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ABSTRACT

Lignin contents of extractive-free wood meals
'prepéred from three adjacent rings of mature wood, sampled
at breast height,_of amabilis fir, Douglas fir, western red
cedar, Sitka spruce, and western hemlock were determined
according to the micro-method of Johnson, Moore and Zank.
" Each of three rings within each spébies was divided
into six positions from earlywood to latewood. Wood meals

of 40-80 mesh size were extracted successively with ethyl
ether, absolute ethyl alcohol and hot-water, and then
solubilized with acetyl bromide and absorbence was calibrated
against“Klason lignin values. Wood methoxyl content of these
same éamples had been studied previously, = ...

Lignin contents were found to be highly'significantly
different within positions of growth increments for aﬁabilis
fir, Douglas fir, western red cedar and Sitka spruce, but no
significant difference was found for western hemlock. Highly
significant difference was found between growth rings for
western red cedar and similarly significant difference was .

: fouhd for Douglas fir. No significant differences were ob-
tained between growth rings for the other three species, al-
though a slight but definite increase in lignin content with
age was observed., Highly sighificant differences were also
found between species and for total averages of each bosition

for the filve species. Earlywoods were higher in lignin

content than latewood in each species by: Douglas fir, 2.27%;
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amabilis fir, 2.06%; Western red cedar, 1.28%; Sitka
spruce, 1.08%; and western hemlock, 0.46%.

Lignin contents for individual species were in the
order of: western hemlock, 32.85% (32.36-34.0L4%);
western red cedar, 31.23% (29469~32:68%); amabilis fir,
27.51% (26.17-28.24%); Douglas fir, 26.48% (24.08-28.66%);
and Sitka spruce, 25.81% (24.91-26.98%). N

The correlation_coefficient teeting association
between lignin and wood methoxyl was highly significant
for amabilis fir (0.971), Donglas fir (0.913) and western
red cedar (0.684): Non:siénificant’coirelatiOn occurred
with Sitka spruce (0.467) and western hemlock (0.340).
The relationship betweennlignin and wood methoxyl apneared
independent of species.

The non-lignin methoxyl contents for the five species
were estimated and the results showed that these were also

independent of species,
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INTRODUCTION

It is well known that lignin is a major wood com-~
ponent influencing mechanical properties, wood quality,
pulpability, penetrability, and a great many other
features of wood important in utilization.

Many investigations have been carried out to describe
lignin as regards species, individual tree, and other
biological properties 6f wood, yet no complete reference
is available regarding the distribution of lignin across
wood growth increments.

It is known that the most pronounéed differences 1n
wood appearance and qualities for various usés are con-
trolled by variations between earlywood and latewood.
Therefore, the nature of differences. between earlywood
and latewood is a very important factor in the utilization
of wood. |

Several investigators have tried to refer wood methoxyl
measurements back to lignin content, but no agreement in
results has occurred possibly dué to lack of proper data
or appropriate samples.

Therefore, an effort was made in this study to further
underétanding of lignin within and between various coniferous

woods.



The investigation of lignin contents was made on the same
samples which were previously studied for wood methoxyl
contents (72) in order to examine relationship between
these two measurements on woods.

It is also hoped that this sfudy will be of some
assistégcé to further understanding of the basic nature

of wood.



LITERATURE REVIEW

In this review, literature cited is related to
distribution of lignin from the individual cell to the
mature tree. References regarding the distribution of
wood methoxyl and its relationship to lignin are given
in the previous work (72).

Wood was believed fér a long time to be of uniform
chemical composition until Gay-Lussac and Thenard (19)
first disproved this by elementéry wood anélysis. nThéy
found that wood is comprised of carbon, hydrogeﬁ and
oxygen. Subsequently woed has been discovered to be a
very complex biological material. . Much research has been
carried out on wood, but one of the most important wood
domponents - lignin - is not yet fully understood.
Typical lignin values are shown in Table 1.

~Lignin was first named as the incrusting material

in the lignified plant by Payen (46) and later by F. Schulze
(58). ” |



A. Lignin in the wood cell

Scarth and co-workers (57) by using different solvents,
colour reactions, and stains, étudied structure of thQWCell
wall. They showed that both in softwood andrhardwood,'thé
middle. lamella is the portion highest in lignin content;=
The order of lignih content for different woody tissues
was also reported.

Ritter (52,53) found two forms of lignin present in
wood. The "middle lamella lignin" and "cell wall lignin",A
the former was at about 75% of thetotal and the latter
about 25%. The cell wall lignin is thought to be amor-
phorus and has methoxyl content of 4.8% and 4.3% for red
alder and western white pine, whereas the middle lamella
lignin showed definite structure and had 13.6% and 10.8%
methoxyl respectively. |

Dadswell (17) showed radial alignment of lignin in
the cell wall after treatment with 72% sulfurtc- acid.

This finding was the same as that of Scarth. Therefore,
Dadswell concluded that radial alignment had a definite
connection with the dilstribution of lignin in the cell
wall.,

Lange (39) by applylng microspectrographic technique,
studied distribution of lignin in the cell walls of normal
and reaction woods. Spruce contained Yé% lignin in the .

middle lamella and 16% in the cell wall. The cell walls

of hardwoods were less lignified than those of spruce.



Bailey (4) following tedious microdissection reported
that in Douglas fir, the middle lamella contained 71.4% of

lignin.

B. Lignin in earlywood and latewood

Ritter and Fleck (56) reported for numerous American
woods that springwood éonfained a greater proportion of
lignin than summerwood, probably because the middle lamella
formed a larger portion of the springwood substance.

Bailey (4) showed that in Douglas fir the lignin was.
higher in springwood, 35.2%, than in summerwood, 31.6%.

Hata (28) determined lignin content of a 35-year old
Japaneéé red éine and reported that springwood contained
more lignin than summerwood. |

Jansons (32) made a thorough investigétibn of lignin
content in a freé, and reported that in spruce, thg lignin
content of spring- and summerwood was dependent to some
extent upon the pésition within the tree from which the
sample was obtained. The lignin content of summerwood at
the bottom of the trunk was lower, in the middle part equal
to, and at the top of the frunk higher than that of corres-
ponding springwood. The lignin content varied from 25.2%
to 29.5% iﬁ the springwood and ffom 22.3% to 34.0% in the

summerwood.
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Hégglund_and Johnson (23), on‘the other, hand,
reported that no different 1iénin content was  found
between spruce springwood and summerwood.

Wardrop and Dadswell (68) reported that most of the
lignin occurred in the intércéllular layer and primary
wall in the cell wall of ray and &ertical parenchyma.

" Hale and Clermont (25) have recently reported that
the .1ignin content was Bigher in earlywood than in latewood
both in Douglas fir and red pine. They also stated that
the difference in éarlywood and latewood chemical and
physical properties was due to differences in cell-wall

morphology.

C. Lignin in reaction woods

Hagglund et al. (24,67) reported that lignin‘content
was higher in compression wood (38.0%) than in normal
wood (28.0%) . : |
| Jayme and co-workers (33) showed that beech teﬁéion
wood had a lowér lignin content than normal wood.

Watson (69) reported that tension woods of Eucalyptus

‘regnans F.v.M. contained 15.8% lignin, and only 10.3% in

E. gonicocalyx F.v.M. as compared with 25.2% for the normal

wood.
[.'gnin
Bland (8) concluded that tension wood, was found to
have no abnormal characteristic except for being bound
more closely to the polysaccharide™ framework of the wood,

whereas compression wood lignin is abnormal, owing to the



operative mechanism during lignin decomposition.  He
reported that fension wood contained 13.8% and compression
wood, 34.4% Klason lignin.

Hata (29) showed that cdmpression wood had 36.50%
lignin with 1é.74% methoxyl content, whereas normal wood
~had 26.75% lignin with 14.28% methoxyl content.

Klauditz (36) reported that red beech normal wood had
higher lignin content than reaniionl“z wood and that narrow
rings have slightly higher iignin cbntent.than the wider
ring reaction < wood (21.29:20.17%), whereas the normal
wood had 22.68% lignin. -

Hale and co-workers (26) also reported that normal
wood of both trembling aspenkand white elm had higher lignin

content than the tension woods.

D, Lignin in sapwood and heartwood

Ritter and Fleck (54, 55) stated that in analysis of
softwoods, certain definite conclusions may be drawn con-
cerning”relationship between the various constituents of
the sapwood and heartwood, but it is Quite difficult to
generalize in the case of the hardwoods. They claimed,
in general, that sapwood was higher in lighin than the
corresponding heartwood. |

Freeman and Peterson (18) stated that any conclusion

regarding relationship between constituents of heartwood



and sapwood of different species cannot be accepted with-
out some reservation, because certain vital factors such
as age, growing conditions and habitat are apparent and
may'be observed. In general, the extréétives are higher
in the heartﬁood thén in the sapwood of the coﬁiferous
species, and the cellulose and lignin are lower in the
heartwood..

" Hata (27) also observed that the sapwood was higher

than heartwood.in.lign;n content in Japanese red pine.

E. Lignin in the individual tree

Cieslar (15) studied lignin content on a number of
softwoods and”foﬁnd that lignin decreased from the base
towards the top of spruce trees. Lignin content was _
higher at positions exposed to stfong-mechanical stress
than elsewhere. Because he used the indirect method
(methylvnumber method) of Bénedikt and Bamberger (7) for
fhe determination of iignin, his results are not Ehéught to
be very reliable. -

Narayanamuit-i and Das (44) reported distribution of
lignin throughout a number of ﬁreég andwfound thét'it
decreased towards the top (about 2%) and increased from
the sapwood towards the heartwood (about 5%). 7

Klem (37) reported that in spfucewood the 1ignin con-

tent in thé léwer trunk was higher than it was in the upper



trunk and that such variations were responsible for
variable puip yield.
Hata (27) on the other hand reported lignin content
in various'pafts of the trunk of a 35-year 6l1d Japanese
red pine and found that llgnln increased from the bottom
towards the top of the tree, but was somewhat lower in
the heartwood than in the sapwood.
It is also stated (14) that methoxyl, lignin and lignin

methoxyl increased With"thé formation of new rings in the

twigs-of Pinus thunbergii Pafl. and Robiniabpseudoacacia L.
Janson (32) reported that in fir treeé, maximum
amount of 11gn1n at a certain height was flanked . by
mlnimum amounts higher and lower, Max1mum amounts of
lignin formed a épiral line progressing in a clockwise
direction upwards in the trunk. Highestrlignin content
with respect—to fhe whoie trunk was fqynd in the wood samples
taken Just below the crown. Lignin content in the crown was
reléted to the number of branches, the more branches the
leés lignin.
Clermont and Schwartz (16) studied chemical composition
of a black spruce tree and fepérted that iignin content -did
not show any trend of difference towards the top of the tree,
whereas wood méthoxyl showed a definite decreas¢ <l:;;(5.2l

5~ 4.89%) towards the top of the tree.
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Worstef and Sugiyama (71) reported that lignin con-
tenf of a western hemlock Ereé had no pattern of lignin
diétribution with different height level. They also stated
that in a number of western hemlock trees, high growth rate
did notAfavour formation of lignin and xylan, but favoured
formatioq of hexosan ahd especialiy glucan.

Hale and Clermont (25) recently reported that the
lignin measured hérizonéaliy across a 430-year old Douglas
fir tree was higher ih the overmature wood portion than in_
the mature wood portion. No differences in lignin contents
were noticed across the mature wood portions.

According to Bland and Hirnj‘(ll), Bower and co-workers
(12), Beckman and co-workers (6), Norman (45), Phillips
and co-workers (47), and Zeherebov (73), lignin as well as

methoxyl content increased with plant maturity.
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EXPERIMENTAL

Sample

In this experiment samples of mature wood at breast
height were choSen_from among the more important western
Canadian woods. Sample trees, except for Sitka spruce,
were from the University of British Columbia Research
Forest, Haney, B.C. The Sitka spruce was from Terrace,
B.C. These same sampies were previously studied for wood

methoxyl contents (72). The species included:

Amabilis or Pacific silver fir (Abies Amabilis (Dougl.)

Forb.)

Douglas fir (Pseudotsuga menziesii (Mirb.) Franco.)

‘Sitka spruce (Picea sitchensis (Bong.) Carr.)

Western hemlcok (Tsuga heterophylla (éaf.) Sérg.)

Western red cedaf\(Thuja plicata D. Don.)

The wood blocks for each species were first saturated
wifh water and then cut into taﬁgentiai sections of 120 -
microns thigkness; Three adjacent rings from each species
were studied}- The gfowth rings included: amabilis fir,
78-80 yr; Douglas fir, 64-66 yr; Sitka spruce, 69-T1 yr;
western hemiock, 56~58 yr; and'wesﬁerm red cedar, 72-T4 yr.
~ The total tangential secfions within each ring were divided
iﬁto six equal groups representing six sequential positions
'aéross a growth ring from eaflywood to latewood. These
gsections were air dried, ground into wood meal, coilected

as 40-80 mesh, and homogenized.
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Preparation of extractive-free samples

In order to obtain extractive-free samples that had
been given equivalent treatment; 0.7 g portions of wood
meal were sealed separately in 100-mesh 1.5"x 2.0" nylon
:bags with a soldering gun. '

In order to calculate sample moisfure content,
earlywood and latewood samples from another source were
used; -in this case, the same treatments were applied to
the moistﬁre correction samples, as well as to those being
prepared for lignin determination;

All samples for each species were successively treated
in the éame Sokhiet container with ethyl ether and absolute
ethyl alcohol: They were then hot-water extracted according
to SP/E-1/62 (64).

After extractive treatments, the samples were air-dried
and conditioned in an Aminco cabinet until the sample
moisture content reached equilibrium.

For moisture content determination, éarlywood and late-
wood samples were dried in an oven maintained at 102E1°C
until constant weight was reached. - The average of fhree
replicates as stated in AM/M-1/62 (1) was used for cal-
culating moisture contents. The“méisture‘contents
found were 8.80% and 9.80% for earlywood and latewood
respectively. These vaiues were used to correct extracted

experimental samples with moisture contents of the first
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four positions in a growth ring corrected by earlywood
moisture content, while the remaiﬁing two positions were
corrected according to'latewéod molsture content.

The extraqtive—free and molsture equilibrated samples
were then stored in tightly closed glass jars to avoid

further moisture changes.

Apparatus

o A Beckman Model DK 2 double beam recording spectrophoto-
meter was used first in studying absorption.spectra of
calibration samples. A Beckman Model DU single beam manual
spectrophotometer was later used to check absorption Spectré
measured bjﬁ%eckman Model DK 2 and was then used in the
main st&ﬁ?im%ﬁéee QUartz cells with 10 mm path length and
1.5 ml volume were used,f. = L% .

The reactors used were glass-stoppered test tubes with
outside diameter of 19 mm, length 150 mm, and capacity 28

ml. Stoppers were notched to allow escape of evolved gases.

The hot water bath was regulated at TOt19C,

Other equipment

For Klason lignin determinations filter glass crucibles
(C porosity) and 50 ml weighing bottles were used.
" For dllutlon of wood meal solutions calibrated 200 ml

volumetric flasks were used.
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Chemicals
A. For Klason lignin determination:
1. Sulfuric acid (stou) A reagent grade 72% sulfuric
‘acld was used.
B. For Spectrometric lignin determination:
1. Acetyl bromide (CH3COBr): A reagent grade acetyl
bromide was used for the dissolution of wood meal.
2. ’Sodium hydroxide: A 2 M sodium hydroxide (carbonate-
freg?u;ge prepared by dissolving 160 g reagent grade
sodium hydroxide in 2000 ml of boiled and cooled
distilled water.

3. Hydroxylamine hydrochloride (NH,OH: HCl) a reagent

grade 7.5 M solution was used

Procedure

In order to plot a standard calibration curve of lignin
content agalnst absorbence at a given wavelength lignin
content of a 0-10 yr wood meal sample from an amabilis fir
‘was determined by Klason's method (2) which follows:
1. A wood meal sample (about 1 g air—dried) is accurately
placed into a tared weighing bottle.

2. The bottle and sample are placed in a water bath at

19t1°C and 15 ml of cold standardized sulfuric acid is addeds
slowly, with constaht stirring. Vigorous stirring is con-
‘tinued for 2 mih. until all’. lumps are broken. Stirring

is~continued for 1 min. and is repeated at 15 min. intervals
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for 2 hours while maiﬁtaining temperature at 19+1°C.

3. After 2 hours the material is washed intola Erlenmeyer

flask and diluted to 3% acid concentration by adding 566 ml

of distilled water.

L. The solution is refluxed for 4 hours.

5. The insoluble material is allowed to settle overnight

and is then filtered into a tared crucible.

6. The residue in the crucible is washed with 500 ml of hot

distilled water to dispose of the acid.

7. The crucible and residue are dried at lOZflOC for 2

houré, cooled in a desié?tor and weighed to constant weight.
Lignin content was calculated as percentage based on

extractive~-free and moisture-free wood. The averaée lignin

content of U4 replicates was 30.11% with range of 1.0%.

This lignin content was usedAfbr the calibration of lignin

absorptivity.

The procedure used for spectrometric lignin determina-
tion follows: |

The wood meal speéimen having an accurately known
" weight of about 0.020 g (oven-dry basis) was placed in a
special reaction tube ha%ing a notched,'fitted glass
stopper, and 10 ml of 25% acetyl bromide-acetic acid
(reagent grade) was added. The tube was then placed in

a hot water bath maintained at 70t19C. Gentle swirling



was done at 10 min. intervals to assist dissolution.
Aftef 30 min. of heating, the reaction tube was placed in
a cold water bath maintained at 13t1°C for 8-10 min. The
cooled liquor was then transferred to a 200 ml volumetric
_flask into which 9 ml of 2 M sodium hydroxide and 50 ml
of acetic acid had been placed. .A minimum amount of
acetic acid (ca. 5-10 ml) was used té.complete the transfer
from the reaction tube, and 1 ml of 7.5 M hydroxylamine
hydrochloride was then added to the flask. The cohtehts
were mixed and diluted to the 200 ml mark with reagent
grade acetic acid. Thils solution was cooled under céld
water before measurement of absorbence was made.

The solution absorbence was measured aﬁ the maximum
peak (Amax) of 282 milimicron.

ﬁigniﬁ content was calculated as:

Lignin, % = Absorbence (Absorptivity .x Sample Wt.)®

where - é

Absorptivity of amabilis fir = 23.2

Sample Wt. was based on ektractive-free, molsture-free

weight of wood.
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DISCUSSION OF PROCEDURES

1. Theory of ultraviolet spectroscopy

The identification of organic compounds has been much
assisted by introduction of instruments which make possible
quick and convenient measurement by ultravioiet (also infra-
red) spectra of substances, even with small amounts of
vmaterial. |

The ultraviolet spectrum, éuite unlike the infrared
of Raman, arises from electronic excitation of the molecule
by the irradiating light. The total energy of a molecule
is the sum of its electronic or binding energy and ite
kinetic energy. The electronic or binding energy is the
largest component of molecule total energy. Energy
absorbed in the ultraviolet region produces electronic
transitione Within the molecule. The relationships between
the energy absorbed in an electronic traﬁsition, end the
frequency @ﬁ) or wavelength (x) of radiation producing the
tran81tlon, 1s expressed by:

aB =4 = 4c /A
‘where, A stands for Plank's constant and c veloeity of
light. =E is the energy absorbed in bringing about an
electronic tfaneition in a molecule from its lowest energy
‘state (ground state) to an excited state. The energy

absorbed is quantized. The smaller the enefgy difference
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between the ground state and the excited state, the longer
will be the wavelength of abéorption.

The imﬁortantT ©ou.s consequence of this, from the
view ofrstructural‘chemist, is that Spectra in the ultra-
vioclet region are diagnostic of unsaturation in the absorbing
molecule. It is also understood that the ultraviolet (and
infrared) spectra are very important in the determination of
functional groups both qualitatively and quantitatively.

Quantitative apblication of spectroséopy is based on
the so-called Lambert-Beer law which states:

logyg Io/I = Keb = A
.where K is a constant characteristic of the solute; c,
concentration of solute; b, path length; A, absorbence;

stand

I, and I for intensity of incident and transmitted radiation..

(59).

2. Determination by the micro-lignin method

- A. Sample weight (volume of dilution)

It was desirable to determine an optimum minimal
sample size so that further study could be carriéd~out
witﬁ small amounts of material. From the results of Johnson,
Moore and Zank (34), the concentration of solution (1ignin
or wood meal) whicﬁ gives an optimum absorbence between
0.2 and 0.8 (5) is 0.6 to 4.0 mg lignin per 100 ml dilution.
In other woras; the weight of coniferous wood meal required

to fall within this absorbence range would be 2.0 to 13.3 mg
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per -100 ml dilution. ‘

According to the method described (34), the minimum
dilution volume was 100 ml. With the largest dilution
volume, 1000 ml, results were not different from those with
smaller dilution volumes, e.g. 100 and 200 ml. Theéefore,
it;seeﬁed unnedessary to repeat the dilution vblume study
to 1000 ml.

IBHﬁMAéxperiments were carried out with different
dilution volumes, e.g. 100, 200 and 250 ml. Results showed
that the range of absorptivity for amabilis fir wood meal
with 100 ml dilution was too large, probably due égfxgighing
accuracy (weight of sample was about 0.0100 g). The range
was émallér for 200 and 250 ml dilutioni; the ﬁean'absorptivity
for 200 ml dilution was 23.2, which is the same agﬁEVGrage
absorptivity of 23.1 reported for softwoods (34). Therefore,
dilution volume was settled at 200 ml (ca. 0.020 g oven-dry
welght wood meal). Dilubion to 250 ml showed no differences

from those to EOO ml dilution. Results with 200 ml dilution

are given in Table 2A.

B. Effect of cooking time

S

It is understood that cooking time (reaction time) is
one impoftant factor influenéing behavior of reactants:
In this experiment the cooking time was set as 30 min. In

‘order to study cooking time effects, 40-60 mesh western

hemlock (0-40 yr) wood meal with known moisture content
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was used. Results are given in Table 2B, It 1s seen from
these results. that cooking time bf 30t5 min. caused dif-
ference of only ¥1.5% in relative lignin content. This
sﬁows that the reaction time is not very critical in the

30 min. range. Réaction (or dissolution) is almost complete
in that time for all species studiéd. This result is very

similar to that reported (3&).

C. szffeCt of reaétion temperature

The efféct of cooking temperature on the lignin deter-
minétion is not significant at 70%1%C asifound by Johnson,
‘Moore and Zank (34), in that the change of absérptivity
with reaction témpérature was approximately 1% per degree
-all

at 70°C. An automatia‘?egulated hot water bath very easily

meets this temperature requirement.

D.  Effect of elapsed time before measurement

It»waé stated (34) that the Douglas firﬁwoqé solution
.showed no change in absorbence for as long as 5-hr storage
after transfer and dilution to given volume, but that the
time factor was more important with hardwood solutions.

In order to study the time factor, absorbence was read
at different time intervals aféer ailution._ The preparéd
'solutioh'was>stored'under running water at 12t1°C.

Results are given in Table 2C. Under these conditions it

seems that the absorbence with amabilis. fir wood. does not
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change for 24 hry. after reaction. When the solution was
keﬁ%réﬁ room temperature (about 25°C), however, absorbénee
-was only stable for 5 hr: s after reaction. It seems that
some other reactions bccur, especially since the soiutiQn
turns from light brown tp“dark brown colour, which is
accompanied by an abrupt change of absorbence. This could
result from some complex poiybromide formation; 'Therefore,
it was .decided that absorbence feading would be made within

2 hrs. after completion of the cooking phase.

E. Calculation of sample size .
» An experimental series was carried out 0513.020 g
samples of western hemlock cooked at 70+1°C and measured
within 2 hr ;_aftér reaction. Results are given in Table

2D. -
According to the equation of Steel and Torrie (65),
the number of replicates for each position ih a gro&th‘
increment can be calculated as: |
N = t2 x s° / a2
where,

N

It

number of replications

t = value from the t;table at n-1 degrees of
freedom, and at the 95% probability level

s2= the Samﬁle variance

d = (mean x 0.0p)/2, with p% of allowable error,



- 22 -

From data in Table 2D, the number of'necessary

replications was calculated to be 1, with calculation
also given in Table 2D. This replication number, one,is
pased on t2.0% (L%) allowable error, In order to obtain

more reliable results, two or three replicales may be used.,

3. Experimental errors
Other factors influencing experimental accuracy were

also considered and eontrolled:

(1) Weighing of sample:

Sample weight can be considered to be the most important
factor,‘especielly in this micro-scale lignin determinetion,
because a relative 2% error in reading can be encountered
easily at the 0.020 g sample size.

4 Samples were weighed on a piece of paper, With both
paper and paper plus sample weighed éﬁ least twice; er until
constant readings were obtained. The paper used was pre-
conditioned in the surrounding atmosphere so that equilibrium
moisture was attained, thereby reducing the likelihood of
change in welght during weighing.

During weighing, the automatic balance was turned on

a couple of times to release strains developed in the scale.

(2) Chemicals
o A, Acetyl bromide
Acetyl broﬁide is & . reagent which dissolves more than

99% of the wood. This chemical is very reactive and has
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a2 boiling point of 76OC. It fumes in moist air by libera-
tion of hydrogen bromide and the formation of acetic acid.
Therefore, in prder to avoid chénges‘in chemlical concentra-
tion, the acétyl<%fomide was sealed as 20 ml ampules to
prevent further reaction before use as occﬁrred with opened
stock bottles. It was also noticed that higher absorptiviby

was encountered when an old acetyl bromide solution was used.

B. Sodium hydroxide |

This réagent is used mostly for its buffering effect,
but it may have some other effects on the lignin molecule.‘

In order to maintain the same strength (2M) sodium
hydroxide solubion, a bulk solution (2000 ml) wa.s prepared
and this waé stored ' in a bottle equibped witﬁ a gas tube
ﬂcontaining ascrite for absorbing carbon dioxide. This
prevented carbonate formation and thereby change ih solution
coﬁéentratibn. The effect of sodium hydpoxide on absorbence

df the solution will be discussed later.

C. Hydroxylamine hydrochloride

This solution waé also prepared in]argé amounts
(300 ml) to maintain the same strength of solution. This
reagentiis reported to arrest further reaction of the;

solubilized wood.

(3) Instrumental

A. Beckman Model DU spectrophotometer
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The instrument used in this study was not equipped
with cooling system. The instrument was warmed for at
least 3/4 of an hour before absorbences were measured.

This is required for stable instrumental reading.

B. "Silica cell

Three silica cells with light path lengths of 10 mm
and 1.5 ml capaéity were used in this study. These cells
were checked for their similarity in absorbence character-
istics at the desired wavelength. Blank solution wés first
usg@ for each cell and the differences in absorbénce were
recorded. Wood solution values were then measured and the
differences were recorded. The results showed that no
significant absorbence diffefences occurred in either éase,
The absorbence differences ranged from 0.001 to 0.002.
These amounts of absorbence are not considered to be important.

In each case of changing solution for measurement, the
cells were rinsed at least 8 times (4 times is considered
to-be standard). The outer cell surfaces were cleanedfand
dried with lené paber, since brdinary tissues cause scratching

- on the surface of cell and thereby influence absorbence.

C. 8Slit width
The slit width used was 0.8 mm (5). Change of slit
width, especially to a widér slit'may éause some variation

in transmittance hence absorbence of the solution, because
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the absorbence read is the mean value of absorbence at

the given range of wavelength. The wider the range measured
the lower the absorbence. In fact, this may not happen,

" because the commercial spectrophotometers are accurate
enough to measure absorbence at_bandwidth of less than 1
milimicron. Still, the wider slit width may cause further
disadvantage in stray light efféct (5), or deflection from

“the sides of the cell or lower Surfécé of the solution.

D. Reading of absorbence
Absorbence of a given solution was read at least

three times or until constant reading was obtained.

(4) Number of samples measured

o Each batch consisted of six to nine samples. In any
one such series sampies from different positions within

one to two growth increments were included. A blank
solution was included with each batch in order to provide
against variations caused by different batches of chemicals.

This was especially noticeable with acetic acid.

(5) Volume of dilution

o It is known that volume errors are caused mainly from
differences in temperature and inaccurate calibration of
volumetric ware., In this study the temperature of solution

was kept almost constant during all dilutions so that the
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volume error was minimized.

L, Absorbence behaviour of wood lignin

The above-mentioned factors are those which could
arise'during the experiment. So far as the absorbence
characteristic of woéd soluticn is concerned, there are

many related findings and opinions:

A. Between species

It is very clear that the absorptivify of lignin from
different species is not the same. This can be seen from
the report of Johnson and co-workers (34) that the absorp-
tivity of softwood lignin ranged from“22;6 in western
hemlock to 24.0 in Douglas fir. Hardwood ligniﬁigﬁtm

22.4 in sweet gum to 24.5 in aspen and white ash.

B. Between different trees of the same Species'

Siegel and co-workers (62) studied the absorbence
characteristic of woods from the same species., They reported
that the fossil vascuiar cryptogams had Jessﬁ.; éxtractableIgMn

ultraviolet-absorbing content than the living prototypes.

C. Within an individual tree

It is understood that lignin obtained from different
parts of the tree do not have exactly the same character-
istic ultraviolet absorption spectra.

Bland and Hirnji (11) studied variation of lignin
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absorption spectra with radial position in the tree on

a sample of Eucalyptus regnansF.v.M. éontaining 90 growth

rings. The spectra were found to vary systematically from
the centre of the tree outwards. They found shift of
maximum from 272 mu at the pith to 262 mu in the outer
rings,'decrease in absorption at 230 mu relative to the
maximum in the 262—27é mu range, shallower minimum in the
250-260 mu range; and the appearance of a weak band at

350 mu.

Mugg (43) on the other hand reported that Braun's
lignin isoiatéd'from partially matured asbénwood resembled
closely fhat prepared from matured aspenwood with respect
to infrared and ultraviolet spectra, methoxyl content and
physical appearénce. |

Biand (8, 9) in studies bf reaction woods reported
thaﬁ the ulﬁraviélet absorption spectra of the tension
wood lignins had their maximum displaced toward the shorter

wavelength and the minimum was shallower (both in Eucalyptus

gonicocalyx F.v.M. and E. regnans F.V.M.): No differende:

- in lignin ultraviolet absorption spectraﬁwas found among

. wood )
compression, normal sapwood and heartwood of Pinus radiata
A

D. Don.,

D. Lignin fractions

Ishikawa and Takaichi (31) showed that in Cryptomeria
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species the molecular extinction at A max 282 mu was
proportional to molecular weights of different phenol
lignin fractions.

‘Bland and Gately (10) reported that methanol extracted

lignin from-Eucalyptus”reénans F.v.M. wood contained two main

fractions and impurit;es. The sum of the two extinctions
of the two fractions at 275'mu amounted to about two-thirds
of the extinction of the benzene-purified lignin.
and Gately
- BlandA(lO) further reported 'éen’: absorption spectra

- for lignihs”sebarated chromatographically from methanol

extracts of Eucalyptus regnans F.v.M. taken along a line from

pith to bark. TwWe lignin .'fractions ﬁere produced, one of
these was substéntially the same from any position,between
pith and sapwood, the other apparently changed progressively
from pith to sapwood.

Rezanowich and co-workers (48) reported that in four
fractions of dioxane lignins prépafed from white sp?uce
there was arsmall, definite increase in the ultraviolet
absorption and fhe refractive index increment with increase
in the molecular weight of the fraction, although they were

similar in the methoxyl content and intrinsic viscosity. ‘

5. Changes of absorption spectra by chemical reactions

In'general, the change in ultraviolet absorption

spectra of lignin may be summarized as follows:
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A. Hypsochromic shift

A hypsochromic shift is a change of spectrum from
longer to shorter wavelength due to substitution or sol-
vent effect.

This may be due either to a change in the lignin
compléx on acetylation or a cross cénjugation phenomenon,
such as acetylation or methylation of lignin as reported
by Stevens and Nord (66). ;
Thié shift can élsé be caused by hydrolysis of lignhin

in N sodium hydroxide solution as reported by Smithr(60, 61).

B. Bathochromic shift

This shift is a change to longer wavelength owing to
substitution or solvent effect.

Ionization of the phenolic group in lignin as cause
of bathochromic shift was reported 5y Aulin—Ehtman (3) and
Ishikawa and Ide (30). o

C. Hyperchromic effect

Hyperchromic effects result in an increase in
absorption intensity.

This effect is proportional to the increasing pH of
thellignin solution as reported by Aulin-ﬁﬁtman (3),
Goldschmid (2&3, and Maranville and Goldschmid (42). This
effect with.lignin is in most cases accompanied"by"batho—

chromic shift.
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In visulfite cooking of lignin the increase in

absorption intensity at Apax 280 mu was also found

X
proportional to cooking time as was reported by Sobue and
Hatane (63).

In géneral, the reaction time and reaction temperature

of lignin are proportional to hyperchromic effect.

6. Acid-soluble lignin

In this study, it is also considered that lignin:
content obtained may not include so called "acid-soluble
lignin', because the standard lignin absorptivity (23.2)
used iﬁ the calculation of lignin content does not include
the acid-soluble wood fraction. In othér words, this
absorptivity was obtained.from absorbence of amabilis fir
wood solution calibrated to Klason lighin. Therefore,
lignin content calculated acbording'to this ébsorptivity
would relate only to Klason lignin content.

This author also-tried to measure absorption of a

AS% Klason lignin filtrate. at 278 mu with absorbence

A Max
of 0.420 for Sample 4 and 0.335 for Sample 5 was found in
the Klason lignin determination of western hemlock samples.
These values when, converted to lignin content by the
method used in this study gave 2,30 % and 2.23% lignin
respectively. Data were not used in‘correctioﬁ bf 1ignin
content for thié study, because the acid-soluble lignin is

not yet fully undérstood. The absorption of this acid-

soluble fraction may also give_rise to the hydrolysis of
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carbohydrate portion of wood as was reported by Richﬁzen-
hain and Dryselius (50) in that spruce, beech and aspen
wood hydrolyzates céntéined very small amounts of lignin
&s medswed by spectrophotometric mea&ﬂhéahsﬁfxg A solution
of gluéose, after being treated with 72% sulfuric acid and
then diluted to 3%, showed only insignificant ultraviolet
~absorption; however on boiling, a definite absorption

spectrum of hydroxymethyl furfural déveloped. Xylose was

also found to behave in a similar way.

‘7. Other interfering substances

Substances other than lignin such as flavanones, furan,
phlobaphenes and carbohydrate degradation products such as
fuffural and hydroxymethyl furfural are also known to
have absorption spectra at the wavelength exhibited by
lignin or lignin derivatives (13, 14).

In this study and alsé from the_report of Johnson and

co-workers (34), the absorption at Apax 282 mu and 280 mu are

X

proportionai td Klason lignin content. Therefore, these
: large ,
interfering substances are of noA%mportance in lignin

determination by the method.used in this study.

8. Reproducibility

It is also understood that the experimental results
are inconsistant; from person to person and from machine to
machine. Therefore, in the comparison of results, these

factors should also be taken into consideration.
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RESULTS
Results of lignin content determinations on five
coniferous species are given in Tables 3-8 and are further
‘plotbted in Fig. 2-3. Statistic analyses of these data
are given in Tables fj_AT@QQJ‘_«?f“;“_;..;f’:n. |
Relationéhips between lignin contents and related wood
methoxyl contents (72) for these five species are given
in Tables 9-13 and further plotted in Fig. 4-8. Correlation
coefficients between lignin and wood methoxyl confents are
also giveh for each speéies.
- Non~lignin methoxyls were calculated based on the
assumption that lignin methoxyl was 15%. Tables 9-13.
are given for non-lignin methoxyl'conténts'of the five

coniferous species.

1. Distribution of lignin

. From results of lignin determinations, it appears
that: .
(1) Lignin content differs.. between species, From posi-
fién to position within growth rings, and méy alsgf’z%ween
rings'(Tabies 3-8, 14-19). |
(2) Lignin contents for"individual species were in the
6réer>bf: western hemlock, 32.85% (32.36-314.,04%);
‘western red cedar, 31.23% (29.69-32.68%); amabilis fir,
27.51% (26.17-28.24%); Douglas fir, 26.48% (2U4.08-28.66%);

and Sitka spruce, 25.81% (24.91-26.98%).
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This order does not exactly follow that of wood
methoxyl contents (72).

(3) Except for‘weétefn hemlock, earlywood had higher
obvious 1iénin content than did the latewood in the
same species (Fig.2-3). _

(4) Three paéterns of lignin content across growth
fiﬁgs‘were shown among these five species:

A. Lignin contents were highly significantly
different within the positions of growth rings for
amabilis fir, Douglas fir and western red cedar (Tables
14-16). Lignin increased from Position 1 to Position 2
in thé eaflywood and then decreased toward the latewood.
Among these three specilies Position 2 had the highest
lignin content in the growth ring (Fig. 2-3). This
pattern of distribution within groWéh rings"is.the same
as that shown for wood methoxyl in Douglas fir and
amabilis fir (72). |

B. Amouﬁts'of lignin were also highly significantly
diffefent among growth fing positions for Sitka spruce
(Table 17). Lignin decreased progressively from Position
1 in the éarlywood toward Position 6 in the latewood.
‘Actual values show lignin highest at Position 1 in the
earlywood and lowest in the transition zonéiwood (Fig.2-3).

C. Lignin contents were not significantly different
within growth ring positioh of western hemlock (Table 18).

Lignin reached highest amount at Position 2 in fhe earlyﬁood

and remained about constant thereafter among Positiohs

3-6 (Fig. 2-3).
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(5) It can also be seen from the average lignin content
for three adjacent rings in a given species that there
appears»to be a tendency for increase in lignin content
with the increase of age: | |

A. Lignin contehts'were highly significantly different
among the”growth rings of western red cedar (Table 16).
Lignin increased linearly from Ring 72 to Rihg 4. V

B. Lignin contents were significantly different among
the growth rings of Douglas fir (Table 1&§). Lignin in-
creased from Ring 6l to 65, but thereafter decreased to
Ring 66.

C. Lignin contents were not significantly different

among the'growth rings'of amabilis fir, Sitka spruce and
western hemlock (Tables |4, 17418). Lignin increased
almost linearly %ith age, but aiffereﬁces were too small to
be significant.
(6) Regressions between lignin contents (Y) and positions
within growth rings (X) are given in Fig. 3. Thése.regresf
sions were computed baééd on individual values from Tables
3-7.

The results showed that the correlation coefficient
between lignin and position was highly significant fqr
each of the five species studied. It appears that two
patterns of regreésion can be observed: m

A. 'The relation between lignin and position was best
fitted to a first order (straight line) regression for

amabilis fir, Douglas fir and western hemlock (Fig.3).



}B. The relation between lignin%snd position was best
ritted on a second order (parabola) regression for western
red cedar and Sitkavsprucé'(Fig.3);

Western red cedar showed a cénvex curve, whereas
Sitka spruce showed a concave curve,

It is also considered, from these results, that the
lower sorrelation coefficient (r) and higher standard
error of estimate (SEg) (in compérison with those of amabilis
fir and Sitka spruée) for Douglas fir and western red cedar
are due to significaﬁtly different lignin contents among
three adjacent rings asrnoiédﬂﬁbeG%ka;”".

| Western hemlock showedifelatively lower relationship
between lignin and position’&ﬁib correlation coefficient
is highly significant..

It seems.. that these regressions csuld be used for
the estimation of lignin content acr§%§%§§6wéh rlngsfor
these five species.

(7 Tables'aOAZQmT?ﬁvﬁlfﬁf?f glvey »* Duncan's tests of
siénificantly different lignin contents émong.positions
and growth rings in Tables 3-8. The lignin contents are
arranged in order of magnitude rather than p051tlon or
ring. The main groupings which contribute to the signifi-
cance of lignin across or within growth increment.can be
put_roughly into three categories:

A. The significance of lignin content across growth
increments for amabilis fir and Sitka spruce is contributed

to by'two_main lignin groups, earlywood and latewood and
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may include transition wood, Position 4 (Tables 20,23).
In amabilis fir, these two groups can stiil be sub—ditided
1nto two sub—groups.

B. The signlflcance of lignin content across growth
, increments of Douglas fir and average of five species is
contributed totby four subsequential sub-groups from higher
tollower lignin contents (Tables 21,24 ).

C. The significance of lignin content across growth
inerementé for WeStern red cedar is cqntributed to by three
groups, namely'one'isolate, one main end one sub—& group
(Table 22)

D. The significance of llgnln content among growth
1ncrements for Douglas fir (Table 21) and western red cedar
(Table 22.) 1is from two grouplngs. .

E. The significance of lignin content for individual
species (Table24) is contributed to by each isolated

llgnln content

2. Relationship between lignin and wood methoxyl

Wood methoxyl contents were obtained from Jprevious
made bythe auther
studyA(72§ Methoxyl values for these five species and
related lignin contents are listed in Tables 9-13 and are
further shown in Fig. 4-8. Correlation coefficients
are also calculated.

It appears that the relationshipsbetween lignin and

wood methoxyl can be classified into two groups:
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A. The correlétion coefficient is highly significant
between lignin and wood methoxyl for amabilis fir (0.971),
for Douglas fir (0.913), and for western red cedar”(0.68ﬁ).
B. The correlation coéfficient is not significant fqr F
»iignin and wood methoxyl in Sitka spruce, 0.467, and

western hemlock, 0.340. | ' |

From these resulté,.it is concluded that the degree
of aSsociatiQn betwean lignin and woéd methoxyl depends
upon the species.

For species, such as amabillis fir and Douglas fir
with'high correlation coefficient between iignin and wood
methoxyl contents, the lignin contents éould be calculated
| directly from wood methoxyl contents. |

| Amabilis fir lignin content can be calculated from
the regression, Y = 9.652 + 3.,520X, and that of Douglas
fir from Y = 8.693 + 3.47UX, where Y stands for lignin
content and X for wood methoxyl content.

These results clarified the issue that wood methoxyl
either can or cannot be used for the calculation of relative
lignin contént i%Z).‘ Application dependé mainly on the

species being examined.

3. Non-lignin methoXyl content

Non-lignin methoxyl contents of the five species are
given in Tables 9-13. These non-lignin methoxylslwere
calculated based on the'assumption that lignin contains

15% methoxyl (native lignin has been reported to contain
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14.,8% methoxyl (13)).

It appears'théf non~lignin meﬁhoxyls are in the order
of: western red cedar, 22,64%; Douglas fir, 22.46%;
Sitka spruce, 20.21%; amabilis fir, 18.54%; and western
hemlock, 10.53%. Average for the five species is 18.88%.

Non-ligniﬁ methoxyl is relatively constant across )
growth increment for the average of five species. The
values from Position 1 to 6 are: 19.26%, 19.25%, 19.01%,
18.30%, 18.51% and 18.62%. For individual species the
non—lignin meéhoxyls are”relétively higher in earlywood

than in latewood.

L,  EBarlywood and latewood lignin content

Earlywood ahd latewood lignin contents fqr the five
species studied are given in Table 1., Earlywood lignins
were calculated by averaging the first three positions
within growth rings, while the latewood lignins were
considered as the last two positions, the fourth positions
were regarded as transition between early- and latewood.

The difference of lignin content between earlywood
and latewood is in the order of: Douglas fir, 2.27%;
amabilis fir, 2.06%; western red cedar, 1.28%; Sitka

spruce, 1.08%; and western hemlock, 0.46%.

5. Discussion of resulfts

It was considered by Ritter and Fleck (56) that the

higher lignin content in earlywood and lowef lignin content
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in latewood was due to the fact that the middle lamella,
enriched in lignin, makes up a larger portion of the
earlywood than of the latewood tissue. This proposition
may be in part true, except some modificétion may be
needed, Bsince, 1f the wood is considered in terms of
specific gravity (weight) the middle'lamella undoubtedly
makes up a largerﬂportioﬁ of the earlywood than of the
latewood, but when the wood is considered in terms of
volume, it is unlikely that the amount of middle lamella
larger in earlywood than in the latewood.

Unfortunately, no reference is available regarding
the area or volume of middle lamella between wood cells.
Therefore, no pfecise criterion can be set for lignin
content difference between earlywood and latewood,
because the degree of difference between earlywood and
latewood lignin content is independent of species.

It has also been reported .- % volumetrically that
tensibn wood lignin content was practically the same as
that of normal wood, but on the weight basis the lignin
content was lower in tension wood than in normal wood.

Q .
From,recent study by Green and Worrall (22) it is

is

shown that the patterns of intra-incremental peytent voids

(or solids) were different between species. In viewing
the patterﬁs of pextent voids across growth ihcrements,
there seemé to be some similarity with the patterns of
lignin contents found in this study. Therefore, this

author would like to propose that in further study, it
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‘would be valuable to attempt relation of wood solid
substances to wood chemistry. Since it is considered

that as a standing tree or a different species, the
difference in external morphology is also related to
internal anatomy, and that the external and internal
morphology is related to the biological function of

wood, thereby the formation of earlywood and latewood relate
to function of wood within the stem. It is considered

that earlywood and latewood differences are a good place

ond woad Chemical
to relate wood quality to wood anatomicalAfeatures.
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CONCLUSIONS

The conclusions of this study are as follows:

1. Lignin content varied significantly between species:
western hemlock, 32.85% (32.36-34.04%); western red
cedar, 31.23% (29.69-32.68%); amabilis fir, 27.51%
(26.17-28.24%); Douglas fir, 26.48% (24.08-28.66%);
and Sitka spruce, 25.81% (24.91 - 26.98%). .

2. Lignin-content incréased a small amount with the ége
across three adjacent rings of_mature wood. This was
in the order of: amabilils fir, 0.92%; western red
cedar, O.64%§ western hemlcok, 0.41%; Douglas fir,
O.é3%;.iénd Sitka spruce, O.l?%. Significant differences
in lignin content between growth fings Was.found for
wesﬁern Ped cedar and Douglas fir, whereas the other
three species showed no significant differences.

3. Lignin content also differed significantly within
growth increments for each of the five species. In
most cases, earlywood was higher in lignin content than
latewood. The average difference between earlywood and
latewood lignin content for individual species was:
Douglas fir, 2.27%; amabilis fir, 2.06%; western red
éedar, 1.28%; Sitka spruce, 1.08%; and western hem-

lock, 0.U46%.
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The correlation coefficient between lignin content and
position within growth increment was highly significant

for each of the five species studied. The r-values

were: amabilis fir, 0.899; Sitka spruce, 0.866;

Douglas fir, 0.816; western red cedar, 0.722; and
western hemlock, 0.516. It is considered that lignin
content within growth increments can be estimated by
regression.,

The degree of association between lignin and wood
methoxyl content depended on species. The correlation
coefficient between lignin and wood methoxyl was highly
significant for amabilis fir (0.971), Douglas fir (0.913)
and western red cedar (0.684); but was non-significant
for Sitka spruce (0.468) and western hemlock (0.340).
Therefore, it is éugges%ed that with some speéies, wood
methoxyl content can be used for direct estimation of
lignin, whereas with other gpecies wood methoxyl should
not be used for this purpose.

The non-lignin methoxyl content was dependent on species
and felatively constant within growth increments. The
averages‘of six positions from earlywood to latewood

for all five species were: 19.26%, 19.25%, 19.01%,
18.30%, 18.30%, 18.51%, and 18.62%. For each of the
five species the non-lignin methoxyl was relatively

higher in earlywood than latewood.
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Acid~soluble lignin may exist in the sulfuric acid

filtrate of Klason lignin. For western hemlock

this acid-soluble lignin was found to be about 2%

of wood (oven-dry weight basis) by spectrophotometric

measurement,

' In general, lignin content, wood methoxyl content,

non-lignin methoxyl content, and the associlation
between lignin and wood methoxyl are dependent on the

coniferous species studied.
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Table 1 .

Experiﬁental and literature lignin values
for the five coniferous species

SPECIES LIG.% (E) (L) - SOURCE
Amabilis fir 26.90 Wilson (70
- 27.70 Wilson (70
- 30.11 . A Wilson (70
32.98 : ‘ Wilson (70
27.51%  28.41%  26.35% |
Douglas fir 26.70 Lewis éMO
. . 29.35 . . Kifer (35),kK
30.63 Wilson. §7og
S 31.62 ) Wilson (70
- 33.50 : Richter. (19)
33.92 ‘ Wilson (70),
31.2 28.1 Hale (25)
32.61 29.20 Ritter §56)
35.1 31.6 Bailey (4)
26,U48% 27 « 50% 25,.23% ; .
Sitka spruce 26,18 Wilson g70g
26.60 Wilson (70
26.70 ‘ Lewis (40).
26.94 : Wilson. §TO§
27.39 ‘ Wilson 70
25.87* 26.35% 25.33% _ _
Western hemlock 28.80 Lewis (40)
A 29.43 Wilson,. (70)
31.40 Richter. (49)
32.57 , Wilson (70)
32.92 Wilson (70
3306 Wilson (70
32.85%  33,08% 32.62% _ - -
Western red 31.06 T Wilson‘§70g
cedar 32.23 Wilson {70
. 33.20 Leopold. (41)

33.93 Wilson (70)
31.23% 31, 79* 30.51% .

lignin. percentage

earlywood lignin %

latewood lignin %.

lignin percentage obtained in this study

Lig.,%

P~
sk B
Y s
1 1 11
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5
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TABLE 2A

ity of amabilis fir lignin (70-80 yr)
at 70°C for 30 min. and abgorbence .
d within 2 hrs s after reaction
(200 ml dilution)

e

Wt.o.d. Lig.,%  A. Ab. Ab.
. . (m)

0.02457 30.11 0.88L  23.35 -

0.00946 30.11 0.661 23.21

23.2

0.00700 30.11 0.490 23.30 :
0.00360 30.11 0.250 23.11

alr-dry welght of sample

oven-dry weight of sample

~Klason lignin content of sample
Absorbence

Absorptivity of lignin

mean absorptivity of lignin.

TABLE 2B -
Cooking time on western hemlock lignin (7OilOC)
time, Calculated lignin, Change, %

% , .
20.78 65.16
26.93 8L, h5
31.42 98.53
31.46 98.65
31.89 . 100.00
31.97 ‘ 100.25
31.95 100.19

32.26 101.16
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TABLE 2C

Time interval effect on the reading of amabilis fir
lignin absorbence

Time, i, 1.25 1.50 2.00 3.00 4.50

1 . 1.000 1.010 1.000 1.000 0,990

y 2 0.542 0.542 0.543 0,541 0,542
Time, hr..» 9.50 24,0 48.0 72.0 147

1 0.988 0.990 0,990 1.000 1,000

g 2 0.535 0.541 0.560 0.544 0.541

A - Absorbences for Sample 1 and 2

TABLE 2D

Western hemlock 11gn1n percentage and the calculation
of replicate sample nuimber

Sample Lignin, %

3L.42
31.69
31.46
31.89
31.97
31995

oW =W o

N = t2 x 82 / d°

t = 2.571 t2 = 6.610

52 = 0.,060L4

if allowable error = <L 2%, then
d? = 0.4027

N = 6,610 x 0.06044 / 0,04027

= 0,992 ( one be used )
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TABLE 3

ngnln percentages across 78-80 yr. growth increments
of amabilis fir sample

1 2 3 4 5 6

78 28.67 28.32 27.79 26.58 26.38 26.28
29.35 28.36 27.50 26.67 25.95 26.20

a. 29,01 28.34 27.65 26,63 26,17 26.24 27.34

79 27.75 29.02 27.96 27.29 26,37 26.45
27.86 2B.98 27.66 27.1L 26,76 26.02

a. 27'81, 29.00 27.81 27.22 26,57 26,24 27,44

80 28.86 29.10 28,20 27.62 26.59 26,21
28.49 29.20 28.26 27.55 26.38 26.54

a. 28.68 29.15 28.23 27.59 26.49 26.38 27.75

28.50 23.83 27.90 27.15 26,41 26,29 27.51

Positions1l to 6 stands for earlywood to latewood
within a growth increment.

a. average of two replicates.

Values are based on extractive-free and moisture-~free
wood samples.
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TABLE 4

Lignin percentageé across 64-66 yr. growth increments
of Douglas fir sample

1 o 3 I 5 6
6L °7.15 27.37 26.43 26.22 26.01 25.19
27.36 27.88 26,41 26,48 25,85 ‘25,22 26.45

a. 27.26 27.63 26.44 26,35 25.80 25,21 26.45

65 28,35 28.67 27.83 26.52 25,97 25.28
28.66 28.65 27.45 26,50 25,92 25,24

a. 28.51 28.66 27.64 26.51 25.95 25.26 27.09

66 27.06 28,26 25,93 24,74 24,19 25.20
27.14 28,62 25.79 25.26 23.97 24,93

4. 27.10 28.44 25.86 25.00 24.08 25.07 25.93

27.62 28,24 26,65 25,95 25,28 25,18

Positions, basis and averages as Table 3,

TABLE 5

Lignin percentages-aéfoss 72-T4 yr. growth increments
of western red cedar sample

1 2 3 4 5 6

2 31.30 32.14 30.99 30.78 30.26 29.87
31.14 32,16 30.80 30.68 30.10 29.63

a. 31.22 32,15 30.90 30.73 30.17 29.80 30.83

73 31.55 32.79 31.19 30.69 30.61 29.76
31.75 32.56 31.56 30.29 30.82 29.62

a. 31.65 32.68 31.53 30.49 30.72 29.69 31.13

74 31.42 32.68  31.90 31.86 31.16 31.26
31.44 32,50 32.03 31.72 31.53 31.29

a. 31.43 32.59 31.97 31.79 31.35 31.28 31.74
31.43 32.47 31.47 31.00 30.75 30.26 31.23

Positions, basis and averages as Table 3.
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TABLE 6 -

Lignin percentages across 69~71 yr. growth increments
of Sitka spruce sample

69

70

71

Lignin

56

57

58

26
26

26

.70

45
.58

26
26

2

17
46

26.

37

3

25.
25.

.61

25

60
62

!

24.80
25.20

25.

00

25
el

25

5

A1
.93

.39

6

25.23
25.57

25.35

25.72

26,

26

26.

56
.87

12

26,

26

05

-'22

26,

14

25.
25.

25.

25.
T

.91

ol
ol

0ol

25
25

25

.51
.31

AL

25.40
25.64

25.52

25.71

27.

26

26.

00
.95

98

26

5l
26.

26,

67
59

26.
26.

26,61

25
25

25

37
49

A3

25.
.65

25.

25

05

35

2k .93
24 .99

24.96

25.95

26

.76

26

37

25.93

25.

11

25

.38

25.28

25,81

Positions, basis and averages as Table 3.

TABLE 7

percentages aéfbés 56-58 yr%‘growth increments
of western hemlock sample

32
32
32

32.

«35
A2

.86
54

33
33

2

.20
.38

32.

61
06

3

32.44
32.

32

93

.69

69

n

32.83
32.69
33.08

32.

37

32
32

5

40
.86
32.

32,

50
59

32

6

32.
32.
045

53

54

32.72

33.
33.
33.

33

09
43
84

A5

33.

33.
3}4'.
34.

. Ol

34

70
16
25

32
32
33

32.

45
<75
.35

32.

85

32.
320
32.

32.

68
03
37

36

32

.99
320
320

32.

03
37

46

32,

32.
324
.66

32

32.

86

20

57

32.96

33
33
32

33

.26
A1
.90

.19

32.
33.
A1

.16

33
33

97
10

32.
32.
3.

32.

53
76
95

5

32,
32.
32.

32.

72
80
68

73

33.
33.
32.

33.

36
08
86

10

32.
32.
32.

43

32

46

03
80

33

.06

33.

42

32

076

32

.65

32.

72

32

.5l

()
\V]
(0]

\O

32.85

Positions and basis as Table 3.

Average of three replicates,
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TABLE 8

Average lignin percentages of the five coniferous
species at each position within increment

AR

. DF

WRC
Ss
WH

1

28.
27.
31.
.76
33.
A7

26

%..29

50
62
43

06

e 3
28.83
28.2L 26,65 25
32.47 31.47 31

29.87 28.94 28

mn

27.90 27.

15

.95
.30
26.37 25.93 25.
33.42 32.76 32.
A3

11
65

2
26.41
25.28
30.75
558
32.72
28.11

6

26.29
25.18
30.26
25.28
32.51
27.90

AF
DF
WRC
S3

amabilis fir
Douglas fir

western red cedar -

Sitka spruce
western hemlock
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TABLE 9

Lignin and wood'méﬁhoxyl percentages across 78-80 yr.
growth increments of amabilis fir sample

12 3 k5 6
78 m 5.50 5,54 5,26 5,00 4,76 4,76 5,12
1 29.01 28.34 27.65 26.63 26,17 26.24 27.34
nlm 1.15 1.29 1.11 1.01 0.83 0.82 ~T.0%
nml% 20.91 23.29 21.10 20.20 17.4% 17.23 19.92
79 m  5.21 5.29 5.03 4.96 4.82 4.75 5.01
1. 27.81 29,00 27.81 27.22 26.57 26.24 74T
nlm 1.04 0.94 0.86 0.88 0.83 0.81 ~0.89

nml% 19.96 17.77 17.10 l7f74 17,20 20.56 17.76

80 m 5.24 5,47 5,21 4,92 4.90 4,71 5.08
1 28.68 29.15 28.23 27.59 26.49 26,38 27‘7%
nlm 0.94 1,10 0.98 0.78 0.93 0.75
nlm% 17.94 20.11 18.81 15.85 18.98 15.92 IS"I‘

. m 5.32 5.43 5.17 4.96 4.83 4,74 5.07 "
1 28,50 283.83 27.90 27.15 26.01 26.29 27.51
nlm 1,04 1.11 0.98 0.89 0,387 0.30 .9
nlmg 19.55 20.00 18,96 17.94 18,01 16.88 1B.50

:

=
!

wood methoxyl content cited from previous study (72).

llgnln content obtained in this study .
nlm - non-lignin wood methoxyl content m - (1 x 15 07)

nlm%

non-lignin wood methoxyl content in terms of 7;
( nlm/m x 100 ) .

P081t10ns 1 to 6 sband for earlywood to latewood
within a growth increment.
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TABLE 10 A
Lignin and wood ﬁéfhéxyl percentages across 64-66 yr.
growth increments of Douglas fir sample
1 . 3 4 5 6 |
64 m 5.50 5.56 5.05 4,94 5.01 5.01 5.18
1 27.26 27.63 26,44 26.35 25.80 25.21 26.45
nlm 1.41 1.42 1.08 0.99 1.14 1.23 1.21
nlmg 25.64 25.54 21.39 20.04 22.75 24.55 £3.36
65 m 5.6l 5.69 5.14 4,80 4.98 4,97 5.20
1 28.51 28.66 27.64 26.51 25.95 25,26 27.00
nlm 1.33 1.39 0.99 0.82 1.09 1.18 1,10
nlmg 23.71 24,43 19.26 17.08 21.89 23.74 2T.92
66m  5.29 5.68 4.85 4,86 4,61 4.62 4;99
1 27.10 2844 25,86 25,00 24,08 25,07 25.93
nlm 1.22 1.35 0.97 1.11 1.00 0.86 1.10
nlm% 23,06 23,77 E0.0Q 22,84 21. 69 18,61 22,00
.m  5.47 5.64 5,01 4.87 4.87 4.87 5.12
1 27.62 28.24 26;65 25.95 25 26 . 25.18 26.438
nlm 1.33 1.40 0L 0.9¢ Nels] 1.09 1.15
nlm% 24,31 20.82 25 16 20.12 22.18 272.38 22.06
Positions and abbreviations as

Lignin and wood methoxyl percentages
growth increments of western

TABLE 11

Table 9.

across T2-T4 yr.
red cedar sample

1 3 4 5 6

72 m 6.35 6.28 6.27 6,02 5.70 5.63 6.04
1° 31.22 32.15 30.90 30.73 30.17 29.80 30.83
nlm 1.67 1.46 1.63 1.4 1.17 1.16 "1.0%
nlmg 26.30 23.25 26.00 23.42 20.53 20.60 23,51

73 m 6.05 6.11 5.83 5,86 5.84 5,82 5,92
1 31.65 32.68 31.53 30.49 30.72 29.69 31.13
nlm 1.30 1.21 1.10 1.29 1.23 1.37 "I.75%
nlmg 21.19 19.80 18.87 22.01 21.06 23.54 2I.II
Thm  6.48 6.37 6.12 6.06 6.03 5.99 6.18
1 31.43 32.59 31.97 31.79 31.35 31.28 3T.7%
nlm 1.77 1.48 1,32 1.29 1.33 1.30 ~I.07
nlm% 27.31 23.23 21.57 21.29 22.06 21.70 22.98
.m  6.29 6.25 6.07 5.98 5.86 5.81 6.05
1 31,33 32.07 31.47 31,00 30.75 30.26 31.23
nim 1.53 1.38 1.3 . 1.25 1.27 1.37
nlm% 25712 22708 "22722 -;g;gi 2I.33 2I.86 27.6F

Positions and abbreviations as Table 9,



TABLE 12

Lignhin and wood'mékhoxyl percentages across 69-71 yr.
growth increments of Sitka spruce sample

1 2 3 4 5 6

69 m 5.27 5.05 4,91 4,65 4.62 4,81 4,89
1 26.58 26.37 25.61 25.00 25.39 25.35 25.72
nlm 1.28 1,09 1.07 0.90 0.81 1.01 ~1.03
nlm% 24.29 21.58 21.79 19.35 17.53 21.00 ETTUG

70 m L.77 4.80 4.85 4,65 4,77 L4.80 4,77
1 26.72 26.14 25.58 24.81 25,41 25.52 25.71
nlm 0.76 0,88 1.01 0.91 0.96 0.97 ~0.91
nlm% 15.93 18.33 20.82 19.57 20.13 20.21 19,08

71 m 4ir9 4,82 4,98 4,93 4.88 4,93 4.89
1 26.98 26.59 26.61 25.43 25,35 24,96 25.95
nlm O.74 0.83 0.99 1.12 1.08 1.19 ~I.00
nlm% 15.45 17.22 19.88 22.72 22.13 24,14 2005

.m L.,o4 4,89 4.91 : : 4.85 4.85
1 26.76 26.37 25.93 25 I 2 38 25.28 25.81
nlm 0.93 0.93 1.02 0.97 G 95 1.00 0.96

"nim% 18.83 19 G§ 20.77 20.06 19.96 21.86 20.21

Positions and abbreviations as Table 9,
TABLE 13

Lignin and wood methoxyl percentages across 56-58 yr..
growth increments of western hemlock sample

1 2 3 55 6 |
.36 5.58

56 m 5.32  5.60 5.87 5.73 5.58 5
1 32.54 33.06 32.69 32.87 32.59 32.54 32.72
nlm O.44 0.64 0.97 0.80 0.69 0.48 "0.67
nlmg 8.27 11.43 16.52 13.96 12.37 8.96 12.01

57 m 5.41  5.58 5053 5.42 5,27 5,31 5.42
1 33.45 34,04 32.85 32.36 32,46 32.57 32.96
nim 0.39 O.47 0.60 0.57 0.40 0.42 TO0.I8
nlmg 7.21 8.42 10.85 10.52 7.59 7.91 B.Bo

58 m  5.53 5.50 5.53 5.33 5.72 5.62 5.54
1 33.19 33.16 32.75 32,73 33.10 32.43 3289
nlm 0.55 0.53 0.62 0.42 0.75 @ 0.76 ~0.61
nlm% 9.95  9.64 11,24 7.88 13.11 13.52 TI.01

S.om 5.42 5.56 5.64 5.49 5.52 5.43 5.51
1 33.00 33 42~ 3276 32.65 32.72 32.51 32.85
nim 0.6 ~0.55 0.73 0.59 0.0l 0.55 0.58
nlm% 8.49 9,89 12.94 10.75 11.05 10.13 10.53

Positions and abbreviations as Table 9.
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TABLE |4

Analysis of varianééibf amabilis fir lignin percentages

arf SS MS F F(tab.)
— — =~ 0.05 0.01
Positions 5 17.1317 3.4264 25.684%% 7T.33 .68 H.S.
Rings . 2 0.5566 0.2783 2,086 N.S.

P xR 10 1.3344 00,1334

Total 17 19.0027
| df - degree of freedom
SS =~ sum of square
MS -~ mean of the sum of square

P~ -~ F-values ~ calculated

F(tabs) -~ F-values from F-table

H.S. =*¥%¥ - highly significantly different
N.S. -.not significantly different

TABLE -5

Analysis of variénéé of Douglas fir lignin percentages

dr  ss MS F F(tab. )
— = 0.05 0.01
Positions 5 23.5783 L4.7157 16.206%* 3.35 5.6 H.S.
Rings > 4,074 2.0369  T7.000% 4,10 7.56 S.D.
P xR 10 2.9098 0.2910 ’ '

Total 17 30.5618

¥ ~ S.D. - significant difference

TABLE 16

Analysis of variance of western red cedar lignin percentages

daf  SS NS F F(tab. )

' - = = — 0,05 0,01
Positions 5 8.6268 1.7254 11.496%¢% 3.33 5.60 H.S.
Rings 2 2,5622 1.2811 8.536%% 4,10 7.56 H.S.
P x R 10 1.5008 0.1501 h |

Total 17 12.6898
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Analjsis of variance of Sitka spruce lignin percentages
daf  S8S M - F F(tab.)
0.05 0.01
Positions 5 6.5379 1.3076 14.577%% 73,33 5.64 H.S.
Rings 2 0.2952 0.1476 1.645  4.10 7.56 N.S.
PxR 10 0.8969 0.0897

Total 17 7.7300

TABLE 18.

Analysis of variance of western hemlock lignin percentages

ar ss  WS F  F(tab.)
0.05 0.01
Positions 5 1.6385 0.3277 2.631 3.33 5.60 N.S.
Rings 2 0.1864 0.0932 0.760 4.10 7.56 N.S.
P xR 10 1.2263 10.1226
Total 17 3.0512
TABLE 14

Analysis of variance of average lignin percentages
for the five coniferous speciles

Positions 5 15,1349 3.0267 15.380%* 2,71 4,10 H.S.
Species 4 231.3372 57.8343 293.873%* 2.87 4.43 H.S.
P x R 20 3.9364  0.1968 .
Total 29 250.4085
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TABLE 20

Duncan's tést of* mean amabilis fir lignin percentages

Difference in Positions

Position 2 1
Lignin 28.83

3 b 6

5
28.50 27.90 27.15 26.62 26.41

no significant difference between values under-

lined

TABLE 2}

Duncan's test of mean Douglas

Difference in Positions

Position 2 1
Lignin 28.24 27.62

fir lignin percentages

3 4 5 6
26.65 25,05 25,28 25,18

Difference in Rings .

Ring ' 65 64
Lignin 27.09 26.45

66
25.93

TABLE 22

Duncan's test of mean western

Difference in Positions

Position 2

red cedar lignin percentages

1 4 5 6
31.43 31.00 30.75 30.26

3
Lignin 32.47 31.47

' Difference in Rings

72
30.83

Ring T4 73
Lignin 31.74 31.13
TABLE 23

Duncan's test of mean.Sitka spruce lighin percentages

Difference in Positions

Position 1 2
Lignin

5 6 4

3
26.76 26,37 25.93 25,38 25.28 25.11
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TABLE 24

Duncan's test of average lignin percentages of five
coniferous species

Difference in Positions

Position 2 1 3 4 5 6
Lignin 29.87 29.47 28.94 28.43 28.11 27.90

Difference in Speciles

Species WH WRC AF DF - S8
Lignin 32.85 31.23 27.51 26,48 25.81
WH - western hemlock
WRC -~ western red cedar
AF - amabilis fir
DF - Douglas fir

SS - Sitka spruce
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Beckman Model DU single beam manual spectophotometer
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