t h a t the e x t r a c t s were chromatographed f o l l o w i n g c o n c e n t r a t i o n by 

f l a s h e v a p o r a t i o n . 

The f a s t - m o v i n g ' n i n s were a l s o p r e s e n t i n the h u l l s , spermoderm, 

and awn t i p s s t u d i e d i n 1 9 5 8 (Sec. 5 ) and 1 9 5 9 (Sec. 8 ) ; t h e y were n o t a b l y 

a b s e n t from the p r e p a r a t o r y chromatograms shown i n t h i s s e c t i o n ( F i g . 1 9 . 3 ) . 

I t i s n o t a b l e t h a t a n t h o c y a n i n s i n the above s t u d i e s were e x t r a c t e d w i t h 

17o cone. H C l , and t h a t the chromatography o f t h e e x t r a c t s shown i n F i g s . 

5 . 1 , 5 . 2 , and 5 . 3 was c a r r i e d out i m m e d i a t e l y a f t e r e x t r a c t i o n and p r e p a r a 

t i o n , t h a t shown i n F i g s . 8 . 1 and 8 . 2 w i t h i n a few weeks o f e x t r a c t i o n and 

p r o c e s s i n g and t h a t shown i n . F i g . 1 9 . 3 a f t e r about 2 y e a r s o f e x t r a c t i o n 

and p r o c e s s i n g . The f a s t - m o v i n g ' n i n s were a l s o abundant on the 1 9 6 5 

p r e p a r a t o r y chromatograms when e i t h e r the i n t a c t c a r y o p s e s o r p e e l e d 

spermoderm were e x t r a c t e d w i t h a v e r y s m a l l volume o f 0 . 1 7 o m e t h a n o l i c HGi 

and the e x t r a c t s were chromatographed w i t h o u t volume r e d u c t i o n (Sec. 2 2 : 

F i g . 2 2 . 1 ) . 
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The p r e s e n c e o r absence o f the f a s t moving a n t h o c y a n i n s c r e a t e s 

u n c e r t a i n t i e s i n the d e l i n e a t i o n o f the a n t h o c y a n i n p a t t e r n s o f b a s a l l e a f 

s h e a t h s o r g r a i n t i s s u e s ( S e c . 5 t o 8 ) . I s the absence due t o v a r i a t i o n s 

i n development o r i s i t a r t e f a c t ? T h i s p o i n t must be r e s o l v e d c l e a r l y 

because a s e r i o u s s t u d y on the b i o c h e m i c a l r e s p o n s e s o f gene a c t i o n makes 

v e r y i m p o r t a n t not o n l y the d e t e r m i n a t i o n o f the e x a c t s t r u c t u r e o f a n t h o 

c y a n i n m o l e c u l e s but a l s o , more i m p o r t a n t l y , t h e i r o r i g i n a l s t a t e i n v i v o . 

The causes o f d i f f e r e n t i a l d i s t r i b u t i o n of a n t h o c y a n i n s on p r e p a r a t o r y 

chromatograms have now become amply c l e a r b o t h from c h a r a c t e r i z a t i o n work 

and s t u d i e s on the i n s t a b i l i t y o f a n t h o c y a n i n s , and w i l l be c o n s i d e r e d 

now. 

A t l e a s t two s i g n i f i c a n t f a c t s have emerged from the r e s u l t s 

o f a n t h o c y a n i n c h a r a c t e r i z a t i o n . F i r s t , owing t o the l a b i l i t y o f b a r l e y 

a n t h o c y a n i n s , s e v e r a l a n t h o c y a n i n bands t h a t appear on p r e p a r a t o r y 

chromatograms a r e a r t e f a c t s . The s t u d i e s on b o t h the causes o f a n t h o 

c y a n i n s p l i t t i n g on paper o r i n s t o r a g e (Sec. 1 5 ) , and the i n f l u e n c e o f 

f l a s h e v a p o r a t i o n on the a n t h o c y a n i n e x t r a c t s w h i c h were p r e p a r e d w i t h 

methanol c o n t a i n i n g e i t h e r ¥/„ H C l or VL cone. H C l (Sec. 23) p r o v i d e the 

r e a s o n s f o r a r t e f a c t p r o d u c t i o n . I t was shown t h a t upon f l a s h e v a p o r a t i o n 

the c o n c e n t r a t i o n of a c i d i n e x t r a c t s i n c r e a s e s and causes h y d r o l y s i s o f 

a n t h o c y a n i n s . S e c o n d l y , the a r t e f a c t p r o d u c t i o n must have o c c u r r e d d u r i n g 

p r o c e s s i n g , f l a s h e v a p o r a t i o n and s t o r a g e o f c o n c e n t r a t e d e x t r a c t s p r i o r 

t o the p r e p a r a t o r y chromatography. 

I t was shown i n S e c t i o n 7 (see a l s o Sees. 5 and 8) t h a t the 

f a s t moving ' n i n s were h i g h l y l a b i l e because t h e y d i s a p p e a r e d from the 

e x t r a c t s d u r i n g b r i e f s t o r a g e . I t was a l s o adduced from the same 

s t u d i e s t h a t the m o l e c u l e s o f the f a s t moving ' n i n s d i d not undergo 
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complete breakdown but were o n l y m o d i f i e d , because the c o n c e n t r a t e d 

e x t r a c t s from w h i c h t h e y had d i s a p p e a r e d , on r e c h r o m a t o g r a p h y , showed 

s e v e r a l slow-moving ' n i n s , w h i c h were e i t h e r not p r e s e n t p r i o r t o the 

d i s a p p e a r a n c e , o r w h i c h had undergone a s t r i k i n g i n c r e a s e i n c o n c e n t r a t i o n 

f o l l o w i n g the d i s a p p e a r a n c e of the f a s t - m o v i n g ' n i n s . The appearance o f 

new a n t h o c y a n i n s o r the changes i n a n t h o c y a n i n c o n c e n t r a t i o n s , t h e r e f o r e , 

must not be due t o d e g r a d a t i o n but must be due t o the m o d i f i c a t i o n o f 

f a s t - m o v i n g ' n i n s t o slow-moving ' n i n s . E x p e r i m e n t a l e v i d e n c e f o r the 

c o n t e n t i o n t h a t , upon the d i s a p p e a r a n c e o f the f a s t - m o v i n g ' n i n s , slow-

moving " n i n s a p p e a r , i s f u r n i s h e d by the r e s u l t s o b t a i n e d w i t h the f a s t -

moving a n t h o c y a n i n s K and L ( T a b l e 1 9 . V I I I . K . L ) . I t w i l l be n o t e d from 

the t a b l e t h a t upon r e c h r o m a t o g r a p h y o f the BAW e l u a t e s o f the a n t h o 

c y a n i n s K and L, o n l y t r a c e s o f the o r i g i n a l f a s t - m o v i n g ' n i n s were 

r e c o v e r e d from the e l u a t e s o f K and none from th o s e o f L. Moreover, the 

major component r e s o l v e d a t the r e g i o n o f the slow-moving a n t h o c y a n i n DE. 

The r e s u l t s , t h e r e f o r e , s u b s t a n t i a t e the- ̂ e a r l i e r d e d u c t i o n s t h a t f a s t -

moving ' n i n s a r e m o d i f i e d t o the slow-moving 'ni n s and t h a t t h e i r d i s a p 

pearance i s not due t o d e g r a d a t i o n . 

P r i m a r i l y on the b a s i s o f t h e i r e x c e e d i n g l y h i g h Rf v a l u e s i n 

the BAW s o l v e n t , and a l s o on the b a s i s o f s e v e r a l o t h e r c o n s i d e r a t i o n s 

o u t l i n e d i n S e c t i o n s 5 and 7, i t was p r o p o s e d t h a t the f a s t - m o v i n g ' n i n s 

must be a c y l a t e d w i t h a n o v e l t y p e o f o r g a n i c r e s i d u e and t h a t the a c y l 

l i n k a g e must be h i g h l y l a b i l e i n s t r o n g a c i d e n v ironment o f c o n c e n t r a t e d 

e x t r a c t s (cf.. , Sec. 23) as i n d i c a t e d by the f a c i l e t r a n s f o r m a t i o n o f f a s t -

moving ' n i n s t o slow-moving ' n i n s . A t the time the r e s u l t s o f S e c t i o n s 

5, 7 and 8 were c o m p i l e d i t was not known t h a t the slow-moving ' n i n s o f 

b a r l e y a r e a l s o l a b i l e ; n o t w i t h s t a n d i n g the m i l d c o n d i t i o n s o f our 
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h a n d l i n g , i t i s now c l e a r t h a t t h e y b r e a k down i n t o s e v e r a l components. 

I t i s a l s o c l e a r from the c h a r a c t e r i z a t i o n work t h a t most o f the s l o w -

moving ' n i n s a r e , however, l e s s l a b i l e t h a n the f a s t - m o v i n g ' n i n s , 

because the c h r o m a t o g r a p h i c p a t t e r n s o f the f o r m e r , once the l a t t e r have 

d i s a p p e a r e d , a r e r e p r o d u c i b l e . The s t r e n g t h o f l i n k a g e o f the l a b i l e 

components i n each case must, t h e r e f o r e , be d i f f e r e n t . Because the s l o w -

moving ' n i n s are l a r g e l y p o l y g l y c o s y l a t e d , the d i f f e r e n t i a l l a b i l i t y 

must be due t o the d i f f e r e n c e s i n the l i n k a g e s o f g l y c o s y l components 

( s l o w - m o v i n g ' n i n s ) and the a c y l components ( f a s t - m o v i n g ' n i n s ) . 

As i n d i c a t e d a l r e a d y , the appearance o f the f a s t - m o v i n g 

' n i n s on the p r e p a r a t o r y chromatograms was h i g h l y v a r i a b l e . The f a s t e s t 

moving component, BAW Rf ca.. 0.98, was o b s e r v e d o n l y i n the 1958 e x t r a c t s 

o f spermoderm, h u l l s , and awn t i p s o f both G o p a l and B l a c k H u l l e s s (Sec. 

5 ) . A l l t h o s e e x t r a c t s were p r o c e s s e d s i m u l t a n e o u s l y , under s i m i l a r 

c o n d i t i o n s , u s i n g V/„ cone. H C l as the e x t r a c t a n t , and t h e y show 

i d e n t i c a l p a t t e r n s of a n t h o c y a n i n d i s t r i b u t i o n ( F i g s . 5.1 and 5.<i2). The 

p a t t e r n s o f a n t h o c y a n i n s o b t a i n e d i n 1959 from the same t i s s u e s u s i n g the 

same c o n c e n t r a t i o n o f a c i d i n the e x t r a c t a n t ( S e c . 8, F i g s . 8.1 and 8 .2) 

d i f f e r from th o s e o b t a i n e d i n 1958 ( F i g s . 5.1 and 5 . 2 ) . The p a t t e r n s 

o b t a i n e d from the c a r y o p s e s t i s s u e s o f 1960 c o l l e c t i o n s , w h i c h were a l s o 

e x t r a c t e d u s i n g the same c o n c e n t r a t i o n o f a c i d I n the e x t r a c t a n t ( S e c . 8, 

F i g s . 8.1 and 8 .2) d i f f e r f rom t h o s e o b t a i n e d i n 1958 ( F i g s . 5.1 and 

5 . 2 ) . The p a t t e r n s o b t a i n e d from the c a r y o p s e s t i s s u e s o f 1960 

c o l l e c t i o n s , w h i c h were a l s o e x t r a c t e d u s i n g the same c o n c e n t r a t i o n of 

a c i d as i n the above two s t u d i e s , a r e a l s o i d e n t i c a l between t h e m s e l v e s 

( e . g . , see the r e s u l t s o f the f i v e d i f f e r e n t e x t r a c t s o f c a r y o p s e s shown 

i n F i g . 19.3). However, none of the c o l l e c t i o n s show the p r e s e n c e o f 
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f a s t - m o v i n g ' n i n s and, t h e r e f o r e , t h e i r p a t t e r n s d i f f e r m a r k e d l y from 

tho s e o b t a i n e d from the 1 9 5 8 and 1 9 5 9 i n v e s t i g a t i o n s . I t i s emphasized 

t h a t a l l the above e x t r a c t i o n s were c a r r i e d out on the same v a r i e t y , and 

the same t i s s u e s , u s i n g the same range o f a c i d c o n c e n t r a t i o n i n the 

e x t r a c t a n t s , namely, 17« cone. H C l . The p a t t e r n s o f f a s t - m o v i n g a n t h o 

c y a n i n s , o b t a i n e d from the spermoderm and i n t a c t c a r y o p s e s , u s i n g 0 . 1 % 

m e t h a n o l i c H C l as e x t r a c t a n t , i n 1 9 6 5 ( F i g . 2 2 . 1 ) , a r e a g a i n i d e n t i c a l 

because b o t h the e x t r a c t s were p r o c e s s e d under i d e n t i c a l c o n d i t i o n s . I t 

w i l l be not e d t h a t the chromatograms show l a r g e l y the f a s t - m o v i n g 

a n t h o c y a n i n s . On co m p a r i s o n o f the 1 9 5 8 ( F i g s . 5 . 1 and 5 . 2 ) 1 9 5 9 ( F i g s . 

8 . 1 and 8 . 2 ) , 1 9 6 0 ( F i g s . 1 0 . 3 , and 1 9 . 3 ) and 1 9 6 5 ( F i g . 2 2 . 1 ) r e s u l t s , 

the d i f f e r e n c e s i n the p a t t e r n s become s t r i k i n g . A l t h o u g h the r e s u l t s 

o f 1 9 6 1 f i e l d ( e x t r a c t a n t : 17. cone. H C l ) and 1 9 6 2 greenhouse ( e x t r a c t a n t : 

0 . 1 7 o H C l ) e x t r a c t s from g r a i n t i s s u e s o f p a r e n t and h y b r i d m a t e r i a l s have 

not been p r e s e n t e d , the p a t t e r n s o b t a i n e d were d i f f e r e n t not o n l y between 

t i s s u e s but a l s o between seasons ( 1 9 5 8 , 1 9 5 9 , 1 9 6 0 and 1 9 6 5 ) . 

The y e a r l y v a r i a t i o n s i n the c h r o m a t o g r a p h i c p a t t e r n s , 

p a r a d o x i c a l l y , do not appear t o be due t o the a c i d c o n c e n t r a t i o n , because 

the v a r i a t i o n s o c c u r r e d i r r e s p e c t i v e o f the a c i d c o n c e n t r a t i o n . The f a c t 

t h a t the p a t t e r n s o b t a i n e d from d i f f e r e n t t i s s u e s ( F i g . 5 . 1 ) , o r d i f f e r e n t 

c o l l e c t i o n s o f the same t i s s u e ( F i g . 1 9 . 3 ) , w h i c h were e x t r a c t e d and 

p r o c e s s e d s i m u l t a n e o u s l y , a r e b a s i c a l l y s i m i l a r , s u g g e s t s t h a t the y e a r l y 

v a r i a t i o n s i n p a t t e r n s a r e l i k e l y t o be due t o the c o n d i t i o n s o f p r o 

c e s s i n g and h a n d l i n g o f the e x t r a c t s . A l t h o u g h the c o n d i t i o n s o f 

p r o c e s s i n g were u n i f o r m , the v a r i a t i o n s i n the c h r o m a t o g r a p h i c p a t t e r n s 

o f the f a s t - m o v i n g ' n i n s must, p r i m a r i l y , be due t o the i n c r e a s e i n a c i d 

c o n c e n t r a t i o n o f the e x t r a c t s t h a t o c c u r s d u r i n g f l a s h e v a p o r a t i o n : i t 
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was p o i n t e d out e l s e w h e r e t h a t i t i s not p r a c t i c a b l e t o reduce volume o f 

e x t r a c t s t o the same l e v e l o f a c i d c o n c e n t r a t i o n by t a k i n g the same l e n g t h 

o f t ime f o r each e x t r a c t , owing t o the l i m i t a t i o n s of f l a s h e v a p o r a t o r s 

(Sec. 2 3 ) . I t was shown i n S e c t i o n 7 t h a t from the f l a s h e v a p o r a t e d 

e x t r a c t s , the f a s t - m o v i n g a c y l a t e d a n t h o c y a n i n s are the f i r s t t o undergo 

m o d i f i c a t i o n s t o slow-moving a n t h o c y a n i n s because o f ' d e a c y l a t i o n ' . I t 

i s e n t i r e l y p o s s i b l e t h a t d e a c y l a t i o n o f f a s t - m o v i n g ' n i n s may o c c u r 

c o m p l e t e l y e i t h e r d u r i n g the p r e p a r a t i o n o f e x t r a c t s f o r chromatography, 

o r w i t h i n a few hours o r a f t e r a few days o f the p r e p a r a t i o n of e x t r a c t s 

d e p e n d i n g upon the e x t e n t t o w h i c h the i n c r e a s e i n a c i d c o n c e n t r a t i o n 

o c c u r s f o l l o w i n g f l a s h e v a p o r a t i o n . I f the c o n c e n t r a t e d e x t r a c t s are 

s t o r e d , d e a c l y a t i o n o c c u r s and sloWrmovin'g. a n t h o c y a n i n s a r e l e f t . 

A c c o r d i n g t o t h i s - v i e w , t h e n , some o f the BAW bands o b t a i n e d i n the 

p r e p a r a t o r y chromatography of c a r y o p s e s a n t h o c y a n i n s ( F i g . . 1 9 . 3 ) and 

b a s a l l e a f s h e a t h a n t h o c y a n i n s ( F i g . 19.) a r e most l i k e l y the d e a c y l a t e d 

a n t h o c y a n i n s . Thus, the a n t h o c y a n i n s c h a r a c t e r i z e d i n t h i s s e c t i o n may 

l a r g e l y be the i n v i t r o a r t e f a c t s o f the f a s t - m o v i n g a n t h o c y a n i n s . U s i n g 

m i l d e x t r a c t i o n and h a n d l i n g l a r g e number of f a s t - m o v i n g a n t h o c y a n i n s 

were r e c o v e r e d i n the 1965 s t u d i e s (Sec. 2 2 ) ; the f a s t moving ' n i n s 

l i k e l y r e p r e s e n t the i n v i v o s t a t e o f a n t h o c y a n i n s ( S e c . 2 4 ) . 

F a s t - m o v i n g a n t h o c y a n i n s , i t has been shown, are l a b i l e . 

V a r i a t i o n s i n t h e i r c h r o m a t o g r a p h i c p a t t e r n s may be due t o l a b i l i t y o r t o 

v a r i a t i o n s i n t h e i r s y n t h e s i s d u r i n g p l a n t development. The r e s u l t s o f 

S e c t i o n 7 were i n t e r p r e t e d t o mean t h a t f a s t - m o v i n g a n t h o c y a n i n s are 

d e a c y l a t e d towards m a t u r i t y . The c o n c l u s i o n s w i l l r e q u i r e r e a p p r a i s a l 

because the a c i d i f i e d e x t r a c t s were f l a s h e v a p o r a t e d , and because, under 

such c o n d i t i o n s , the d i s a p p e a r a n c e o f the f a s t - m o v i n g a n t h o c y a n i n s , i s 

p o s s i b l e . 



450 

F a s t - m o v i n g a n t h o c y a n i n s were u s u a l l y r e c o v e r e d from n e a r 

n e u t r a l e x t r a c t s , o r e x t r a c t s w h i c h were s t o r e d f o r b r i e f p e r i o d s , o r 

from e x t r a c t s w h i c h were not f l a s h e v a p o r a t e d . P u z z l i n g f e a t u r e s r e l a t i n g 

t o t h e i r o c c u r r e n c e and s t a b i l i t y n o n e t h e l e s s remain. The absence o f 

f a s t - m o v i n g ' n i n s from c e r t a i n n e u t r a l e x t r a c t s was s u r p r i s i n g ( S e c . 2 4 ) . 

Were t h e y not p r e s e n t o r was the p r o c e d u r e i n c a p a b l e o f r e v e a l i n g t h e i r 

p r e s e n c e ? F a s t - m o v i n g ' n i n s may be t i s s u e s p e c i f i c : t h e y have not been 

r e c o v e r e d from a l e u r o n e t i s s u e but have been r e c o v e r e d from spermoderm, 

awns, h u l l s and b a s a l l e a f s h e a t h s . C u r i o u s l y t h e y were not r e c o v e r e d 

from h u l l s i n n e u t r a l methanol but when h y d r o c h l o r i c a c i d was added t o 

the m e t h a n o l i c e x t r a c t two f a s t - m o v i n g a n t h o c y a n i n s were d e t e c t e d . Even 

more p u z z l i n g was the f a c t t h a t the f a s t - m o v i n g a n t h o c y a n i n bands were 

e r r a t i c a l l y d e v e l o p e d (Sec. 7.3) but not so the slow-moving a n t h o c y a n i n 

bands on the same chromatogram. I t i s a p p a r e n t t h a t much remains t o be 

s t u d i e d r e g a r d i n g f a s t - m o v i n g a n t h o c y a n i n s . C l e a r l y i n b a r l e y t h e r e i s 

a s e r i e s o f a n t h o c y a n i n s h i t h e r t o not r e p o r t e d . 

19.4.5. Slow-Moving A n t h o c y a n i n s 

On the b a s i s o f p r e c e d i n g r e s u l t s and d i s c u s s i o n , i t i s | how 

c l e a r t h a t some o f the slow-moving a n t h o c y a n i n s a re d o u b t l e s s l y the 

a r t e f a c t s o f f a s t - m o v i n g a n t h o c y a n i n s and a few o f the slow-moving 

a n t h o c y a n i n s a r e the a r t e f a c t s o f o t h e r slow-moving a n t h o c y a n i n s ( f o r 

example, see the r e s u l t s o f band A - 4 0 0 s ) : the a r t e f a c t s must have 

o r i g i n a t e d d u r i n g f l a s h e v a p o r a t i o n and s t o r a g e o f c o n c e n t r a t e d e x t r a c t s 

(see d i s c u s s i o n o f the f a s t - m o v i n g ' n i n s i n the p r e c e d i n g s e c t i o n ) . 

C h r o m a t o g r a p h i c e v i d e n c e i s p r e s e n t e d i n S e c t i o n 7 t h a t s e v e r a l changes, 

p a r t i c u l a r l y i n the c o n c e n t r a t i o n o f slow-moving ' n i n s o c c u r w i t h i n a 
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s h o r t p e r i o d o f s t o r a g e f o l l o w i n g f l a s h e v a p o r a t i o n o f the e x t r a c t s . I t 

i s s u r m i s e d t h a t the changes must be due t o the a r t e f a c t s w h i c h o r i g i n a t e , 

because o f f l a s h e v a p o r a t i o n , from the slow-moving ' n i n s such as thos e 

from band A-400s. The f a c t t h a t f o l l o w i n g a s h o r t p e r i o d o f s t o r a g e , 

p a t t e r n s o f a n t h o c y a n i n s o b t a i n e d from the same c o n c e n t r a t e d e x t r a c t become 

a l m o s t r e p r o d u c i b l e (Sees. 7 and 8) s u g g e s t s t h a t the a r t e f a c t p r o d u c t i o n 

o c c u r s o v e r a s h o r t p e r i o d o f time when some s o r t o f 's t e a d y s t a t e ' 

between the a r t e f a c t s and o t h e r a n t h o c y a n i n s i s e s t a b l i s h e d t h a t the 

v a r i a t i o n i n p a t t e r n s becomes m i n i m a l . T h i s i s c l e a r l y b r ought out when 

the c o n c e n t r a t e d e x t r a c t s were chromatographed r e p e a t e d l y a f t e r e x t e n d e d 

p e r i o d s o f s t o r a g e , f o r example, see the r e s u l t s o f c a r y o p s e s a n t h o c y a n i n 

c o l l e c t i o n 270 ( F i g . 19.3) w h i c h was chromatographed one and two y e a r s 

a f t e r the p r e p a r a t i o n o f the e x t r a c t o r thos e o f b a s a l l e a f s h e a t h 

a n t h o c y a n i n C o l l e c t i o n 130 ( F i g . 10.3) which.were a l s o chromatographed a f t e r 

s i m i l a r p e r i o d s . 

A l t h o u g h i t i s e v i d e n t from the f o r e g o i n g t h a t a n t h o c y a n i n 

p a t t e r n s o b t a i n e d i n t h i s s t u d y , i n g e n e r a l , a r e f a r removed from the 

i n v i v o s t a t e o f a n t h o c y a n i n s , n o n e t h e l e s s , on the b a s i s o f the r e p r o 

d u c i b i l i t y o f the p a t t e r n s o b t a i n e d e i t h e r i m m e d i a t e l y f o l l o w i n g f l a s h 

e v a p o r a t i o n (Sec. 5) or a few days a f t e r f l a s h e v a p o r a t i o n (Sees. 7 and 

8 ) , i t was c o n c l u d e d from the e a r l y s t u d i e s t h a t a n t h o c y a n i n p a t t e r n s 

o f the two v a r i e t i e s , G o p a l and B l a c k H u l l e s s , were b a s i c a l l y s i m i l a r . 

The r e s u l t s o f c h a r a c t e r i z a t i o n o f b a s a l l e a f s h e a t h s o b t a i n e d from 

greenhouse e s t a b l i s h t h a t the n a t u r e and the p a t t e r n o f B l a c k H u l l e s s 

and G o p a l a n t h o c y a n i n s a r e a l s o b a s i c a l l y i d e n t i c a l . The p r e s e n c e o f 

the a d d i t i o n a l bands K and L i n the B l a c k H u l l e s s c o l l e c t i o n s 407 and 

408, as d i s c u s s e d a l r e a d y i s , p r o b a b l y , due t o s l i g h t v a r i a t i o n s i n 



f l a s h e v a p o r a t i o n and h a n d l i n g . I t i s , however, c l e a r t h a t the p a t t e r n s 

of greenhouse c o l l e c t i o n s , i n some r e s p e c t s , d i f f e r b a s i c a l l y from t h o s e 

o f the 1960 f i e l d c o l l e c t i o n s 130 and .138 ( F i g . 10.3) w h i c h c o n t a i n e d 

abundant p e l a r g o n i d i n and p e o n i d i n d e r i v a t i v e s . 

I t was e s t a b l i s h e d i n S e c t i o n 5 and 8 t h a t the a n t h o c y a n i n 

p a t t e r n s o f G o p a l and B l a c k H u l l e s s g r a i n t i s s u e s were a l s o s i m i l a r . I t 

was o b s e r v e d t h a t the n a t u r e o f a n t h o c y a n i n s 5 t o 8 from B l a c k H u l l e s s 

c a r y o p s e s ( F i g . 1 9 . 3 ) , the o n l y bands t h a t show c l e a r c u t r e s o l u t i o n , i s 

i d e n t i c a l t o G o p a l b a s a l l e a f s h e a t h a n t h o c y a n i n s E t o H ( F i g . 10.3) 

b o t h o f w h i c h were o b t a i n e d i n the summer o f 1960. Thus the band 5 and 

E, 6 and F, 7 and G, and 8 and H a r e i d e n t i c a l . I t w i l l be noted t h a t 

the bands G-130, and H-130 c o n t a i n p e l a r g o n i d i n d e r i v a t i v e s as i n d e e d 

do the bands 7 and 8. Inasmuch as the broad p a t t e r n s o f a n t h o c y a n i n 

development i n G o p a l and B l a c k H u l l e s s b a s a l l e a f s h e a t h s a r e i d e n t i c a l , 

the p a t t e r n s o f a n t h o c y a n i n development i n B l a c k H u l l e s s c a r y o p s e s and 

G o p a l l e a f s h e a t h s a t l e a s t f o r the f o u r bands n o t e d above are a l s o 

i d e n t i c a l : the comparisons o f the o t h e r bands are not p o s s i b l e because o f 

the p o o r r e s o l u t i o n o f c a r y o p s e s a n t h o c y a n i n s (see F i g . 19.3). 

From the c o m p a r i s o n o f the above s t u d i e s , i t i s c l e a r t h a t 

d i f f e r e n c e s i n p a t t e r n s do o c c u r from y e a r t o y e a r . On the b a s i s o f 

r e a s o n s p r e s e n t e d i n S e c t i o n 19.4.1, i t i s a l s o c l e a r t h a t some d i f f e r e n c e s 

ar e due t o development and e n v i r o n m e n t s . However, l a r g e d i f f e r e n c e s 

appear t o be due t o the l a b i l i t y o f b a r l e y a n t h o c y a n i n s , the l a b i l i t y 

was pronounced when the a n t h o c y a n i n s were s t o r e d f o l l o w i n g f l a s h 

e v a p o r a t i o n . I n s p i t e o f the l a b i l i t y , however, the c h r o m a t o - p a t t e r n s 

o f a n t h o c y a n i n s from t i s s u e s w h i c h were c o l l e c t e d from the same p l a n t 

and p r o c e s s e d i n t h e same way and time were i n g e n e r a l , i d e n t i c a l . 
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T h e r e f o r e , under a g i v e n s e t o f c o n d i t i o n s , s i m i l a r changes i n the e x t r a c t s 

o c c u r r e d . On t h i s b a s i s t h e n the s t r i k i n g d i f f e r e n c e s t h a t were o b s e r v e d 

i n the p a t t e r n s o f b a s a l l e a f s h e a t h a n t h o c y a n i n s of s e v e r a l o t h e r 

v a r i e t i e s ( S e c . 7) must be r e a l . 

A l t h o u g h the c h r o m a t o - p a t t e r n s o b t a i n e d under s i m i l a r c o n d i t i o n s 

ar e q u a l i t a t i v e l y s i m i l a r , t h e y do show s l i g h t q u a n t i t a t i v e v a r i a t i o n s , 

f o r example, compare the p a t t e r n s o f the c o l l e c t i o n s 217, 270, 272, 274 

and 278 ( F i g . 19.3). Inasmuch as the c a r y o p s e s were e x t r a c t e d a t s t a g e s 

o f d i f f e r i n g m a t u r i t y , the q u a n t i t a t i v e v a r i a t i o n s , may i n r e a l i t y , be due 

t o v a r i a t i o n s i n development. However, the c o n c l u s i o n s cannot be r e g a r d e d 

as c e r t a i n because q u a n t i t a t i v e v a r i a t i o n s c o u l d have been caused by the 

d i f f e r e n t i a l s p l i t t i n g o f a n t h o c y a n i n s f o l l o w i n g f l a s h e v a p o r a t i o n . 

The c o m p a r a t i v e r e s u l t s o f o n l y a few o f the t i s s u e s and s t a g e s 

o f development p r e s e n t e d i n t h i s s e c t i o n have e n l a r g e d o u r u n d e r s t a n d i n g 

o f the c o m p l e x i t y o f b a r l e y a n t h o c y a n i n s . The c o m p l e x i t y and l a b i l i t y 

o f b a r l e y a n t h o c y a n i n s has not been a p p r e c i a t e d by o t h e r w o r k e r s (see 

Metche and U r i o n ,1961; U r i o n and Metche, 1961). 

19.5. SUMMARY 

The b a s a l l e a f s h e a t h s o f G o p a l and B l a c k H u l l e s s , o b t a i n e d 

from the 1961 ( w i n t e r ) greenhouse grown m a t e r i a l s , gave e i g h t a n t h o c y a n i n 

bands, A t o H, i n BAW. A l t h o u g h the bands showed q u a n t i t a t i v e v a r i a t i o n s , 

t h e y were e s t a b l i s h e d by e x t e n s i v e chromatography t o be q u a l i t a t i v e l y 

i d e n t i c a l i n b o t h the v a r i e t i e s . The s h e a t h s from B l a c k H u l l e s s , however, 

c o n t a i n e d two r e l a t i v e l y f a s t - m o v i n g bands K and L. The t e n BAW bands 

s p l i t i n t o o v e r 60 components i n the HAc-HCl s o l v e n t . Of the 60 HAc-HCl . 
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componentsj 49 were i s o l a t e d by m i l d t e c h n i q u e s ( S e c . 1 6 ) . The chromato

g r a p h i c d a t a o f the 49 a n t h o c y a n i n s I n f i v e s o l v e n t s i s g i v e n . Some of 

the HAc-HCl components d i d not s p l i t f u r t h e r w h i l e o t h e r s d i d s p l i t i n t o 

two t o f o u r sub-components i n the f i v e s o l v e n t s . However, none o f the 

HAc-HCl components showed the g l y c o s i d i c h y d r o l y s i s . Of the 49 a n t h o 

c y a n i n i s o l a t e s , d e p e n d i n g upon the q u a n t i t y o f m a t e r i a l s a v a i l a b l e , 31 

were h y d r o l y z e d f o r a n t h o c y a n i d i n s . The 31 a n t h o c y a n i d i n s were i d e n t i f i e d 

by t h e i r Rf v a l u e s i n seven s o l v e n t s , t h e i r ~ ^ m a x v a l u e s and A l C l ^ 

s h i f t s . Of the 31 h y d r o l y s a t e s , o n l y 15 c o u l d be a n a l y s e d f o r the 

d e t e r m i n a t i o n o f s u g a r s , and 10 c o u l d be h y d r o l y z e d p a r t i a l l y f o r s t r u c 

t u r a l e l u c i d a t i o n . 

The B l a c k H u l l e s s c a r y o p s e s , o b t a i n e d from the 1960 (summer) 

f i e l d grown m a t e r i a l s , gave n i n e a n t h o c y a n i n bands, 1 t o 9, i n BAW. The 

n i n e BAW bands s p l i t i n t o o v e r 75 HAc-HCl components. Of the 75 HAc-HCl 

components, 44 were i s o l a t e d . The c h r o m a t o g r a p h i c d a t a o f the 44 a n t h o c y a n i n 

i n 5 s o l v e n t s i s s i m i l a r t o t h a t o f the b a s a l l e a f s h e a t h a n t h o c y a n i n s . 

Of the 44 a n t h o c y a n i n s , 32 were h y d r o l y z e d f o r a n t h o c y a n i d i n c h a r a c t e r i 

z a t i o n as d e s c r i b e d above. Of the 32 h y d r o l y s a t e s , 24 were a n a l y s e d f o r 

sugar and 15 were h y d r o l y s e d p a r t i a l l y f o r s t r u c t u r a l d e t e r m i n a t i o n s . 

I t i s e s t a b l i s h e d t h a t c y a n i d i n i s a major and p e o n i d i n a v e r y 

minor a n t h o c y a n i d i n o f greenhouse grown l e a f s h e a t h s . Of the t h r e e B l a c k 

H u l l e s s s h e a t h c o l l e c t i o n s , however, t r a c e s o f p e l a r g o n i d i n were r e c o v e r e d 

o n l y from one of the c o l l e c t i o n s . I n c o n t r a s t t o the g r e e n h o u s e ' s h e a t h s , 

the f i e l d grown s h e a t h s (Sec. 13) showed d i s t i n c t l y p e l a r g o n i d i n , 

r e l a t i v e l y l a r g e r amounts of p e o n i d i n and a l s o c y a n i d i n . The absence o f 

p e l a r g o n i d i n i s due t o the d i f f e r e n c e s e i t h e r i n e n v i r o n m e n t o r 

development o r b o t h . I t i s n e c e s s a r y t h a t f u r t h e r s t u d i e s a re c a r r i e d 
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out under c o n t r o l l e d e n v i r o n m e n t s . 

C y a n i d i n i s a major and d e l p h i n i d i n , p e o n i d i n and p e l a r g o n i d i n 

a r e minor a n t h o c y a n i d i n s of B l a c k H u l l e s s c a r y o p s e s . D e l p h i n i d i n o r i g i n a t e s 

most l i k e l y f rom a l e u r o n e . The spermoderm e x t r a c t s from 1958 (Sec. 5) 

and 1959 (Sec. 8) d i d not show d e l p h i n i d i n . But the 1965 spermoderm 

e x t r a c t s (Sec. 22) d i d show t r a c e s o f d e l p h i n i d i n . The d i s c r e p a n c i e s a r e 

l i k e l y due t o d e v e l o p m e n t a l or e n v i r o n m e n t a l d i f f e r e n c e s . 

A l t h o u g h the i d e n t i f i c a t i o n of a n t h o c y a n i d i n s i s m o s t l y c l e a r 

c u t , t h a t o f a n t h o c y a n i n s remains i n c o n c l u s i v e because o f the d i f f i c u l t i e s 

o f g l y c o s i d i c a n a l y s i s mentioned a l r e a d y i n S e c t i o n 18. N e v e r t h e l e s s , 

on the b a s i s o f a n t h o c y a n i d i n d e t e r m i n a t i o n s , c h r o m a t o g r a p h i c p r o p e r t i e s 

i n f i v e s o l v e n t systems and d a t a from p a r t i a l h y d r o l y s i s , the p r o v i s i o n a l 

n a t u r e o f most o f the complex a n t h o c y a n i n s has been advanced, and the 

s i m p l e a n t h o c y a n i n s , such as c y a n i d i n - 3 - g l u c o s i d e , c y a n i d i n - 3 , 5 - d i g l u c o s i d e , 

p e o n i d i n - 3 - g l u c o s i d e , p e o n i d i n - 3 , 5 - d i g l u c o s i d e and p e l a r g o n i d i n - 3 -

g l u c o s i d e , have been i d e n t i f i e d . I t i s a l s o e s t a b l i s h e d t h a t the c y a n i d i n 

and p e o n i d i n d e r i v a t i v e s o f G o p a l and B l a c k H u l l e s s l e a f s h e a t h s a r e 

i d e n t i c a l t o those o f B l a c k H u l l e s s c a r y o p s e s . The d e l p h i n i d i n d e r i v a t i v e s 

of the c a r y o p s e s , w h i c h ' o r i g i n a t e most l i k e l y from the a l e u r o n e , were not 

r e c o v e r e d from the s h e a t h s . The p e l a r g o n i d i n d e r i v a t i v e s o f the c a r y o p s e s 

were a l s o not r e c o v e r e d from the s h e a t h s o b t a i n e d from the greenhouse 

grown s h e a t h s . I t i s c l e a r from the r e s u l t s t h a t b a r l e y i s a r i c h s o u r c e 

o f s e v e r a l new c y a n i d i n d e r i v a t i v e s , and a l s o some new p e o n i d i n and 

p e l a r g o n i d i n d e r i v a t i v e s . 

The major a n t h o c y a n i n band o f the c a r y o p s e s (band No. 5) and 

t h a t o f the l e a f s h e a t h s (band No. DE) are i d e n t i c a l and are d e r i v e d 

from c y a n i d i n . The h u l l s and o t h e r t i s s u e s a l s o show a s i m i l a r major 
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band. U r i o n and Metche (1961) have i d e n t i f i e d the major band from b a r l e y 

c o r n , o f the v a r i e t y v i o l e t G u i m a l a y a , as a s i m p l e c y a n i d i n - 3 - a r a b i n o s i d e . 

The c a r y o p s e s band No. 5 i s l i k e l y the same as the major band o f the 

v a r i e t y G u i m a l a y a . The band No. 5, f o l l o w i n g d e s i c c a t i o n o v e r P2O57 s p l i t 

i n t o o v e r 13 HAc-HCl components, w h i c h a re c h r o m a t o g r a p h i c a l l y d i s t i n c t . 

The major o f the s p l i t components, d e s i g n a t e d 5D, i s the same as the 

a n t h o c y a n i n band 5. I n 1962, i m m e d i a t e l y a f t e r i s o l a t i o n , the component 

was r e g a r d e d as a 3-monoside because i t gave a s i n g l e s p o t i n the f i v e 

s o l v e n t s w i t h Rf v a l u e s v e r y s i m i l a r t o t h o s e o f c y a n i d i n - 3 - g l u c o s i d e . 

The Rf v a l u e s were, however, found t o be c o n s i s t e n t l y , though v e r y 

s l i g h t l y , h i g h e r t h a n c y a n i d i n - 3 - g l u c o s i d e . I n 1965, when the same 

i s o l a t e was r e c h r o m a t o g r a p h e d , i t s p l i t i n t o a l a r g e number o f HAc-HCl 

components. The band i s t h e r e f o r e v e r y complex and not a s i m p l e 

m o noglycOside. 

The a n t h o c y a n i n s a r e so l a b i l e t h a t w i t h i n f i v e m i n u t e s o f 

p a r t i a l h y d r o l y s i s o n l y one o r two s i m p l e components are l e f t . An 

u n d e r s t a n d i n g o f l a b i l i t y and c o m p l e x i t y was a i d e d g r e a t l y e i t h e r because 

o f the d r y i n g o v e r P2O5 o r the p e r i o d o f s t o r a g e p r i o r t o the chromato

graphy r e s u l t e d i n m i l d p a r t i a l h y d r o l y s i s o f the a n t h o c y a n i n i s o l a t e s . 

I t i s v e r y l i k e l y t h a t a n t h o c y a n i n s p o s s e s s a n o v e l type o f ' g l u c o s i d i c ' 

l i n k a g e because the s p l i t t i n g o c c u r s , n o t w i t h s t a n d i n g the m i l d c o n d i t i o n s 

o f h a n d l i n g . The ease o f s p l i t t i n g i n d i c a t e s t h a t the s p l i t t i n g must 

have o c c u r r e d even d u r i n g the p r e p a r a t i o n o f o r i g i n a l e x t r a c t s f o r the 

p r e p a r a t o r y chromatography. T h i s v i e w i s s u b s t a n t i a t e d by the r e s u l t s 

d e s c r i b e d i n t h i s s e c t i o n . F o r i n s t a n c e , i t i s e s t a b l i s h e d t h a t the 

c y a n i d i n d e r i v a t i v e s o f the band B (a m i x t u r e o f c y a n i d i n and p e o n i d i n 

d e r i v a t i v e s ) a r i s e as a r t e f a c t s o f the band A. S i m i l a r l y , s e v e r a l 
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c y a n i d i n components o f the bands A, B, F and G g i v e Rf v a l u e s i n BAW a t 

the Rf v a l u e r e g i o n o f the band DE. I t i s f o r t h i s r e a s o n t h a t the 

c o n c e n t r a t i o n o f the band DE i n c r e a s e s and t h a t o f the o t h e r bands 

d e c r e a s e s f o l l o w i n g s t o r a g e o f the e x t r a c t s , and the bands DE o r 5 emerge 

as the major bands. I t i s t h e r e f o r e c l e a r t h a t the bands o b t a i n e d i n 

the p r e p a r a t o r y chromatography do not r e p r e s e n t the i n v i v o s t a t e o f 

a n t h o c y a n i n s . 

The e x t r e m e l y l a b i l e g l y c o s y l l i n k a g e s o f b a r l e y a n t h o c y a n i n s 

c o n t r a s t s h a r p l y w i t h the e x t r e m e l y h a r d - t o - h y d r o l y s e l i n k a g e s o f 

C - g l y c o s y l f l a v o n o i d s o f b a r l e y , namely, s a p o n a r i n , l u t o n a r i n and i t s 

3-methyl e t h e r . Thus, i f g l y c o s y l a t i o n o c c u r s f o l l o w i n g the b i o s y n t h e s i s 

o f Cg-C^-Cg m o i e t y , the pathways o f g l y c o s y l a t i o n , i n the two c a s e s , must 

be d i f f e r e n t . 

The f a s t - m o v i n g a n t h o c y a n i n s (see Sec. 5, 7 and 2 2 ) , e x c e p t 

the two weak bands K and L, were not r e c o v e r e d . The f a c i l e t r a n s f o r m a t i o n 

of the bands K and L t o slow-moving a n t h o c y a n i n s i n d i c a t e s t h a t the 

absence o f the f a s t - m o v i n g a n t h o c y a n i n s b o t h from the l e a f s h e a t h and 

c a r y o p s e s e x t r a c t s , may be due t o the i n a d e q u a c i e s o f the t e c h n i q u e s 

r a t h e r t h a n doe t o d i f f e r e n c e s i n development o r e n v i r o n m e n t . A c c o r d i n g 

t o t h i s v i e w t h e n , the a n t h o c y a n i n s c h a r a c t e r i z e d i n t h i s s e c t i o n a r e 

l i k e l y the i n v i t r o a r t e f a c t s o f the f a s t - m o v i n g a n t h o c y a n i n s . However, 

s e v e r a l d i s c o n c e r t i n g f e a t u r e s o f the f a s t - m o v i n g a n t h o c y a n i n s are 

d i s c u s s e d and t h e y r e m a i n to be r e s o l v e d . 

T o t a l s t u d y i n d i c a t e s t h a t some o f the slow-moving a n t h o c y a n i n s 

a r e the a r t e f a c t s of the f a s t - m o v i n g a n t h o c y a n i n s , and a few o f the slow-

moving a n t h o c y a n i n s are the a r t e f a c t s o f the o t h e r slow-moving a n t h o 

c y a n i n s e.g., the o r i g i n o f the c y a n i d i n d e r i v a t i v e s o f the band 3: 
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the a r t e f a c t p r o d u c t i o n must have o c c u r r e d d u r i n g f l a s h e v a p o r a t i o n 

and s t o r a g e o f the c o n c e n t r a t e d e x t r a c t s . The o b s e r v a t i o n s emphasize 

the need f o r a p p r a i s a l o f f a c t o r s a f f e c t i n g a n t h o c y a n i n s t a b i l i t y 

(see Sees. 23 and 2 4 ) . 



4 5 9 

PROCEDURES DEVELOPED FOR THE STUDY OF 
PEDIGREE STOCKS 

(SECTIONS 20 t o 22) 

F o l l o w i n g the c h a r a c t e r i z a t i o n o f a n t h o c y a n i n s , d e s c r i b e d 

i n S e c t i o n 19, the c h a r a c t e r i z a t i o n o f p a r e n t a l and h y b r i d a n t h o c y a n i n s 

was u n d e r t a k e n . The r e s u l t s o f t h i s work w i l l be c o m p i l e d a t a l a t e r 

d a t e . I n t h i s s e c t i o n , however, t h r e e new methods t o a i d the s t u d y 

o f p e d i g r e e s t o c k s a r e p r e s e n t e d . 
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PROCEDURES DEVELOPED FOR THE STUDY OF 
PEDIGREE STOCKS 

20. MICROTECHNIQUES FOR HYDROLYZING AND CHARACTERIZING ANTHOCYANINS 
ON PAPERGRAMS FOR THE STUDY OF BARLEY HYBRIDS 

In o r d e r t o f a c i l i t a t e c o m p a r i s o n s o f a n t h o c y a n i n s o b t a i n e d 

f r o m h y b r i d s and t h e i r c o r r e s p o n d i n g p a r e n t s , a t e c h n i q u e o f p a r t i a l and 

complete h y d r o l y s i s o f a n t h o c y a n i n s on the paper and a c l a m p i n g 

t e c h n i q u e * was d e v e l o p e d t o a i d i n c h a r a c t e r i z i n g t he h y d r o l y z e d p r o d u c t s . 

The t e c h n i q u e s e f f e c t e d immense s a v i n g o f time and h e l p e d t o a v o i d t h e 

i n s t a b i l i t y p roblems a s s o c i a t e d w i t h e l u t i o n . The e a r l i e r t e c h n i q u e s 

a s s o c i a t e d w i t h i d e n t i f i c a t i o n o f a n t h o c y a n i n s and a n t h o c y a n i d i n s 

d i r e c t l y on paper ( w i t h o u t e l u t i o n ) , ( a ) by sewing ( S e c . 13) and ( b ) by 

s p e c t r a l a n a l y s i s ( S e c . 14) were g r e a t l y e x t e n d e d . 

D i r e c t h y d r o l y s i s on the paper has been c a r r i e d out w i t h 

* C l a m p i n g T e c h n i q u e has a l s o been used by S c h l o g l and 
S i e g e l ( 1 9 5 3 ) : see L e d e r e r and L e d e r e r , p. 129. 
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compounds t h a t h y d r o l y z e e a s i l y w i t h enzymes ( C h a r g a f f and Kream, 1952; 

W i l l i a m s and Bevenue, 1951). However, d i r e c t h y d r o l y s i s on the paper 

w i t h a c i d i c r e a g e n t s p r e s e n t s two major d i f f i c u l t i e s , the f i r s t b e i n g the 

need t o s i m u l a t e a l i q u i d s t a t e on the paper and the second b e i n g t o 

a v o i d t h e p a s t i n e s s and f r a n g i b i l i t y o f the paper a s s o c i a t e d w i t h a c i d 

h y d r o l y s i s . The f i r s t p r o b l e m was r e s o l v e d by the a d d i t i o n o f g l y c e r o l 

t o the h y d r o l y t i c r e a g e n t and by c a r r y i n g out the h y d r o l y s i s i n a 

s p e c i a l l y d e s i g n e d h y d r o l y s i s chamber. G l y c e r o l , because o f i t s h i g h 

b o i l i n g p o i n t , e f f e c t s the h y d r o l y s i s q u i c k l y . The second d i f f i c u l t y 

was overcome by h a r d e n i n g the chromatopaper p r i o r t o r e c h r o m a t o g r a p h y by 

a c l a m p i n g t e c h n i q u e . 

The v a l u e o f the t e c h n i q u e i n a l a r g e s c a l e c h a r a c t e r i z a t i o n 

w i l l be i l l u s t r a t e d b r i e f l y u s i n g the spermoderm e x t r a c t s o f a h y b r i d , 

33-B1B1-13 u? x B l a c k H u l l e s s $ (Greenhouse C o l l e c t i o n 441.) and the 

c o l o r e d p a r e n t , B l a c k H u l l e s s (Greenhouse C o l l e c t i o n 456) and s e v e r a l 

o t h e r f l a v o n o i d g l y c o s i d e s a v a i l a b l e c o m m e r c i a l l y . 

20.1. AN APPARATUS AND TECHNIQUE FOR HYDROLYSIS 

The h y d r o l y s i s chamber ( F i g . 20.1) u t i l i z e d a p y r e x t r a y 

( 1 8 " x 12" x 2%") the r i m of w h i c h was e t c h e d w i t h carborundum powder 

and g l y c e r o l a g a i n s t a l i d o f m i r r o r g l a s s ( 1 8 % " x 12%" x %")» w i t h a 

t o - a n d - f r o movement so t h a t the l i d was a l s o e t c h e d u n i f o r m l y a t l e a s t 

an i n c h wide around i t s p e r i m e t e r . A frame, 14%" x 8" x 1%", was co n 

s t r u c t e d o f p y r e x g l a s s r o d s . T h i r t e e n removable g l a s s r o d s 10%" l o n g 
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F i g . 20.1. 
Apparatus for hydrolyzing anthocyanins and r e l a t e d glycosides on chromato
paper . 

were placed 1" apart across* the frame to serve as a bed for supporting 

chromatopaper. The rods were kept in place by small glass stops fused 

to the l o n g i t u d i n a l bars of the bed. A layer or two of pyrex glass wool 

was l a i d on the f l o o r of the tray and the bed placed on top. The glass 

wool and the glass rods are t h i n l y sprayed with N HCl, p r i m a r i l y , to 

prevent s t i c k i n g of the paper to the bed after the h y d r o l y t i c operation. 

Chromatograms developed on Whatman paper No. 3 showing several 

anthocyanin bands ( F i g . 20.lj see also F i g . 20.3) are sprayed l i b e r a l l y 

with a h y d r o l y t i c reagent c o n s i s t i n g of 3N HCl and g l y c e r o l (3:1,v/v), 

and placed on the glass bed. The tray rim as well as the etched surface 

*0n the basis of subsequent experiences, the cross rods were 
dispensed with because they cause interference in the detection of 
c o l o r l e s s compounds. Instead, several glass rods 16" long were placed at 
equal distances across the bed but along the length of the bed as shown 
in F i g . 20.1. 
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o f the g l a s s l i d a r e smeared w i t h Dow C o r n i n g h i g h vacuum s i l i c o n e g r e a s e . 

The l i d i s s e a l e d t i g h t l y and the h y d r o l y s i s chamber i s p l a c e d i n an oven 

a t 110°C f o r 30-45 m i n u t e s f o r c o m p lete h y d r o l y s i s or f o r a few m i n u t e s f o r 

p a r t i a l h y d r o l y s i s . 

A f t e r h y d r o l y s i s , the bed a l o n g w i t h the chromatogram i s removed 

from the chamber c a r e f u l l y and p l a c e d on a h o t p l a t e a t low t e m p e r a t u r e 

( c a . 80°). The w i d t h of hot p l a t e s h o u l d be s m a l l e r than the w i d t h o f the 

bed so t h a t the frame ( n o t the l e g s ) are i n d i r e c t c o n t a c t w i t h s u r f a c e of 

the hot p l a t e . The t r a n s f e r e n c e o f the bed t o the h o t p l a t e i s p e r f o r m e d 

c a r e f u l l y because the paper a t t h i s s t a g e i s p a s t y and f r a n g i b l e . I n the 

c o u r s e of the low t e m p e r a t u r e d r y i n g , the paper i s h a r d e n e d but must be 

h a n d l e d w i t h c a r e . G l y c e r o l , because of i t s h i g h b o i l i n g p o i n t and h y g r o 

s c o p i c n a t u r e keeps the paper m o i s t even a f t e r h a r d e n i n g , and thus r e d u c e s 

the f r a n g i b i l i t y o f the p a p e r . 

As soon as the paper i s h ardened, and t h i s g e n e r a l l y t a k e s 15 

t o 30 m i n u t e s , s e v e r a l band segments o f e q u a l s i z e s ( s e e l a t e r ) a r e e x c i s e d 

u s i n g m e t a l t e m p l a t e s . The e x c i s e d segments a r e chromatographed by a 

c l a m p i n g t e c h n i q u e d e s c r i b e d n e x t . 

20.2. CLAMPING TECHNIQUE 

The paper segments c a r r y i n g the h y d r o l y z e d a n t h o c y a n i n s , des

p i t e the h a r d e n i n g o p e r a t i o n a t low t e m p e r a t u r e , r e q u i r e s k i l l f u l h a n d l i n g 

f o r r e c h r o m a t o g r a p h y i n d i f f e r e n t s o l v e n t s by the s e w i n g t e c h n i q u e d e s c r i b e d 

e a r l i e r ( S e c . 1 3 ) . I f the band segment i s s t i t c h e d t i g h t l y t o s e c u r e 

i n t i m a t e a d p o s i t i o n , the paper c r u m b l e s . The d i f f i c u l t y was r e s o l v e d by 

c l a m p i n g , i n s t e a d of s e w i n g , the band segments t o new chromatopaper. I t 
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may be added i n p a s s i n g t h a t c l a m p i n g as a t e c h n i q u e has been used by 

o t h e r w o r k e r s ( s e e L e d e r e r and L e d e r e r , 1957, p. 129), but the c l a m p i n g as 

d e s c r i b e d below i s s i m p l e , and meets the needs o f t h i s work. 

The equipment c o n s i s t s o f 1" l o n g t e f l o n c l amps*, and an a s s o r t 

ment o f 0.1" t h i c k g l a s s s l i d e s ( m i c r o s c o p i c s l i d e s a r e u n s u i t a b l e ) , w i t h 

b u f f e d edges, i n the f o l l o w i n g s i z e s : 

7/16/* x 3" 10/16" x 3" 
7/16" x 4" 10/16" x 4" 
7/16" x 5" 10/16" x 5" 

D i f f e r e n t methods of c l a m p i n g a n t h o c y a n i d i n and a n t h o c y a n i n 

band segments a r e shown i n F i g . 20.2: A, B, and C. I f t h e pigment i n the 

band segment i s s t r o n g , o n l y one band i s clamped. However, when t h e p i g 

ment i s weak, up t o 4 band, segments of e q u a l s i z e , h a l f below and h a l f 

above the new chromatosheet (Whatman paper No. 3) a r e clamped so t h a t 

t h e y a r e u n i f o r m l y o p p o s i t e one a n o t h e r . The u n i f o r m i t y i s f a c i l i t a t e d by 

p e r f o r m i n g the o p e r a t i o n a g a i n s t a l i g h t s o u r c e a f t e r m o i s t e n i n g the g l a s s 

s l i d e s s l i g h t l y w i t h a p p r o p r i a t e s o l v e n t . U n i f o r m and i n t i m a t e c o n t a c t o f 

the band segments w i t h t h e paper i s e s s e n t i a l f o r maximum r e s o l u t i o n . 

The i n t i m a t e c o n t a c t o f u n h y d r o l y s e d a n t h o c y a n i n band segments, 

w i t h f r e s h chromatopaper i s b e t t e r a c h i e v e d i n a n o t h e r way. U s u a l l y a 

3/8" x 1" band i s c u t out w i t h a t e m p l a t e , f o l d e d i n h a l f a l o n g i t s l e n g t h , 

w i t h s m a l l i n c i s i o n s , a p p r o x i m a t e l y l / 8 f , l o n g , made a t e i t h e r end of the 

f o l d as shown i n F i g . 20.2. A s l i t , a p p r o x i m a t e l y 14/16V, i s c u t a c r o s s 

the s t a r t i n g l i n e o f the chromatography paper so t h a t i t i s e q u i d i s t a n t 

*The t e f l o n clamps d i s t r i b u t e d by C a l i f o r n i a L a b o r a t o r y E q u i p 
ment Co., 1717, 5 t h S t r e e t , B e r k l e y , C a l i f . , U.S.A., C a t a l o g u e No. 103, 
p o s s e s s a p p r o p r i a t e t e n s i o n and are most s u i t a b l e f o r the p u r p o s e . 
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Anthocyanin band 
segments 

F i g . 20.2 
Methods o f c l a m p i n g a n t h o c y a n i n and a n t h o c y a n i d i n bands t o f r e s h 
c h r o m a t o p a p e r . 

f r o m e i t h e r s i d e o f the chromatopaper. The f o l d e d a n t h o c y a n i n band i s 

pushed t h r o u g h the s l i t so t h a t the f o l d e d s u r f a c e s a r e on o p p o s i t e s i d e s 

o f t he chromatography p a p e r . The i n c i s i o n s on the f o l d a r e d o v e t a i l e d 

i n t o t he ends o f the s l i t t o s e c u r e the band on the s t a r t i n g l i n e . A 

p a i r o f s l i d e s a r e the n clamped on t o s e c u r e u n i f o r m c o n t a c t o f b o t h the 

f o l d s t o the chromatography p a p e r . 

I t i s e s s e n t i a l t h a t a n t h o c y a n i n band segments o b t a i n e d from 

Whatman paper No. 3 be clamped t o Whatman paper No. 3, and band segments 

from Whatman paper No. 1 t o Whatman paper No. 1 f o r r e c h r o m a t o g r a p h y . 

D u r i n g chromatography, the band segments and the chromatopaper 

s w e l l , when the i r r i g a t i o n s o l v e n t p a s s e s beyond the s t a r t i n g l i n e . The 

t e f l o n c lamps, b e i n g f l e x i b l e , a c t l i k e s p r i n g s and expand t o accommodate 
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t h e s w e l l i n g p a p e r . The p r e s s u r e g e n e r a t e d I n the s w e l l i n g paper a g a i n s t 

the g l a s s s l i d e s i s s u f f i c i e n t t o c r a c k the s l i d e s , i n t h e m i d d l e , d u r i n g 

chromatography, i f e l a s t i c bands or o t h e r means of c l a m p i n g a r e used but 

n o t when the f l e x i b l e t e f l o n clamps are used. Through the f l e x i b i l i t y o f 

t h e t e f l o n c l a m p s , an even p r e s s u r e i s a c h i e v e d t h r o u g h o u t the s u r f a c e s of 

c o n t a c t between the band and t h e p a p e r . Of t h e t h r e e p o s s i b l e ways o f 

c l a m p i n g shown i n F i g . 20.2:A, B, and C, the c r o s s - c l a m p i n g u s i n g o n l y one 

p a i r of c l a m p s , as shown i n B, g i v e s optimum f l e x i b i l i t y and u n i f o r m c o n 

t a c t and hence b e s t r e s u l t s . 

20.3. THE TECHNIQUE IN USE 

The t e c h n i q u e as used on comparing the h y b r i d a n t h o c y a n i n 

bands (Greenhouse C o l l e c t i o n 441) w i t h t h o s e of the c o r r e s p o n d i n g c o l o r e d 

p a r e n t (Greenhouse C o l l e c t i o n 456) i s i l l u s t r a t e d i n F i g . 20.3: chroma

tograms A t o I . The chromatogram A ( C o l l e c t i o n 456) shows a t l e a s t 10 

a n t h o c y a n i n s and the chromatogram F ( C o l l e c t i o n 441) about 8 a n t h o c y a n i n s . 

I n t h e i n t e r e s t of b r e v i t y , the c o m p a r a t i v e chromatography of o n l y t h e 

Band No. 1 i n a few s o l v e n t s w i l l be p r e s e n t e d . I n o r d e r t o d e t e r m i n e the 

c o r r e s p o n d e n c e o f the p a r e n t a l and h y b r i d a n t h o c y a n i n s , a p o r t i o n of each 

a n t h o c y a n i n band was e x c i s e d and chromatographed by c l a m p i n g i n d i f f e r e n t 

a n t h o c y a n i n s o l v e n t s ( T a b l e 1 0 . 1 1 ) . The r e s u l t s f r o m band No. 1 of 

C o l l e c t i o n s 456 and 441 i n t h e HAc-HCl s o l v e n t a r e shown i n Chromatogram B 

and G r e s p e c t i v e l y . I n b o t h c a s e s , band No. 1 y i e l d s a major a n t h o c y a n i n 

Rf0.32 and t h r e e weak a n t h o c y a n i n t r a i l s . The s p o t No. 1, i n b o t h the 

c a s e s a r e , t h e r e f o r e , i d e n t i c a l . The chromatogram A was h y d r o l y z e d f o r 

about 15 m i n u t e s and the chromatogram F, f o r about 40 m i n u t e s i n the 
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F i g . 20.3 
P a r t i a l and complete 
hydrolysis technique as 
used in a comparison of 
spermoderm pigments in 
Black Hulless ( C o l l e c t i o n 
456) and i t s hybrid with 
33-B1B1-13, ( C o l l e c t i o n 
441). NlN, anthocyanin. 
DIN, anthocyanidin. 

:-HCi HAc-HC F M S I O I F A - H O B A * HAc-HCl HAc-HCl Ft 

PfeDOFOtorji "1 

456 1-456 1-456 1-456 1-456 44 1-441 1-441 1-441 

NIN DIN DIN 

hydrolysis chamber. The r e s u l t s of only the band No. 1 aft e r chromato

graphy by clamping in the HAc-HCl, Forestal (Table 17.1) and Formic acid 

-4NHC1 (1:1) solvents are shown in F i g . 20.3. Whereas the band No. 1/441 

(chromatograms H and I) shows complete hydrolysis to the parent aglycone, 

cyanidin, the band No. 1/456 (chromatograms C, D and E) shows only p a r t i a l 

hydrolysis. It may be added that the Rf values given by clamping technique 

following hydrolysis are within acceptable l i m i t s of accuracy. Using 

these techniques, a great many comparisons of hybrid and parental antho

cyanins have been made. 

The hydrolysis and clamping techniques, in addition, were used 
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s u c c e s s f u l l y w i t h s e v e r a l f l a v o n o i d g l y c o s i d e s such as a p i g e n i n - 7 - g l u c o s i d e , 

q u e r | c i t r i n , and r u t i n . 

20.4. DISCUSSION 

The ease w i t h w h i c h a n t h o c y a n i n s and o t h e r f l a v o n o i d g l y c o s i d e s 

can be h y d r o l y s e d and c h a r a c t e r i z e d by the t e c h n i q u e o f h y d r o l y s i s on 

paper g r e a t l y e x t e n d s the u s e f u l n e s s o f paper chromatography. I n s t u d y i n g 

the f l a v o n o i d g l y c o s i d e s o f b a r l e y , w h i c h a r e many, t h e ease and r a p i d i t y 

o f t he t e c h n i q u e s c a n n o t be s t r e s s e d t oo h i g h l y . Thus, i f 15 g l y c o s i d e s 

a r e p r e s e n t p er chromatogram, and t h r e e chromatograms a r e h y d r o l y s e d a t a 

t i m e , t h e h y d r o l y s i s o f 45 g l y c o s i d e s may be e f f e c t e d w i t h i n an h o u r . The 

h y d r o l y s e d g l y c o s i d i c bands, a f t e r e x c i s i o n , may be chromatographed r i g h t 

away i n s e v e r a l s o l v e n t s . The t e c h n i q u e c i r c u m v e n t s many of the problems 

posed by the g e n e r a l i n s t a b i l i t y o f f l a v o n o i d s because e l u t i o n , f l a s h 

e v a p o r a t i o n , h y d r o l y s i s i n s o l u t i o n , as s t e p s i n p r o c e s s i n g , a r e e l i m i n a t e d . 

The a m e n a b i l i t y o f t h e t e c h n i q u e t o p a r t i a l h y d r o l y s i s o f 

a n t h o c y a n i n s on paper e x t e n d s i t s v a l u e i n d e t a i l e d i d e n t i f i c a t i o n work. 

However, s t r i n g e n t l y r e p r o d u c i b l e c o n d i t i o n s f o r c o n t r o l l e d p a r t i a l 

h y d r o l y s i s w i l l have t o be e s t a b l i s h e d . F o r i n s t a n c e , t h e time r e q u i r e d 

f o r t h e h a r d e n i n g o p e r a t i o n , a t low t e m p e r a t u r e , i s n o t u n i f o r m : chroma

tograms, w h i c h a r e s p r a y e d l i b e r a l l y w i t h the h y d r o l y t i c r e a g e n t r e q u i r e 

a l o n g e r p e r i o d o f time f o r h a r d e n i n g . Longer the p e r i o d o f time r e q u i r e d 

f o r h a r d e n i n g , the g r e a t e r w i l l be the h y d r o l y s i s . 

The h y d r o l y t i c r e a g e n t r e m a i n s s t a b l e f o r a l o n g t i m e . The., 

s t r e n g t h o f a c i d i n the r e a g e n t may be a d j u s t e d t o s u i t t he r e q u i r e m e n t s . 

The d e t e r m i n a t i o n o f R f v a l u e s by sewing ( S e c . 1 3 ) , or clamp-
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i n g ( S e c . 2 0 . 2 ) , the measurements of s p e c t r a l c h a r a c t e r i s t i c s of a n t h o 

c y a n i n s and a n t h o c y a n i d i n s d i r e c t l y on the paper ( S e c . 14) and f u r t h e r 

c h a r a c t e r i z a t i o n of a n t h o c y a n i n s by p a r t i a l and c o m p lete h y d r o l y s i s on 

the p a p e r , as shown i n t h i s s e c t i o n , g r e a t l y enhance the ease w i t h w h i c h 

c o m p a r a t i v e s t u d i e s can be c a r r i e d o u t . The t e c h n i q u e s were e x t e n s i v e l y 

used i n d e t e r m i n i n g q u i c k l y t h e c o r r e s p o n d e n c e of one pigment band t o 

a n o t h e r pigment band, because, a t s e v e r a l o c c a s i o n s , the r e s o l u t i o n o f 

a n t h o c y a n i n s i n the p r e p a r a t o r y chromatography ( S e c . 10) of c r u d e p l a n t 

e x t r a c t s i s v a r i a b l e . 

20.5. SUMMARY 

A micro-method f o r c a r r y i n g out a c i d i c h y d r o l y s i s of a n t h o 

c y a n i n and r e l a t e d f l a v o n o i d g l y c o s i d e s was d e v e l o p e d t o a i d h y b r i d and 

p a r e n t a l pigment c o m p a r i s o n s i n c o n j u n c t i o n w i t h the t e c h n i q u e s d e s c r i b e d 

i n S e c t i o n s 13 and 14. The h y d r o l y s i s on paper poses two major p r o b l e m s , 

namely, a c c o m p l i s h i n g a s u s t a i n e d l i q u i d s t a t e on the paper f o r q u i c k e r 

h y d r o l y s i s and c o n t r o l l i n g the f r a n g i b i l i t y o f the paper f o l l o w i n g the h y d r o 

l y s i s . The l i q u i d s t a t e i s a c c o m p l i s h e d by the a d d i t i o n of g l y c e r o l t o 

t h e h y d r o l y t i c r e a g e n t , and t h e f r a n g i b i l i t y of the paper i s c o n t r o l l e d 

b o t h by a h a r d e n i n g o p e r a t i o n p r i o r t o chromatography, and by c a r r y i n g 

o u t chromatography by a c l a m p i n g t e c h n i q u e . The h y d r o l y s i s i s c a r r i e d out 

i n a s p e c i a l l y d e s i g n e d chamber. 

A l a r g e number o f f l a v o n o i d g l y c o s i d e s a p p e a r i n g on a p r e p a r a 

t o r y chromatogram, and i n f a c t s e v e r a l such chromatograms, a r e h y d r o l y s e d 

i n the chamber w i t h i n an h o u r . Hence, e l u t i o n , and h y d r o l y s i s i n s o l u t i o n , 

o f each g l y c o s i d e s e p a r a t e l y a r e e l i m i n a t e d : an immense s a v i n g of t i m e , 

i n d e e d . 
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PROCEDURES DEVELOPED FOR THE 
STUDY OF PEDIGREE STOCKS 

21. A METHOD FOR COLOR CLASSIFICATION 
OF BARLEY ALEURONE LAYERS 

A l t h o u g h the g e n e t i c s of c o l o r i n b a r l e y k e r n e l s has been 

e x t e n s i v e l y i n v e s t i g a t e d , t h e r e s u l t s l a c k u n i f o r m i t y ( s e e r e v i e w s : 

S m i t h , 1951; N i l a n , 1964). S m i t h ( i b i d . ) f e l t t h a t t h e v a r i a b i l i t y i n 

r e s u l t s was a s c r i b a b l e t o the d i f f i c u l t i e s i n a c c u r a t e d i s t i n c t i o n o f 

p e r i c a r p c o l o r owing t o the su p e r i m p o s e d glume c o l o r , and recommended the 

use o f naked v a r i e t i e s f o r c o l o r a n a l y s i s . B u c k l e y ( 1 9 3 0 ) , i n o r d e r t o 

make c o l o r c l a s s i f i c a t i o n "more n e a r l y c o r r e c t , " used naked s t r a i n s o f 

b a r l e y . 

Dependable g e n e t i c c l a s s i f i c a t i o n o f a l e u r o n e c o l o r may n o t be 

a c h i e v e d even by the use of naked v a r i e t i e s f o r t h r e e p r i n c i p a l r e a s o n s : 

( a ) H a r l a n (1914) o b s e r v e d t h a t " t h e c o l o r o f a l e u r o n e i s i n f l u e n c e d t o a 

v e r y h i g h degree by c l i m a t i c c o n d i t i o n s . I t i s v e r y d i f f i c u l t t o 
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s e p a r a t e b l u e a l e u r o n e s from w h i t e I n k e r n e l s p r o d u c e d under humid c o n d i 

t i o n s e s p e c i a l l y i f the b l u e c o l o r i s of low i n t e n s i t y . Under a r i d 

c o n d i t i o n s , s e p a r a t i o n s o f b l u e and w h i t e c o l o r s a r e e a s i l y made, and h e r e 

i t i s even p o s s i b l e t o d i s t i n g u i s h even t h r e e or f o u r shades of b l u e , " 

( a l s o see Wiebe and R e i d , 1961). ( b ) O b s e r v a t i o n s made by the w r i t e r on 

many c o l o r a n t s o f b a r l e y ( S e c . 4) by v i s u a l e x a m i n a t i o n of a l e u r o n e s 

a f t e r l a b o r i o u s l y p e e l i n g o u t e r t i s s u e s ( S e c . 3) r e v e a l t h a t a l e u r o n e 

p o s s e s s e s s e v e r a l shades o f c o l o r s u n t i l l a t e h a r d dough s t a g e ( S e c . 4 ) . 

Cream c o l o r e d a l e u r o n e t i s s u e s may become r e d , owing t o t h e p r e s e n c e of 

a n t h o c y a n i n pseudo b a s e s , i n s e v e r a l c a s e s on e x p o s u r e t o a c i d ( T a b l e 4 . I V ) . 

Thus, t h o s e a l e u r o n e s , w h i c h a r e p o t e n t i a l l y a n t h o c y a n o g e n e t i c , may be 

c l a s s i f i e d e r r o n e o u s l y as a n t h o c y a n i n - f r e e . Deep, or d a r k o l i v e b u f f , 

v e t i v e r g r e e n and s e r p e n t i n e g r e e n a l e u r o n e s ( S e c . 4.3.2.8, Appendix: 

T a b l e s 27.1 t o 27.XX), w h i c h s i m u l a t e b l u e a n t h o c y a n i n c o l o r s of a l e u r o n e , 

may d e v e l o p much t o no a n t h o c y a n i n s , when t e s t e d w i t h a c i d . Thus, t h e r e 

i s a p o s s i b i l i t y t h a t a l e u r o n e s , w h i c h i n f a c t may n o t c o n t a i n a n t h o c y a n i n s , 

b u t , w h i c h seem t o be a n t h o c y a n o g e n e t i c by s u r f a c e e x a m i n a t i o n , may be 

c l a s s i f i e d e r r o n e o u s l y as a n t h o c y a n i n - c o n t a i n i n g . ( c ) The t r a n s i e n t 

appearance o f a n t h o c y a n i n s i n spermoderm and a l e u r o n e t i s s u e s ( S e e s . 

4.3.2.7, and 4.3.2.8) c r e a t e s f u r t h e r problems i n g e n e t i c c l a s s i f i c a t i o n . 

A n t h o c y a n i n s do appear i n t h e s e t i s s u e s , y e t t h e y may n o t be d e t e c t e d 

because o f the s u p e r i m p o s e d p i g m e n t e d or non-pigmented t i s s u e s . 

Thus, i n o r d e r t o ( a ) s u b s t a n t i a t e H a r l a n ' s ( l o c . c i t . ) 

o b s e r v a t i o n s of the i n f l u e n c e o f e n v i r o n m e n t s on the e x p r e s s i v i t y of 

c o l o r i n t h e a l e u r o n e , ( b ) p r o v i d e a dependable b a s i s o f g e n e t i c c l a s s i 

f i c a t i o n o f a l e u r o n e , ( c ) s t u d y t h e p r o b a b l e appearance and d i s a p p e a r a n c e 

o f a l e u r o n e pigments d u r i n g development ( S e c . 4.3.2.8) and ( d ) g a i n an 
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u n d e r s t a n d i n g o f t h e p h y s i o l o g i c a l f u n c t i o n s , and economic r o l e o f t h e 

a l e u r o n e l a y e r , i t i s e s s e n t i a l t h a t t h e a l e u r o n e l a y e r must be a c c e s s i b l e 

t o d i r e c t v i s u a l and b i o c h e m i c a l e x a m i n a t i o n . 

The d i r e c t a c c e s s i b i l i t y o f t h e d i f f e r e n t t i s s u e s o f b a r l e y t o 

p h y s i c a l and c h e m i c a l e x a m i n a t i o n was f i r s t made p o s s i b l e by the p e e l i n g 

t e c h n i q u e ( S e c * 3 ) . However, t h e t e c h n i q u e i s o f l i m i t e d u s e f u l n e s s 

because o f the heavy l a b o r i n p u t and because i t cannot be used a f t e r h a r d 

dough s t a g e . To f o l l o w pigment p h y s i o l o g y i n a l e u r o n e t i s s u e s a f t e r h a r d 

dough s t a g e ( S e c . 6 ) , and t o c l a s s i f y mature and dough s t a g e a l e u r o n e 

pigments dependably, a n o t h e r method was d e v e l o p e d l a t t e r l y , and i s 

d e s c r i b e d below. 

21.1. BACKGROUND OF THE METHOD 

The p u r p l e v a r i e t y , B l a c k H u l l e s s , i s r i c h i n a n t h o c y a n i n s i n 

spermoderm and a l e u r o n e l a y e r s : t he a n t h o c y a n i n s i n spermoderm a re r e d 

( f l a v y l i u m s a l t s t a t e ) , and i n a l e u r o n e b l u e ( a n h y d r o base s t a t e ) . The 

s t u d i e s d e s c r i b e d i n S e c t i o n 6 i n d i c a t e d t h a t when t h e i n t a c t d e v e l o p i n g 

seed o f B l a c k H u l l e s s a r e p l a c e d i n a c i d i f i e d m e t h a n o l , the a n t h o c y a n i n s 

a r e e x t r a c t e d s e l e c t i v e l y f r o m t h e o u t e r c o v e r i n g s o f the seed, and t h a t 

b l u e a l e u r o n e a n t h o c y a n i n s r e m a i n _in s i t u even a f t e r s i x y e a r s o f 

s t a n d i n g i n a c i d i f i e d m e t h anol ( S e c . 6 . 4 . 2 . c ) . 

The s e l e c t i v e e x t r a c t i o n i s a t t r i b u t a b l e t o t h e o u t e r c o v e r i n g s 

( p e r i c a r p , spermoderm) o f b a r l e y c a r y o p s e s , w h i c h a r e semi-permeable t o 

common m i n e r a l a c i d s (Brown, 1907; C o l l i n s , 1918). Brown ( i b i d . ) 

b e l i e v e d t h a t the s e m i p e r m e a b i l i t y was due t o the n u c e l l a r e p i d e r m i s ( s e e 

F i g s . 3.1, 3.3 and 3.7), whereas C o l l i n s (1918) m a i n t a i n e d t h a t i t was 



473 

a s s o c i a t e d p r i m a r i l y , w i t h the tegmen. The s e a t of s e m i - p e r m e a b i l i t y 

does n o t appear t o have been p r e c i s e l y d e t e r m i n e d ( s e e Sec. 2 2 ) . 

C o l l i n s ( i b i d . ) , however, d i d e s t a b l i s h t h a t t h e r e was l i t t l e passage of 

w ater t h r o u g h the o u t e r c o v e r i n g s and t h a t a b s o r p t i o n of water o c c u r r e d 

m a i n l y t h r o u g h the s h e a f o f c h a l a z a l c e l l s . Brown (1907) made an o t h e r 

r e l e v a n t o b s e r v a t i o n . He n o t e d t h a t when undamaged g r a i n s o f b l u e 

b a r l e y a r e s t e e p e d i n d i l u t e a c i d i c s o l u t i o n s , a l t h o u g h the c o n t e n t s of 

t h e g r a i n become s o f t and s w o l l e n , the a l e u r o n e c e l l s r e t a i n t h e i r 

o r i g i n a l b l u e c o l o r f o r a t l e a s t a week. However, the seeds on e x t e n d e d 

s t e e p i n g i n a N s u l f u r i c a c i d or N h y d r o c h l o r i c a c i d become r e d w i t h i n a 

p e r i o d r a n g i n g f r o m 7-24 days (Brown, 1909). Thus, t h e i m p e r m e a b i l i t y , 

e i t h e r o f the c o v e r i n g s , or o f t h e a b s o r p t i o n r e g i o n ( c h a l a z a ) , or b o t h , 

i s i m p a i r e d a f t e r about a week when the a c i d , a l o n g w i t h w a t e r , seeps 

t h r o u g h . 

Subba Row, B a i n s , B h a t i a and Subrahmanyan (1953) used 3N 

h y d r o c h l o r i c a c i d f o r c h e m i c a l p e e l i n g o f wheat g r a i n s . P o l l o c k , E s s e r y 

and K i r s o p (1955) used 50% s u l f u r i c a c i d s t e e p i n g f o r r e m o v i n g b a r l e y 

husks as an a i d i n the g e r m i n a t i v e c a p a c i t y t e s t of b a r l e y . Morgan, 

B a r t a and K i l p a t r i c k (1964) used 207. sodium h y d r o x i d e f o r l o o s e n i n g 

wheat b r a n . 

Thus, owing t o the d i f f e r e n t i a l e x t r a c t a b i l i t y of a n t h o c y a n i n s 

as a consequence o f the i m p e r m e a b i l i t y , the a l e u r o n e pigments c o u l d be 

exposed t o d i r e c t p h y s i c a l e x a m i n a t i o n , w i t h o u t any m o d i f i c a t i o n , by 

p e e l i n g the o u t e r c o v e r i n g s c h e m i c a l l y . The 507o s u l f u r i c a c i d r e a g e n t 

o f P o l l o c k e t a l . , ( i b i d . ) was s e l e c t e d f i n a l l y f o r c h e m i c a l p e e l i n g 

because i t does n o t cause any a p p a r e n t p h y s i o l o g i c a l impairment o f the 

seed, and because d i l u t e s u l f u r i c a c i d i s w i d e l y used t o b r e a k the 
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dormancy of h a r d s e e d c o a t s e.g., sweet c l o v e r s and s e v e r a l o t h e r l e g u 

minous s e e d s . H y d r o c h l o r i c a c i d was n o t used because i t r e q u i r e s a 

l o n g e r p e r i o d o f time f o r d e c o r t i c a t i o n and a l s o because i t s e r i o u s l y 

a f f e c t s g e r m i n a b i l i t y . 

21.2. MATERIALS 

F l i n t s t a t e k e r n e l s o f the h u l l - l e s s s t o c k s , namely, 71-Pr P r -

10 ( p u r p l e ) , 7 1 - p r p r-10 ( w h i t e ) , B l a c k H u l l e s s ( p u r p l e ) and G o p a l 

( p u r p l e ) and s t o c k s w i t h h u l l s , 33-B1B1-13 ( b l u e ) , 36-B1B1-21 ( b l u e ) , 

M o n t c a l m ( b l u e ) , T r e b i ( p e c u l i a r b l u e ) , 3 3 - b l b l - 1 3 ( w h i t e ) , 3 6 - b l b l - 2 1 

( w h i t e ) , G o l d e n P h e a s a n t ( w h i t e ) , L i o n ( b l a c k ) and Gatami ( b l a c k ) were 

used. I n one c a s e , d e v e l o p i n g k e r n e l s o f B l a c k H u l l e s s around mid h a r d 

dough s t a g e were a l s o used. 

21.3. CHEMICAL PEELING 

I n a l l c a s e s , 50% s u l f u r i c a c i d was used f o r s t e e p i n g b a r l e y 

k e r n e l s . The h u l l - l e s s f l i n t s t a t e k e r n e l s o f the s t o c k s used as w e l l 

as the young d e v e l o p i n g seeds o f B l a c k H u l l e s s ( i n t a c t w i t h lemma and 

p a l e a ) were s t e e p e d f o r 2 h o u r s , the h u l l e d v a r i e t i e s o t h e r t h a n the 

b l a c k s , f o r 5 hours and the b l a c k v a r i e t i e s f o r about 15 h o u r s . A t t h e 

end o f the s t e e p i n g , the k e r n e l s were washed r e p e a t e d l y w i t h w a t e r ; the 

h u l l s and the o u t e r c o v e r i n g s were removed p a r t i a l l y by s h a k i n g 

v i g o r o u s l y d u r i n g w a s h i n g i n a f l a s k . F i n a l l y , the o u t e r c o v e r i n g s were 

removed and a l e u r o n e s and embryos exposed c o m p l e t e l y by g e n t l e r u b b i n g 

w i t h hands i n r u b b e r g l o v e s . The seeds were d r i e d by s p r e a d i n g over 

paper t o w e l s f o r a few h o u r s . 
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A few of the kernels with exposed aleurones and with i n t a c t 

embryos were allowed to germinate in p e t r i dishes. 

The aleurone colors were c l a s s i f i e d by d i r e c t examination and 

again a f t e r dipping the kernels for about an hour in 1% methanolic HCl. 

21.4. RESULTS 

21.4 . 1 . Chemical Peeling 

Although the periods of 5-hour, and. 2-hour steeping for the 

v a r i e t i e s with and without h u l l s gave t o l e r a b l y good de c o r t i c a t i o n of 

the outer coverings, the black v a r i e t i e s required 15-hour steeping. The 

developing caryopses of Black Hulless (with h u l l s i n t a c t ) required 

much less time, usually 1 to 2 hours, than the mature kernels. The 

r e s u l t s of chemical peeling for only two v a r i e t i e s , Black Hulless (purple) 

and Gatami (black) are shown i n F i g . 21.1. The aleurones of both the 

v a r i e t i e s remained blue a f t e r steeping for a period of 2, and 15 hours, 

r e s p e c t i v e l y , in the s u l f u r i c a c i d . 

It was observed that immediately a f t e r steeping, the outer 

coverings of the purple v a r i e t i e s become red. The acid gradually 

corrodes the outer coverings but i t s s c a r i f y i n g and s o l u b l i z i n g action 

does not reach the aleurone or embryo, both of which remain unaffected. 

The decorticated seeds r e t a i n t h e i r v i a b i l i t y , and germinate in p e t r i 

dishes r e a d i l y even after a 15-hour steep. The red anthocyanins in the 

purple v a r i e t i e s are l o c a l i z e d almost e x c l u s i v e l y in spermoderm. It 

was pointed out i n Section 3, that spermoderm can be peeled apart, around 

soft dough stage, into two layers c o n s i s t i n g probably of tegmen (f a c i n g 
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F i g . 2 1 . 1 

Chemical removal of the outer tissues of barley caryopses to reveal 
aleurone tissue c o l o r s . Grains are of the black v a r i e t y Gatami and the 
purple v a r i e t y Black Hulless before and after treatment. 

the pericarp) and nucellar epidermis (facing the aleurone envelope). It 

is c e r t a i n that the layer facing the pericarp i s pigmented heavily, and 

s u l f u r i c acid acts upon t h i s layer r e a d i l y . Thus i t appears that the 

tegmen i s not impervious to the action of s u l f u r i c acid. These obser

vations therefore support the observations of Brown ( l o c . c_it.) that 

i t may be the nucellar epidermis alone or the nucellar epidermis and the 

aleurone envelope j o i n t l y , that may block the penetration of s u l f u r i c 

acid. It w i l l be i n t e r e s t i n g to determine biochemically, what makes 

the c e l l walls impervious to the a c i d . It was noted that i f the seeds 

are steeped for a shorter period of time, small shreds, probably of the 

nucellar epidermis, remain attached, in s i t u , over the aleurone envelope. 

If the shreds are not completely removed from the blue aleurones during 

the decortication process, the areas of the aleurone covered by the 
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s h r e d s , upon t r e a t i n g w i t h 17„ m e t h a n o l i c H C l , do n o t become r e d . The 

p r e s e n c e o f the s h r e d s , t h e r e f o r e , must be ch e c k e d f o r dependable c l a s s i 

f i c a t i o n o f the a l e u r o n e c o l o r s . The s h r e d s can be removed e a s i l y w i t h a 

tweezer when wet. Work on t h e c h e m o - h i s t o l o g y o f the t i s s u e s m i ght throw 

l i g h t on mechanisms of t i s s u e p e r m e a b i l i t y . 

The c h e m i c a l p e e l i n g worked s a t i s f a c t o r i l y on d e v e l o p i n g as 

w e l l as mature k e r n e l s . The d e v e l o p i n g k e r n e l s , w i t h h u l l s i n t a c t , o f 

B l a c k H u l l e s s around h a r d dough s t a g e r e q u i r e d about 2 t o 3 h o u r s f o r 

d e c o r t i c a t i o n . I t was n o t e d t h a t a l e u r o n e s became h a r d e r a f t e r the s t e e p . 

I f t he s t e e p i n g i s c o n t i n u e d f o r 15 h o u r s , the young a l e u r o n e s become 

f l i n t y o b v i o u s l y because o f d e h y d r a t i o n . However, a f t e r the 15-hour 

s t e e p , the b l u e a l e u r o n e s become s l i g h t l y p u r p l i s h r e d i n d i c a t i n g t h a t 

t h e i m p e r m e a b i l i t y o f the young k e r n e l s i s d e s t r o y e d a t a f a s t e r r a t e 

t h a n t h a t o f the mature k e r n e l s . 

21.4.2. C o l o r C l a s s i f i c a t i o n o f F l i n t y A l e u r o n e T i s s u e s 

The a v a i l a b i l i t y o f a l e u r o n e s on l a r g e s c a l e a f f o r d e d an oppor

t u n i t y t o r e s o l v e ( s e e S a c s . 4, 6, and 9) whether the d e l a y e d development 

o f r e d d i s h c o l o r i n c o l o r l e s s a l e u r o n e s upon exp o s u r e t o 1% m e t h a n o l i c 

H C l c o u l d , i n p a r t , have been due t o l e u c o a n t h o c y a n i n s . The w h i t e 

a l e u r o n e s ( f l i n t s t a t e m a t u r i t y ) o f the i s o l i n e 3 6 - b l b l - 2 1 were p l a c e d i n 

the a c i d i f i e d m ethanol f o r 48 h o u r s . No r e d c o l o r appeared d u r i n g t h i s 

p e r i o d . The s o l v e n t , however, d i d e x t r a c t y e l l o w i s h m a t e r i a l s f r o m the 

a l e u r o n e . Over a p e r i o d o f 48 h o u r s , the wheat c o l o r e d a l e u r o n e s a r e 

almost b l e a c h e d w h i t e . I t was e s t a b l i s h e d from the o b s e r v a t i o n s n o t e d 

i n S e c t i o n 22.2 3 t h a t t r u e l e u c o a n t h o c y a n i n s o f b a r l e y a l e u r o n e do n o t 

change c o l o r i n d i l u t e a c i d , and t h e r e d c o l o r t h a t d e v e l o p s I n the a c i d 
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t r e a t e d a l e u r o n e o f many ' l e u c o or c o l o r l e s s ' v a r i e t i e s must be due t o 

a n t h o c y a n i n s i n the pseudo base or anhydro base s t a t e s ( S e e s . 4, 6 and 

A p p e n d i x ) . 

The a l e u r o n e s o f t h e w h i t e i s o l i n e s 3 6 - b l b l - 2 1 , 3 3 - b l b l - 1 3 , 

7 1 - p r p r - 1 0 were f o u n d t o be u n i f o r m l y w h i t e and showed no s e g r e g a t i o n 

a t f l i n t s t a t e m a t u r i t y , b o t h b e f o r e and f o l l o w i n g t h e a c i d t r e a t m e n t . 

A l t h o u g h the a l e u r o n e s o f the b l a c k v a r i e t y L i o n were g e n e r a l l y w h i t e , 

a l e u r o n e s from a few k e r n e l s d i d show da r k shades, p o s s i b l y t o be d e s i 

g n a t e d as a weak b l u e . Such k e r n e l s were put i n the a c i d i f i e d m ethanol 

f o r 48 h o u r s . A n t h o c y a n i n s d i d n o t d e v e l o p , and a l l a l e u r o n e s were 

b l e a c h e d w h i t e . Thus, the b l a c k v a r i e t y L i o n a l s o p o s s e s s e s a l e u r o n e s 

w h i c h a r e a n t h o c y a n i n - f r e e l i k e t h o s e o f the w h i t e i s o l i n e s . About 

700-1000 seeds of each s t o c k were p e e l e d c h e m i c a l l y and used f o r the 

above o b s e r v a t i o n s . 

The a l e u r o n e s o f t h e b l u e i s o l i n e s 36-B1B1-21, and 33-B1B1-13 

showed a g r e a t d e a l of v a r i a t i o n i n b l u e c o l o r . The a l e u r o n e c o l o r s of 

36-B1B1-21 were a r b i t r a r i l y grouped i n t o f i v e c o l o r c l a s s e s . Of t h e 

604 a l e u r o n e s , w h i c h were o b t a i n e d by c h e m i c a l p e e l i n g , 194 showed good 

b l u e ( C l a s s I ) , 252 medium b l u e ( C l a s s I I ) , 108 s l i g h t l y l e s s b l u e 

( C l a s s I I I ) , 36 near w h i t e ( C l a s s I V ) , and 14 w h i t e ( C l a s s V ) . The 

r ange of b l u e c o l o r v a r i a t i o n i n t h i s i s o l i n e (and a l s o i n o t h e r s t o c k s ) 

i s so g r a d u a l t h a t d i s c r e t e c l a s s e s a r e s e t w i t h d i f f i c u l t y . The 

a l e u r o n e s w h i c h may p o s s e s s v e r y weak b l u e c o l o r s cannot be r e a d i l y 

d i s t i n g u i s h e d f r o m w h i t e a l e u r o n e s because the shade o f weak blue> b l e n d s 

i n i m p e r c e p t i b l y w i t h the b a c k g r o u n d of w h e a t - c o l o r e d a l e u r o n e s . Thus, 

i t i s n o t o n l y the c l a s s i f i c a t i o n o f b l u e c o l o r s per s e , b u t a l s o the 

d i f f e r e n t i a t i o n o f a n t h o c y a n i n - f r e e a l e u r o n e s t h a t adds t o u n c e r t a i n t i e s 
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i n t h e c l a s s i f i c a t i o n . 

I t was o b s e r v e d t h a t the p r e s e n c e or absence of a n t h o c y a n i n s 

i s b e t t e r a s c e r t a i n e d by t r e a t m e n t w i t h the a c i d i f i e d m ethanol because 

the r e a g e n t d i s s o l v e s away t h e y e l l o w i s h m a t e r i a l s f r o m t h e a l e u r o n e , 

but n o t a n t h o c y a n i n s f r o m t h e mature f l i n t y a l e u r o n e s ( s e e S e c ; 6 ) . The 

o f t e n y e l l o w i s h b a c k g r o u n d c o l o r s of a l e u r o n e t i s s u e s become r e l a t i v e l y 

l i g h t and p r o v i d e a b e t t e r b a c k g r o u n d f o r the r e d a n t h o c y a n i n s . The 

a c i d t r e a t m e n t i s n e c e s s a r y f o r a t l e a s t two o t h e r p r i n c i p a l r e a s o n s : 

( a ) t o c o n f i r m t h a t the b l u i s h shades a r e due t o a n t h o c y a n i n s , because 

a l e u r o n e s o f c e r t a i n v a r i e t i e s , as was d e m o n s t r a t e d i n S e c t i o n 4.3.2.8, 

do d e v e l o p non a n t h o c y a n i n o f f - b l u e c o l o r s , and ( b ) i t was a l s o shown 

( T a b l e 4.IV) t h a t a l e u r o n e c o l o r s , s u c h a s , deep and/or d a r k o l i v e b u f f 

(Ridgway, 1912) or v e t i v e r g r e e n (Ridgway, i b i d . ) may show s i g n i f i c a n t 

v a r i a t i o n i n a n t h o c y a n i n s upon expo s u r e t o a c i d . Thus, the c l a s s i f i c a 

t i o n o f a l e u r o n e a n t h o c y a n i n s w i t h o u t t h e a c i d t r e a t m e n t may be p o t e n 

t i a l l y m i s l e a d i n g i n t h e c a s e o f c e r t a i n s t o c k s . 

F o r r e a s o n s s t a t e d above, h a l f of t h e a l e u r o n e s o f each o f 

t h e f i v e c o l o r c l a s s e s of t h e i s o l i n e 36-B1B1-21 were p l a c e d i n T7„ 

m e t h a n o l i c H C l f o r 12 h o u r s . F o l l o w i n g the a c i d t r e a t m e n t , the c o l o r 

d e f i n i t i o n o f t h e a l e u r o n e s w h i c h were d i f f i c u l t t o c l a s s i f y , p a r t i c u l a r 

C l a s s e s IV and V became c l e a r c u t . F i v e c o l o r c l a s s e s , b a s e d on the 

i n t e n s i t y o f r e d c o l o r i n a l e u r o n e s were a g a i n a r b i t r a r i l y d e c i d e d : the 

C l a s s I b e g i n n i n g w i t h the maximum r e d c o l o r t o C l a s s IV w i t h b a r e l y 

d e t e c t a b l e r e d c o l o r and C l a s s V w i t h o u t r e d c o l o r , i . e . , w h i t e . The 

f o l l o w i n g c l a s s c o u n t s were o b t a i n e d w i t h and w i t h o u t the a c i d t r e a t m e n t 
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C o l o r C l a s s 

I I I I I I IV V T o t a l 

W i t h o u t a c i d t r e a t m e n t 97 126 54 18 7 302 

W i t h a c i d t r e a t m e n t 96 149 50 6 1 302 

Of t h e 7 a l e u r o n e s w h i c h were c l a s s i f i e d v e r y c a r e f u l l y as 

pure w h i t e ( C l a s s V ) , o n l y one a l e u r o n e r e m a i n e d p u r e w h i t e upon a c i d 

t r e a t m e n t ; a l l o t h e r s d e v e l o p e d r e d c o l o r s b e l o n g i n g t o C l a s s e s I I I and 

IV.. S i m i l a r l y , s e v e r a l a d j u s t m e n t s had t o be made w i t h the 18 k e r n e l s 

of C l a s s IV a f t e r t he a c i d t r e a t m e n t . A c c o r d i n g l y , a l l a l e u r o n e s a f t e r 

the a c i d t r e a t m e n t were mixed and r e c l a s s i f i e d . The c l a s s i f i c a t i o n s and 

r e c l a s s i f i c a t i o n s m e n t i o n e d above were a r r i v e d a t a f t e r s e v e r a l a t t e m p t s . 

The o b s e r v a t i o n s t r e s s e s t h e d i f f i c u l t i e s o f d e l i n e a t i n g d i s t i n c t c o l o r 

c l a s s e s o f a l e u r o n e s . 

The o t h e r b l u e i s o l i n e 33-B1B1-13 d i d n o t show w h i t e a l e u r o n e 

s e g r e g a t e s i n 383 k e r n e l s ( a l e u r o n e s ) t h a t were o b t a i n e d by c h e m i c a l 

p e e l i n g . However, the b l u e c o l o r d i d show a range o f v a r i a t i o n s i m i l a r 

t o t h a t f o u n d i n 36-B1B1-21. Of t h e 383 a l e u r o n e s , 132 showed good b l u e 

c o l o r ( t h e c o l o r was s l i g h t l y l e s s t h a n the C l a s s I of 36-B1B1-21), 121 

medium b l u e , 109 s l i g h t l y l e s s b l u e and 21 n e a r - w h i t e or b a r e l y 

d e c t e c t a b l e b l u e . 

The " p e c u l i a r b l u e " v a r i e t y , T r e b i , was d i v i d e d i n t o 3 

c o l o r e d ( b l u e ) and one c o l o r l e s s ( w h i t e ) c l a s s e s . Of the 589 a l e u r o n e s , 

262 showed good b l u e c o l o r ( t h e c o l o r was as s t r o n g as t h a t o f the good 

b l u e s o f 33-B1B1-13), 225 medium b l u e , 90 l i g h t b l u e , and 12 w h i t e . 

When t h e 12 w h i t e a l e u r o n e s were exposed t o a c i d , a l l t u r n e d r e d d i s h 

w i t h i n 2 h o u r s . The o b s e r v a t i o n a g a i n emphasizes the n e c e s s i t y o f t h e 
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a c i d t r e a t m e n t f o r the d e t e c t i o n of a n t h o c y a n i n s . T r e b i has been 

c l a s s i f i e d as a p e c u l i a r b l u e v a r i e t y by the b r e e d e r s . The a l e u r o n e s of 

the v a r i e t y , however, do n o t e x h i b i t any " p e c u l i a r " b l u e n e s s an t r e a t m e n t 

w i t h a c i d . 

The k e r n e l s of the b l u e v a r i e t y M ontcalm p o s s e s s a r e l a t i v e l y 

l a r g e p r o p o r t i o n o f l i g h t b l u e and w h i t e a l e u r o n e s , though a few 

a l e u r o n e s o f the v a r i e t y do show as s t r o n g b l u e c o l o r as t h a t o f the 

33-B1B1-13 a l e u r o n e s . A p o r t i o n of the w h i t e a l e u r o n e s (27) was t r e a t e d 

w i t h a c i d . Of t h e s e 24 t u r n e d r e d , and 3 r e m a i n e d c o l o r l e s s . Thus, t h e 

v a r i e t y shows s l i g h t s e g r e g a t i o n f o r a l e u r o n e c o l o r s . 

A l t h o u g h the a l e u r o n e o f b l a c k v a r i e t y L i o n i s t r u e w h i t e , 

the a l e u r o n e o f the o t h e r b l a c k v a r i e t y G a t a m i i s b l u e ( F i g . 2 1 . 1 ) . I n 

g e n e r a l , the b l u e c o l o r i s more i n t e n s e or deeper t h a n t h a t of 33-B1B1-13 

or 36-B1B1-21. Of 767 a l e u r o n e s , a p p r o x i m a t e l y 33 showed good b l u e , 344 

medium good b l u e , 340 medium l i g h t b l u e , 40 v e r y l i g h t b l u e and 10 w h i t e . 

The w h i t e s on t r e a t m e n t w i t h a c i d t u r n e d r e d . Thus, t h e v a r i e t y does 

no t show any a n t h o c y a n i n - f r e e w h i t e a l e u r o n e s e g r e g a t e s . 

The w h i t e v a r i e t y G o l d e n pheasant ( i n t h i s s t o c k o n l y ) does 

n o t appear t o be t r u e w h i t e . Of the 465 a l e u r o n e s examined^42 showed 

good b l u e c o l o r s e q u i v a l e n t t o t h e good b l u e s o f 36-B1B1-21, 90 were 

good medium b l u e c o l o r s e q u i v a l e n t t o t h e good b l u e s o f 33-B1B1-13, 

131 medium b l u e and 202 near w h i t e . Of the 202 near w h i t e a l e u r o n e s , 

upon the a c i d t r e a t m e n t , 190 became r e d . S e v e r a l o f t h e s e k e r n e l s 

showed a r e m a r k a b l y good development o f r e d c o l o r . The good c o l o r 

development must be due t o a n t h o c y a n i n pseudo bases ( c f . , Sees. 4.3.2.8 

and 4 . 4 ) . The o b s e r v a t i o n a g a i n emphasizes the n e c e s s i t y of the a c i d 
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t r e a t m e n t n o t o n l y i n t h e d i f f e r e n t i a t i o n o f a n t h o c y a n i n s f r o m a n t h o 

c y a n i n pseudo b a s e s , b u t a l s o i n the d e t e r m i n a t i o n o f t h e c o l o r i n t e n s i t y 

f o r t h e p u r p o s e s of g e n e t i c c l a s s i f i c a t i o n . Twelve a l e u r o n e s o f G o l d e n 

P h e a s a n t were ' w h i t e ' on s u p e r f i c i a l e x a m i n a t i o n . I t was n o t e d t h a t 

s e v e r a l o f t h e s e a l e u r o n e s were c o v e r e d w i t h the ' s h r e d s ' , p r o b a b l y of 

the n u c e l l a r e p i d e r m i s ( s e e S e c . 2 1 . 4 . 1 ) . The s h r e d s were removed w i t h 

a p a i r o f t w e e z e r s and t h e a l e u r o n e s were a g a i n p l a c e d i n the a c i d i f i e d 

m e t h a n o l ; 4 a l e u r o n e s t u r n e d r e d , b u t the r e m a i n d e r were w h i t e . Thus, 

out o f the 465 a l e u r o n e s examined, o n l y 8 showed w h i t e c o l o r , t h e o t h e r 

457 were b l u e . The v a r i e t y , t h e r e f o r e , s h o u l d be c l a s s i f i e d as a ' b l u e ' 

i n s t e a d o f a ' w h i t e ' . 

The k e r n e l s o f t h e v a r i e t i e s d e s c r i b e d thus f a r d e v e l o p 

a n t h o c y a n i n s o n l y i n a l e u r o n e , b u t not i n spermoderm and p e r i c a r p . 

S p e c i a l p r e c a u t i o n s a r e needed w i t h the p u r p l e v a r i e t i e s w h i c h do d e v e l o p 

a n t h o c y a n i n s i n spermoderm and p e r i c a r p as w e l l . U s u a l l y i t was o b s e r v e d 

t h a t t h e p e r i c a r p - s p e r m o d e r m t i s s u e s r e m a i n e d a d h e r i n g a t t h e f u r r o w , 

hence, a l i t t l e l o n g e r s t e e p i n g t i m e s h o u l d have been used ( s e e l a t e r ) . 

The d e c o r t i c a t e d k e r n e l s o f t h e p u r p l e v a r i e t i e s were f i r s t p l a c e d i n 

0,01% m e t h a n o l i c H C l f o r 2 h o u r s . The t r e a t m e n t removes b u l k of t h e 

spermoderm a n t h o c y a n i n s and a l s o the y e l l o w i s h m a t e r i a l s from the 

a l e u r o n e s . The s o l v e n t , however, does n o t e x t r a c t the a n t h o c y a n i n s o f 

the a l e u r o n e w h i c h r e t a i n s i t s b l u i s h c o l o r . The t r e a t m e n t w i t h weak 

a c i d i s r e p e a t e d as o f t e n as n e c e s s a r y t o s e l e c t i v e l y remove the 

a n t h o c y a n i n s o f the spermoderm. The a l e u r o n e s a r e th e n p l a c e d i n 1% 

m e t h a n o l i c H C l as u s u a l . 

The p u r p l e v a r i e t y , G o p a l , was c l a s s i f i e d i n i t i a l l y as a 

v a r i e t y w i t h l a r g e l y w h i t e a l e u r o n e but w i t h o c c a s i o n a l s e g r e g a t e s 
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p o s s e s s i n g v e r y l i g h t b l u e c o l o r s ( S e c . 4 and A p p e n d i x ) . Because o f the 

r e l a t i v e ease o f o b s e r v i n g a l a r g e number o f a l e u r o n e s by c h e m i c a l p e e l 

i n g , t h e c l a s s i f i c a t i o n must now be changed. The v a r i e t y p o s s e s s e s 

l a r g e l y b l u e a l e u r o n e s but a l s o some pur e w h i t e a l e u r o n e s . A l t h o u g h t h e 

c o u n t s on a l a r g e sample w i l l be c o m p i l e d l a t e r , a s m a l l sample of 170 

a l e u r o n e s , showed 124 b l u e and 46 w h i t e a l e u r o n e s . The b l u e c o l o r o f 

t h i s v a r i e t y i n g e n e r a l i s v e r y weak. I n f a c t , i t i s the weakest o f the 

b l u e a l e u r o n e v a r i e t i e s i n v e s t i g a t e d thus f a r . The o b s e r v a t i o n s on 

a l e u r o n e c o l o r s of G o p a l c l e a r l y b r i n g out the v a l u e of a c i d t r e a t m e n t 

as an accompaniment t o v i s u a l a s s e s s m e n t . The p e e l i n g t e c h n i q u e used 

p r e v i o u s l y Is l i m i t e d o n l y t o h a r d dough s t a g e when the c o l o r development 

o f a l e u r o n e i s s t i l l p r o g r e s s i n g . The d i s c r e p a n c i e s i n r e s u l t s c o u l d be 

due t o v a r i a t i o n s i n the p h y s i o l o g i c a l age of the k e r n e l s and n o t s o l e l y 

to t he s m a l l s i z e of t h e sample. E x t e n s i v e o b s e r v a t i o n s on the a l e u r o n e 

o f t h i s v a r i e t y were made d u r i n g manual p e e l i n g b u t , i n g e n e r a l , t h e 

a l e u r o n e s were f o u n d t o be w h i t e . 

The a l e u r o n e o f t h e p u r p l e v a r i e t y B l a c k H u l l e s s p o s s e s s e s a 

deep p r u s s i a n b l u e (Ridgway, 1912) c o l o r ( S e c . 4 and A p p e n d i x ) . The 

b l u e c o l o r i s i n d e e d v e r y i n t e n s e i n most k e r n e l s , more i n t e n s e by f a r 

t h a n ' t h e b l u e s of the good b l u e a l e u r o n e v a r i e t y , Gatami ( F i g . 2 1 . 1 ) . 

The a l e u r o n e s o f t h i s v a r i e t y were d i v i d e d i n t o s i x c o l o r c l a s s e s based 

on i n t e n s i t y of c o l o r ( F i g . 2 1 . 1 ) . Of 986 a l e u r o n e s , 285 showed maximum 

b l u e c o l o r a l l over the a l e u r o n e s , 319 about the same or s l i g h t l y l e s s 

b l u e c o l o r b u t w i t h p a t c h e s o f l i g h t b l u e and w h i t e shades, 168 medium 

b l u e w h i c h was e q u i v a l e n t t o the maximum b l u e o f 36-B1B1-21, 88 s t i l l 

l i g h t e r b l u e and 14 w h i t e . The w h i t e a l e u r o n e s l o o k e d t o be "good" 

w h i t e , y e t upon t r e a t m e n t w i t h the a c i d , a l l t u r n e d r e d . A l t h o u g h , 
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t h e v a r i e t y shows a wide range of v a r i a t i o n i n b l u e c o l o r , t h e r e are. no 

t r u e w h i t e s e g r e g a t e s . 

21.5. DISCUSSION 

The r e s u l t s d e m o n s t r a t e t h a t c h e m i c a l p e e l i n g as a t e c h n i q u e 

f o r c l a s s i f i c a t i o n o f a l e u r o n e p i g m e n t s , b o t h d u r i n g development and a t 

m a t u r i t y , i s v e r y s i m p l e and h i g h l y dependable. Manual p e e l i n g of the 

o u t e r c o v e r i n g s o f f l i n t y k e r n e l s , f o r e x p o s i n g the a l e u r o n e s t o 

d i r e c t o b s e r v a t i o n s , i s i m p r a c t i c a l . C h e m i c a l p e e l i n g r e d u c e s the 

l a b o u r demand l i t e r a l l y from months t o h o u r s . 

I n the e a r l i e r work ( s e e Sec. 4.3.2.8), o b s e r v a t i o n s on the 

a l e u r o n e c o l o r s o f a l a r g e number of v a r i e t i e s were made u s i n g 3 t o 5 

a l e u r o n e s o b t a i n e d by manual p e e l i n g of k e r n e l s ^ , s l i g h t l y p a s t h a r d dough 

s t a g e . A l t h o u g h v a r i a t i o n o f a l e u r o n e c o l o r s w i t h i n each s t o c k was n o t e d 

o c c a s i o n a l l y , the v a r i a t i o n s a t t h a t time were a s c r i b e d e i t h e r t o v a r i a 

t i o n s i n the p h y s i o l o g i c a l s t a g e o f c o l o r development or e n v i r o n m e n t s . 

The p o s s i b i l i t y t h a t the v a r i a t i o n c o u l d be due t o g e n e t i c s e g r e g a t i o n 

was not e x p l o r e d p r i m a r i l y because o f the l i m i t e d o b t a i n a b i l i t y o f t h e 

p e e l e d a l e u r o n e s and n o t because i t was b e l i e v e d t h a t the s t o c k s were 

g e n e t i c a l l y u n i f o r m . The easy o b s e r v a t i o n of l a r g e numbers of a l e u r o n e s , 

a t dough and f l i n t y s t a g e s o f development, by c h e m i c a l p e e l i n g s h o u l d 

e n s u r e g r e a t e r d e p e n d a b i l i t y o f c o l o r i n v e s t i g a t i o n s i n b a r l e y and a i d 

i n the s t u d y o f the causes o f c o l o r v a r i a t i o n s i n a l e u r o n e , - one o f the 

prime r e a s o n s f o r u n d e r t a k i n g t h i s - s t u d y on b a r l e y anthocyanins... I t 

w i l l now be p o s s i b l e t o d i s c e r n whether the s e g r e g a t i o n of b l u e c o l o r i n 

t o s e v e r a l c l a s s e s , even i n the b l u e i s o l i n e s , i s due t o g e n e t i c or 
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e n v i r o n m e n t a l d i f f e r e n c e s , 

I t was o b s e r v e d i n the c o u r s e of c o l o r c l a s s i f i c a t i o n of h y b r i d 

a l e u r o n e s o b t a i n e d from the greenhouse p l a n t i n g s ( t h e r e s u l t s a r e n o t 

i n c l u d e d i n the t h e s i s ) by manual p e e l i n g , t h a t the k e r n e l s a t the t o p o f 

the head were g e n e r a l l y c o l o r l e s s . The o b s e r v a t i o n s u g g e s t s t h a t the 

v a r i a t i o n s may be m i c r o c l i m a t i c or may be d e v e l o p m e n t a l i n o r i g i n . T h i s 

p o i n t s h o u l d be k e p t i n v i e w i n f u t u r e i n v e s t i g a t i o n s : each head c o u l d be 

d i v i d e d v e r t i c a l l y i n t o s e v e r a l r e g i o n s and seeds o b t a i n e d from each r e g i o n 

c l a s s i f i e d s e p a r a t e l y . The r e s u l t s o b t a i n e d from B l a c k H u l l e s s , and a l s o 

f rom s e v e r a l o t h e r b l u e a l e u r o n e v a r i e t i e s showed v i s u a l l y w h i t e a l e u r o n e s 

w h i c h upon the a c i d t r e a t m e n t t u r n e d r e d : the r e d c o l o r s , upon the a c i d 

t r e a t m e n t , however, d i d n o t d e v e l o p i n the pure w h i t e i s o l i n e s . The 

o b s e r v a t i o n s u g g e s t s t h a t a n t h o c y a n i n s d e s p i t e t h e i r low i n t e n s i t y or 

q u a n t i t y do d e v e l o p i n the pure b l u e a l e u r o n e v a r i e t i e s . The d i f f e r e n c e s 

i n q u a n t i t a t i v e e x p r e s s i o n may be e n v i r o n m e n t a l or d e v e l o p m e n t a l . G e n e t i c 

v a r i a t i o n e s s e n t i a l l y w i t h i n p u r e l i n e s cannot be e n t i r e l y r u l e d o u t ; 

c e r t a i n l y 'blue c o l o r ' may be a s s o c i a t e d w i t h s e v e r a l ' i n t e n s i t y f a c t o r s ' . 

F o r i n s t a n c e , o ver a p e r i o d of s e v e r a l y e a r s , i t was o b s e r v e d t h a t the 

a l e u r o n e s of B l a c k H u l l e s s always d e v e l o p e d i n t e n s e p/russian b l u e c o l o r ; 

the i n t e n s i t y of b l u e c o l o r i n a l l o t h e r v a r i e t i e s was always low. 

Inasmuch as a n t h o c y a n i n c o l o r i n b a r l e y l e a f s h e a t h s i s n o t a homogeneous 

g e n e t i c c h a r a c t e r ( S e c . 7), i t w o u l d be i n s t r u c t i v e t o d e t e r m i n e i f b i o 

c h e m i c a l l y , the a n t h o c y a n i n s are s i m i l a r i n d i f f e r e n t c o l o r c l a s s e s o f t h e 

same s t o c k and between the s t o c k s . I n any e v e n t , the method p r o p o s e d f o r 

a l e u r o n e c l a s s i f i c a t i o n w i l l g r e a t l y e x t e n d f u r t h e r s t u d i e s n o t o n l y on the 

g e n e t i c and e n v i r o n m e n t a l , a n a l y s i s o f a l e u r o n e pigments b u t a l s o t h e , 

a n a l y s i s of o t h e r e n t i t i e s o f b i o c h e m i c a l and p h y s i o l o g i c a l i m p o r t a n c e . 
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That the p h y s i o l o g i c a l a c t i v i t y o f the seed i s not d e s t r o y e d i s one of the 

b e s t f e a t u r e s o f the method. 

21.6 SUMMARY 

The o b s e r v a t i o n s on ( a ) the d i f f e r e n t i a l e x t r a c t a b i l i t y o f 

a n t h o c y a n i n s from the f i r s t and t h e t h i r d e x t r a c t s of the c a r y o p s e s and 

(b ) the i n a b i l i t y o f the a c i d i c s o l v e n t t o p e n e t r a t e t h r o u g h the c a r y o p s e s 

i n v e s t m e n t s t o t h e a l e u r o n e even over a s i x - y e a r p e r i o d ( S e c . 6) were 

e x p l o i t e d i n t h e development of a dependable method d e t e r m i n i n g a l e u r o n e 

c o l o r s a t f l i n t s t a t e m a t u r i t y by d i r e c t v i s u a l e x a m i n a t i o n . The o u t e r 

i n v e s t m e n t s o f the c a r y o p s i s a r e p e e l e d c h e m i c a l l y by 507= H2SO4 t o r e v e a l 

the a l e u r o n e . The l a b o r demand by c h e m i c a l p e e l i n g , i n c o n t r a s t , t o manual 

p e e l i n g , i s r e d u c e d l i t e r a l l y f rom months t o h o u r s . 

I t i s d e m o n s t r a t e d t h a t the b l u e c o l o r o f the a l e u r o n e shows 

al m o s t a c o n t i n u o u s v a r i a t i o n , and i t i s d i f f i c u l t t o group the c o l o r 

v a r i a t i o n i n t o d i s c r e e t c l a s s e s . The o b s e r v a t i o n s r e v e a l t h a t the c u r r e n t 

c l a s s i f i c a t i o n o f some v a r i e t i e s r e q u i r e s r e v i s i o n s . T h at the g e r m i n a b i l i t y 

o f t he c h e m i c a l l y - p e e l e d seeds i s n o t i m p a i r e d h o l d s p r o m i s i n g p o s s i b i l i t i e s 

f o r b i o c h e m i c a l , g e n e t i c a l and p h y s i o l o g i c a l s t u d i e s on pigment and o t h e r 

s u b s t a n c e s of the a l e u r o n e l a y e r . 

The o b s e r v a t i o n s a r e a l s o a p p l i c a b l e t o s i m i l a r s t u d i e s on the 

a l e u r o n e of wheat g r a i n s by c h e m i c a l p e e l i n g . 
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PROCEDURES DEVELOPED FOR THE 
STUDY OF PEDIGREE STOCKS 

22. A METHOD OF EXTRACTION FROM THE SEPARATE TISSUES 
OF BARLEY GRAIN WITHOUT MANUAL PEELING 

The n u c l e i i n the p e r i c a r p and spermoderm ( S e c . 3) o f the b a r l e y 

c a r y o p s i s a r e of m a t e r n a l o r i g i n and tho s e o f a l e u r o n e and endosperm of 

m a t e r n a l and p a t e r n a l o r i g i n . I n v e s t i g a t i o n s i n t o the b i o c h e m i s t r y and 

g e n e t i c s o f pigments i n t h e s e t i s s u e s demand c o g n i z a n c e o f t h i s f a c t . .. 

O r i g i n a l l y , manual p e e l i n g was used t o s e p a r a t e the t i s s u e s w i t h d i f f e r e n t 

genomic backgrounds ( S e e s . 5 and 8 ) , but t h i s r e q u i r e d a g r e a t d e a l o f 

e f f o r t and s k i l l . M o r e o v e r , the q u a n t i t i e s o f t i s s u e s o b t a i n e d were 

i n s u f f i c i e n t f o r d e t a i l e d c h a r a c t e r i z a t i o n o f the a n t h o c y a n i n s . I n o r d e r 

t o e x t e n d s t u d i e s on the n a t u r e o f the a n t h o c y a n i n p i g m e n t s , a method i s 

p r e s e n t e d i n t h i s s e c t i o n t h a t e x t r a c t s s e l e c t i v e l y and s e p a r a t e l y the 

pigments from the m a t e r n a l and m a t e r n a l - p a t e r n a l t i s s u e s and e l i m i n a t e s 

manual p e e l i n g as a s t e p i n the c o l l e c t i o n o f t i s s u e s . 
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The method i s based on the f r e q u e n t o b s e r v a t i o n t h a t upon p r e l i m i 

n a r y e x t r a c t i o n o f i n t a c t d e v e l o p i n g seeds of p u r p l e v a r i e t i e s , e.g., B l a c k 

H u l l e s s , w i t h methanol c o n t a i n i n g 1%, cone. H C l , the pigments a r e e x t r a c t e d 

from the o u t e r c o v e r i n g s , but t h a t the a l e u r o n e s of undamaged seeds r e m a i n 

b l u e ( S e c . 6.4.2.c). On the b a s i s o f c h r o m a t o g r a p h i c o b s e r v a t i o n s on the 

f i r s t and the t h i r d e x t r a c t s o b t a i n e d from the same b a t c h of seeds o f 

B l a c k H u l l e s s , i t was i n f e r r e d t h a t what came i n the f i r s t e x t r a c t was 

l a r g e l y the a n t h o c y a n i n s o f p e r i c a r p - s p e r m o d e r m and t h a t what came i n the 

t h i r d e x t r a c t was p a r t l y the a n t h o c y a n i n s from the a l e u r o n e o f the damaged 

seeds ( S e c . 6.5.4). These o b s e r v a t i o n s were f u l l y s u b s t a n t i a t e d i n the 

c o u r s e o f i n v e s t i g a t i o n s on the development of a method f o r the c l a s s i f i 

c a t i o n o f a l e u r o n e pigments ( S e c . 2 1 ) . I n o r d e r t o t a k e advantage o f 

t h e s e o b s e r v a t i o n s , i t i s n e c e s s a r y t o p r e s e n t e v i d e n c e t h a t a n t h o c y a n i n s 

o b t a i n e d from spermoderm by p e e l i n g are t h o s e o b t a i n e d from the i n t a c t 

s e e d s . 

22.1. MATERIALS AND METHODS 

The p u r p l e v a r i e t y , B l a c k H u l l e s s , w h i c h c o n t a i n s l i b e r a l quan

t i t i e s o f a n t h o c y a n i n s b o t h i n the spermoderm and a l e u r o n e , was used i n 

t h i s i n v e s t i g a t i o n . Spermoderm was p e e l e d m a n u a l l y from 8 young seeds a t 

h a r d dough s t a g e grown under F i e l d c o n d i t i o n s i n the summer of 1965. The 

spermoderm p e e l s and 10 i n t a c t seeds of B l a c k H u l l e s s o b t a i n e d from the 

same head were e x t r a c t e d w i t h .0.1% m e t h a n o l i c H C l s e p a r a t e l y under i d e n t i c a l 

c o n d i t i o n s . An a l i q u o t of each e x t r a c t was chromatographed i n the. BAW 

s o l v e n t by b a n d i n g . I n o r d e r t o keep the pigment c h a n g e s - d u r i n g e x t r a c t i o n 

and h a n d l i n g t o the minimum, the e x t r a c t i o n and chromatography were comp-
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l e t e d w i t h i n about 3 t o 4 h o u r s . 

The pigment e x t r a c t i o n from the a l e u r o n e had t o be u n d e r t a k e n 

s e p a r a t e l y because the r a t e o f e x t r a c t i o n , even from the young a l e u r o n e , i s 

v e r y s l o w . About 50 seeds were e x t r a c t e d w i t h 0.1?o m e t h a n o l i c H C l . The 

e x t r a c t was d i s c a r d e d . The e x t r a c t e d seeds were p e e l e d c h e m i c a l l y b y . t h e 

method d e s c r i b e d i n S e c t i o n 21 t o o b t a i n a l e u r o n e s . The a l e u r o n e s were 

e x t r a c t e d i n enough 1% m e t h a n o l i c HCl ( s e e Sec. 6) so t h a t the s o l v e n t 

was b a r e l y above the s u r f a c e of the p e e l e d g r a i n s . An a l i q u o t of the 

e x t r a c t was chromatographed d i r e c t l y i n the BAW s o l v e n t by a s c e n t as des

c r i b e d e l s e w h e r e ( T a b l e 10:11). 

The r e m a i n i n g e x t r a c t s o f the spermoderm and a l e u r o n e were 

h y d r o l y s e d i n 4 N H C l f o r 10 m i n u t e s , and p r o c e s s e d f u r t h e r as d e s c r i b e d 

i n S e c t i o n 19.2.3. The h y d r o l y s a t e s were chromatographed by b a n d i n g i n 

the F o r e s t a l s o l v e n t . A p p r o p r i a t e a n t h o c y a n i d i n bands o b t a i n e d i n F o r e s t a l 

were e x c i s e d and r e c h r o m a t o g r a p h e d p r o b a b l y i n the Iso-PrOH s o l v e n t ( T a b l e 

1 7 . 1 ) . 

22.2. RESULTS 

22.2.1. Comparison of the E x t r a c t s from Spermoderm and Outer I n v e s t m e n t s  
o f t h e Seeds 

The c h r o m a t o g r a p h i c r e s u l t s from the spermoderm p e e l s , the i n t a c t 

s e e ds, and the a l e u r o n e s o b t a i n e d by c h e m i c a l p e e l i n g are shown i n F i g . 22.1: 

Chromatograms No. I,- I I and I I I r e s p e c t i v e l y . . Each of the Chromatograms 

No. I and II show a t l e a s t f o u r major bands w h i c h i n R f v a l u e s , c o l o r s and 

r e l a t i v e c o n c e n t r a t i o n r a t i o s a r e i d e n t i c a l t o one a n o t h e r . T h i s i s good 

e v i d e n c e t h a t ( a ) what i s e x t r a c t e d from the i n t a c t seeds a r e the a n t h o -
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F i g . 22.1 
Anthocyanins from Black Hulless 
caryopses; I, spermoderm peeled 
manually and extracted, I I , 
spermoderm from i n t a c t caryopses 
extracted, and, I I I , aleurone 
tissue from which spermoderm has 
been removed chemically by 50% 
H2SO4 and then extracted. Spermo
derm manually peeled and extracted 
and that extracted i n t a c t , y i e l d 
i d e n t i c a l chromatoband patterns, 
mainly composed of cyanidin 
d e r i v a t i v e s . Aleurone y i e l d s 
mainly delphinidin d e r i v a t i v e s . 

cyanins of the spermoderm, and that (b) peeling as a step in the extrac

ti o n of pigments from the spermoderm i s unnecessary. 

In the course of the peeling process, i t was also noted that the 

pericarp as usual was c o l o r l e s s but for some small patches of pigments 

which appeared to be due to lacerated spermoderm. If the pigments develop 

in pericarp, their quantity i s a minute f r a c t i o n of the pigments present 

in the spermoderm. Thus, the contribution of anthocyanins from the p e r i 

carp i s n e g l i g i b l e . This view i s further supported by the r e s u l t s of the 

peeled spermoderm and the intact seeds shown in Fi g . 2 2 . 1 : no additional 
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pigment c o n t r i b u t i o n i s n o t e d f r o m the p e r i c a r p t i s s u e of the i n t a c t , s e e d s . 

F u r t h e r m o r e , i t was shown i n S e c t i o n s 5 and 8 t h a t i f t r a c e s of pigments 

do d e v e l o p i n p e r i c a r p , t h e n t h e y a r e c h r o m a t o g r a p h i c a l l y i d e n t i c a l , t o 

t h o s e o f the spermoderm. Thus, a s i n g l e e x t r a c t i o n from t h e two s u r f i c i a l 

t i s s u e s i s v a l i d f o r d e t e r m i n i n g the pigments o f the m a t e r n a l t i s s u e s o f 

the c a r y o p s i s . 

I t w i l l , however, be n o t e d t h a t the p a t t e r n s and number of 

spermoderm a n t h o c y a n i n s o b t a i n e d i n F i g . 22.1 a r e q u i t e d i f f e r e n t from 

t h o s e o b t a i n e d e l s e w h e r e ( F i g s . 5.1, 8.1, and 2 0 . 3 ) . The d i f f e r e n c e s 

most l i k e l y a r e due, i n p a r t , t o v a r i a t i o n s i n e n v i r o n m e n t between p l a n t s 

grown under f i e l d and greenhouse c o n d i t i o n s . I t i s e q u a l l y l i k e l y t h a t 

the d i f f e r e n c e s are a l s o due t o d i f f e r e n c e s i n p h y s i o l o g i c a l s t a t e . I t 

i s u n l i k e l y t h a t the d i f f e r e n c e s a r e due t o p a r t i a l h y d r o l y t i c breakdown, 

though the p o s s i b i l i t y c annot be r u l e d out ( s e e Sec. 2 3 ) . These p o i n t s 

y e t r e m a i n t o be r e s o l v e d u n e q u i v o c a l l y . 

22.2.2. E x t r a c t i o n from the A l e u r o n e L a y e r 

P r o g r e s s on the s t u d y o f a l e u r o n e p i g m e n t s , as p o i n t e d out i n 

S e c t i o n 6, was h i n d e r e d g r e a t l y because o f the d i f f i c u l t i e s o f o b t a i n i n g 

a l e u r o n e s i n s u b s t a n t i a l q u a n t i t i e s f o r dependable i n v e s t i g a t i o n s . A 

prime d i f f i c u l t y a r i s e s i n o b t a i n i n g a l e u r o n e s from f l i n t y k e r n e l s . The 

c h e m i c a l p e e l i n g t e c h n i q u e ( S e c . 21.3) has g r e a t l y f a c i l i t a t e d f u r t h e r 

s t u d i e s on a l e u r o n e . A few o b s e r v a t i o n s w i l l be d e s c r i b e d b r i e f l y . 

The c h r o m a t o g r a p h i c p a t t e r n s o f a n t h o c y a n i n s o b t a i n e d from the 

young a l e u r o n e s ( h a r d dough s t a g e ) of B l a c k H u l l e s s by c h e m i c a l p e e l i n g 

a r e shown, a l o n g w i t h t h o s e of t h e spermoderm, i n F i g . 22.1. The -R̂  

v a l u e s and c o l o r s o f the a l e u r o n e a n t h o c y a n i n s are q u i t e d i f f e r e n t from 
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F i g . 22.2 
Anthocyanidins from manually 
peeled spermoderm and from 
aleurone from which spermoderm 
has been removed chemically; 
I, Aleurone y i e l d s d e l p h i n i d i n 
and petunidin; I I , Spermoderm 
y i e l d s cyanidin; I I I , substan
t i a t e s the i d e n t i f i c a t i o n of 
petunidin excised from I; IV 
and V, excised from the upper 
(U) and lower (L) parts of the 
broad cyanidin band of II 
substantiates the pure cyanidin 
i d e n t i f i c a t i o n . 

those of the spermoderm anthocyanins. The hydrolysates of the aleurone 

and the spermoderm anthocyanin extracts (aliquots of which are chromato

graphed in F i g . 22.1) upon chromatography i n F o r e s t a l ( F i g . 22.2) show 

basic differences. The aleurone shows at least two d i s t i n c t antho

cyanidins at Rf 0.35 (purple in v i s i b l e and u l t r a v i o l e t l i g h t ) , and at 

Rf 0.52 (mauve in v i s i b l e and u l t r a v i o l e t l i g h t ) . The purple component on 

the basis of e a r l i e r studies (Sec. 6.4.2.c and Sec. 19.3.3) i s i d e n t i f i e d 

as delphinidin. The mauve component gave Rf 0.08 i n the HAc-HCl solvent 

by clamping chromatography and, on the basis of color reactions and Rf 

values (Table 17.11), i s p r o v i s i o n a l l y i d e n t i f i e d as petunidin. The 

major anthocyanidin of the spermoderm ( F i g . 22.2) as expected is cyanidin. 
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The color reactions of the cyanidin component are d i s t i n c t l y d i f f e r e n t 

from those of the petunidin component (see F i g . 22.2). In order to confirm 

the differences, the uppermost (U) and the lowermost (L) regions (dis c a r d 

ing the ce n t r a l region) of the cyanidin band were chromatographed by 

clamping i n the Iso-PrOH solvent ( F i g . 22.2, chromatograms IV and V), 

which gives usually greater spread of Rf values between cyanidin and 

petunidin (see Table 17.11). Both the uppermost and the lowermost regions 

of the band resolved exactly at the same Rf values i n d i c a t i n g that the 

cyanidin band of the spermoderm was not a mixture. The Rf values of the 

petunidin spot from the aleurone hydrolysates in the Iso-PrOH solvent 

( F i g . 22.2, chromatogram I I I ) , however, as expected was lower than that of 

the cyanidin.* 

The spermoderm hydrolysates, in addition to cyanidin, also show 

another minor anthocyanidin Rf 0.69, which most l i k e l y i s peonodin 

(Sec. 5.2.4), and a very weak, but nonetheless d i s t i n c t band due to 

del p h i n i d i n . Again, pelargonidin was not recovered from the spermoderm. 

Although cyanidin i s absent from the aleurone, there i s , in a l l l i k e l i h o o d , 

a component at R^ 0.69, probably a peonidin, present in aleurone. Thus, 

i t i s clear from the r e s u l t s that cyanidin i s a major pigment of the 

spermoderm. tissue and i s absent,from aleurone. Delphinidin i s a major 

pigment of the aleurone and i s present only in traces in the spermoderm 

t i s s u e s . Petunidin, appears to be l o c a l i z e d only in aleurone. Peonidin 

i s present in spermoderm and may also be present i n aleurone. The above 

. *Ths Rf values in the Iso-PrOH solvent from d i f f e r e n t determina
tions are highly v a r i a b l e (see Table 17.11); however, d i f f e r e n t antho
cyanidins do show proportionate differences in Rf values, when they are 
chromatographed under i d e n t i c a l conditions. 
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r e s u l t s h o l d f o r the h a r d dough s t a g e k e r n e l s o f B l a c k H u l l e s s w h i c h were 

grown i n the summer o f 1 9 6 5 on the U n i v e r s i t y Farm. 

I t may be added t h a t the p r e s e n c e o f d e l p h i n i d i n , even though i t 

i s weak, i n the hand p e e l e d spermoderm i s n o t due t o c o n t a m i n a t i o n from 

the a l e u r o n e . The d e l p h i n i d i n and p e t u n i d i n i n the a l e u r o n e a r i s e from 

the a l e u r o n e a n t h o c y a n i n s and n o t l e u c o a n t h o c y a n i n . T h i s was d e t e r m i n e d 

by p l a c i n g the c h e m i c a l l y p e e l e d w h i t e a l e u r o n e s of the i s o l i n e 3 3 - b l b l - 1 3 

i n 17o m e t h a n o l i c H C l . The a l e u r o n e and endosperm o f the i s o l i n e c o n t a i n 

r i c h d e p o s i t s o f l e u c o a n t h o c y a n i n s . I t was n o t e d t h a t the w h i t e a l e u r o n e s 

d i d not t u r n r e d even a f t e r s t a n d i n g f o r a week i n the s o l v e n t . The 

e x t r a c t s upon h y d r o l y s i s d i d n o t y i e l d a n t h o c y a n i d i n . 

2 2 . 3 . DISCUSSION 

The r e s u l t s d emonstrate t h a t t h r o u g h c h e m i c a l p e e l i n g the 

pigments from the m a t e r n a l and m a t e r n a l - p a t e r n a l t i s s u e s o f b a r l e y g r a i n 

can be e x t r a c t e d s e p a r a t e l y . The b a s i s o f the s e p a r a t i o n l i e s i n the 

' i m p e r m e a b i l i t y ' of the n u c e l l a r e p i d e r m i s ( S e c . 2 1 . 1 ) . The e l i m i n a t i o n 

o f h i g h l y l a b o r i o u s manual p e e l i n g as a s t e p f o r d i f f e r e n t i a t i n g the 

a n t h o c y a n i n phenotypesu of the m a t e r n a l and m a t e r n a l - p a t e r n a l t i s s u e s o f 

b a r l e y g r a i n , d o u b t l e s s l y , w i l l e x t e n d f u r t h e r s t u d i e s on the b i o c h e m i c a l 

g e n e t i c s o f b a r l e y p i g m e n t s . The method appears t o be v a l i d , n o t o n l y 

f o r the s t u d i e s on a n t h o c y a n i n s , but a l s o f o r s t u d i e s on o t h e r compounds 

of biochemical, p h y s i o l o g i c a l and c o m m e r c i a l i m p o r t a n c e . 

The pigments from wheat seed c o a t s have been e x t r a c t e d by-

manual p e e l i n g (Miyamoto and E v e r s o n , 1 9 5 8 ) . I t has been d e t e r m i n e d t h a t 

our method can be ex t e n d e d t o wheat k e r n e l s w i t h e q u a l e a s e . The 
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impermeable l a y e r of t h e wheat g r a i n s may, l i k e w i s e , be the n u c e l l a r 

e p i d e r m i s . 

I t i s n e c e s s a r y t h a t h e a l t h y , undamaged, and p r e f e r a b l y hand-

p i c k e d seeds be used i n l a r g e s c a l e e x t r a c t i o n f o r r e a s o n s d i s c u s s e d 

e l s e w h e r e ( S e c . 6 and Sec. 2 1 ) . P r e c a u t i o n s a r e t a k e n when the c a r y o p s e s 

a r e d i v e s t e d o f h u l l s : the h u l l s s h o u l d be p e e l e d from the a p i c a l end. 

I f the h u l l s a r e p e e l e d from the embryo end, o c c a s i o n a l l y the o u t e r 

c o v e r i n g s o f the seed a r e damaged and thus c o n t a m i n a n t s from the a l e u r o n e 

may a l s o be e x t r a c t e d . 

22.4. SUMMARY 

I t i s d e m o n s t r a t e d t h a t the a n t h o c y a n i n s e x t r a c t e d f r o m the 

i n t a c t and undamaged c a r y o p s i s and from the h a n d - p e e l e d spermoderm a r e 

c h r o m a t o g r a p h i c a l l y i d e n t i c a l . The c h r o m a t o g r a p h i c p a t t e r n s o f ant h o 

c y a n i n s o b t a i n e d from the c h e m i c a l l y - p e e l e d a l e u r o n e s d i f f e r m a r k e d l y from 

t h o s e o f the spermoderm. Whereas the major a n t h o c y a n i d i n of the spermoderm 

i s c y a n i d i n , t h a t o f the a l e u r o n e i s d e l p h i n i d i n . S u r p r i s i n g l y , t r a c e s o f 

d e l p h i n i d i n were a l s o r e c o v e r e d f r o m the spermoderm h y d r o l y s a t e s . The 

second major a n t h o c y a n i d i n of the a l e u r o n e i s i d e n t i f i e d t e n t a t i v e l y as 

p e t u n i d i n . I t i s d e m o n s t r a t e d t h a t p e t u n i d i n does n o t o c c u r i n the spermo

derm. Thus, i t i s c l e a r t h a t the pigments from the i n t a c t c a r y o p s e s are 

e x t r a c t e d s e l e c t i v e l y f r o m the spermoderm and n o t from the a l e u r o n e . The 

s e l e c t i v e e x t r a c t i o n i s due e i t h e r t o the i m p e r m e a b i l i t y o f the n u c e l l a r 

e p i d e r m i s ( S e c . 21) or the n u c e l l a r e p i d e r m i s and a l e u r o n e e n v e l o p e ( S e c . 3) 

a c t i n g t o g e t h e r . The s e l e c t i v e e x t r a c t i o n c a n n o t be due t o the impermea

b i l i t y o f the tegmen ( c f . , C o l l i n s , 1918) because the a n t h o c y a n i n s f r o m the 
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tegmen, w h i c h i s the o u t e r l a y e r o f spermoderm, a r e e x t r a c t e d c o m p l e t e l y . 

W i t h t h e development of t h e method f o r s e l e c t i v e . e x t r a c t i o n , 

f r o m the t i s s u e s o f d i f f e r i n g g e n e t i c background, the time-consuming 

manual p e e l i n g i s d i s p e n s e d w i t h as a s t e p i n o b t a i n i n g e x t r a c t s from the 

s e p a r a t e t i s s u e s of the c a r y o p s i s . 
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APPRAISAL OF ANTHOCYANIN STABILITY 

(SECTIONS 2 3 AND 2 4 ) 

A n t h o c y a n i n i n s t a b i l i t y has been a p r o b l e m , f r o m the b e g i n n i n g , 

i n e l a t i o n and p u r i f i c a t i o n . A l t h o u g h the t e c h n i q u e s d e v e l o p e d i n t h i s 

l a b o r a t o r y t o I n s u r e pigment s t a b i l i t y made p o s s i b l e the work r e p o r t e d 

t h u s f a r , t h e y were d e v i s e d by t r i a l and e r r o r . A p p r a i s a l o f the 

a n t h o c y a n i n i n s t a b i l i t y had t o be u n d e r t a k e n because the e x i s t i n g 

b e l i e f s on the s t a b i l i t y o f f l a v y l i u m ( I ) , pseudo base ( I I ) , and 

anhydro base ( I I I ) s t a t e s o f a n t h o c y a n i n s c o n t r a d i c t e d e i t h e r the 

OH 

I I I I I I 

e m p i r i c a l b a s i s o f our t e c h n i q u e s or s e r v e d t o c o n f u s e t h e i n s t a b i l i t y 

p r o b l e m . F o r i n s t a n c e , i t i s a w e l l e s t a b l i s h e d b e l i e f t h a t a n t h o c y a n i n s 

a r e b e s t " p r e s e r v e d " ( R o b i n s o n and R o b i n s o n , 1 9 3 0 ) i n a c i d i c s o l v e n t s 

below pH 1 (C_a. 17o H C l ) and t h a t pseudo bases o f a n t h o c y a n i n s a r e 

r e l a t i v e l y u n s t a b l e . The s t u d i e s d e s c r i b e d i n S e c t i o n s 1 0 t o 1 5 , however, 

i n d i c a t e d t h a t a c i d c o n c e n t r a t i o n s , s u c h a s, 17o H C l were r a t h e r h i g h and 

m a i n l y r e s p o n s i b l e f o r d e g r a d a t i o n . I t was f o r t h i s r e a s o n t h a t the 

a n t h o c y a n i n s i n t h i s s t u d y were 6 l u t e d e v e n t u a l l y w i t h 0.03% m e t h a n o l i c 

HCl ( S e e s . 1 6 and 1 9 ) . The a c i d c o n c e n t r a t i o n was r e d u c e d f u r t h e r because 
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of the washings w i t h u n a c i d i f i e d methanol ( S e c . 19.2.2). At t h a t low 

a c i d c o n c e n t r a t i o n , i t was o b s e r v e d f r e q u e n t l y t h a t the a n t h o c y a n i n 

e l u a t e s t u r n e d b l u i s h r e d . The changes i n c o l o r i n d i c a t e d t h a t a p o r t i o n 

o f the a n t h o c y a n i n s i n e l u a t e s e x i s t e d as f l a v y l i u m s a l t s , a p o r t i o n as 

anhydro bases and a p o r t i o n , p r o b a b l y , as pseudo b a s e s . S i n c e the anth o 

c y a n i n s , e m p i r i c a l l y , r e m a i n e d more s t a b l e under t h e s e m i l d c o n d i t i o n s 

and n o t when 1% HCl was used, a d e t a i l e d s t u d y o f f a c t o r s a f f e c t i n g the 

s t a b i l i t y o f f l a v y l i u m , anhydro base and pseudo base s t a t e s o f antho

c y a n i n s was u n d e r t a k e n . A l t h o u g h i t has n o t been p o s s i b l e t o i n c l u d e a l l 

t h e s e s t u d i e s i n the t h e s i s , i t w i l l , n o n e t h e l e s s , be d e m o n s t r a t e d t h a t 

the c u r r e n t methods of p r o c e s s i n g a n t h o c y a n i n s , w h i c h a r e based on the 

b e l i e f i n the s t a b i l i t y o f f l a v y l i u m s t a t e , r e q u i r e m o d i f i c a t i o n s . 
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APPRAISAL OF ANTHOCYANIN STABILITY 

23. INFLUENCE OF ACID ON THE STABILITY OF ANTHOCYANIN 
EXTRACTS AND ELUATES DURING FLASH EVAPORATION 

S i n c e R o b i n s o n and R o b i n s o n ( 1 9 3 3 ) , i t i s a c c e p t e d t h a t 1% HCl 

e x t r a c t s and p r e s e r v e s a n t h o c y a n i n s . The same range o f a c i d c o n c e n t r a 

t i o n i s used g e n e r a l l y f o r a n t h o c y a n i n e x t r a c t i o n , p r o c e s s i n g and 

e l u t i o n . The e x t r a c t s or e l u a t e s a re f i n a l l y c o n c e n t r a t e d or d r i e d by 

f l a s h e v a p o r a t i o n by s e v e r a l w o r k e r s , f o r i n s t a n c e , Asen, S i e g e l m a n , 

S t u a r t ( 1 9 5 7 ) , H arborne (1958, 1959a, 1960), and o t h e r s . I n t h i s s e c t i o n , 

i t w i l l be d e m o n s t r a t e d t h a t t h i s r ange of a c i d c o n c e n t r a t i o n i n the 

e x t r a c t a n t s and e l u e n t s d r a s t i c a l l y a f f e c t s the s t a b i l i t y o f a n t h o c y a n i n s 

p r i m a r i l y because o f the c o n c e n t r a t i o n and d r y i n g by f l a s h e v a p o r a t i o n . 
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23.1. MATERIALS AND METHODS 

2.3.1.1. E f f e c t o f F l a s h E v a p o r a t i o n o f A n t h o c y a n i n E x t r a c t s t o Dr y n e s s 

As shown e l s e w h e r e , i n o r d e r t o b r i n g the e x t r a c t i o n p r o c e d u r e 

i n l i n e w i t h t h o s e o f the acknowledged a u t h o r i t i e s , f o r i n s t a n c e , 

Harborne (1958, 1959a, 1960), the b a s a l l e a f s h e a t h s o f s e v e r a l s t o c k s 

grown i n the U n i v e r s i t y Greenhouses i n 1961 were e x t r a c t e d w i t h 17. 

m e t h a n o l i c H C l ( S e c . 19.2.1). F o r the pu r p o s e s o f t h i s i n v e s t i g a t i o n , 

a l i q u o t s o f the c o n c e n t r a t e d a n t h o c y a n i n e x t r a c t o f the b a s a l l e a f s h e a t h s 

o f G o p a l and B l a c k H u l l e s s (Greenhouse C o l l e c t i o n s 400 and 402; Sec. 

19.2.1) were f l a s h e v a p o r a t e d t o d r y n e s s a t 30°C. The d r i e d e x t r a c t s 

were chromatographed from 17, m e t h a n o l i c H C l . 

23.1.2. Comparison o f E x t r a c t i o n s w i t h M e t h a n o l C o n t a i n i n g 17o and 0.17.  
H y d r o c h l o r i c A c i d 

23.1.2.1. The pigment r i c h d u s t s , o b t a i n e d by p e a r l i n g (Sec .6 .3.1 .c) 

t h e mature k e r n e l s o f the h u l l - l e s s p u r p l e v a r i e t i e s , G o p a l and B l a c k 

H u l l e s s , were used f o r t h i s i n v e s t i g a t i o n . The p e a r l e d d u s t o f Go p a l was 

e x t r a c t e d and p r o c e s s e d w i t h i n one day, as d e s c r i b e d i n S e c t i o n 5.1.2. 

To an a l i q u o t o f the c o n c e n t r a t e d e x t r a c t was added, a f t e r f o u r days, 17, 

m e t h a n o l i c H C l (5 x v ) . The d i l u t e d e x t r a c t was r e c o n c e n t r a t e d ( b u t n o t 

d r i e d ) i n v acuo a t 30°c f o r chromatography. 

23.1.2.2. The p e a r l e d d u s t o f B l a c k H u l l e s s was e x t r a c t e d s e p a r a t e l y , 

a t t he same t i m e , w i t h two s o l v e n t s , v i z . 17. and 0.17, m e t h a n o l i c H C l , a t 

the t o t a l r a t e o f 1 gram d u s t per 20 ml s o l v e n t . I n i t i a l e x t r a c t i o n o f 

the d u s t was c a r r i e d out by s h a k i n g f o r a p e r i o d o f 48 hours u s i n g h a l f 

the amount o f s o l v e n t v i z . , 10 ml per gram dust.. The e x t r a c t was 
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o b t a i n e d by c e n t r i f l i g a t i o n a t 15,000 rpm. The a n t h o c y a n i n - r i c h c e n t r i f u g e d 

p e l l e t s ( s e e Sec. 6.3.1c) were r e - e x t r a c t e d f o u r t i m e s u s i n g a q u a r t e r of 

the r e m a i n i n g s o l v e n t e ach t i m e . A l l the f i v e e x t r a c t s of the c o r r e s 

p o n d i n g e x t r a c t i o n s ( v i z . , 1% and 0.1% H C l ) were combined s e p a r a t e l y . 

The e x t r a c t c o n t a i n i n g 0.1% HCl was d r i e d JLn vacuo a t 30°c , b u t the ex

t r a c t c o n t a i n i n g 1% HCl was o n l y c o n c e n t r a t e d t o about 1 ml per gram d u s t 

and n o t d r i e d a t any s t a g e . The d r i e d e x t r a c t of the 0.1% HCl e x t r a c t i o n 

was made up t o t h e volume o f the 1% H C l e x t r a c t w i t h 0,T% m e t h a n o l i c 

HCl p r i o r t o chromatography. 

A l l e x t r a c t s were chromatographed by b a n d i n g on Whatman paper 

No. 3 i n the BAW s o l v e n t by a s c e n t as d e s c r i b e d i n S e c t i o n 10.2^2. 

23.2. RESULTS 

23.2.1. E f f e c t o f F l a s h . E v a p o r a t i o n of A n t h o c y a n i n E x t r a c t s t o D r y n e s s 

C h r o m a t o g r a p h i c e v i d e n c e of the ' a d v e r s e ' e f f e c t s of f l a s h 

e v a p o r a t i n g 1% m e t h a n o l i c HCl a n t h o c y a n i n e x t r a c t s t o d r y n e s s i s shown 

i n F i g . 23.1, Chromatograms 400 and 401. The r e s u l t s shown i n Chroma

togram 400 ( s e e a l s o F i g . 19.1) were o b t a i n e d by c o n c e n t r a t i n g the 1% 

m e t h a n o l i c HCl e x t r a c t s as d e s c r i b e d i n S e c t i o n 19.2.1, and t h o s e i n 

Chromatogram 401 by f l a s h e v a p o r a t i n g an a l i q u o t of the c o n c e n t r a t e d 

e x t r a c t 400 t o d r y n e s s . The Chromatogram 400 c o n t a i n s 7 a n t h o c y a n i n 

bands, v i z . , A, B, D, E, F, G, H and I : the d e t a i l s of i d e n t i f i c a t i o n o f 

t h e s e bands a r e d e s c r i b e d i n S e c t i o n 19.3.7. F o r the p u r p o s e s o f t h i s 

p r e s e n t a t i o n , i t may be added t h a t the band 1/400 i s a m i x t u r e : t h e 

major component of the m i x t u r e , however, i s c y a n i d i n ( S e c . 1 9 . 3 . 1). 
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F i g . 23.1 
A l t e r a t i o n of chromatoband 
numbers and sequences by f l a s h 
evaporation. Anthocyanin 
extract 400, concentrated but 
not dried before BAW chromato
graphy; 401 same extract, f l a s h 
evaporated before BAW chromato
graphy. Note e s p e c i a l l y the loss 
of band H and note the appearance 
of anthocyanidins I i , and I i i in 
chromatogram 401. That I i and 
I i i are anthocyanidins and not 
'fast-moving' anthocyanins i s 
shown in chromatograms Ii/401 
and Iii/401 from HAc-HCl. 

> 

-401 ln-401 

Conspicuous changes occur when the extract i s f l a s h evaporated 

to dryness as seen in Chromatogram 401. One of the major bands, H/400, 

and also the band D/400 disappear. Moreover, the i n t e n s i t y of the 

cyanidin band Ii/401 increases several folds over that of 1/400, and 

also a new band I i i / 4 0 1 , which, more or less, i s confounded with the 

band Ii/400 appears. The bands Ii/401 and Iii/401 by clamping chroma

tography give Rf values below 0.1 in the HAc-KCl solvent and are 

mixture of aglycones. I d e n t i c a l patterns were obtained upon f l a s h 

evaporating the 1% methanolic HCl extracts of the Greenhouse C o l l e c t i o n 
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402 ( b a s a l l e a f s h e a t h s o f B l a c k H u l l e s s : see Sec. 19.3.7) t o d r y n e s s . 

The r e s u l t s i n d i c a t e d t h a t i t was due t o t h e i n c r e a s e i n a c i d 

upon f l a s h e v a p o r a t i o n ( S e c . 15.2.1) t h a t the h y d r o l y t i c d e g r a d a t i o n 

o c c u r r e d . I n o r d e r t o c o n f i r m t h a t the c o n c e n t r a t i o n of a c i d was r e s 

p o n s i b l e f o r the m o d i f i c a t i o n s , the a n t h o c y a n i n s were e x t r a c t e d w i t h 17, 

and 0.17> m e t h a n o l i c H C l . The r e s u l t s of t h i s i n v e s t i g a t i o n a re p r e s e n t e d 

n e x t , 

23.2.2. Comparison o f E x t r a c t i o n w i t h M e t h a n o l C o n t a i n i n g 17, and 0.17,  
H y d r o c h l o r i c A c i d 

The p e a r l e d d u s t of G o p a l was e x t r a c t e d w i t h 0.17, m e t h a n o l i c 

H C l . The e x t r a c t i o n , p r o c e s s i n g , and chromatography were c o m p l e t e d i n 

one day. The d i s t r i b u t i o n o f a n t h o c y a n i n s i s shown i n F i g . 23.2: 

Chromatogram No. I . A f t e r 4 days, t o an a l i q u o t of the c o n c e n t r a t e d 

0.17, m e t h a n o l i c HCl e x t r a c t was added 5 - f o l d 17, m e t h a n o l i c H C l . The 

volume o f the d i l u t e d e x t r a c t was r e d u c e d in vacuo t o about the o r i g i n a l 

volume. The r e s u l t s o f chromatography of the 4-day o l d 0.17, m e t h a n o l i c 

H C l e x t r a c t , and a f t e r i t was b r o u g h t i n t o 17, m e t h a n o l i c H C l a r e shown 

i n F i g . 23.2, Chromatograms No. I I and I I I , r e s p e c t i v e l y . The maximum 

number o f a n t h o c y a n i n s p r e s e n t i n the 17, m e t h a n o l i c H C l e x t r a c t i s 

shown i n chromatogram No. I V , w h i c h was o b t a i n e d by a p p l y i n g about t w i c e 

the amount o f c o n c e n t r a t e d e x t r a c t t o t h a t a p p l i e d i n chromatogram 

No. I I I . On c o m p a r i s o n o f chromatogram No. I and I I , i t becomes c l e a r 

t h a t no changes o c c u r r e d i n the 0.17, m e t h a n o l i c HCl e x t r a c t i n s t o r a g e 

over a p e r i o d o f 4 days. Comparison of t h e chromatograms I, I I on t h e 

one hand, and I I I , IV on the o t h e r , shows t h a t when 1% methanolic. HCl 

i s added t o t h e e x t r a c t , the a n t h o c y a n i n bands No, 3 and 5 a l m o s t ' 
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F i g . 23.2 
Anthocyanins from Gopal p e a r l 
ings extracted in 0.01% HCl-MeOH 
and chromatographed in one day ( I ) ; 
same extract after 4 days, then 
chromatographed ( I I ) ; same extract 
after 4 days, d i l u t e d with 5x 1% 
HCl-MeOH and reduced _in vacuo to 
o r i g i n a l volume ( I I I ) ; same as 
(I I I ) but applied i n double 
concentration (IV). Note disap
pearance of bands 3 and 5 in 
(I I I ) and (IV) and the appea
rance of two or more'fast-
moving' bands in (IV). 

SolVIRt RAW 

completely disappear. I t is to be noted that i n the preceding i n v e s t i 

gation (23.2.1), the degradation occurred when the 1% methanolic HCl 

extracts were dried _in vacuo. The r e s u l t s of this i n v e s t i g a t i o n show 

that changes occur due to excess acid, because none of the extracts was 

dried at any stage during processing, and, therefore support the e a r l i e r 

conclusion that acid increases i n the f i n a l stages of f l a s h evaporation. 

In the r e s u l t s presented thus f a r , the acid concentration of 

the extracts was increased either by f l a s h evaporation or by the addi

tion of extra acid but anthocyanins were not extracted d i r e c t l y using 

d i f f e r e n t amounts of acid i n the extraction solvent. Thus, in another 

inv e s t i g a t i o n , the pearled dust of Black Hulless was extracted separately 

with methanol containing 1% and 0.1%, methanolic HCl under i d e n t i c a l 
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c o n d i t i o n s a t the same ti m e ( s e e Sec. 23.1.2.2). The e x t r a c t s a f t e r 

volume r e d u c t i o n were chromatographed. A l t h o u g h , the chromatograms of 

the 0.1% m e t h a n o l i c HCl a r e n o t t r a c e a b l e , the r e s u l t s o f the two d i f f e r e n t 

e x t r a c t i o n s d i d show v a r i a t i o n s i n a n t h o c y a n i n s comparable t o t h o s e 

shown i n F i g . 23.2. I n o r d e r t o d e t e r m i n e the i n f l u e n c e o f f l a s h e v a p o r a 

t i o n t o dryness., the r e m a i n i n g c o n c e n t r a t e d e x t r a c t , o b t a i n e d w i t h 0.17, 

m e t h a n o l i c H C l , was e v a p o r a t e d t o d r y n e s s . The r e s u l t s of t h i s 0.17, 

m e t h a n o l i c e x t r a c t a f t e r d r y i n g , and t h o s e of the 17, m e t h a n o l i c e x t r a c t 

w i t h o u t d r y i n g are shown i n F i g . 23.3, chromatograms I and I I , r e s p e c 

t i v e l y . I t w i l l be n o t e d t h a t whereas the chromatogram I shows two 

b l u i s h r e d components, ( 2 , and 3 ) , the Chromatogram I I shows o n l y one 

b l u i s h r e d component, ( b ) but i n v e r y s t r o n g c o n c e n t r a t i o n . The b l u i s h 

r e d a n t h o c y a n i n s No. 1 (chromatogram I ) and a n t h o c y a n i n s No. a (chroma

togram I I ) were i d e n t i f i e d as d e l p h i n i d i n d e r i v a t i v e s by the t e c h n i q u e s 

d e s c r i b e d e l s e w h e r e ( S e c . 2 0 ) . The d e l p h i n i d i n d e r i v a t i v e s w o u l d have 

o r i g i n a t e d f r o m the a l e u r o n e l a y e r ( S e e s . 6.4.2 . c , and 22.2.2). The 

c o l o r r e a c t i o n s o f the a n t h o c y a n i n No. 2 (chromatogram I ) a l s o appear t o 

be t h o s e of i d e l p h i n i d i n . Thus, i n t h e p r e s e n c e o f the commonly used 

c o n c e n t r a t i o n s of a c i d , namely, 17, m e t h a n o l i c H C l some h y d r o l y t i c modi

f i c a t i o n s t a k e p l a c e t h a t i n s t e a d o f the two d e l p h i n i d i n d e r i v a t i v e s 

o b t a i n e d when 0.17, m e t h a n o l i c HCl i s used, o n l y one d e l p h i n i d i n d e r i 

v a t i v e , b u t i n r e l a t i v e l y s t r o n g c o n c e n t r a t i o n , i s o b t a i n e d . I t i s 

n o t a b l e t h a t i n the work r e p o r t e d p r e v i o u s l y ( M u l l i c k , F a r i s , B r i n k 

and Acheson, 1958), o n l y one b l u i s h r e d a n t h o c y a n i n s p o t was n o t e d t o be 

p r e s e n t i n the v a r i e t y B l a c k H u l l e s s . , The r e a s o n s f o r t h e d i s c r e p a n c y 

a r e s e l f - e v i d e n t . 

The c o n c e n t r a t i o n s o f t h e o t h e r bands i n the two chromatograms 
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F i g . 23.3 
Pe a r l i n g s from Black 
H u l l e s s e x t r a c t e d i n 
0.1% HCl-MeOH and 
d r i e d _in vacuo ( I ) 
and i n 1% HCl-MeOH 
not evaporated to dry
ness ( I I ) and chroma
tographed from BAW. BLACK HULLESS PEARLINGS 

Solvent i B A W 

( F i g . 23.3) are so d i f f e r e n t that i t i s d i f f i c u l t to r e l a t e the i d e n t i t y 

of the corresponding bands. The band No. b (chromatogram I I ) emerges 

as the major spot. No such major spot i s present i n Chromatogram I . 

The Chromatogram I shows a d d i t i o n a l l y , the presence of the bands No. 7 

and 8 which were n e i t h e r detected i n Chromatogram I I nor i n the e a r l i e r 

work reported elsewhere ( M u l l i c k et a l . , i b i d . ) . 
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2 3 . 3 . DISCUSSION 

The r e s u l t s d e m o n s t r a t e t h a t e x t e n s i v e m o d i f i c a t i o n s o f antho

c y a n i n s o c c u r when the e x t r a c t s are f l a s h e v a p o r a t e d t o d r y n e s s . The 

d i s a p p e a r a n c e o f s e v e r a l a n t h o c y a n i n s from the 1% m e t h a n o l i c H C l e x t r a c t 

4 0 0 ( F i g . 2 3 . 1 ) , and the appearance of the a g l y c o n e , c y a n i d i n band I i / 4 0 1 

i n e x c e s s i v e l y l a r g e q u a n t i t i e s upon f l a s h e v a p o r a t i o n i s good e v i d e n c e 

t h a t ( a ) g l y c o s i d i c h y d r o l y s i s o c c u r s d u r i n g f l a s h e v a p o r a t i o n , and ( b ) , 

the h y d r o l y s i s i s pronounced upon d r y i n g b u t m i n i m a l when t h e 17o m e t h a n o l i c 

H C l e x t r a c t s a r e m e r e l y ' c o n c e n t r a t e d ' i n vacuo ( n o t e band 1 / 4 0 0 ( F i g . 2 3 . 1 ) ) . 

The c o n c l u s i o n i s c o n s i s t e n t w i t h the key o b s e r v a t i o n s t a t e d i n S e c t i o n 

1 5 . 2 . 1 t h a t upon f l a s h e v a p o r a t i o n t o d r y n e s s o f a c i d i f i e d m e t h a n o l i c 

e x t r a c t s the odour o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d i s pronounced. Thus, 

the c o n c e n t r a t i o n o f h y d r o c h l o r i c a c i d i n c r e a s e s towards the end o f f l a s h 

e v a p o r a t i o n and i t i s due t o i n c r e a s e i n the a c i d c o n c e n t r a t i o n t h a t p a r t i a l 

h y d r o l y s i s o c c u r s . The r e s u l t s o f e x t r a c t i o n s w i t h m e t hanol c o n t a i n i n g 17, 

and 0 . 1 7 , HCl f u r t h e r c o n f i r m t h a t s e v e r a l m o d i f i c a t i o n s o f a n t h o c y a n i n s 

o c c u r when e x t r a c t i o n s are c a r r i e d out w i t h 17, m e t h a n o l i c H C l : some 

m o d i f i c a t i o n s , t h e o r e t i c a l l y , s h o u l d o c c u r even when the e x t r a c t i s o n l y 

c o n c e n t r a t e d and n o t d r i e d . 

The o b s e r v a t i o n s i n d i c a t e t h a t i f a c i d i c s o l v e n t s a r e t o be 

used, a n t h o c y a n i n s must be e x t r a c t e d w i t h as l i t t l e s o l v e n t as p o s s i b l e so 

t h a t upon c o n c e n t r a t i o n _in v a c u o , m i n i m a l i n c r e a s e i n a c i d c o n c e n t r a t i o n 

o c c u r s . The d e t r i m e n t a l i n f l u e n c e o f the s o l v e n t on a n t h o c y a n i n s t a b i l i t y 

was a p p r e c i a t e d o n l y towards the c o n c l u s i o n o f t h i s r e s e a r c h program. 

The a n t h o c y a n i n s i n e a r l y s t u d i e s , f o r i n s t a n c e , from p e a r l e d d u s t o f 

b a r l e y k e r n e l s had t o be e x t r a c t e d r e p e a t e d l y w i t h the f r e s h s o l v e n t by 
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s o n i c a t i o n ( s e e Sec. 6, and a l s o . M u l l i c k , e t : _ a l « s 1958), because the 

a l e u r o n e a n t h o c y a n i n s are e x t r e m e l y h a r d t o e x t r a c t . Thus, upon the i n 

vacuo c o n c e n t r a t i o n the a n t h o c y a n i n s were s t o r e d l i t e r a l l y i n ' c o n c e n t r a t e d ' 

HCl ( s e e Sec. 15.2.1). I t i s p r i m a r i l y f o r t h i s r e a s o n t h a t the r e s u l t s 

o b t a i n e d i n the 1958 s t u d i e s , or l a t e r i n the s t u d i e s r e p o r t e d i n t h i s 

s e c t i o n show v a r i a t i o n s . The v a r i a t i o n s from the b i o l o g i c a l m a t e r i a l s , 

o t h e r w i s e , c o u l d have been a s c r i b e d t o s e v e r a l o t h e r c a u s e s . 

The s t u d i e s p r e s e n t e d e a r l i e r i n the t h e s i s , were l a r g e l y o f a 

q u a l i t a t i v e n a t u r e . Emphasis was p l a c e d p r i m a r i l y on e x t r a c t i o n of antho

c y a n i n s from l i v i n g t i s s u e s w i t h as l i t t l e change as p o s s i b l e . I t was 

u n d e r s t o o d t h a t s l i g h t v a r i a t i o n s i n the q u a n t i t y o f s o l v e n t t o the 

w e i g h t of t i s s u e s w o u l d have no b e a r i n g on the s t a b i l i t y o f a n t h o c y a n i n s . 

Thus, i n o r d e r t o m i n i m i z e a u t o l y s i s o f a n t h o c y a n i n s , the q u a n t i f i c a t i o n 

o f e x t r a c t i o n had t o be compromised. The a u t o l y s i s o f a n t h o c y a n i n s i n the 

p e e l e d g r a i n t i s s u e s ( S e e s . 5, 8) w o u l d have ensued had the t i s s u e s n o t 

been i n a c t i v a t e d and e x t r a c t e d i m m e d i a t e l y a f t e r p e e l i n g . A g a i n , t h e 

q u a n t i f i c a t i o n was n o t u n d e r t a k e n because i t s h o u l d have been based on the 

e x a c t amount of a n t h o c y a n i n s p r e s e n t i n t i s s u e s a t each s t a g e of d e v e l o p 

ment so as t o s t a n d a r d i z e the e x t r a c t i o n i d e a l l y on the b a s i s of amount 

o f a c i d i f i e d s o l v e n t per u n i t w e i g h t o f a n t h o c y a n i n s . A l t h o u g h t h e 

e x t r a c t i o n s c o u l d n o t be f u l l y s t a n d a r d i z e d f o r r e a s o n s s t a t e d above, the 

e x t r a c t s , f o l l o w i n g the i n vacuo c o n c e n t r a t i o n , however, were q u a n t i f i e d 

t o a s t a n d a r d volume based on the d r y w e i g h t of t i s s u e s f o l l o w i n g 

p r e l i m i n a r y e x t r a c t i o n . I n the c o u r s e of l a r g e s c a l e c o m p a r a t i v e work, 

even the t i s s u e c o l l e c t i o n i s h i g h l y t i m e consuming. F o r example, the 

c o l l e c t i o n o f about 300 d i f f e r e n t t i s s u e s and s t a g e s of development o f 

s e v e r a l s t o c k s I n 1960 ( s e e Sec. 10) t o o k a p e r i o d of over two months. 
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The p r o c e s s i n g and c o n c e n t r a t i o n of t h e e x t r a c t s _in vacuo t o o k a s i m i l a r 

p e r i o d o f t i m e . The c o n c e n t r a t e d e x t r a c t s were r e f r i g e r a t e d (-15°C) f o r 

s e v e r a l months b e f o r e t h e y were s t a n d a r d i z e d f o r c h r o m a t o g r a p h i c c o m p a r i 

s o n s . S e v e r a l h y d r o l y t i c changes must have o c c u r r e d . I t i s thus c l e a r 

t h a t the c o n c e n t r a t i o n o f the a c i d i f i e d a n t h o c y a n i n e x t r a c t s as w e l l as 

the s t o r a g e o f the c o n c e n t r a t e d e x t r a c t s i s a p o t e n t i a l s o u r c e of v a r i a 

b i l i t y due t o d e g r a d a t i o n or a r t e f a c t p r o d u c t i o n . 

I f a c i d i c s o l v e n t s are t o be used i n e x t r a c t i o n , the s t a n d a r d i 

z a t i o n o f e x t r a c t i o n on the b a s i s o f amount of a c i d i f i e d s o l v e n t per u n i t 

w e i g h t of a n t h o c y a n i n s becomes a n e c e s s i t y f o r s t u d i e s on the s t e p w i s e 

development of a n t h o c y a n i n s ( c f . , Sec. 8 ) . R e l a t i v e l y , l a r g e q u a n t i t i e s 

o f t i s s u e , and t h e r e f o r e l a r g e r q u a n t i t i e s o f a c i d i c s o l v e n t w o u l d be 

r e q u i r e d t o e x t r a c t t i s s u e s where a n t h o c y a n i n s a r e j u s t b e g i n n i n g t o 

form ( s t a g e I ) as compared t o t i s s u e s w h i c h show maximum development of 

pigment ( s t a g e I I I ) and, t h e r e f o r e , r e q u i r e r e l a t i v e l y a s m a l l amount of 

b o t h t i s s u e and s o l v e n t t o e x t r a c t comparable amounts of a n t h o c y a n i n s 

( S e c . 8 ) . Upon chromatography o f the e x t r a c t s a t d i f f e r e n t d e v e l o p m e n t a l 

s t a g e s , i t was o b s e r v e d c o n s i s t e n t l y i n t h r e e s e p a r a t e i n v e s t i g a t i o n s 

( s e e Sec. 5 and S e c . 8; t h e r e s u l t s o f the t h i r d i n v e s t i g a t i o n a r e n o t 

p r e s e n t e d i n the i n t e r e s t o f b r e v i t y ) over a p e r i o d o f t h r e e y e a r s t h a t 

s t a g e I c o n t a i n e d fewer a n t h o c y a n i n s and a n t h o c y a n i d i n s as compared t o 

s t a g e I I I . A l t h o u g h , the a n t h o c y a n i n s a t s t a g e I were fewer i n a l l the 

t h r e e i n v e s t i g a t i o n s , t h e y showed s i g n i f i c a n t v a r i a t i o n s i n R^ v a l u e s , 

i n d i c a t i n g , on the b a s i s o f the above o b s e r v a t i o n s t h a t p a r t i a l h y d r o l y s i s 

o f a n t h o c y a n i n s c o u l d have o c c u r r e d d u r i n g p r e p a r a t i o n o f the e x t r a c t s . 

Thus, the v a r i a b i l i t y of a n t h o c y a n i n s c a u s e d by the d i f f e r e n t i a l f l a s h 

e v a p o r a t i o n ( s e e a l s o Sec. 19) or by s t o r a g e of c o n c e n t r a t e d e x t r a c t s , i f 
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s o l v e n t s c o n t a i n i n g V/0 m e t h a n o l i c H C l a r e t o be used i n e x t r a c t i o n , may 

co n f o u n d the d e v e l o p m e n t a l v a r i a b i l i t y . 

A p a r t f r o m the problems i n v o l v e d i n the d e v e l o p m e n t a l work, 

s e v e r a l p r a c t i c a l d i f f i c u l t i e s a r e e n c o u n t e r e d w i t h the use of a c i d i c s o l 

v e n t s i n s t r i c t l y c o m p a r a t i v e work. F o r i n s t a n c e , i f the t i s s u e s had been 

e x t r a c t e d on l a r g e s c a l e , t h e c o n c e n t r a t i o n o f the e x t r a c t s may have t o be 

u n d e r t a k e n i n s e v e r a l b a t c h e s . I n p r a c t i c e one b a t c h i s l i a b l e t o be con

c e n t r a t e d more t h a n the o t h e r and thus c o u l d be a p o t e n t i a l s o u r c e o f 

v a r i a b i l i t y . Even when b a t c h c o n c e n t r a t i o n i s n o t n e c e s s a r y and antho

c y a n i n s a re e x t r a c t e d from e q u a l amounts o f t i s s u e s u s i n g e q u a l amounts o f 

the s o l v e n t , d i f f e r e n t i a l breakdown or m o d i f i c a t i o n o f a n t h o c y a n i n s s t i l l 

o c c u r s i n the e x t r a c t ( c _ f . , Sec. 2 4 ) . Thus, when e v e r y t h i n g e l s e i s 

s t r i c t l y c o m p a r a b l e , the c o m p a r a b i l i t y breaks' down f o r l a c k o f c o n t r o l i n 

the c u r r e n t l y a v a i l a b l e f l a s h e v a p o r a t o r s f o r c o n c e n t r a t i n g the a c i d i f i e d 

e x t r a c t s e x a c t l y t o a d e s i r e d volume and over a f i x e d p e r i o d o f t i m e . The 

r a t e o f e v a p o r a t i o n o f a c i d i f i e d m e t h a n o l i c e x t r a c t s i s r e l a t i v e l y f a s t i n 

the e a r l y s t a g e s o f f l a s h . e v a p o r a t i o n b u t i t i s c o n s i d e r a b l y s l o w e d down 

i n the f i n a l s t a g e s . Thus, a n t h o c y a n i n s r e m a i n , i n the f i n a l s t a g e s o f 

f l a s h e v a p o r a t i o n , i n an environment o f h i g h a c i d c o n c e n t r a t i o n and h i g h 

t e m p e r a t u r e , f o r i n s t a n c e 50°c ( c f . , H a r b o r n e , 1958) f o r a l o n g p e r i o d o f 

t i m e . I t i s p r e c i s e l y around t h i s s t a g e o f f l a s h e v a p o r a t i o n t h a t d i f 

f e r e n t i a l degree o f h y d r o l y s i s c o u l d o c c u r i n o t h e r w i s e s t r i c t l y 

c omparable samples. 

The l o n g e r time t a k e n i n the f i n a l s t a g e s o f f l a s h e v a p o r a t i o n 

t o d r y n e s s c o u l d be one o f the r e a s o n s f o r the e x t e n s i v e breakdown of 

a n t h o c y a n i n e l u a t e s e n c o u n t e r e d i n t h e e a r l y work ( S e c . 11). The breakdown 

o f a n t h o c y a n i n s e l u t e d from the paper may be due t o o t h e r c a u s e s as w e l l . 
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F o r example, i t was shown i n S e c t i o n 18 t h a t a n t h o c y a n i n s e l u t e d from the 

paper may c o n t a i n l a r g e amounts o f paper d e r i v e d s u g a r s . The a n t h o c y a n i n 

breakdown i s a c c e l e r a t e d i n the p r e s e n c e o f s u g a r s ( T i n s l e y and B o c k i a n , 

1960). Oxygen has been shown t o cause r a p i d breakdown of a n t h o c y a n i n s i n 

a c i d i c s o l u t i o n s (Huang, 1956; L u k t o n , C h i c h e s t e r and M a c k i n n e y , 1956; 

R o b e r t s o n , 1959, and o t h e r s ) . I n a f l a s h e v a p o r a t o r , a l t h o u g h the p r e s s u r e 

of oxygen i s low, n o n e t h e l e s s , i n the p r e s e n c e of paper d e r i v e d s u b s t a n c e s , 

the p r e s e n c e o f r e s i d u a l oxygen and a g i t a t i o n due t o c o n t i n u o u s r o t a t i o n 

of t he f l a s h e v a p o r a t o r f l a s k , some breakdown o f a n t h o c y a n i n s c o u l d have 

o c c u r r e d . However, the p o t e n t i a l s o u r c e o f breakdown s t i l l appears t o be 

due t o t h e a c i d i c h y d r o l y s i s . The e l u a t e s o f s e v e r a l a n t h o c y a n i n s d i d 

show the p r e s e n c e of a g l y c o n e s when the e l u a t e s were o b t a i n e d w i t h the 

e l u t i o n s o l v e n t s used n o r m a l l y ( T a b l e 1 1 . I ) . The e l u a t e s o f the a n t h o 

c y a n i n E3-138, even a f t e r 3 p u r i f i c a t i o n s ( S e c . 1 5 ) , s t i l l showed the 

p r e s e n c e of the a g l y c o n e s . Depending upon the s u b s t i t u e n t s , some anth o 

c y a n i n s e l u t e q u i c k l y w h i l e o t h e r s v e r y s l o w l y . Thus, t h e r e i s , 

i m p o r t a n t l y , no c o n t r o l on the amount o f e l u e n t used i n the e l u t i o n . A g a i n 

i n an e f f o r t t o e l u t e weak a n t h o c y a n i n s as c o m p l e t e l y as p o s s i b l e , r e l a t i v e 

l a r g e r amounts of e l u e n t s a r e used. Thus, t h o s e a n t h o c y a n i n s w h i c h move 

f a s t e r i n t h e e l u e n t used, are e l u t e d i n s m a l l q u a n t i t y of the e l u e n t and 

t h e r e f o r e , a s m a l l q u a n t i t y of a c i d , and a c c o r d i n g l y s u f f e r l i t t l e d e g r a 

d a t i o n d u r i n g f l a s h e v a p o r a t i o n . The a n t h o c y a n i n s e l u t e d w i t h a l a r g e r 

q u a n t i t y o f t h e e l u e n t , on t h i s b a s i s , w o u l d undergo some h y d r o l y s i s due 

t o i n c r e a s e i n t h e a c i d c o n c e n t r a t i o n . S u p p o r t i n g e v i d e n c e f o r t h i s p o i n t 

of v i e w comes fr o m the a n t h o c y a n i n e l u a t e s w h i c h were p r o c e s s e d and 

f i n a l l y e l u t e d w i t h 0.037o m e t h a n o l i c H C l by the t e c h n i q u e s d e s c r i b e d e l s e 

where ( S e c . 1 6 ) . The e l u a t e s , i n g e n e r a l , d i d not show the p r e s e n c e of 



a g l y c o n e s because n o t o n l y the s t r e n g t h of a c i d i n the e l u e n t was r e l a t i v e l y 

v e r y weak, but a l s o the amount o f the e l u e n t used f o r e l u t i o n was m i n i m a l . 

A few o f the s a l i e n t d i f f i c u l t i e s t h a t a r i s e i n the d e v e l o p m e n t a l 

and c o m p a r a t i v e work, when a c i d i f i e d e x t r a c t s or e l u a t e s of a n t h o c y a n i n s 

are c o n c e n t r a t e d or d r i e d by f l a s h e v a p o r a t i o n , have been p r e s e n t e d above. 

Why d i d o t h e r w o r k e r s n o t e n c o u n t e r s u c h d i f f i c u l t i e s when the u s u a l 

e x t r a c t i o n , e l u t i o n and i s o l a t i o n p r o c e d u r e s f o r a n t h o c y a n i n s employ s o l 

v e n t s r a n g i n g from 17, t o 57> h y d r o c h l o r i c a c i d ( r e v i e w s : S h e s h a d r i , 1962; 

H a y a s h i , 1962)? Such c o n c e n t r a t i o n s o f a c i d may be t o l e r a b l e because the 

a n t h o c y a n i n s are i s o l a t e d i n a d r y s t a t e e i t h e r by e t h e r . p r e c i p i t a t i o n , 

d e r i v a t i v e f o r m a t i o n , d i s p l a c e m e n t i n t o o t h e r s o l v e n t s or e v e n t u a l c r y s t a l 

l i z a t i o n b u t , i n g e n e r a l , w i t h o u t r e s o r t t o c o n c e n t r a t i o n by f l a s h e v a p o r a 

t i o n . The above range of a c i d c o n c e n t r a t i o n f o r p r o c e s s i n g a n t h o c y a n i n s 

was e s t a b l i s h e d p r i o r t o the advent o f chromatography, and i n t h e b e l i e f 

t h a t i t was the f l a v y l i u m s a l t s t a t e and n o t the pseudo base s t a t e of 

a n t h o c y a n i n s ( s e e Sec. 24) t h a t was s t a b l e . W i t h the advent o f chroma

t o g r a p h y , the c o n c e n t r a t i o n o f e x t r a c t s by f l a s h e v a p o r a t i o n has.become 

a l m o s t a n e c e s s i t y and a p a r t o f the c h r o m a t o g r a p h i c t e c h n i q u e s . I n 

b i o l o g i c a l work, the samples o c c a s i o n a l l y a r e so s m a l l t h a t sometimes t h e y 

r e q u i r e e x p e r i e n c e d hands even f o r c r u d e c r y s t a l l i z a t i o n by e t h e r . F l a s h 

e v a p o r a t i o n under the c i r c u m s t a n c e s i s i d e a l , p r o v i d e d a s o l v e n t o f low 

a c i d c o n c e n t r a t i o n i s used. Indeed, i n our e l u t i o n and c o n c e n t r a t i o n 

t e c h n i q u e ( S e c . 1 6 ) , the f l a s h e v a p o r a t i o n o f a n t h o c y a n i n s e l u t e d w i t h 

0.03% m e t h a n o l i c HCl d i d n o t cause d e t e c t a b l e h y d r o l y s i s . I n v i e w of the 

s t u d i e s d e s c r i b e d i n the f o l l o w i n g S e c t i o n s , i t appears t h a t , c o n t r a r y t o 

t h e e x i s t i n g b e l i e f s , t h e a n t h o c y a n i n s may be more s t a b l e i n the pseudo 

base s t a t e t h a n the f l a v y l i u m s t a t e . Thus, the r e q u i r e m e n t of a c i d may be 
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none t o m i n i m a l . The a c i d may be r e q u i r e d o n l y , f o r p r a c t i c a l c o n s i d e r a 

t i o n s , f o r p r o m o t i n g the s o l u b i l i t y o f a n t h o c y a n i n s ( S e c . 2 4 . 3 ) . 

2 3 . 4 . SUMMARY 

S i n c e R o b i n s o n and R o b i n s o n ( 1 9 3 3 ) , 17c aqueous HCl has been 

used f o r a n t h o c y a n i n e x t r a c t i o n . T h i s r a n g e o f a c i d c o n c e n t r a t i o n was 

o r i g i n a l l y f o u n d s a t i s f a c t o r y because a n t h o c y a n i n s were c o n c e n t r a t e d by 

d i s p l a c e m e n t i n t o s m a l l volumes o f a c i d i c s o l v e n t s or were i s o l a t e d i n 

a d r y s t a t e by d e r i v a t i v e f o r m a t i o n , c r y s t a l l i z a t i o n or e t h e r p r e c i p i 

t a t i o n . W i t h the advent o f chromatography, the c o n c e n t r a t i o n o f e x t r a c t s 

and e l u a t e s has become a n e c e s s i t y , and u s u a l l y f l a s h e v a p o r a t i o n , 

because o f i t s c o n v e n i e n c e , i s employed r o u t i n e l y f o r c o n c e n t r a t i o n o f 

a n t h o c y a n i n e x t r a c t s and d r y i n g o f a n t h o c y a n i n e l u a t e s i n many l a b o r a t o r i e s . 

I n o r d e r t o h a s t e n e v a p o r a t i o n , 17c, m e t h a n o l i c H C l i n s t e a d of 17o aqueous 

HCl i s used g e n e r a l l y f o r a n t h o c y a n i n e x t r a c t i o n and e l u t i o n . I t i s 

d e m o n s t r a t e d c h r o m a t o g r a p h i c a l l y t h a t f o l l o w i n g f l a s h e v a p o r a t i o n o f the 

a c i d i f i e d m e t h a n o l i c e x t r a c t s t o d r y n e s s , s i g n i f i c a n t h y d r o l y t i c breakdown 

of a n t h o c y a n i n s o c c u r s owing t o the d r a s t i c i n c r e a s e i n the a c i d concen

t r a t i o n i n the f i n a l s t a g e s o f f l a s h e v a p o r a t i o n . 

The i n f l u e n c e of f l a s h e v a p o r a t i o n i n r e f e r e n c e t o the t o t a l 

s t u d y p r e s e n t e d i n the t h e s i s i s s c r u t i n i z e d b r i e f l y . 
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APPRAISAL OF ANTHOCYANIN STABILITY 

24. EFFECT OF NEUTRAL AND ACIDIC SOLVENTS ON 
ANTHOCYANIN STABILITY IN STORAGE 

I t was d e m o n s t r a t e d t h a t g l y c o s i d i c h y d r o l y s i s i s one of the 

p r i n c i p a l c auses o f a n t h o c y a n i n m o d i f i c a t i o n s i n a c i d i c s o l u t i o n s ( S e c . 2 3 ) , 

i n a d s o r b e d s t a t e on the paper ( S e c . 15) and even i n c r y s t a l l i n e s t a t e 

( S e c . 1 5 ) . A l t h o u g h , the breakdown of a n t h o c y a n i n s i n 0.1% m e t h a n o l i c HCl 

e x t r a c t s , as compared t o t h a t o f the 10% m e t h a n o l i c H C l , i s m i n i m a l 

( S e c . 2 3 ) , i t i s no i n d i c a t i o n t h a t the in v i t r o breakdown i n the former, 

e x t r a c t s w o u l d n o t have o c c u r r e d . A c c o r d i n g l y , i n t h i s s e c t i o n the s t a 

b i l i t y o f a n t h o c y a n i n e x t r a c t s i n ' n e u t r a l ' and a c i d i f i e d m e t h a n o l , 

e t h a n o l and wa t e r a f t e r a two-year s t o r a g e w i l l be e x p l o r e d . I t w i l l be 

de m o n s t r a t e d t h a t , c o n t r a r y t o the e x i s t i n g b e l i e f s , t he a n t h o c y a n i n s a re 

s t a b l e as pseudo bases i n ' n e u t r a l ' s o l v e n t s and u n s t a b l e as f l a v y l i u m s a l t s 

i n a c i d i c s o l v e n t s . 
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24.1 MATERIALS AND METHODS 

The b a s a l l e a f s h e a t h s of G o p a l were o b t a i n e d from the 1960 

g r o w i n g season as d e s c r i b e d i n S e c t i o n 10.1. F r e s h l y h a r v e s t e d s h e a t h s , 

showing maximum c o l o r development*, were chopped t o about 1/8" p i e c e s , 

d i v i d e d , a p p r o x i m a t e l y i n t o s i x e q u a l p a r t s , and added i m m e d i a t e l y t o 6 

amber b o t t l e s c o n t a i n i n g 100 ml o f s i x d i f f e r e n t s o l v e n t s , namely m e t h a n o l , 

a c i d i f i e d m e t h a n o l , e t h a n o l , a c i d i f i e d e t h a n o l , w a t e r , a c i d i f i e d w a t e r . 

Each o f the a c i d i f i e d s o l v e n t s c o n t a i n e d 17„ cone. H C l . The s o l v e n t s were 

k e p t c o o l (c_a. 2°C) p r i o r t o a d d i t i o n o f the chopped s h e a t h s . The amber 

b o t t l e s were p l a c e d i n the d a r k a t -15°C i m m e d i a t e l y . The e x t r a c t s were 

p r o c e s s e d a l o n g w i t h the o t h e r 300 e x t r a c t s o f the 1960 c o l l e c t i o n , c o n 

c e n t r a t e d i n v a c u o , and s t o r e d a t -15°C as d e s c r i b e d e l s e w h e r e ( S e c . 1 0 . 

2.1). The c o n c e n t r a t e d e x t r a c t s , p r i o r t o chromatography, were s t a n 

d a r d i z e d t o 12.5 ml per gram d r y w e i g h t o f the t i s s u e a t room t e m p e r a t u r e 

f o l l o w i n g the p r e l i m i n a r y e x t r a c t i o n ( s e e Sec. 10.2.1 and a l s o T a b l e 1 0 . I ) . 

The d r y w e i g h t o f the s h e a t h s a t room t e m p e r a t u r e f o l l o w i n g the p r e l i m i 

n a r y e x t r a c t i o n i s shown i n T a b l e 24.1. 

TABLE 24.1 
DRY WEIGHT OF GOPAL BASAL LEAF SHEATHS FOLLOWING; PRELIMINARY EXTRACTION 

1960 F i e l d E x t r a c t i o n ~~ Weight 
C o l l e c t i o n No. S o l v e n t Grams 

156 ' EtOH 0.52 
157 EtOH-HCI 0.40 
158 H20 0.34 
159 H 20-HC1 0.38 
160 MeOH 0.48 
161 MeOH-HCl 0.40 

The s t a n d a r d i z e d e x t r a c t s were chromatographed a f t e r two y e a r s , 

*The b a s a l l e a f s h e a t h s were c o l l e c t e d from the same p l a n t i n g 
w h i c h was used f o r the C o l l e c t i o n No. 130 (see Sec. 1 0 . 1 ) , e x c e p t t h a t 
t h e s h e a t h s f o r the C o l l e c t i o n No. 130 were h a r v e s t e d on J u l y 11, 1960, 
t h o s e used f o r t h i s s t u d y , on J u l y 15, 1960. 
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i n the summer o f 1962, i n the BAW s o l v e n t by a s c e n t as d e s c r i b e d i n 

S e c t i o n 10.2.2. 

24.2. RESULTS 

The c h r o m a t o g r a p h i c r e s u l t s o f the b a s a l l e a f s h e a t h a n t h o c y a n i n 

e x t r a c t s i n the n e u t r a l and a c i d i f i e d aqueous, e t h a n o l i c and m e t h a n o l i c 

s o l v e n t s a f t e r two-year s t o r a g e , i n the d a r k and a t low t e m p e r a t u r e , are 

shown i n F i g . 24.1. The r e s u l t s o b t a i n e d f r o m the a c i d i f i e d s o l v e n t s a re 

shown i n chromatograms 161 (MeOH-HCl), 157 ( E t O H - H C l ) , and 159 ( H 2 0 - H C l ) , 

and f r o m the n e u t r a l s o l v e n t s i n chromatograms 160 (MeOH), 156 (EtOH), and 

158 (H2O). The Rf v a l u e s and c o l o r s i n v i s i b l e and u l t r a v i o l e t l i g h t o f 

the a n t h o c y a n i n s e x t r a c t e d w i t h d i f f e r e n t s o l v e n t s a r e shown i n T a b l e 24.11. 

The chromatogram 161 ( a c i d i f i e d m e t h a n o l ) shows a l l the bands 

shown by the e x t r a c t s o f the F i e l d C o l l e c t i o n 130 ( S e c . 10; F i g . 1 0 . 3 ) , 

w h i c h were o b t a i n e d i n the same g r o w i n g season and w h i c h were e x t r a c t e d 

and p r o c e s s e d a l s o under s i m i l a r c o n d i t i o n s . The r e s u l t s o b t a i n e d w i t h 

n e u t r a l methanol (Chromatogram No. 160), however, show two* e x t r a antho

c y a n i n bands ( R f 0.09 and 0.11) w h i c h were n o t r e c o v e r e d f r o m the a c i d i c 

e x t r a c t s o f the C o l l e c t i o n s 130, 161, 138 nor f r o m any o t h e r c o l l e c t i o n o f 

the b a s a l l e a f s h e a t h s . I n t h i s c o n n e c t i o n , however, the s p l i t t i n g o f the 

band A-130 i n t o two components ( s e e F i g . 10.3) i s n o t e w o r t h y . The an t h o 

c y a n i n band DE ( a complex c y a n i d i n d e r i v a t i v e ) i s t h e major band b o t h 

i n t h e a c i d i f i e d and u n a c i d i f i e d e x t r a c t s . A l t h o u g h i t i s r e l a t i v e l y 

*The two a n t h o c y a n i n s a r e i n d i c a t e d by q u e s t i o n mark i n 
chromatogram No. 160 f o r l a c k o f s u i t a b l e d e s i g n a t i o n s . 
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F i g . 24.1 
Chromatograms o f antho
c y a n i n s from b a s a l l e a f 
s h e a t h s o f G o p a l s t o r e d f o r 
two y e a r s i n a c i d i c and two 
y e a r s i n n e u t r a l s o l v e n t s , 
156-E-tOH, 1 5 7 - E t O H - H C l , 
158-H 20, 159-H 20-HC1, 160-MeOH, 
161-MeOH-HCl. The a n t h o c y a n i n s 
s t o r e d as f l a v y l i u m s a l t s s o l u 
t i o n s degrade t o one or a few 
bands; the a n t h o c y a n i n s s t o r e d 
as c o l o r l e s s pseudobases 
degrade v e r y l i t t l e , or n o t a t 
a l l , and show a f u l l s p e c t r u m 
o f chromatobands. 

weak i n the u n a c i d i f i e d e x t r a c t s , the q u e s t i o n a r i s e s why then a re the 

a n t h o c y a n i n bands A and B i n the u n a c i d i f i e d e x t r a c t s t r o n g e r i n i n t e n s i t y 

than t h o s e o f the a c i d i f i e d e x t r a c t ( s e e l a t e r ) . The a n t h o c y a n i n band F 

( a p e o n i d i n d e r i v a t i v e ) , i s p r e s e n t i n b o t h the chromatograms. The orange 

r e d a n t h o c y a n i n band G ( a p e l a r g o n i d i n d e r i v a t i v e ) i s p r e s e n t c l e a r l y i n 

Chromatogram 161; i t s p r e s e n c e i n Chromatogram 160, however, i s made 

d o u b t f u l because of the super i m p o s i t i o n o f the mauve c o l o r e d a n t h o c y a n i n , 

p r o b a b l y , the a n t h o c y a n i n H. I t i s n o t e w o r t h y t h a t the a n t h o c y a n i n H 

can s c a r c e l y be d e t e c t e d i n t h e a c i d i f i e d m e t h a n o l i c e x t r a c t (Chromatogram 

161). 
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TABLE 24.11 
R F VALUES, AND V I S I B L E AND ULTRAVIOLET COLORS* OF THE GOPAL BASAL LEAF 
SHEATH ANTHOCYANINS, EXTRACTED WITH SEVERAL NEUTRAL AND ACIDIFIED SOLVENTS, 
AFTER CHROMATOGRAPHY IN BAW . 

COLLECTION NO. 161: MeOH-HCl 
COLLECTION NO. 159: H2O-HCI 
Sp o t 
# 

RF 
xlOO 

C o l o r s S p o t 
# 

RF 
xlOO V UV 

A 14 Vio-M DVio 
B 18 R R 
E 23 M M 
F 26 Pk bPk 
G 29 OR wk 
H ? 7 

I ? 44 ? 7 

COLLECTION NO. 160: MeOH  
Spot Rp C o l o r s  
# xlOO V UV 

7 9 Mv wk 
7 11 Mv wk 
A 16 Mv 1Y** 
B 18 R R 
E 23 M M 
F 26 Pk bPk 
? 
J • 

28 Mv '? 
H? 34 Mv wk 

COLLECTION NO. 157: EtOH-HCl 
S p o t Rp C o l o r s 
# xlOO V UV 

E 24 M M 
? 26 wk wk 

COLLECTION NO. 158: H?0 
Sp o t Rp 
# xlOO Remarks 

7 14 
?. 20 V e r y poor r e s o l u t i o n 
? 24 N o n e t h e l e s s l a r g e 
7 31 q u a n t i t y o f a n t h o 
? 36 c y a n i n s a re p r e s e n t 

i n n e u t r a l s o l v e n t 

COLLECTION NO. 156: : EtOH 
Spot Rp C o l o r s 
# xlOO V UV 

A 16 Mv wk 
B 18 R wk 
7 23 PR Mv 
? 25 PR P 
7 27 R-Mv 7 
? 29 wkR 7 
7 32 R-Mv 7 

H? 7 R-Mv DMv 

* A b b r e v i a t i o n s a r e l i s t e d i n T a b l e 4 . I I . 

* * P r o b a b l y due t o super i m p o s i t i o n of a copigment. 



519 

The c h r o m a t o g r a p h i c r e s u l t s w i t h a c i d i f i e d (Chromatogram 157), 

and u n a c i f i e d e t h a n o l (Chromatogram 156) p r o v i d e f o r an i n t e r e s t i n g c o m p a r i 

son. The a c i d i f i e d e t h a n o l i c e x t r a c t shows o n l y the a n t h o c y a n i n band DE and 

p r o b a b l y the a n t h o c y a n i n band F, w h i c h , however, i s v e r y weak. On the other, 

hand the u n a c i d i f i e d e t h a n o l i c e x t r a c t shows a t l e a s t 8 a n t h o c y a n i n s . I t 

w i l l be n o t e d f r o m T a b l e 24.11 t h a t a l t h o u g h the bands A-156 and B-156 g i v e 

c o l o r s i n v i s i b l e and u l t r a v i o l e t l i g h t i d e n t i c a l t o those of the bands A 

and B o f the m e t h a n o l i c e x t r a c t s a l r e a d y d i s c u s s e d , the c o l o r r e a c t i o n s o f 

the o t h e r bands a r e d i f f e r e n t from t h o s e shown i n Chromatogram 160. F o r 

i n s t a n c e , the bands a t R 0.23 and 0.25 a r e p r e s e n t i n e q u a l q u a n t i t y as 

compared t o the c o r r e s p o n d i n g bands i n u n a c i d i f i e d m e t h a n o l . I n p a r t i c u l a r , 

the band F-160 ( R f 0.26), w h i c h i s a p e o n i d i n d e r i v a t i v e , i s a b r i g h t p i n k 

band w h i c h can be v e r y e a s i l y r e c o g n i z e d . I n s t e a d o f the b r i g h t p i n k band, 

the c o r r e s p o n d i n g band on Chromatogram 157 R f 0.25) i s p u r p l e i n u l t r a 

v i o l e t l i g h t . I n a d d i t i o n t o the above d i s c r e p a n c i e s , the chromatogram 156 

shows a t l e a s t two e x t r a bands, the e q u i v a l e n t s of w h i c h do n o t seem t o be 

p r e s e n t i n the chromatogram 160. I t i s a l s o c l e a r from F i g . 24.1 t h a t the 

two bands Rf 0.9 and 0.11 p r e s e n t on chromatogram 160 are a b s e n t from 

chromatogram 156. The b a s i s f o r t h e s e d i s c r e p a n c i e s i n e x t r a c t i o n w i t h 

u n a c i d i f i e d e t h a n o l and u n a c i d i f i e d m ethanol r e m a i n s t o be e x p l o r e d . 

The c h r o m a t o g r a p h i c r e s u l t s w i t h a c i d i f i e d w ater (chromatogram 159) 

are i d e n t i c a l t o t h o s e w i t h the a c i d i f i e d m ethanol ( s e e T a b l e 24.11). The 

a n t h o c y a n i n s d i d n o t r e s o l v e w e l l w i t h u n a c i d i f i e d w ater (chromatogram 158). 

N o n e t h e l e s s , t h e a n t h o c y a n i n s r e m a i n ' s t a b l e ' i n u n a c i d i f i e d w ater as 

c a r b i n o l bases d u r i n g s t o r a g e over a p e r i o d of two y e a r s . 
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24.3 DISCUSSION 

I t w i l l be o b s e r v e d on c o m p a r i s o n of the Chromatograms 161 and 

160 t h a t the band DE i s the major band b o t h i n the a c i d i f i e d and u n a c i 

d i f i e d m e t h a n o l i c e x t r a c t s . However, the band DE i s s t r o n g e r i n the 

a c i d i f i e d t h a n the u n a c i d i f i e d e x t r a c t s . I n r e l a t i o n t o the i n t e n s i t y o f 

the band E, t h e i n t e n s i t y o f the a n t h o c y a n i n bands A ( c y a n i d i n d e r i v a t i v e ) 

and B ( m i x t u r e o f c y a n i d i n and p e o n i d i n ? d e r i v a t i v e s ) may now be compared. 

A l t h o u g h the i n t e n s i t y o f the band DE-161 ( a c i d i f i e d m e t h a n o l ) i s s t r o n g , 

the i n t e n s i t i e s o f the bands A-161 and B-^161 a r e r e l a t i v e l y v e r y weak. On 

the c o n t r a r y , even though the i n t e n s i t y o f the band DE-160 ( u n a c i d i f i e d 

m e t h a n o l ) i s weak, the bands A-160 and B-160 a r e a l m o s t t w i c e as s t r o n g as 

t h o s e i n the a c i d i f i e d m e t h a n o l . I t was shown i n S e c t i o n 13 by s t i t c h i n g 

c hromatography and i n S e c t i o n 19 i n t h e c o u r s e o f c h a r a c t e r i z a t i o n s t u d i e s , 

t h a t each o f the a n t h o c y a n i n bands A and B y i e l d s , e i t h e r owing t o p a r t i a l 

h y d r o l y s i s on p a p e r , or i n s o l u t i o n , major components A2 ( T a b l e 19.VIIT.A) 

and B2 ( T a b l e 1 9 . V I I I . B ) . The components A2 and B2 i n the BAW s o l v e n t 

y i e l d the same R f v a l u e s as t h a t o f the major component DE4 ( T a b l e 19.VIII.DE) 

o f the a n t h o c y a n i n band DE. Thus, on c o m p a r i s o n o f the r e s u l t s shown i n 

chromatograms 161 and 160, i t i s c l e a r t h a t the r e l a t i v e i n c r e a s e i n the 

i n t e n s i t y o f the band DE-161, and d e c r e a s e i n the i n t e n s i t i e s o f the bands 

A-161 and B-*T61 i s most l i k e l y due t o a p a r t i a l h y d r o l y s i s t h a t w o u l d have 

o c c u r r e d i n the s t o r a g e of the c o n c e n t r a t e d a c i d i f i e d e x t r a c t s . That 

p a r t i a l h y d r o l y s i s w o u l d have o c c u r r e d i s s u p p o r t e d by the d e m o n s t r a t i o n 

t h a t upon c o n c e n t r a t i o n o f a c i d i f i e d m e t h a n o l , t h e a c i d c o n c e n t r a t i o n 

i n c r e a s e s and causes h y d r o l y t i c breakdown o f a n t h o c y a n i n s ( S e c . 2 3 ) . 

S u p p o r t f o r the v i e w t h a t h y d r o l y t i c breakdown o f a n t h o c y a n i n s o c c u r s I n 
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a c i d i f i e d s o l v e n t s i s p r o v i d e d by t h e b a r e l y d e t e c t a b l e p r e s e n c e or 

c omplete absence of the band H i n t h e a c i d i f i e d e x t r a c t s (chromatograms 

161, 157 and 159) and p r e s e n c e i n t h e u n a c i d i f i e d e x t r a c t s . I n t h i s 

c o n n e c t i o n , i t i s n o t e w o r t h y t h a t the band H-400 d i s a p p e a r e d c o m p l e t e l y as 

a consequence of i n c r e a s e i n a c i d c o n c e n t r a t i o n upon f l a s h e v a p o r a t i o n of 

the e x t r a c t t o d r y n e s s ( F i g . 2 3 . 1 ) . 

S i m i l a r l y , the d i s a p p e a r a n c e of a l l a n t h o c y a n i n s , e x c e p t DE-157, 

from the a c i d i f i e d e t h a n o l i c e x t r a c t (chromatogram 157) and the p r e s e n c e 

of s e v e r a l a n t h o c y a n i n s i n the u n a c i d i f i e d e t h a n o l i c e x t r a c t (chromatogram 

156) t e s t i f i e s t o t h e d e g r a d a t i v e i n f l u e n c e of t h e a c i d on a n t h o c y a n i n 

s t a b i l i t y . The d i f f e r e n t i a l d e g r a d a t i o n i n the a c i d i f i e d e t h a n o l i c - e x t r a c t s 

as compared t o the a c i d i f i e d m e t h a n o l i c - o r a q u e o u s - e x t r a c t s may be due t o 

the d i f f e r e n t i a l c o n c e n t r a t i o n of the a c i d i f i e d e x t r a c t s _in v acuo: the 

volumes of the c o n c e n t r a t e d e x t r a c t s were s t a n d a r d i z e d o n l y sometime p r i o r 

t o chromatography i n 1962. Thus, a n t h o c y a n i n s of the t h r e e a c i d i f i e d 

e x t r a c t s w o u l d have r e m a i n e d i n an e n v ironment o f d i f f e r e n t a c i d c o n c e n t r a 

t i o n d u r i n g s t o r a g e ( s e e Sec. 2 3 ) . 

The p r e s e n c e of the band 1-159, p a r t i c u l a r l y i n t h e a c i d i f i e d 

aqueous e x t r a c t appears t o be due t o an a n t h o c y a n i d i n . E q u i v a l e n t s of the 

band I were no t r e c o v e r e d from any p f the u n a c i d i f i e d e x t r a c t s . The 

p o s s i b i l i t y t h a t a n t h o c y a n i d i n s were p r e s e n t o r i g i n a l l y i n the e x t r a c t s but 

had s u f f e r e d i r r e v e r s i b l e d e g r a d a t i o n ( R o b i n s o n , 1937) because of pseudo 

batee f o r m a t i o n i n n e u t r a l e x t r a c t s though remote cannot be r u l e d o u t . 

I n c o n t r a s t t o the h y d r o l y t i c breakdown of a n t h o c y a n i n s i n the 

a c i d i f i e d e x t r a c t s , the h y d r o l y s i s o f a n t h o c y a n i n s i n the u n a c i d i f i e d 

e x t r a c t s c o u l d not have o c c u r r e d upon c o n c e n t r a t i o n i n v a c u o . Indeed, a l l 

the t h r e e u n a c i d i f i e d e x t r a c t s (chromatograms 160, 156 and 158) r e m a i n 
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' s t a b l e 1 . However, the r e a s o n s f o r the d i s c r e p a n c i e s i n the number and 

c o l o r r e a c t i o n s o f a n t h o c y a n i n s o b t a i n e d by the t h r e e s o l v e n t s s t i l l r e m a i n 

t o be i n v e s t i g a t e d . N o n e t h e l e s s , on the b a s i s o f the a s s u m p t i o n t h a t no 

h y d r o l y s i s o c c u r s i n the u n a c i d i f i e d e x t r a c t s , and on the i n d i c a t i o n s t h a t 

a p a r t f r o m h y d r o l y s i s , s e v e r a l s t r u c t u r a l t r a n s f o r m a t i o n s o f a n t h o c y a n i n s 

a l s o o c c u r i n a c i d i c s o l u t i o n s ( S e c . 1 2 , M u l l i c k and B r i n k , i n p r e s s ) , 

the b e l i e f i s advanced t h a t the a n t h o c y a n i n s e x t r a c t e d w i t h u n a c i d i f i e d 

s o l v e n t s may r e p r e s e n t the n e a r e s t s t a t e of a n t h o c y a n i n s _in v i v o . 

I t was e s t a b l i s h e d e a r l y by the R o b i n s o n s c h o o l t h a t pseudo bases 

of a n t h o c y a n i d i n s are h i g h l y u n s t a b l e i n n e u t r a l and a l k a l i n e s o l v e n t s and 

t h a t t h e i r c o l o r s are b e s t p r e s e r v e d as f l a v y l i u m s a l t s i n a c i d i c s o l v e n t s . . 

I t i s l i k e l y t h a t , p a r t l y because of the s t a b i l i t y o f the a g l y c o n e s i n the 

f l a v y l i u m s a l t s t a t e , and p a r t l y because of the n a t u r a l o c c u r r e n c e o f 

a n t h o c y a n i n s i n the c o l o r e d s t a t e ( u s u a l l y , f l a v y l i u m s a l t s t a t e ) t h a t b o t h 

a n t h o c y a n i n s and a n t h o c y a n i d i n s have been as a r u l e e x t r a c t e d or p r o c e s s e d 

i n a c i d i c s o l u t i o n s . The r e s u l t s p r e s e n t e d i n t h i s s e c t i o n d emonstrate 

t h a t c o n t r a r y t o the p r e v a l e n t b e l i e f , t h e f l a v y l i u m s a l t s t a t e of 

a n t h o c y a n i n s i s r e l a t i v e l y u n s t a b l e . The i n s t a b i l i t y i n a c i d i c s o l u t i o n s 

i s p r i n c i p a l l y due t o g l y c o s i d i c h y d r o l y s i s d u r i n g f l a s h e v a p o r a t i o n or 

s e v e r a l o t h e r s t r u c t u r a l m o d i f i c a t i o n s (see Sees. 1 2 , and 2 3 ) d u r i n g 

s t o r a g e . The r e s u l t s p r e s e n t e d i n t h i s s e c t i o n d emonstrate t h a t i n 

c o n t r a s t t o the pseudo bases, of a n t h o c y a n i d i n s , the pseudo bases o f a n t h o 

c y a n i n s are a l m o s t i n d e f i n i t e l y ' s t a b l e ' when p r o c e s s e d and s t o r e d i n 

d a r k n e s s . 

I t i s , t h e r e f o r e , o b v i o u s from the r e s u l t s t h a t a n t h o c y a n i n s 

s h o u l d n o t have been e x t r a c t e d i n a c i d i f i e d s o l v e n t s p a r t i c u l a r l y t h o s e 

c o n t a i n i n g lj0 H C l . The e x t r a c t i o n s s h o u l d have been c a r r i e d out i n n e u t r a l 
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or near n e u t r a l s o l v e n t s from young p l a n t m a t e r i a l s . The pH o f the c e l l sap 

of most p l a n t m a t e r i a l s i s s l i g h t l y a c i d i c ( H a y a s h i , 1962). The s l i g h t 

a c i d i t y promotes the s o l u b i l i t y and hence e x t r a c t i o n of a n t h o c y a n i n s from 

the t i s s u e s . The e x t r a c t i o n from a l k a l i n e t i s s u e s , such as a l e u r o n e 

( r e v i e w : Wiebe and R e i d , 1961), p a r t i c u l a r l y mature a l e u r o n e s , s t i l l poses 

problems.. The a n t h o c y a n i n s i n a l e u r o n e l a y e r e x i s t as anhydro b a s e s . The 

anhydrd bases a r e f o u n d t o be a l m o s t i n s o l u b l e i n n e u t r a l s o l v e n t s . T h e r e

f o r e , s o l v e n t s w i l l have t o be a c i d i f i e d enough t o promote the s o l u b i l i t y 

and e x t r a c t i o n of a n t h o c y a n i n s from a l e u r o n e l a y e r . A l t h o u g h , the antho

c y a n i n s from the a l e u r o n e are c u r r e n t l y e x t r a c t e d w i t h 1% m e t h a n o l i c HCl 

( S e c . 2 2 ) , the a c i d c o n c e n t r a t i o n w i l l have t o be m o d i f i e d or a c i d from 

the e x t r a c t removed by s e l e c t i v e a d s o r p t i o n o f a n t h o c y a n i n s on r e s i n s 

such as p o l y c l a r A.T. ( A n t a r a C h e m i c a l s ) . The r e m o v a l of a c i d i s n e c e s s a r y 

because r e p e a t e d e x t r a c t i o n s are r e q u i r e d f o r e x t r a c t i n g even a s m a l l 

f r a c t i o n of the s o l u b l e a n t h o c y a n i n s o f a l e u r o n e . 

Inasmuch as the f i n d i n g s t h a t the a n t h o c y a n i n s are r e l a t i v e l y 

u n s t a b l e i n t h e f l a v y l i u m s a l t s t a t e as compared t o the pseudo base s t a t e 

a r e i n d i r e c t c o n t r a d i c t i o n t o the c u r r e n t b e l i e f s , f u r t h e r , s t u d i e s had t o 

be u n d e r t a k e n t o s u b s t a n t i a t e the f i n d i n g s . The s u b s t a n t i a t i o n l e d the 

w r i t e r t o a d e t a i l e d s t u d y of the f a c t o r s a f f e c t i n g the s t a b i l i t y o f antho

c y a n i n s , pseudo b a s e s , and anhydro b a s e s . T h i s work f u l l y s u p p o r t s the 

above c o n c l u s i o n s and w i l l be p r e s e n t e d a t a l a t e r d a t e . 

24.4 SUMMARY 

I t i s w e l l e s t a b l i s h e d t h a t the pseudo base s t a t e o f a n t h o c y a n i d i n s 

and a n t h o c y a n i n s i s u n s t a b l e and t h a t the d e g r a d a t i v e m o d i f i c a t i o n s of 
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a n t h o c y a n i n s ( f o r i n s t a n c e : see L u k t o n e t a l . , 1956) o c c u r t h r o u g h the 

pseudo base s t a t e . A c c o r d i n g l y , b o t h a n t h o c y a n i n s and a n t h o c y a n i d i n s are 

e x t r a c t e d , p r o c e s s e d and s t o r e d i n t h e i r f l a v y l i u m s a l t s t a t e . 

I n t h i s s t u d y , a n t h o c y a n i n s were e x t r a c t e d w i t h ' n e u t r a l ' m e t h a n o l , 

e t h a n o l and w a t e r , and a l s o w i t h a c i d i f i e d ( c o n t a i n i n g 17» cone. H C l ) 

m e t h a n o l , e t h a n o l and w a t e r under i d e n t i c a l c o n d i t i o n s . The e x t r a c t s were 

c o n c e n t r a t e d i n v a c u o , and s t o r e d i n a r e f r i g e r a t o r (~15°C) f o r two y e a r s . 

I t i s e s t a b l i s h e d c h r o m a t o g r a p h i c a l l y t h a t , c o n t r a r y t o t h e e x i s t i n g 

b e l i e f s , a n t h o c y a n i n s r e m a i n more s t a b l e , i n n e u t r a l s o l v e n t s , as pseudo . 

bases t h a n i n a c i d i c s o l v e n t s as f l a v y l i u m s a l t s o v er the two-year s t o r a g e 

p e r i o d . S e v e r a l o t h e r s p e c t r a l s t u d i e s ( n o t i n c l u d e d h e r e ) s u p p o r t t h i s 

v i e w . 

I t i s s u g g e s t e d t h a t i n o r d e r t o o b t a i n a n t h o c y a n i n s as near t h e i r 

i n v i v o s t a t e as p o s s i b l e , the a n t h o c y a n i n s s h o u l d be p r o c e s s e d i n near 

' n e u t r a l ' systems. T r a c e s of a c i d w i l l have t o be added t o e x t r a c t antho

c y a n i n s f r o m t h e a l k a l i n e a l e u r o n e . 
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25. CONCLUSIONS 

1. A t e c h n i q u e f o r s e p a r a t i n g p e r i c a r p , spermoderm and. a l e u r o n e 

t i s s u e s from a d e v e l o p i n g b a r l e y g r a i n was d e v e l o p e d t o s t u d y l o c a l i z a 

t i o n and c h e m i c a l n a t u r e o f pigments i n t h e s e t i s s u e s . 

2. The a n t h o c y a n i n and c h l o r o p h y l l competent t i s s u e o f the 

d e v e l o p i n g g r a i n i s spermoderm and i s n o t , as c u r r e n t l y b e l i e v e d , p e r i c a r p . 

3. Pigment c y c l e s a r e a l t e r e d m a r k e d l y by c h a n g i n g e n v i r o n m e n t . 

The g e n e t i c a l l y competent p u r p l e v a r i a n t s , and t h e i r h y b r i d s , produce 

deep a n t h o c y a n i c p i g m e n t a t i o n under summer f i e l d c o n d i t i o n s . . Under w i n t e r , 

greenhouse c o n d i t i o n s , s i n g l e p l a n t s produce a n t h o c y a n i n - f r e e heads u n t i l 

J a n u a r y , and a n t h o c y a n i c heads a f t e r F e b r u a r y . E n v i r o n m e n t a l m a n i p u l a t i o n 

as an a i d i n s t u d y i n g a n t h o c y a n i n b i o g e n e s i s i s v a l u a b l e . 

4. L e u c o a n t h o c y a n i n s do n o t o c c u r i n the p e r i c a r p , spermoderm and 

o t h e r m a t e r n a l t i s s u e s ; t he f i n d i n g c o n f i r m s t h a t t h e y o c c u r e x c l u s i v e l y 

i n t he a l e u r o n e and endosperm. L e u c o a n t h o c y a n i n s a r e n o t r e l a t e d b i o -

g e n e t i c a l l y t o a n t h o c y a n i n s i n the m a t e r n a l t i s s u e s . 
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5. Dynamic p a t t e r n s f o r p o l y p h e n o l i c compounds i n t h e awns, h u l l s , 

p e r i c a r p and spermoderm of s e v e r a l c o l o r v a r i a n t s a r e d e m o n s t r a t e d . 

6. When a l e u r o n e , i n t a c t a f t e r p e e l i n g o f f p e r i c a r p and o t h e r , 

t i s s u e s , i s p l a c e d i n 0.1% m e t h a n o l i c H C l , the a n t h o c y a n i n s change p r o 

g r e s s i v e l y f r o m b l u e t o r e d t o c o l o r l e s s . I t i s c o n c l u d e d t h a t the a n t h o 

c y a n i n s e x i s t i n the a l k a l i n e a l e u r o n e as anhydro bases and f i n a l l y i n 

0 . 1 7 o m e t h a n o l i c H C l as c o l o r l e s s pseudo b a s e s . 

7. I n l i v i n g t i s s u e s , a n t h o c y a n i n s o c c u r as c o l o r l e s s pseudo bases 

i n the d e v e l o p i n g a l e u r o n e of s e v e r a l c o l o r v a r i a n t s , and the hood v e i n s 

o f the b l a c k v a r i e t y , G a t a m i . V i s u a l e x a m i n a t i o n of the t i s s u e s , t h u s , 

i s i n s u f f i c i e n t f o r the d e t e c t i o n o f a n t h o c y a n i n s . 

8. P r e l i m i n a r y s t u d i e s e s t a b l i s h t h a t the b l u e a n t h o c y a n i n s of the 

a l e u r o n e are of two t y p e s : t h o s e t h a t a r e s o l u b l e and t h o s e t h a t are 

t i s s u e bound. D u r i n g dough s t a g e , a major p a r t of the a n t h o c y a n i n s I s 

s o l u b l e and a minor p a r t t i s s u e bound. The s i t u a t i o n i s r e v e r s e d l a t e r a t 

f l i n t s t a g e , when a major p a r t e x i s t s i n the bound s t a t e . 

9 . The i n e x t r a c t a b i l i t y o f the a l e u r o n e a n t h o c y a n i n s from the i n t a c t 

seeds even over a s i x year exposure t o a c i d i f i e d m ethanol i s due t o the 

i m p e r m e a b i l i t y t o s o l v e n t of the n u c e l l a r e p i d e r m i s and p o s s i b l y an 

a l e u r o n e e n v e l o p e . 

1 0 . I t i s c o n c l u d e d t h a t the f i r s t e x t r a c t from the i n t a c t s e e d s , 

w h i c h c o n t a i n a n t h o c y a n i n s b o t h i n the spermoderm and a l e u r o n e , c o n t a i n s 

a n t h o c y a n i n s from the spermoderm, the t h i r d e x t r a c t l a r g e l y from the 

a l e u r o n e s of c h i p p e d and u n h e a l t h y s e e d s . 

1 1 . A f t e r the c o n c l u s i o n s o f 9 and 1 0 , a method f o r the s e l e c t i v e 

e x t r a c t i o n of a n t h o c y a n i n s from the spermoderm and a l e u r o n e w i t h o u t 

manual p e e l i n g was d e v e l o p e d . 
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12. A method f o r g e n e t i c c l a s s i f i c a t i o n o f a l e u r o n e by c h e m i c a l 

p e e l i n g i s p r e s e n t e d . The method does n o t a f f e c t the g e r m i n a b i l i t y of the 

s e e d s . The b l u e c o l o r o f the a l e u r o n e v a r i e s c o n t i n u o u s l y . The a l e u r o n e 

c o l o r c l a s s i f i c a t i o n o f some v a r i e t i e s r e q u i r e s r e v i s i o n . 

13. The a l e u r o n e a n t h o c y a n i n s d i f f e r m a r k e d l y from t h o s e o f the 

spermoderm a n t h o c y a n i n s . The a l e u r o n e a n t h o c y a n i n s , f o r example, of 

B l a c k H u l l e s s , are d e r i v e d l a r g e l y f r o m d e l p h i n i d i n and, t e n t a t i v e l y , 

p e t u n i d i n . The spermoderm a n t h o c y a n i n s a r e d e r i v e d l a r g e l y from c y a n i d i n 

and p e o n i d i n . 

14. The l e a f s h e a t h s , awns, h u l l s and spermoderm of B l a c k H u l l e s s 

and G o p a l show i d e n t i c a l a n t h o c y a n i n p a t t e r n s w i t h s t a n d a r d t e c h n i q u e s . 

The i d e n t i t y o f p a t t e r n s s u p p o r t s the p r e v i o u s l y r e p o r t e d g e n e t i c s of 

lemma and p e r i c a r p (now spermoderm) t i s s u e s . Three of the a n t h o c y a n i n s 

f r o m the above t i s s u e s showed n o v e l c h r o m a t o g r a p h i c c h a r a c t e r i s t i c s 

( R f 0.5 t o 0.99 i n BAW). Such e x c e e d i n g l y ,.'fast-moving 1 a n t h o c y a n i n s 

were absent f r o m the f l i n t y c a r y o p s i s t i s s u e s . 

15. The c h r o m a t o g r a p h i c p a t t e r n s of the above t i s s u e s v a r y from 

season t o season w i t h s t a n d a r d t e c h n i q u e s . 

16. I n m a t e r n a l t i s s u e s n o t e d i n 14 above, the c y a n i d i n d e r i v a t i v e s 

a r e formed f i r s t and then p e o n i d i n and/or p e l a r g o n i d i n d e r i v a t i v e s . I t 

i s c o n c l u d e d t h a t f i r m d e c i s i o n s on s t e p w i s e b i o g e n e s i s are c o n t i n g e n t 

upon c o n t r o l l i n g the e n v i r o n m e n t a l v a r i a t i o n as w e l l as t h e f a c t o r s 

a f f e c t i n g a n t h o c y a n i n s t a b i l i t y d u r i n g e x t r a c t i o n and p r o c e s s i n g . 

17. The a n t h o c y a n i c p i g m e n t a t i o n i n b a r l e y i s b i o c h e m i c a l l y and 

g e n e t i c a l l y complex. I t i s c o n c l u d e d from i n v e s t i g a t i o n s on the b a s a l 

l e a f s h e a t h s of s e v e r a l c o l o r v a r i a n t s t h a t , a l t h o u g h the v i s u a l pheno

t y p e s o f the pigments are u n d i f f e r e n t i a b l e , the b i o c h e m i c a l phenotypes 
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are d i f f e r e n t i a b l e . 

18. B a s a l l e a f s h e a t h s from s e v e r a l c o l o r v a r i a n t s o b t a i n e d e a r l y i n 

November showed v a r y i n g a n t h o c y a n i n p a t t e r n s , b u t a l l showed t h e two t o 

t h r e e f a s t - m o v i n g a n t h o c y a n i n s . By e a r l y December, e q u i v a l e n t t i s s u e s d i d 

n o t show the f a s t - m o v i n g a n t h o c y a n i n s . I t i s d e m o n s t r a t e d t h a t the f a s t -

moving a n t h o c y a n i n s , because o f t h e i r l a b i l i t y and I n s t a b i l i t y a re t r a n s 

formed t o slow-moving (R^ 0.5 i n BAW) a n t h o c y a n i n s . A f i r m c o n c l u s i o n , 

as t o whether or not the absence of f a s t - m o v i n g a n t h o c y a n i n s i s a s s o 

c i a t e d w i t h the development of the p l a n t , i s c o n t i n g e n t upon c o n t r o l l i n g 

t h e i r i n s t a b i l i t y . 

19. D i f f e r e n t s o l v e n t s g i v e a v a r y i n g number o f a n t h o c y a n i n bands 

on p r e p a r a t o r y chromatograms, I t i s c o n c l u d e d t h a t a c h o i c e of a 

s u i t a b l e s o l v e n t i s n e c e s s a r y and t h a t the number of a n t h o c y a n i n bands 

a p p e a r i n g on chromatograms may g i v e no i n d i c a t i o n t h a t the same number of 

a n t h o c y a n i n s e x i s t _in v i v o . 

20. B a r l e y a n t h o c y a n i n s are v e r y l a b i l e . They, s p l i t i n t o s e v e r a l 

components, and g i v e r i s e t o s e v e r a l d e g r a d a t i o n p r o d u c t s f o l l o w i n g 

e l u t i o n and f l a s h e v a p o r a t i o n u s i n g s t a n d a r d t e c h n i q u e s . 

21.. S e v e r a l b a r l e y a n t h o c y a n i n s e l u t e d . w i t h methanol c o n t a i n i n g 

0.01% cone. HCl g i v e r i s e t o d e g r a d a t i v e peaks around 360 mu w h i c h 

r e s e m b l e t h o s e o f c h a l c o n e s . 

22. A n t h o c y a n i n l o s s e s o c c u r a l s o t h r o u g h the f o r m a t i o n o f r e d d i s h 

and b r o w n i s h m a t e r i a l s , , w h i c h r e m a i n a t the s t a r t i n g l i n e d u r i n g chroma-

t o g r a p h y . 

23. A n t h o c y a n i n e l u a t e s are t r a n s f o r m e d t o b r o w n i s h and j e t b l a c k 

p r o d u c t s d u r i n g d r y i n g . These b r o w n i s h p r o d u c t s a r e s i m i l a r t o the 

s t a t i o n a r y m a t e r i a l s o f 22. 
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24. A s e r i e s o f t h r e e methods, namely, a sewing or a c l a m p i n g 

t e c h n i q u e f o r c h r o m a t o g r a p h i c c h a r a c t e r i z a t i o n of a n t h o c y a n i n s , an 

improved method f o r s t u d y i n g a n t h o c y a n i n s p e c t r a o f even weak s p o t s 

d i r e c t l y on p a p e r , and a method f o r h y d r o l y s i n g a n t h o c y a n i n s on the paper, 

were d e v e l o p e d t o c i r c u m v e n t the i n s t a b i l i t y i n d u c i n g s t e p s , e l u t i o n and 

f l a s h e v a p o r a t i o n . A d d i t i o n a l l y , t he methods e f f e c t g r e a t s a v i n g o f time 

and p l a n t m a t e r i a l s , p a r t i c u l a r l y , i n the c o m p a r a t i v e c h a r a c t e r i z a t i o n o f 

a n t h o c y a n i n s from h y b r i d s and t h e i r p a r e n t s . 

25. I t i s c o n c l u d e d ( a ) t h a t the " i r r e v e r s i b l e a d s o r p t i o n " o f 

a n t h o c y a n i n s d u r i n g paper Chromatography i s due t o the g l y c o s i d i c h y d r o l y s i s 

t h a t e n s ues, g r a d u a l l y , on' the pa p e r , ( b ) t h a t the component a d s o r b e d 

i r r e v e r s i b l y i s c o r r e s p o n d i n g a g l y c o n e , and ( c ) t h a t g l y c o s i d i c h y d r o l y s i s 

on paper i s the p r i n c i p a l cause o f the a n t h o c y a n i n s p l i t t i n g ( s p l i t t i n g 

o c c u r s even when the sewing t e c h n i q u e e l i m i n a t e s the e l u t i o n s t e p ) . 

26. The a n t h o c y a n i n E3-138 undergoes g l y c o s i d i c h y d r o l y s i s when 

s t o r e d a t room t e m p e r a t u r e i n the c r y s t a l l i n e s t a t e . 

27. A m i l d t e c h n i q u e f o r p u r i f y i n g a n t h o c y a n i n s i n s e v e r a l s o l v e n t s 

w i t h o u t e l u t i o n , and a t e c h n i q u e f o r e l u t i n g a n t h o c y a n i n s i n o n l y a few 

drops o f 0.03% m e t h a n o l i c HCl were d e v e l o p e d f o r i s o l a t i n g a n t h o c y a n i n s . 

The t e c h n i q u e s were used e x t e n s i v e l y and do n o t cause g l y c o s i d i c 

h y d r o l y s i s o f a n t h o c y a n i n s d u r i n g i s o l a t i o n . 

28. Two new s o l v e n t s were d e v e l o p e d f o r a n t h o c y a n i d i n s . I t was 

found t h a t two we l l - k n o w n a n t h o c y a n i n s o l v e n t s c o u l d be used a d v a n t a g e o u s l y 

t o c h a r a c t e r i z e a n t h o c y a n i d i n s . 

29. I t was e s t a b l i s h e d t h a t g l u c o s e , g a l a c t o s e , a r a b i n o s e and 

x y l o s e a r e e l u t e d f r o m chromatopaper. as a r t e f a c t s . The g l y c o s i d i c 

a n a l y s i s o f a n t h o c y a n i n s , t h e r e f o r e , i s confounded, because the same 
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sugar components were r e c o v e r e d from the a n t h o c y a n i n s . A method f o r 

e l i m i n a t i n g the g l y c o s i d i c a r t e f a c t s from a n t h o c y a n i n e l u a t e s i s p r e s e n t e d . 

30. A l s o e l u t e d from the chromatopaper w i t h i n a few hours are 

unknown y e l l o w compounds, w h i c h show i n c r e a s i n g s p e c t r a l a b s o r p t i o n s i n 

the w a v e l e n g t h range 300-400 mu, and a f f e c t d e p e n d a b i l i t y o f the r a t i o 

E44o/E max used i n d i f f e r e n t i a t i n g 3 -monoglycosides f r o m 3, 5 - d i g l y c o s i d e s . . 

31. The a n t h o c y a n i n s o f b a r l e y a r e complex: the t e n BAW a n t h o c y a n i n 

bands f r o m the b a s a l l e a f s h e a t h s o f G o p a l and B l a c k H u l l e s s s p l i t i n t o 

over 60 HAc-HCl components, and the n i n e BAW bands from the B l a c k H u l l e s s 

c a r y o p s i s s p l i t i n t o over 75 HAc-HCl components due t o p a r t i a l h y d r o l y s e s . 

C h r o m a t o g r a p h i c d a t a o f 93 a n t h o c y a n i n components i n f i v e s o l v e n t s i s 

g i v e n . A n t h o c y a n i d i n s from 63 components a re i d e n t i f i e d by R f v a l u e s i n 

seven s o l v e n t s and by s p e c t r a l means. 39 components were h y d r o l y s e d f o r 

sugar a n a l y s e s , and 25 f o r s t r u c t u r a l e l u c i d a t i o n by p a r t i a l h y d r o l y s e s . 

The s i m p l e s t o f the complex a n t h o c y a n i n s are i d e n t i f i e d as 3-monoglucosides 

of c y a n i d i n , p e o n i d i n and p e l a r g o n i d i n . B a r l e y i s a r i c h s o u r c e o f a 

number o f new c y a n i d i n d e r i v a t i v e s . P u t a t i v e e v i d e n c e f o r the e x i s t e n c e 

of new d e r i v a t i v e s of p e l a r g o n i d i n and p e o n i d i n i s p r e s e n t e d . 

32. P e l a r g o n i d i n d e r i v a t i v e s , p r e s e n t p l e n t i f u l l y i n G o p a l l e a f 

s h e a t h s - under summer-1960 f i e l d c o n d i t i o n s , were absent i n the same 

she a t h s - under fall - 1 9 6 1 greenhouse c o n d i t i o n s . On the b a s i s o f t h i s and 

s e v e r a l o t h e r o b s e r v a t i o n s (see C o n c l u s i o n s 3 and 16), i t i s c o n c l u d e d 

t h a t c h e m i c o g e n e t i c a l and d e v e l o p m e n t a l s t u d i e s on a n t h o c y a n i n s s h o u l d 

be c a r r i e d out under c o n t r o l l e d e n v i r o n m e n t s . 

33. The major a n t h o c y a n i n band from the seeds o f the v a r i e t y V i o l e t 

G u i m a l a y a has been i d e n t i f i e d by U r i o n and Metche (1961) as a s i m p l e 

c y a n i d i n - 3 - a r a b i n o s i d e . The major band from s i m i l a r l y pigmented v a r i e t i e s , 
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G o p a l and B l a c k H u l l e s s , w h i c h i n i t i a l l y we b e l i e v e d t o be a c y a n i d i n - 3 -

g l u c o s i d e ( M u l l i c k et a l . , 1958) s p l i t i n t o more t h a n 13 HAc-HCl 

components. 

34. B a r l e y a n t h o c y a n i n s , . e x t r a c t e d and p r o c e s s e d u s i n g the c u r r e n t l y 

a c c e p t e d methods l i t t l e r e s e m b l e , i n the main, t h e i r _in v i v o s t a t e , 

because t h e y undergo a r t e f a c t p r o d u c t i o n due t o t r a n s f o r m a t i o n t o s i m p l e r . 

a n t h o c y a n i n components. 

35. D r y i n g o f 1% m e t h a n o l i c HCl e x t r a c t s by f l a s h e v a p o r a t i o n i s a 

p r i n c i p a l cause of a r t e f a c t p r o d u c t i o n and h y d r o l y t i c breakdown of 

a n t h o c y a n i n s . 

36. I t i s d e m o n s t r a t e d c h r o m a t o g r a p h i c a l l y t h a t a n t h o c y a n i n s 

e x t r a c t e d w i t h u n a c i d i f i e d methanol ( i n pseudo base s t a t e ) r e m a i n e d 

more s t a b l e over a two-year s t o r a g e than t h o s e e x t r a c t e d w i t h a c i d i f i e d 

m e thanol ( i n f l a v y l i u m s a l t s t a t e ) . 
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27. APPENDIX 

D e t a i l e d o b s e r v a t i o n s o f pigment changes i n the g r a i n and s p i k e 

t i s s u e s , namely, awn t i p and awn r e m a i n d e r , glume t i p and glume r e m a i n d e r , 

lemma v e i n s and lemma i n t e r v e i n s , p e r i c a r p , spermoderm, and a l e u r o n e a t 

f i v e s t a g e s o f k e r n e l m a t u r a t i o n (see T a b l e 4.1) f o r t w e n t y b a r l e y v a r i e t i e s 

( m entioned below) a r e r e c o r d e d ( T a b l e s 27.1 t o 27.XX): 

27.1 B l a c k H u l l e s s ( p u r p l e ) 
27.11 Gopa 1 ( p u r p l e ) 
2 7 . I l l 7 1 - P r P r - 1 0 ( p u r p l e ) 
27.IV C.I.5628 ( p u r p l e ) 
27.V 3 6 - b l b l - 2 1 ( w h i t e ) 
27.VI C-54-55 ( w h i t e ) 
2 7 . V I I G o l d e n P h e a s a n t ( w h i t e ) 
2 7 . V I I I D e f i c i e n s ( w h i t e ) 
27.IX Vantage ( w h i t e ) 
27.X 3 3 - b l b l - l 3 ( w h i t e ) 
27.XI 5090-10-4 ( n e a r w h i t e ) 
2 7 . X I I 5090-2-3 ( g r a y o r n e a r w h i t e ) 
2 7 . X I I I 36-BIB1-21 ( b l u e ) 
27.XIV Montcalm ( b l u e ) 
27. XV T r e b i ( p e c u l i a r b l u e ) 
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27.XVI 
27.XVII 

C-54-22 
33-B1B1-13 ( b l u e ) 

( b l a c k ) 
( b l a c k ) 
( b l a c k ) 

( p a l e b l u e ) 

2 7 . X V I I I Gatami 
L i o n 27.XIX 

27.XX K i t c h e n 

As i n d i c a t e d i n S e c t i o n 4.2.3, the s i m p l e s t o f c o l o r d e s i g n a 

t i o n s were used t o s p e c i f y pigment changes o c c u r r i n g i n a l l t i s s u e s e x c e p t 

the a l e u r o n e t i s s u e . A b b r e v i a t i o n s used f o r s i m p l e c o l o r d e s i g n a t i o n s 

a r e i n c l u d e d i n T a b l e 4 . I I . However, the a l e u r o n e c o l o r s , w h i c h a r e 

f i r s t r e c o r d s , were d e s i g n a t e d by c o m p a r i s o n w i t h Ridgwajt's C o l o r 

C h a r t s ( 1 9 1 2 ) . The A r a b i c numerals used f o r d e s i g n a t i n g R i d g w a y 1 s c o l o r s 

a r e i n c l u d e d i n T a b l e 4 . I I I . O t h e r a b b r e v i a t i o n s and symbols used i n the 

T a b l e s 27.1 t o 27.XX are g i v e n below. 

v = C o l o r i n s i t u , w i t h o u t t r e a t m e n t 
s = C o l o r i n s i t u , when t r e a t e d w i t h i % e t h a n o l i c H C l . 
# = C o l o r a t t r i b u t a b l e t o a n t h o c y a n i n s 
* = A n t h o c y a n i n pigments absent 

** = A n t h o c y a n i n s not v i s i b l e u n t i l t i s s u e s a r e p l a c e d i n 
a c i d i f i e d e t h a n o l 



TABLE 27.1 

BLACK HULLESS 
'P u r p l e 
"6 rowed 

T i s s u e s 

STAGES OF DEVELOPMENT 

I I I I I I V 

C o l o u r C o l o u r C o l o u r C o l o u r 
s v s 

C o l o u r 

Awn t i p dP 

Awn r e m a i n d e r G 

G1ume P 

Lemma v e i n s G 

Lemma i n t e r v e i n s G 

P e r i c a r p C 

Spermoderm G 

A l e u r o n e W-Cr 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

# 
* 

# 

* 
* 

dP 

GP-YP 

p 

G 

P 

C-LY 

G&P 

P a r t l y 
B l 

# 

# 

# 
* 

# 
* 

# 

E s t i m a t e d v a l u e s o n l y (see Sec.4.2.3) 

fP # Y 

P # f P 

P # Y 

P # P 

P # PY 

See d i s c u s s i o n 

P # dk P 

B l # T i p s ( 3 ) 

* 

# 
* 

# 

# 

# 

(5)# 

I I I I I 

T i p s ( 2 2 ) 

C e n t r e ( 2 3 ) 
# 
# 

++• 
I I I I I 

U l 



TABLE 27 .11 
GOPAL 

P u r p l e 
2 rowed 

T i s s u e s 

STAGES OF DEVELOPMENT 

I I I I I I V 

C o l o u r C o l o u r 
s 

C o l o u r C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

P 

G 

P 

G 

G 

G 

C 

G 

W 

* 

# 

* 

* 

dP # 

G * 

P # 

Not\Recorded 

G * 

P # 

C * 

G&P # 

Cr * 

fP # DY * 

P&GY # DY * 

fP # Y * 

P # P # 

dP # YV # 

C * See D i s c u s s i o n 

bP # bP # 

CrY * (8)Centre * 
( 4 ) t i p s # 
o n l y 

+ + + 

16 

E s t i m a t e d v a l u e s o n l y ( s e e Sec. 4.2.3) U l 
U l 

file:///Recorded


TABLE 2 7 . I I I 
71-Pr-Pr-LO 

P u r p l e 
6 rowed 

T i s s u e s 

STAGES OF DEVELOPMENT 

I I I I I 

C o l o u r C o l o u r C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p s 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

P & 
Bk 

G 

P & Y 

G 

G 

R & GY 

C 

G 

Cr 

# 

# 

* 
* 

M & 
Y 

GY 

P 

YG 

bR 

R 

C 

P a r t l y 
R 

Cr 

** 

# 

* 

# 

M 

P 

dP 

CrG 

P 

P 

C 

PR 

(7) 

# 

# 
* 

# 

# 

J3 
CO 

to 
> < 
4-1 o 
55 

L n 
ON 



TABLE 27.IV 
C.I. 5628 

P u r p l e 
6 rowed 

T i s s u e s 

STAGES OF DEVELOPMENT 

II I I I 

C o l o u r C o l o u r C o l o u r 
s 

C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

VR # 

Not A v a i l a b l e 

V 

G 

G 

G 

C 

Y&G 

YW 

# 
* 

Vg 

Vg 

GY 

P 

PG 

C 

P 

B l 

# 

# 
* 

bR 
# 

# 

DY 

Y 

MY 

Y 

P 

P 

C 

P 

B l 

* 
* 

** 

# 

# 

* 

# 

# 

DY 

Y 

Y 

Y 

Y 

Y 

* 
* 
** 
** 
** 
* 

CD 
r-J 
X I 
CO 
u 
CO 
ex 
0) 
CO 
C! 

U l 



TABLE 27.V 
3 6 - b l b l - 2 1 

White 
6 rowed 

T i s s u e s 
I I 

C o l o u r 

I I I 

C o l o u r 

STAGES OF DEVELOPMENT 

I V 

C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p s 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p , 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

P 

G 

P & 
M 

G 

G 

GY 

C 

G 

Cr 

# 

# 
* 

* 

* 
* 

P a r t l y P 

G a t base 

MBr 

BIG 

P&Y 

Y 

C 

S l i t P 

# 
* 

# 

P a r t l y M * 

Y 

Y 

WY 

R 

Y 

C 

S l i t 
MBr 

(8) 

* 
* 

# 
* 

* 
* 

+ 

(15) 

0.1 + 

E s t i m a t e d v a l u e o n l y ( s ee Sec. 4.2.3) U l 

oo 



TABLE 27.VI 
C-54-55 
White 
6 rowed 

STAGES; OF DEVELOPMENT 

I I I I I V V 
T i s s u e s 

C o l o u r C o l o u r C o l o u r C o l o u r 
V s V s V s v s 

Awn t i p . P # MY ** m o s t l y Y ** 
Awn r e m a i n d e r G * GY * Y * 
Glume t i p P # P # Y ** 
Glume r e m a i n d e r G * GW * Y * 
Lemma v e i n s G P # B r ** 
Lemma i n t e r v e i n s G * Y * Y * 
P e r i c a r p C * C * C * 
Spermoderm G 

G 
* 
* S l - i t - P 

GY 
# 
* S l i t B r 

PY 
* 
* 

A l e u r o n e Cr * Y * (10) * (17) # 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e < 0 . 2 + 

E s t i m a t e d value olnly ( s e e Sec. 4.2. 3) U l 
U l 



TABLE 27.VII 
GOLBENL PHEASANT C. I . 2488 

White 
2 rowed 

T i s s u e s 

STAGES OF DEVELOPMENT 

I V 

C o l o u r Col our 
v s 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

M 

Y 

P 

Y 

R 

Y 

C 

LM 

(8) 

s l i g h t l y # 

* 

# 
* 

# 
* 

* 

(14) 

o 



TABLE 2 7 . V I I I 
DEFICIENa 

White 
2 rowed 

T i s s u e s 
C o l o u r 

STAGES OF DEVELOPMENT 

I I IV 

C o l o u r C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

M 

G 

M 

M 

G 

G 

C 

G 

W 

* 

* 

* 

M i n 
pa t c h e s 

Y 

M 

B r 

GY 

GY 

C 

GY 

CrW 

* 
* 
* 
* 
* 
* 
* 
* 

M i n 
pat c h e s 

Y 

Y 

Y 

BrY 

Y 

C 

Y 

(2) 

* 
* 
* 

( 9 ) 



TABLE 27.IX 

T i s s u e s 
C o l o u r 

VANTAGE 
White 
6 rowed 

STAGES OF DEVELOPMENT 

I I I I V 

C o l o u r C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n I n 
a l e u r o n e 

G 

G 

G 

G 

G 

C 

G 

W 

* 

GY 

Y 

VBk 

s l i g h t l y 
R 

YG 

C 

C 

GY 

** 

MBr 
( s l i g h t l y ) 

Y 

Y 

Y 

R 

Y 

C 

C 

(7) o r 
(8) 

* 

* 
* 

+ 

between 
(16) & (17) 

(1.5) + 

E s t i m a t e d v a l u e o n l y ( s e e Sec. 4.2.3) 
U l 

ho 



TABLE 27.X 
3 3 - b l b l - 1 3 

White 
6 rowed 

T i s s u e s 

STAGES OF DEVELOPMENT 

I I I I I 

C o l o u r C o l o u r C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm '. 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n i n 
a l e u r o n e 

bY 

g r e e n 

Y 

G 

G 

G 

C 

G 

W 

* 
* 
* 

* 
* 
* 

BrY 

GY 

Y 

Y 

GY 

GY 

C 

GY 

Cr 

* 
* 
* 

E s t i m a t e d v a l u e o n l y (see Sec. 4 .2.3) 
^ A l e u r o n e s t a g e V; No a n t h o c y a n i n s even i n 3% HCl-MeOH. 

Y 

Y 

Y 

Y 

Y 

Y 

C 

Cr 

(8) 

* 

* 
* 
* 
* 
* 
* 

o.v 

between 
(14 & 15) 

CTl 

u> 



TABLE 2 7 .XI 5 0 9 0 - 1 0 - 4 
W h i t e and D i r t y White" 

6 rowed 

STAGES OF DEVELOPMENT 

I I I I I I V 
T i s s u e s 

C o l o u r C o l our C o l o u r C o l o u r C o l o u r 
v s 

Awn t i p 

Awn r e m a i n d e r 

Glume 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

dk B r 

G 

G 

G 

G 

C 

G 

W 

* 
* 
* 
* 
* 

* 

PV 

GY 

G 

R 

G 

C 

G 

Cr 

# 
* 
* 

# 
* 
* 
* 
* 

M 

YG 

B r 

R 

GY 

C 

* 

# 

Y 

Y 

Y 

Y 

Y 

C 

? 

(7) 

* 
* 
* 

0.5 ' + 

(14) # 

0 .3+ 

E s t i m a t e d v a l u e o n l y ( s ee Sec. 4 . 2 . 3 ) i_n 
ON 



TABLE 2 7 , X I I 
5090-2 -3 

Gr a y o r d i r t y White 

STAGES OF DEVELOPMENT 

I I I I I 
T i s s u e s 

I V 

C o l o u r C o l o u r C o l o u r 
V s V s V s 

Awn t i p Y * Y * Y * 
Awn r e m a i n d e r G * Y * Y * 
Glume t i p ? ? Y * Y * 
Glume r e m a i n d e r G * Y * Y * 
Lemma v e i n s G * R # Y * 
Lemma i n t e r v e i n s G * YG * Y * 
P e r i c a r p C - * C * C * 
Spermoderm G * YW * dY * 
A l e u r o n e pW * Pg ** (6) # 
A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

v e r y 
l i t t l e + + 

•""Estimated v a l u e o n l y (see S e c t i o n 4.2.3) 

C o l o u r 
v 

(17) 

(1.5)+ 

Ul 
OS 
U l 



TABLE 2 7 . X I I I 
36-B1B1-21 

B l u e 
6 rowed 

STAGES OF DEVELOPMENT 

I I I I I I V 
T i s s u e s 

C o l o u r C o l o u r C o l o u r C o l o u r 
V s V s V s v s 

Awn t i p Y * MBr * Y * 
Awn r e m a i n d e r G * YG * Y * 
Glume t i p Y * Y * Y * 
Glume r e m a i n d e r G * Y * Y * 
Lemma v e i n s G * R # R # 

Lemma i n t e r v e i n s GY * YG * Y * 
P e r i c a r p C * C * C * 
Spermoderm 
Spermoderm s l i t 

R 
PC * R 

P 
# 
* 

? 
PY 

* 
* 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

•-LB1 # BIG (19) # 

(1.5)+ 

(6) # 

(0.3)+ 

E s t i m a t e d v a l u e o n l y ( s ee S e c t i o n 4 .2.3) Os 
OS 



TABLE 27.XIV 

T i s s u e s 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 
Spermoderm s l i t 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

C o l o u r 

dP 

G 

dP 

G 

G 

G 

C 

G 
G 

W 

# 

* 

MONTCALM 
B l u e 

6 rowed 

STAGES OF DEVELOPMENT 

I I I 

C o l o u r 

f P 

Y 

fP 

Y 

P 

YG 

C 

p a l e 
P 

s l i g h t l y 
B l 

* 

* 

# 

I V 

C o l o u r 

Y 

Y 

Y 

Y 

Y 

Y 

C 

p a l e 
?. 

(19) & 
(25) 

* 

* 

* 
* 

C o l o u r 

(20) # 

(0.2)+ 

E s t i m a t e d v a l u e o n l y ( s e e S e c t i o n 4.2.3) 



TABLE 27.XV 
TREBI 

P e c u l i a r B l u e 
6 rowed 

STAGES OF DEVELOPMENT 

I I I I V 
T i s s u e s 

C o l o u r C o l o u r C o l o u r 
T i s s u e s 

V s V s V s 

Awn t i p P # M&Y * Y * 

Awn r e m a i n d e r G * Y * Y * 
Glume t i p P Y * Y * 
Glume r e m a i n d e r G * Y * Y * 
Lemma v e i n s G * R Br R 

Lemma i n t e r v e i n s G * Y G U * Y * 
P e r i c a r p C * C * C * 
Spermoderm G * P around C * 

s l i t 
t i p s B l 

A l e u r o n e pW * C e n t r e Y (6) & 

V 

C o l o u r 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

(21) 

+ + 

(24) 

(0.2)+ 

E s t i m a t e d v a l u e o n l y (see S e c t i o n 4.2.3) 1 O c c a s i o n a l l y lemma and p a l e a appear as r e d d i s h v i o l e t due t o 
the c o l o r o f the u n d e r l y i n g spermoderm. A c t u a l l y t h e c o l o u r o f 
th e lemma and p a l e a i s y e l l o w . 

CO 



TABLE 27.XVT 

T i s s u e s 

C-54-22 
P a l e B l u e 
6 rowed 

C o l o u r 

STAGES OF DEVELOPMENT 

I I I I V 

C o l o u r C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

G 

P # 

YBk 

Y 

P # 

M 

pa t c h e s 

Y 

B r 
o c c a s i o n a l l y 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n * " 
C o n c e n t r a t i o n 
i n a l e u r o n e 

G 

G 

G 

C 

G 

W 

* GY 

YG 

GY 

C 

P 
p a t c h e s 

* 
* 

Y 

Y 

Y 

C 

C 

(19) & 
(20) 

+ 

* 

# (20) 

(1.5)+ 
vO 

E s t i m a t e d v a l u e o n l y (see S e c t i o n 4.2.3) 



TABLE 27.XVII 

O n l y s t a g e I V i s a v a i l a b l e 

T i s s u e s 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma ve i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

33-B1B1-13 
B l u e 

6 rowed 

STAGES OF DEVELOPMENT  

IV V 

C o l o u r 

Y 

Y 

Y 

Y 

R 

Y 

C 

17 & 
20 

s 

* 

# 
* 

* 
* 

# 

C o l o u r 

20 & 
13 

+ + + + + 

# 

(0. 

E s t i m a t e d value only (see S e c t i o n 4.2.3) 



TABLE 2 7.XVIII 
GATAMI' 
B l a c k 

T i s s u e s 

STAGES OF DEVELOPMENT 

I I I I I I V 

C o l o u r C o l o u r C o l o u r C o l o u r C a l o u r 

Awn t i p 

Awn re m a i n d e r 

Glume 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n A l e u r o n e 

P 

G 

? 

G 

G 

C 

G 

W 

# 

# 
* 

* 
* 
* 

gV 

Y 

V 

YBr 

GBk. 

C 

YG & 
s m a l l dark 

p a t c h e s 

L B l 

* 
* 

* 

Y 

gY 

g 

B r 

C 

B l 

E s t i m a t e d value only (see Sec. 4.2.3) 
1 : L P e r i c a r p probably c o l o r l e s s ; considerably dry. 

* Bk 

* Bk 

* Bk 

* Bk 
not d e f i n i t e 

* Bk^ 

* p i i 

(24)& 
(21) 

* 
* 
* 

(1)# (6) 

+ + + + + ' - ( 0 . 5 ) -

U l 



TABLE 27.XIX 
LION 

B l a c k 
6 rowed 

T i s s u e s 
C o l o u r 

I I I 

C o l o u r 

STAGES OF DEVELOPMENT 

I V 

C o l o u r C o l o u r 

Awn t i p 

Awn r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

A n t h o c y a n i n 1 

C o n c e n t r a t i o n 
i n a l e u r o n e 

P 

G 

P 

G 

G 

G 

C 

G 

W 

# 

# 
* 

* 
* 

P 

GY 

? 

W 

P & 
VBk 

MBr 

s l i g h t l y g 

Y 

s l i t R 

W 

* 

# 

MBk 

MBk 

MBk 

MBk 

Bk 

Bk 

dg 

gBk 

* 

* 
* 

* 
* 

CO.05 t o 
N i l 

(6) 

E s t i m a t e d v a l u e o n l y ( s e e S e c t i o n 4.2.3) 



TABLE 27.XX 
KITCHEN 
B l a c k 

6 rowed: Hooded 

T i s s u e s 

STAGES OF DEVELOPMENT 

I I I I I I V 

C o l o u r 
s 

C o l o u r C o l o u r C o l o u r C o l o u r 

Hood v e i n s 

Hood r e m a i n d e r 

Glume t i p 

Glume r e m a i n d e r 

Lemma v e i n s 

Lemma i n t e r v e i n s 

P e r i c a r p 

Spermoderm 

A l e u r o n e 

G 

G 

P 

7 

G 

G 

C 

G 

W 

* 

# 

7 

* 

* 
* 
* 

MBk 

GY 

P 

M 

YG 

GY 

C 

Y 

YW 

# 
* 
* 
* 
* 
* 
* 

MY 

M 

MP 

M 

M 

M 

MBr 

W 

L B l 

* 
, * 

* 

* 
* 
* 

Y 

M 

M 

BIBk 

MBk 

MBk 

Bkg 

Br-Bk 

(8) and 
(U) 

* 
* 

(11) 


