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THE NUTRITIVE VALUE OF WHEAT IN THE" RATIONS ;
: O):¢ YOUNG OHIGKS : ,

A, _INTB@'DUGTION

: Graln and gréln by-prcduots constltute the greater part
of poaltry rations At tha beg;nnlng of the twentleﬁhkcentury
amduntll,thirty years égo, qomparatively simpleL 'feeding |
mixtures weré fed fo poulﬁry; The favorlte graln of the
 poultzyman was wheat, and the naShes that were used consisted

chi@fly of Wheat mill feeds.

Uhtll the advent of the Pirst World War wheat was very

: Wldely used in the feeding af poultry, and it was hlghly |
'prize& for thls purpose- During ﬁhe war, however, since wheat
had to be ‘used more extan31vely as food for humans, it became

- relatively high in prlce. This,economlc s1tuat10n was
'rGSponsible‘for the a&@pﬁion of the greater useubfwaorn and
the coarser greins in the feeding of poulﬁny. Later a great
’change and GXpan51on in the wheat-growing countrles bu;lt up

a surplus of wheat As ) result efforts were meade to try to
balanoe the 5hortage of corn and the over- -supply of whest, In
~ﬁhe United States,,far example,-the Federal Parm Board of

' Waéhington;~D.C.,~published a,bulletin (l950j-on “Eractioal
EXperiences in Feeding Wheaﬁ" &anonstrating the p0331billtles

'of incorporating more wheat in the rations of llvestock



fmore'recently (14), the United States Department of
Agrlculture (1942) has been urging fee& manufacturers to
:1nclude more ‘wheat in thelr feed mixtures, besmdesvasklng
famers to feed more Wheat.VkIn many cases it has,beén said
thet heavier wheat mixtures can result in even battet quéiityr‘

commercial feeds at no inerease in price,

In Cenada, since Censads is & Wheat—growingrcountry, Wﬁéat
is 6ne of the'cheapeSt faedstdffs aveilable, Hence under
normal eondltlons it is naturally the ba31c grein in Canadlan
pcmltry ratlons, ,One~cf.the most important phases of poultry
production‘is the feédihg,of young dhicks. In realization of;
this féct, s study was undeftaken to find ﬁheimaximum amoun$  

of wheat that may be included in the rations'of gi'ow:lng,chicksQ

B. REVIEW OF LITERATURE

1, 'Wh@at , : |
(a) Stmcmm of Whea'b : N

The kernel of wheat 1s a seed which in strueture
resemble s & nut, It 1s bctanlcally & caryopsis comprlsing
- pericarp and seed proper (6),

The pericarp,cnnsists Qf‘fdur layers —-,epioarp,“'
mesocarp, eh&doarp, and inner epidenmis, The se make up 4% of
- the entire kernel‘ | |
s The seed proper consists of, flrstly,tha seed

coat, Whloh is canposed of three separate 1ayers ~- the testa



and hyaliﬁe 1ayarS(2,5% of the entiré‘Kernel), and the _

aleurone l@ygr (6.,7% of the ehtire kernel), 'SEGOndly, there
is ﬁh@ gérm ar embryo, eomprlsing 2.5/ of the entlre kernel
The third part is the endosPerm Wthh eomprlses 85 90% of -

| the ke mel e

e Wheat bran, accordlng to Glrard (16) is 14,357
of the wheat kernel of~Whieh 4 457 1s taken from ﬁhe'pericarp,
1 1% from ﬁhe testa, and 8,8% from the hyaline and aleurona

5

layars. RUREPE NN

(b) Compos1t10n of Whole Wheat and Wheat. By-Eroduets

| In common Wlth plant products generally, Wheat
ﬂmowsfa éonsiderable raqge in composition aocordlng 1o variety,
'Climata‘ and c&ltural conditions, Most important commeroially
are the variations in quantlty and quallty of the endOSperm
’proteins The average parcentageucomposltlon_of,wheat and
Wheat,by—pfodu@ts'used‘fér.poult:y is as foiloﬁs: '(26)’

e
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Below is given the approximate coefficients of

digestibility of wheat feeds by poultry (13):

Peeding-Stuff e ‘ Eroteln :Carbohydrates Fat
’Wheaﬁ 0:000000;00'00000000 m74 0 o '88 9 - 47.1
Wheat DTan ..i.ecessssssss 59,9 54,1 - 50,0
Wheat shorts ,ieescevsscss 69,2 - 71,0 85,2
Vﬂﬁatnuﬂﬁllngs covevessnss - D00 49,7 - 526
Mheat middlings (8.5%' " S

flbre) toooooon.oooooooo >76;2~ ' 59(6‘ ) N 52.6

Wheat is fed to poultry malnly to provide the
bulk of the carbohydraﬁe in the ration, | The nitrogen-free
extract content Qf_wheat; aceording to Morrison, isﬂ70%; and
‘according to’tha‘Texas‘investigaﬁdrs (15) it is 88,9% ‘
aigestible, | Sl |

» Wheat contalns almost as mudh totel &1gestible '
nutrients as corn, Accoralng to Morrison (26) the proteln
eqalvalent of wheat- is hlgher than that of eorm, ranging from
7.5% in low-proteln wheats to 18% in.hlgh—proteln wheats Inf
'a more recent survey of the protein ecnteaﬁs of the wheats in
British Columbiaw Moe'(25) describes wheat with & protein
,conﬁenffas high as 22%,, The average protein eonteht'of‘the'
wheat usuelly included in poulfry ratioms runs about 1352%;
Shrﬁnken or shrivelled wheat is higher than plump wheat in
'percentagé prqtein. BOas'FiXSen et al, (B)Voonciuaed that
the chemical figures for prbtein_eontent of wheats did no£ 
’give & compléte picture of their relative velues in

- nutrition,
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That the outer portions of the wheat kermel are
émuch higher in protain~eontent has been shown in the preceding

tabulation, Chick ana}Wark (10) and many other investigators

have‘aemonstratea the fact'that the biological velue of whole- .

Wheat proteln.ls hlgher in boﬁh proteln Sparlng action and

growth pranotlon than is- tha proteln of wheat flour

L inAsf&ajing ﬁﬂé pfpteiﬁs of the wheat kerﬁel‘

kOsborne and Mendel (29) found that the greater portion of the
proteln~1s stored in the wheat endOSp@rm - Of this, abcut 807
' consiéts of two kinds'of:protein,'nanély, gliadin and glutenin,
These proteins unite po‘fonn ﬁh@kglﬁten/dhéracteristic 6f‘_‘
wheat, vhich is physically and chemicelly unlika‘any protein‘
»produpt obtainable from‘pther seeds‘ Glladin is an incomplete
; protein lacking quantltatively in the amlno a01d lys1ne

| HQW9V9T5\8111°f the amino acid deflc%encies'of gliadin are to
some extent offset by the’amino adids'eontained‘infglﬁtenin;
Wﬁeat‘glutenin;‘thén; affords a mixture offprote;pgppn which

'young'animals grow fairlyfwell.‘

Begides gliadin and glutenin, which are found
meinly in the endosperm of the kernel‘ leucosin, gldbulin and
‘ proteoses are found in the Wheat germ, while prolamin,

globulin end albumln are found in the Wheat,bran.

It 1s well known that wheat is not partlcularly

rich in any of the minerael elements known or suspected t@ be
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of importance to poultry nutrition, Wheat is shown to be

particularly low in oaleiﬁmkeontent (6):

Total Ca Total P Phytin P Phytin P &s
(Mg, per  (Ug,per (Mg, per % of Total

100 gm. ) 100 gm.) 100 gm.), P
Mixed Wheat 8.4  .B24.5 235,1 71.8
Bran ...... 90,4 1,%58,0  1,200,0 88,4
GerM o.sees. 46,7 1,201.,0' : 573,1 47 .1

. White Flour 15,9 =

| Ihe vitamin‘conﬁen£ of wheat and wheat products
has recenﬁly receivé@ conSiderable attention, ‘This has been
largely conflned to the B group of v1tam1ns WheatQis'entirely
laoking in vitamin D, and normally contains no 0 (although i
this vitemin is pro&ueed when wheat is germinated) and no
,appreoiable amount of v1tam1n A, Uhtil recently the carotene
pigment falrly evenly distrlbuted throughcut the whole wheat
;graln (and 1argely destroyed in flour bleadhing) was. thought
to be a V1tamin A preeursor Zechmelster and Cholonsky (43)
have summerized the mo 8 up—to-date 1nformation on the matter
and have added the evidence of chromafographic analy31s, all
of which p01nts o th&,fact'that this pigment is for the most
pert xenthophyll end that the vitemin 4 value of wheat is |
'negligible; E | B
Wheat genn is a‘rieh source of vitamin B
(tocOpherol)Y contalnlng 0,2 t@ Q.4 mlcrograms per gram and
is also rich in thismin (28)., It is moderately potent in

"riboflav1n and Tich in pantoﬁhenic and nicotinic acids (39).
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The average v1tamin.contents of wheat and 1ts by-produets

are as follows'

- PRODUCT A  ‘D 31(28) = ;Bibo-\ Pantp+ Nico- ' Pyri-

o PR ' flavin thenic tinie doxine
Acid (39) Aeid(39) (39)

Mlcrograms per pound '

Whole Wheat 140 ;""éﬁdif“f%f ! 40oj 6038 26786 2088

Wheat Bran 150 - 1440  ++ 1000 11768 - -
TWheat Shorts 120 = 2700 H++ - 900 - 6174 - -
Feed Middlings 100 - 2200 +++ 700 6174 - “

;Wheat Germ 1900 - 3300 ++++ 1800 6946 15456, 4358
‘First Patent |

Plour =~ - - -8 - - - asa0 -
vLOﬁwGrade , O ” S | ' :
. Flour .6Q - ,899 - 450 - 25778 =

2, WheatAaSVCOmpafed WﬁhOthér_Grains

: The Callfornia 1nvestigators (2) have ealeulate& as

&an aid o the selectlon.of the common grains for poultry

feeding,'ﬁhe digestlble energy values”(total digestible
,nutrlents) from racent digestiblllty results obtalned with the
chicken by improved methods, -Both Morrlson's Total Dlgestlblek*
Nutrlents (26) and Kellner's Starch Equlvalent Values were

arrlved\at through work Wlth:ath@r gnimals.

- On the basis of Such'dalcuiations, l00 pounds of
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yellow corn is found to contaln algestlble nutrients equivalent
in- energy-producing value to 75 5 pounds of starch, Wheat hes
a corrGSpondlng value of 72,1; barley, 66,1; oats, 63,6, Thus
ufrom the energy. standp01nt it may be computed that 105 poands :

of Wheat 114 pounds of barley, and 119 pounds of oats are
'each’eqaal-to 100 pounds of corn, To expresskthls_comparison

in anotheryway, vheat has 95,5%, barley, 87.5%, and oats, 84,3%

of thefdigéstible energy valua'of ecorn, Aecordlng to the
‘California investigators (2) the eomparatlve equivalent prices

 per 100 pounds of good grades of gralns based on the

Digestlble Energy Values of the gralns for poultry are:

Corn ' Wheat, E Barlag ‘ Oats
31 20 v $1. 15‘ 51, 05 $1, o1
l.25 o 2119 ' 1,08 g 1,05
1,30 1.24 , o 1,14' 1,09
1,35 o 1’29 L j © 1,18 1.14
1,40 , 1,34 ' 1,22 1,18
1,45 ‘ 1,38 , 1,27 . 1.22
1,50 1,43 , ¢1,8L - 1,26
1,55 1,48 : ‘ 1,37 ‘ 1,30
1,60 1,53 - 1,40 ‘ 1,35
1,65 1,57 1,44 1,39
1,70 1,62 1.49 - 1,43
1,75 1,67 1,53 1.47
1.80 1,72 1,57 1,51
1,90 1,81 1,66 1,60
2,00 - 1,91 1,75 1,68
2,05 1,96 1,79 1,72
2,15 2,05 - 1,88 1,81
2,20 2,10 1,92 1,85
2,25 2,15 1,97 - 1.89




 Barley is taken as the standard in the Scandinavian
Feed Unit (5)' -Uhdervthis standard one feed unit for
poultny is oonsiderad as one kllogram af . normal barley or

ﬁhe quantity of any other feedstuff Which is calculate& to

'give 2,712 calorles of m&tabollzable energy. One kllogram of

barley yiel&s 2,712 calorles"of Wheat 2, 904 calories; of

- oats, 2 , 303 calorles and of corn, 3, 086 calorles of

ﬁotabolizabla energy;

The cereals are all good sources of vitamin B and of

iVV1tamin E but contain lltﬁle v1tamin c and praetloally none
~ of vitamins A.and D except yellow~eorn: which is rich in

 :vitamin A, The average vitamin eoﬂtent of the- grains used in

feeding poultry is as follows (20)

Graln Vltamin Vitamin Vitamin Vitamin Vitamin ‘Panto-

D B -G . thenie
er lb T lb r 1b, !per 1b per lb ~ Acid

gUhlts) ?enits) A0 A0 (Micro- (Units)

; : Unlts) ... _grams) o

Yellow Corn. 5,180 f27o o~ +v  a50 - 9
Waite Corn - 270 - . 4+ 450 .7
Wheat . 140 340 -+t 400 .7
Oats . 80 270 - 4+ 400 NE
ﬁaﬁley 400 250 - e 4000 . 7

3 ysiologlcal Effeot of Feeding Wheat :

(a) Growth ,
Most of the pioneer work on the nutrltive value

of wheat has:beanooarrled out with rats rather than with
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‘chicks. The work of Osborne andiMbndelf(29) shows that wheat

~.protein rénkshwell toward the top of cereal products in

biological value, 4According to Murphy and Jomes (27), wheat-

bran proteins arve perticularly high in the nutritionally

essential amino,acids;-e arginine, Iysine;,tryptOphane,

B tyrosiné and qystine¢)

Poley (51) found that wheat appeared sapsrior ta

 _corn in stlmulating growth of chicks durlng the first eight

weeks, This was substantiated by the work of Wllcke and

, Hbmmond (42), who reported that the feed consumption was;low_
 and the raté'bf’ngth on the corn-fed chicks oorrespon&iﬂg1y~
slow, These 1nvestigators concluded that althcugh the ratlon

: eontalning corn as the sole graln.had larger quantities of

vitemins A and G oqmplex than the other rations, the one with

~ oats aS“the'sdle grain prd&ﬁced the'@pst rapid gaeins of any

; cf’the'raﬁians‘cohtaininé'single grains, However,:this was

“not in agreement with Biely (4),‘Who found:that epiqys which
were fed“wheat 6r edfn aS'the'sQlekgraih‘in‘their rations grew

at the same rate and attained,praeticallykth@ same QVerage

rata at eight weeks of age, Moreover, he found that the

: chlcks Whidh Wera fed ratlons that contained the ground oats

grew at a someWhat slower rate and averaged slightly less in ‘

weight, Thls slightly lower rate of growﬁh of the oat lot

 was perhaps partlally explalned by the fact that the chicks

had some dlfficulty in eating the coarsely ground oats during
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the first two weeks of brood ing, Wileke et al, (42) alse
found that the addition of 20% of ground ost hulls or ground
whole oatskto the Wheat'ration greatly improve&'the rate of
kgreWth, This would seaﬁkte indieate that the addition of ﬁhe’f

~ fibre to the ration was of considerable vealue to thelchick.

The inflﬁence of whole wheat, wheat’bran“and
shorts on body weight and feather gfewth in chicks Wes
studied at the Nebraske Agricultural Experiment Station (1),
It was found thatfﬁhe proteins of/tha'entire wheat kermel and
"of the bran and sharts were apparently: utilized with equal
: efficlency by growing chicks when comblned w1th a8 good basal

kration

’kSeveral'in?eétigaters @%Yeereperted:that'theret
is a good coneentration of & “feather,growth faetor" in‘Wheat ‘
bren, The Nebraske eXperimenﬁekin&iéate that as‘muehfas 46%
of brén cen be used in chiek‘retiohs Wieh.good results,
Taylor end Lerner~(58) studying the effeeis ofyfafioﬁs levels
of wheat bran on the age of pullets at sexual maturity, found
that the inclu51on of either 157 or 25% levels of bran
resulted in more rapld growth @f the chicks and earlier ‘
ksexual maturlty of the pullets, k‘Howeverl Poley (51)’did not
‘flnd &ny appreclable increase in the rate of gain in weight »
wh en 10% to 257 of ground wheat was replaced with wheat bran,
Poley glso found the seme to be true when 107 each of bran

and mldﬁlings were used to replace an equal amount of ground
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wheat, He did observe, however, that the chicks which re-
ceived both bran and middlings had normal plumage structure,

although.mbre than 50% Shoﬁed‘deféctive barring (the work

- was darried out with Barred Plymouth Rock chicks). This

would indicate that nutri tional factors thaf are esgential

, fdr érowﬁh, proper feather structure and uniform barring are

" not necessarily identical,

Poley (31) found ﬁhat with & basal ration con-
81sting of 67% vheat, the addition of 3L of good quelity
alfalfa meal prov1ded sufficlent v1tan1n 4 for normal growﬁh
and,the necessary factors for normal feather gtructure aend

color as well,

The high mortelity found by Branion (8) emong

chicks raisea‘on wheat as the sole cereal is baffling, On

post-mortem examination of these chiékskit‘was found that the

dﬁctless glends in the neck -—kthe‘thymus,,thyroid, and

~parathyroidi-- were markedly~énlarged;and:inflaméa;“ The'paak ,

of the mortelity occurred during the second snd third weeks,

 Branion concluded that it was»impOSSihle to find thé part of

the grain responsible, since Whaat‘by—products showed similar
high mortality, Poley (3L) also had some trouble with
mortel ity in chicks fed on sll-vheat Tations, but did not

report the characteristic lesions observed by Brenion, He

~described the trouble as & new type of paralysis‘Which was

corrected by the addition of slfelfa meal, ?oley‘was

2
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‘z‘feeding a ratién Quite high in protein (24.,5%). _Howévér,
Biely (4) aid hOt encounter‘an$ such.mQrtaiity in&astudy of
cdrn, wheat aﬁd oats respectively as the sole grains;con—
taiﬁed in chick rations | Inffact- there was no morﬁality‘in
the wheat lot, while ouly two chieks died out of the corn 1ot

and one out of the oat lot,

 Gfémpfon‘(ll) Stat§s1thatkwheat is much lower in
vitamin A ﬁhan,is yellow COrh, end this defiéiency*mustrbe
corrécted if;youhg birds are to be kept aliveé This confirms
tha findings of Hart et alf’(15)’k Poley (51) fouﬁd ﬁhat 3%
- off goo& grade alf&lfa meal was sufflclent to- supplement the
'vitamin A &eficlency of o basal ration con81st1ng of ground

,AWheat and meat sorap.;',

‘ Grampten (11), after statlng that mortality of
chlcks on Wheat rations may be hlgh f{with necrosis of the ‘
besk as the major oguse, a&ded that some of this mortality ,
eould’doubtless be eliminated by coarser grinaing.v~1tyis a
well-khownffaet‘that ﬁhe‘gluten‘ofythe wheat kernel, when it
is ground oo finely, may stick to th@~beaks of the chicks,
,céusing necrosis,'a\pressure combadtion‘df the besk, as |
~ desceribed by Gdnklin and Mew (12), Branion'(8) also
evidently had some ﬁrouble With’mortality from;necrosis.;
Poley, in stﬁdying the éffect on ehicks of the finenesslof
grdun& whaat, found that with the wheat comprising 75% of

‘tha~ration;,whenfmediUm*or ccarSely“ground wheat was fed
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V;therefwas no apprecisble difference in;thezgrowth rate or -

feed consumptlon per unlﬁ of . galn to eight weeks of age,

‘ However when very flnely ground wheat was fed, 75% of the

chicks develoPQd necrosis within three weeks' time, due to

’fthe sticky‘feed adhering to the mouth parts of the bhieks;

(®) Fattening |
Maw et al (22) f@und that yellow corn, wheat,

oats or barley'ln ground form, supplememnted Wlth proteinkand'

salt, were equally good for fattening'Leghorn broilers for

short periods (14 dajs) Such factors as the age of the stock

belng fed and the 1engﬁh of tlma of the feealng permed seemea‘
to have a bearing on the results obtained With ma ture

‘roaster stock wheat end corn were found to be Superlor %o

oats 1n a 21 aay feeding perlod alﬁhoagh in a 7-day perlod
Wheat ‘and oats were of equal value, Wlth wheat superior to

barlay or’ corn The single cereals were equal to the best

'combinatlans of two or three cereals Oorn wes superlcr to

all other single or combined eereals 1n.produ01ng fats The

corn ration.pro&uced more fat in the flesh and less fat in the

skin and abdamlnal regions » The vheat ration tended to show 1

\

the opp031te ‘effect - that‘ls, pro&ucing more fat in;the skin
and ab&Ominalfregions and less in'thefflesh. This was; not in

cample e egreement with Gutteridge (19), who found that the

fat was distributed in definite and similer ratio in the dépot

areas regardless of,theffee&'given. iThe«character of body
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faets was found to differ Wideiy, the corn producing a softer,

 yellow fat, end the wheat producing s firmer,iWhite fat,

 Poley et a1'~(55) reported that when ju&géd'by

‘,‘the amount of feed reqalrea to produce a uni'b of galn in hody

"weight of fryers aurlng the growing perlod Wheat was most :
’efflclent, followed by barlay and then by corn,k In fin;shlng
rations tested by theéevinvestigators, corn, wheat, Barl@y.'

~Iwas,the rank in,ardér of effiéiéncy,'

' The corm and wheat-fed fryers and rossters had
significantly\mcre totaivedible‘meat on the carcasses than

the birds receiving bérley. The wheat- and barley-fed f:yars

and roasters had & someWhat hlgher percentage of light meat in

the total edible meat than ﬁbose recelving corn, This could
be due to the fact that the eorn group had the hlghest

percemtage of abdaminal fatty tlssue in the edible meat

There was a someWhat hlgher moistare contant found in the corn-

fed, and & lower moisgture. content 1n the Wheat fed birds

These same investlgators (54} later reporte& that

ﬁhera was no signlflcant &ifferenoe between the dressing and

'~cook1ng percentages of the fnyers or roasters receiving either
| 'wheat or barley as the principal constituent of the fattenlng

‘ratlon and those recelv1ng cornm, Furtharmore no appreciable

dlfferenees in sroma, flavor julciness or tenderness of

either the light or the dark meat could be detected,
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(¢) Egg Production

Extensive studies, involving 30 trials, 99 lots,
and a totel of 5;269~dhickens, were carried out over a period
of four year8~at South Dakota (32) with growing chicks, laying

stock end breeders They Showe& that low-~test Wheat (ave

48, 8 pounds per bushel) was equally es efficlent as high- test
(58 pounds per bushel), as judged by the rate of growth of the
 young chicks, egg production,‘and_hatehability, This is in

complete agreement with Goodesrl (18) who found that shrunken

' Wheat w1th a test weight of 40 pounds to the bushel was not

V~1nfer10r to plump wheat with a test,waight of 60,pounds to the
‘bushel _whén.éach~wés used in eqﬁal amounts by weight in a
.ration for 1ay1ng hans ' Goodearl also found that the mortallty
was slightly Less anong birds fed Shrunken wheat, and that

~feed consumption was a Little less; conseqmently hens fed

shrunken wheat required less feed over a three-year period to

produce a dozen eggs than hens fed‘p1ump wheat, That is, the

feed cost per dozen eggs was definitely lower smong birds fed

the ration‘eontaihing the Shrunkan7Wheaﬁ. Equally[good re-

jsults in incubation were secured, Crampton (11) reports that

when vheat is properly supplemented it is about equal to
either yellow corn or White corn for egg productlon main-~

tenance of body welght and feed requlrements per 100 eggs
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c. EXPERDIIEISITAI} | R

Wheat and Wheat by—products have been and are still,

éxten31vely usad’ln poultry rations, The wheat kernel as a

| vinole, according to MeCollum (21),dontains sufficient,water-‘

ksclublé vitamins, as well as protein suitable to promote

knormal'growﬁhkin rats, provided that‘ﬁhevgrain‘is supplemenﬁed

‘with adequate salts and fat-soluble vitemins, Osborne eand
;Mhndel (29) found thaet the proteln of whole wheat is adequate

 for normal growth in rats if it is eaten in suff101ent amounts

(927 wheat supplying 10% wheat protein), Further, they con-
oluded that for malntenance the protelns of wheat are nearly as
good,as ﬁhose of casein, Hart et al, (15) dmmonstrated a
,vitamip‘A deficiency'When_chlcks were’fed retions ecomposed
1argely'0f whesat, '

Wheat wes ﬁsaally Spoken‘of as the best of the grains for

poultry feeding prior to 1918-1919, ‘when its hlgh cost, dus to

~ﬁhe ‘heavy dmnand for flour-making, forced poultrymen to con-
-sider that wheat was not IndiSpensable During this period

| such titles as "Wheatless Mashes for Feeaing Poultry“ were

frequently found in the literature,

‘Notwithstanding the common use of wheat and its pio&uots,
,relativély 1ittle'research workkhas been done on their
bioldgioa1 vaiu§ in pop1try rations, = ‘

At fhe present time it seems inevitable that ‘bhéré will
be & swing back to the popularity of vwheat as a feed for

poultry, for economical if not for nutritidnal reasons,
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Since there wes exPerlmental 671dence available to indicate

Vthat it is not adV1sable to fead whest alone %0 poultry 1, 8

11), although excellent results have been obtained from the

"feedingfof wheat to rats‘ it seemed expedient %o determine

the maximum amount of wheat that could be fed wi th safety to
grow1ng dhicks‘ Thus this study was conducted in order‘to
egtimate the nmutritive value Qf wheat as a feed for growing

chicks from hatching time to eight weeks of age, and %o deter-

minefthevminimum~protein, minaral and vitemin supplements

' ‘necessary to balance the ration when Wheat is used as the only

grain,

(a) Materials and Methods |

For the purpose of these experiments, rations were.

' formulated ta include as much Wheat as p0351ble -after all of

Vthe known neoassary mlneral and v1tam1n requirements ‘were

Supplied.

Ehe Wheat used in both series of the experimental work

Was a Manitoba 4 Norﬁhern Wheat gquite common in commercial

'poultry feeds, In Series 1 the wheat analysed 1567A,proteln,

and in Series‘ziit analysed 14,0% protein, Both lots of wheat
were ground to a medium coarse econsistency, In this conﬁection
it might be stated that one Lot of wheat was rejected because

it had been ground too finely,
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, The source of the animel protein used in these ex-
perlments Was s Herring Fish Meal of hlgh quallty. Mhis feed

was also rather coarsely ground, The fish meal used in Series

1 was analysed as hav1ng 61 ,7% proﬁeln and that used in

Serlesvz was. analysed as havingk73.6% protein, ‘

The sémefmiﬁeral supplement we.s used in a1l the

fexperlm@ntal rations &Hd con31sted of 1% of - 1od1zed salt and

2% of 1imestone Manganese sulphate was ad&ed at the rate of

‘four ounces to each ton of mash, Vitamin A and vitamin D re-

~quirements~were’supplled by the addition of 1% of 100-D and

1000-4 fish oil,

~ In setting up ﬁhafrations, ﬁhefprotein content of each

"ration‘was stenderdized to 19%, and'the quantity‘cf additional
supplement that was added replaced an’ eqaal qaantlty of Wheat '

The m1naral—v1tam1n supplament was constant throughoat -~ that

is, 4% of the ration,

The following supplements were used in both series:

(1) Dried skim milk, : AR |

(2) Dehydrated grass of good gquelity,

(3) Wheat bren, A : ‘

(4) B-Y Feed,
I'he 1ast supplement mentloned the B-Y Feed is 2 new product
obtained from the,fermentatlon of molasses, The B-Y Feed in-
'Series'l contained 60 microgrems of riboflavin per gram, while

that used~in Series 2 contained 240 micrograms of riboflavin

par grem, B-Y Feed is a patent feed mamfactured by
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Ommmercialksdljents‘Corporation of Chicago,:

-

- The chlcks in each serles of the experiment (total of
1 529 chicks) ‘were obtalned from the same source end from the
;same breedlng stack, The strain was known to have been of

'high quallty an& to have been fed a standard ratlon

At the beginnlng of each experlment the chlcks were
’welghed 1ndivi&ually and selected at random into lots, which
were placed in separate compartments of standara four-tier
electrlc hattery brooders in the Poultry Nutrition Laboratory
at- The Uhiver31ty of British Columbla The brooder bulldlng
was well insulated a110W1ng ﬁhe room to e kept at a falrly
'unlformltemparature; The humidlty was maantalned in the room
‘byfm0isteﬁing the flobr'réguiarly,‘ Anlelectric fan<was used
kto aid in ventllatlng the room, nghts were use& for twelve
hours of eaoh day and wers controlle& by an automatlc electric
switch, As far as pogsible,. each group wes kept under

1dentioal envlronmental conditlons

, - To @neourage maximum consumption; an adequate supply
of feed was kept in the troughs before the chicks at all
times, as the rations wére~fed ad libitum | The battery
brooders used in these experlments wera so constructed that 1t
was 1mp0531b1e to keap en accurate’ record of the net feed

: consumption Fresh water was available at all tlmes,
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The duratlon of the sxPerlmental work was largely

dﬁtermlned by.the. folIOW1ng facts Flrstly, chleks make guch
~rap1d growﬁh‘durlng the first eight weeks that they are
,extremely sensmtlve to any deflclency which might occur in a

»ration durlng this perlod Seeondly, theresﬂn data avallable

to indlcate that there is positive correlation between the
growﬁhkattained by chicks during the first four to six weeks
of age~ahd subseqqént deVqupméntAéfter eight weekssbehirdly,
Chicks are ususlly let oﬁffon,green,range at this agé; and
conseqaently any possible deficiency in & ration would be
corrected‘ ‘Eourﬁhly, broilars'usually‘atﬁain a‘marketable
weight at'eighf’weQKs of age.  In}gemera1; then, the interval

from hatching time to Qigh% weeks of age seemed td be

sufficient for most of the experiments, since the rations were

designed primarily as starting rations,
. , 0

(b) ’Exp&rimantalfData,

The erlterlon followed in 1ntarpreting results of

“each 1ndividual exPerlmant could be d1v1ded into three general

headingS';'

,(l) The general coniltlon and. appearance
~ of the chicks,

(2) The rate of mortality.
'(3) The rate of gain in welght

a1 datakweré analysea stetistioslly in order to

~ ovaluate the results satisfactorily, Minimum significant
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differences between.means were cealculated from the ana1y81s of

veriance as outllned by Snedecor (57);

: ”he sQuare root offﬁhe‘variancekfor error is GQQal to
;the standard dev1at10n virich is actually the Standard Error

ﬁof a single detenninatlon-~

SE, = V/'varianCe'for error -

SEﬁifference between 2 means(e,.g, Rations 1 and 2)

The necessary difference between two lots is:

Difference between two mesms X b

o
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-Series I

The‘ratione for the first series of these experiments
were composed malnly of Wheat flsh,meal a mineral-V1tam1n
supplement (47), end one or two supplementary products, ‘The
+ composition of the rations will be found in Table 3, I% Will'
‘? Vbe noted that there was more than 15% of wheat in all the
| rations‘~andvthat in Batiom 2, which contained only‘Wheat and
flsh me al. bes1des the mlneral-vitamin supplement there was
85 757 of wheat, Ration 1 consisted of 82.5% of Wheat, fish
meal, and 2,5% of ariéa skim milk, _Bation'B was supplemented
‘with 5% of dehyarated graes' In~this coﬁtection it might be
stated that Poley (=) concluded that at least 3% of a good

'kgrade of glfalfa meal was necessary to supplement the v1tamin‘

A deflclenoy of & basal ration contalning 677 of ground wheat,

supplememted w1tm meat and. bone serap and dried skim mllk 'It

will be observed that Ration 3 eontained 80% of ground wheat,

Retion 4 was supplemented with 5% of wheat bran, and Ration 5

 with 3% of dehydrated grass plus 5% of wheat bran, Ration 6
was made ﬁp only of the wheat, fish meal, end B-Y Feed,

Ration 7 was made up of aVVarlety of the cqmmen grains and wes .

designed to,resemble'a~typical commereial chick starter,

Three hundred pounds of sach ration were mixe& at the

beginning of ‘the experimental work, thus ensurlng uniformity

of the feed throughout

PN Ly S
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It is 1nterest1ng to note that the raﬁlons were quite

' dlstinct in their appearance, Moreover the over-all texture

was good in that the coarsely ground fish meal was comple-

mentary to the Wheat which 1n turn Was of & moderately coarse

grind, The whola macle s rather open mixture of substantial

‘ weight,

The coloring of each ration was affecte& by the presence

or absence of dehydrated grass; at the seme time the bran

,t&nded to make the mixture looser and lighter, as well as to

'*increase the volume Slnce Ration 7 was ground to a much

flner consistancy, it was found to dlffer considerably in

Ll_'appearanoe from any of the other six rations,

EXperimenﬁ.l

The first exParlment in Serles 1 was started on.May 29th
w1th 420 day-old cockerel ehicks They’were divided into

seven lots of 30 chicks eadh and eaeh Lot was dupliceated,

| maklng a totel of 60 chicks on sach of the experimental

ratidns- The chicks were indiv1&ually Welghea and placed at

random in thelr rGSpectlve comparhnents Thereafter they

wwere weighed indiv1&ually at the end of eaeh‘wéek.‘ The average'

weekly weights are given in Table 5,

Gare'was'taken‘to'maka observation'of‘ény abnormalities

kdurlng each tlme of welghing and throughout the Whole period

Il of the eXperiment A weekly summary of the mortallty will be

et R gt A
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kshown in,Tablelél S0 that the cause of the mortality could be

determined post-mortem examlnatlons of the chicks were made

pr omp‘bly'.

It may be of 1nterest to note that at no time during the

'course of the exPerlment was there a single instance of

necrosis, that is, of the wheat meal stioking to the beeks of

the chicks and causing compaction of the beak as described by
Conklin and Maw (11) Branion (7) and Poley (51) The
featherlng appeared -to be normal in all lots, and at no time
durlng ﬁhe~course of the~exPeriment was ﬁhereyany ﬁroubleknith

cannibalism feather—pulling or toe-plcklng. However, the

ohicks evidently in crder to clean their beaks wers observed'

o wipe them quite freqnently through the feathers of other

chicks, This hablt should not be confused or assoclated with
ordinany feather-picking, Which generally leads to cannibalism
and mortelity, '

It is also of considerable’interest to note that there
was not a single case of perosis, There was a comple te
ebsence‘of‘curled-toe paralysis,;indicating an adeqnateﬂsupply

of riboflaV1n in the rations, Moreover that the supply of

- vitamln D was . sufficlent to ensure proper bone eompositlon

was Shown by the ash analysis Treported in iable 19.\ That an
adequate supply of vitamin A was prov1ded through the fish oil

~in rations 1, 2, 4 and 6 was indicated by the fact that there

was no evidence of av1tam1nos1s A, There were, however, a fow

e
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cases of defective kidn@yé found, but these Wefe so few ‘that
they could be eXplainea as inability on the part of the
indiv1&ual chick to assimilate nrOperly, and as such cases were
found equally in the lots contalning/&éhy&rated grass, they

could not be diagnosed as = vitmninrA deficiency.

There was a declded differernce 1n the color of the skin
shanks end beaks of those lots rece1v1ng dehydrated grass from

’ﬁhat of those lots rece1V1ng no grass Thus the lots fed

'vBations 1,2, 4, an& 6 had extr@mely pale to almost white skln -

9

' shanks and beaks but appeared Just as healthy as the lcts fed

Rations 3, 5 and 7, which had deep yellow skin shanks and
beaks. ‘

Resulfs :

With the exception of skin‘ shank and besak color there
weTe no noticeable dlfferences between %he lots,

Mort&llty, however, was a problem and at least fifty E
per cent of the mortal ity was found in the chicks ECY 4 the
first three’ raﬁions6 Postamortem,examlnatlons'revealed
: unabsorbed'yoiks és the cause of death in the majority cf the
’ cases;,ctherwise there;se@ned to be nothing the matter with
the chicks" It Would sean that these dhicks had been chilled
or otharw1se set back during thelr first few days of llfe

As regards the gains in weight as shown in Table 5, it N
'may bevofflnterest to note that ﬁhe finel weights attained'in

the various lots are ecmparablettc,fhose reported by other




- 28 ';..

investigators (7, 3L, 40), 'Appeﬁ&ix A givés the finél'weights
at eight weeks éf agekof‘eaeh individual éhick in eaéh’lot,
Fron en examination of Table 5 it will be Qbserved?ﬁhat'ﬁhe
zadditioﬁ of 2,57 of dried skim milk did not increase the
iéVerége we ight of’the‘chicks fed Ration 1 over the average‘

weight of the chicks fed Ration 2, It will be recalled from

 Tah1e % that Ration 2 éontainea Wheaﬁ fish meal~jah& the
'ﬁineralévitamin suppleméht The addltlon of 3% of dehydrated
 grass as fed 1n Ratlon 3, however was responsible for & marked
1norease in the average weight of the ehicks much more markﬁd

Ain fact than that ‘brought about by the inclusion ef 5% of bran

in Ration 4- The chicks on Ration 5, which inoluded both the

57 ddhy@rated grass and the 57 of Wheat bran were decidedly

heav1er in their average welght The average welght of the
chicks fed on Bation 6 which was the same as Ration 2 exeepﬁ

that it ;noludede% of B-Y Feed, Wasﬁcohslderably grsater‘than

that of those fed on Ration 5, This weight was equal to that

of the chicks fed on Ration 7, the commercisl ehickisférteré

(See Graph I,)

A statistical summary of the data is shown in Tables 7, 8

'andk9. An,interpratation of these tables will be Ffound in the

discussion of the three experiments in Series 1,

Experlment 2

The results of the first eXperlment led to an inquiry into

1 thefreSponse,of chicks of the heavier breeds. With this objeect

o A e i 3 g g




- 29 -

’in~mind~ on June'lOth 159 New-Hampshire‘pullet chicks were

;A indiv1&ually'we1ghed and placed at ran&em in their rGSpeetlve
keomparhnents There weTe 6 lots of 23 chiecks each, while & |
;seventh'lot eontalned only 21 chicks end these did not appearl
Quite so lively as the chicks 1n the other lots, ThiekexPeri-
ment was kept unaer the same conditlons as the preV1ous one,

‘and the chicks were feﬂ the same ratlons (see Table 3)

Results , , ‘ |

The mew Hampshire’pullet ehieks grew very well, and during
fhe’eeurse of the experiment followed the same generaletrend as
aid the ehicks in the first experiment 4 summery of the weekly

‘mortallty is given in Table ll

Slnce ehicks of the heavy breeds are extremely susceptible

jte'perosis, 1t‘wa5'interesting to note that there was no
yiﬁCidencebof this occurring‘in‘the New Hampshife pullet chicks,
Furﬁhemmore there were no signs of avi%anlnosee A, D, or G

Sinee heavier breeds feather/ouﬁ more elowly than do the
ylighter breeds, careful observations were made as to the rate
of feather growth and extent of feather;ng, It is & matter of
interest %o note that the New Hempshires as & breed have‘been
eeleeted for theirkrap{d feaﬁhering characteristics, The,"
rations fed seemed to help this breed characteristic, as
feathering was excellent in all lots In fact, except for the.
‘marked,difference in the eoloring of the skin, shenks, and
‘beaks of those chicks fed on rations with sand without

'dehyﬁrated,grass;ktherekwas no QietinguiShable difference in
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the appearance'of,any one chick from one lot from that of any

one chick from any cther lot,

~ Since they had some difficulty in gettiﬁg their heads

"through the wires in order to eat comfortably, the New

i 7HampShire pullets did not gain as much as they p0831b1y could

have gained durlng the seventh wesek, The experlment was
~therefore terminated at the end of“the seventh week rather

than at the end of the eighth week as in the case of the Slngle

kComb Whlte Leghorn dhicks

i The average weekly weights are\givenyin Table 10, The
individual weight for each chick for esch 1ot is shown in
Appendlx B, from which the statlstlcal analyses 1n Tables 12,

‘k15 and- 14 were worked out

ExPeriment 3 ;

The excessive mortality encountered in Experiment 1 made

1t importent to decide whether the‘rations wére thé*caﬁse of

- such mortality or whether it Was~due‘to other factors, Thus
on June B0th, 210 carefully selected Single Comb : White Leghorn

cockerel chicks were started on the seven rationé (TableVB),

Results
The gener&1 appearance‘and dondition of the chickskin |

this experiment were good, and again there was no perosis,

,nécrosis; avitaminosis A, or curled-toe paralysis,
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At 4he end of ﬁhe third week, four chicks were taken from ;

each 1oﬁ at random for the purpose of determlnlng the ash

aly81s -The results are glven in Table 18,

- This axperlment as 1t had qulte definltely shown that
uhe ratlons were not reSpon31ble for the excessive mortality ~
'encountered in the first eXperlment was terminated at the end

of the fourﬁh week

The aNErage weekly weight of the chicks to the fourth

week‘is given in Table 15, A summary af the Weekly'mOrtality, 

‘includlng the four chicks taken from each lot for ﬁhe purpose

~fof ash analysis is shown in Table 16

Dlscu881on

As 8 rasult of the three QXperlmsnts in Serles l it has

‘been shown that wheat, if pr0perly'supplemented, can be fed as

- the only grain in Chlck ratlons until eight weeks: of age even

when it composes from 75% to 83, 57 of the ration,

The supplement in the main eon81sted of fish meal which

"‘served chlefly as g source of proteln and a mineral-v1ﬁamin

mixture consisting of 1% of iodized salt, 27 of llmestone and
,l%~of figh 011,,wlth’manganese;sulphate added to the ration at
‘the faﬁé of 4 ounces per ton, Other supplements used in’the
fjfations we e milk, grass, branm, and B-Y Feed 0f these, B-Y

:Feed proved to be the most satisfactory.f

e
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’It will ba recelled that B;Y Feed is an exceptionally
'1good source of rlboflaV1n and pantothenlc acid., The former
jV1tamin plays an importent réle in promotlng the normal
’growth.of chicks (30) as well es the meximum uwtilization of

Tfead.

The feed mixture used in these experimenﬁs was apparently
“high in riboflav1n content; as evidenced by the fact that no

cases - of carled—toe paralysis ocourred in any of the lots,

I However, the fish meal did not provide sufflclent riboflavin

f@ promote optimum growth, as B-Y Feed (& rich source of
’rlboflav1n as well as of pantothenic aoia) eons1derably
enhanced the rate of grommhvln.each.of the three exPeriments

cof the serles.

The results obtained in ﬁhis éeries sTe in accord with
those ofiMoCollum and DaV1s (21) ‘who found that to obtain
normal growﬁh w1ﬁhArats the wheat kernel requlred protein

minersl angd vitemin supplements, Shermen (56) found ‘that a

;, mixture of five-sixths ground whole wheat and one-sixth

- dried whole milk, with table salt, and distilled water, was
«adequata in thaﬁ it supported normal grommh and health with
- successful reproductlon and raarlng of young generation

after genmeration,

All the experlmenxal rations asppeared to be quite
~palatable~to the chicks, as judgea by the relatlve rate of

'consumptlon and eagerness with whlch thay were eaten The
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] Q ﬁdigestibzlluy af ﬁhe ratlons was presumably good as two
very highly digestible products - namely, wheat and fléﬁ ’

t§, mea1 - were used to make up the greater*part of the ratiouns,

Due to the eOarsekgrind of the wheat end of the fish

‘meel, the tekﬁuré of all the rations was good, but was

”7possib1y imprOve&:by the inclusion of the 3% dehydrated grass

-~ or of the 5% 0£ wheat bran, However,’the texture was much
differeht from the flour-like cOnsiSﬁéﬁCy OfkRation T, the

 commercisl chick starter,

As prev1ously stated 1t is & Well known fact that the

gluten found in'wheat partlcularly;lf the wheat 1S~groun@

 '57veny flﬂ&, will stick to'tha beaks of chickens, causing the

‘ eondition}known asy“compaction‘of the besk™, or necr081s
as described by Conklln and Maw (12) and other investigators
(7, 51) waever, due to the coarse grlnd of the wheat,~in

this series of experiments no necrosis was encountered,
From observation of Table 5 it will be noticed that

‘Ratioﬁ 1 contained only 2 .5% of dried skim milk beSides the

;Wﬁeatfand'fish meal eontained in Raﬁion 2. The average

weakly'weights point out (Table 5) that althoagh the rate oft

- grawth of the dhicks was good on both ratlons there was 1o
advantage in the feeding of the 2,5% of dried skim mllk
~Apparant1y the fish me gl provided sufficient riboflavin for

_,natmal growﬁh;,thns detraecting from the supplementary effect
- of the milk, As judged‘by ﬁhe<average weights of the chicks
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 fed on these rations, the 3% of dehydrated grass that was
| added to Ration 3 mede & great improvement over Rations 1 end
'2, which were apparently adequate for normal growth, but not

optimal,

Whén 5%:of wheat bran was added to Ration 1 ﬁhe average
results were slightly befter, but certainly not so good as
| when the grass was added, This,wwﬁld seem to indicate that
the improvememt was due to the physiologioal effects of the
wheet bran, rather than to nutritional'effeets That Wheat
bran is one of our best poultry feeds is substantiated by
 ALmquiSt et al, (2), who demonstrated the nutritional velue
of pentoses and pentosans (bran is 20% pentosans) for the
chick; and by Taylor emd Lerner (38), who concluded that
either 15% or 25% levels of wheat bran resulted in more rapid
growth of the chieks, EXperiments at Nebraska (1) indicated
~that as much as 40% of bran can be usea in chick rations with

good results,

According to Girard (16), 14,35% of the wheat kernel is
composed of bran, At the bottom of Table 3 will be found the
calculated percentage of braﬁ in each of the experimental~
krétions Thus it is shown that each ration actually contalns
’well over the 10% of wheat bren recommended by Lloyd and
‘Biely (20),

That bran acts as a lexative in a quantitative fashion,

~and that increasing-mnounts of bran produce increasing
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'WéighfS‘af feces was a@nonstrated‘when Ration 4, which con-

tained a total of 16,129, of bran was compared with Rations

1 end 2, which eontalned minimum smounts (11% and 12%

Qresp&otively) of bran.

Retion 5, which contained both the 5% of grass end the

¥’;57 of bran, had a mudh higher average than did the ration

{containlng the grass alona which was obV1ously opan,tc
~further 1mprovanemt
Ratioﬁ.é,‘Whieh'Was composed only of wheat, fish meal PR

end B-Y Feed, was equel to the stendard commercisl Ration 7.

It is obvious, then, that slthough the wheat and fish meal
were adeqaate in that they supported normal grcwtﬁ and

" heslth, more of some fachors -- probably riboflevin and

pantoﬁhenic acid ‘which are founﬁ in grass buﬁ eSpecially in

}~«B~Y Feea -~ ig necessary to support cptlmum growﬁh

From an exemination of Table 4 it will be noted that the
4ica:P raﬁib is-gooa iﬁJQVery instance,k Since therefﬁés not- S !

‘& single case df perosis encountered, it is.believed that ' ;

 sufficien$ manganese was added to the rations, that the
vphOSthPus ‘was in a,hlghly usaeble fom, and that (since

 cho1ina helps to prevent perOS1s) there must have been suf-

 fic1ent dholine in the ratlons

In agreement with Brenion et al, (8) and Wilcke (42)

kﬁhere were no symptoms of rickets observed, as is shown by
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‘the Tebles 18 and 19, on ash analy51s of the chicks at three

} ,iweeks and agein at elght weeks of age

There was no avitaminosis A or &, Thus the fish'oil
kmust have prov:Lded a sufficient. amount of vitemin A, as well
~as of vitamin D, ”he: fish medl used was high in rlboflav:m,

"evidently sufficiently so to meintein normel gi'owth, but not

' to obtain the optimum growth which was atteined by the use of

| B—Y Feed and the standard eommercial Ratlon 1, a:ad partlally
at’cained by the inclusion of 57 of good qualzﬁy @ehydrated
.grass Such results Would. obv:Lously not have been experienoed

had meat scrap been ‘used as the . .source of proteln

The mor‘ca.lity in ExPerlments 2 and % was almost
ne;gliglble s0 the excessmve mortallty in Experiment 1 must

. be ‘katt‘ributea to undetexm:.ned factors,

&
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Series 2

~ The first series of feeding tests demonstrated that

,i:wh@at could be used as the oﬁly'grain‘in retions of growing

thlckS untll they'were elght weeks of age, prov1ded that 1t

L ‘was supplanented with the essential proteln and mineral—

vitamin concentrates. Since B-Y Feed gave such axcellent

‘results when supplementing wheat aad fish meal a second

series of QXperiments was undertaken to discover if the

o sddition of wheat bran, of dehydrated grass, of B-Y Feed or
of dried skim milk Would 1mprove the resulits obtalned

"kThese feeds are the eommonksources of minersl and vitamin

" supplaneﬁts required by poultzry.

'zExperlment 1

‘ In the second series of feeding $riels the protein
content of the experlm&ntalkrationSmwas reised to 20%., The
7  fish.maa1 usea’in this series was shOWn‘toréqﬁtaiﬁf73°6%g
]protein | ;

The purpose of this QXp&rlment was to compare the
,efficlency of ﬁha above-mentioned supplements, separately or
in combinamion‘ e '

'Tablg 21 represents the chemical composition'df the
feeds used in the experimental rations; Table 22 gives the
composition of the QXperimental rations; Table 23 reports

the celculated minersl and vitamin content of the

Liiand iy
g A gt ey e d
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';QXperiméﬁbalirétibns. From Table 22 it will be observed that
-each ofuﬁhe éighﬁ rationsywas composéa of more than 74 pounds
of Wheat The same m1neral-v1tanin supplement cons1st1ng of
17 100-D, 1OOG-A figh o0il, 1% iodized salt, and 27 limestone

was used as in Serles 1,

| Besides ﬁhis minerdl~v1ﬁamin supplement BatiOn 1 con-
f51sted only of wheat and fish meal ‘the wheat comprising

| 85 5% of the total mxxture All af the other rations except
Retion 6 contalned 57 af Wheat bran Rations 5 5, 7 ana 8
“,contalned 5% of déhydrated grass, Rations 4, 5, 6 and 7 were
Zteach supplamente& W1th 1% of B- Y Feed, while only Batlans 7
'“andr8 w&re»supplementedrw1th;2;5ﬁ,of dried skim’m1lké

on July 14th 240 iS-ingle Comb Wnite Leghorn pullet chicks

. ware 1nd1V1&ually weighed ana leg—banded and placed at
,T_Vrandam in thalr resPectlve comparﬁnents. On the sane,day;

200 Slngle Comb Whlte Leghorn,cockerel chicks were individual-

,\'ly Walghed “banded, selected at rendom end divided into eight

 lots to be fed the same experimental rations as those received

by th@‘pﬁllats; These chicks were individuslly weighed at
two weeks of age, at\four,wéaks, end every weék ﬁhereaftar '
until the experiment was temminated et the end of the seventh

week ,

The texture of these eight rations was similer to that

of the rations of the first series,

S e e




- 39 -

Rxperimentsl Date

/ Sinee‘ﬁhé proteinchntenﬁ ofyth@ experimental rations

- in fhe second series was 31ightly‘higher thén that of the

' retions in the first series, the chicks grew at a somewhat
more rapid rate, However, the fiSh-m381 nse&‘infthis series
;Waskévidenﬁly more eomélete in the ﬁgréwﬁh-promoting food
 facﬁors", sinee the addition of»supﬁlements did notyihcrease

. the!avefage weight of the chicks, either in the pullet or'in

 the cockerel lots, This sanple of fish meal showed an

| i,'analy31s of 75 6/ proteln : Since the aad;tlon;of 3% of

dehydrated’grass, which had increaée&‘ﬁhefgverage weight of
the chicks in the previous experimentel work, had no extra

~ beneficial effects above thet of the unsupplemented ration

’  ﬁf0f fish;meal and ﬁheat;fit‘was'aSSuméd"that there was suf-

ficient riboflavin. and other growth-promoting factors -
;providé& by the fish mesal, his asSumption was confirmed‘by

: “£he fact that the rations which wére'supplemente@;by;l% of

 ,fB4Y‘Feed:did not increase the‘aﬁerageﬁWQighté of the chicks

' to which they were fed., It will also be observed that the
’,:feedlng of either the braa or the mllk did not result in any
 1norease in the average weight of the ehicks. A summary of

the average waekly welghts will be found in Table 26, and
the snalysis of varlance in Table 27, with a summary of the

statisticel 81gn1f10anoe in Table 28
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Discussion

No differences in the outward appearance of the chicks
could be detected except that th@ chicks fed on~ratlons con-
;talnlng &éhydratad grasses had very yellow skln kshanks and

ibeaks Whlle those fed on.ratlons eontalnlng no grass had

 ,Whlte skin, shanks and beaks (Plate l) To confirm.ﬁ&e

fapparent.healthy condltlon of the chicks, it seemed of 1nterest
to makekobservatlamskon the 1nterna1 organs; Accordlngly,
three chicks were selected at random from Experiment 1;
:Series,l, éﬁ eight Weaks'of age, Weighﬁfand volume measure-
’mants'weré;méde on the,different ofgahs; as isyshoWa'in

Teble 17,

Whila no 81gn1flcant differences were observed in the
‘dlfferaut orgaens, it is 1nteresting to note that the
~U‘1ntest1na1 tracts of the blrds fed on Batlon Eo. 7, the
‘f Qommerc1al chick starter, were c@n51derablyfgreatgrdhoﬁh in
 }weight and volume, Ration 7kwas a much‘&ulkier’féed than the
'ifsix:all—Wheatkrations, and the intestinal tracts of the chicke
4‘;fed oﬁ Ration 7 had eviaaﬁtly;adjﬁstéd ﬁhemsélveskto take

care of the large amount of fibre,
The ash anslyses of the tibia of the above dhicks,‘ask

shown in Plate 2 and Tables 18 and 19, indicate that the

vitemin Dksuppliad was sufficient for normal calcification,
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Wheat as & food is definitely lacking in vitamin A,
In the. ratidns used in the experiment this deficiency was

corrected by the sddition of 1% of 1000-A Ffish oil, Wheat is

low in csleium, This deficiency wes supplied by the 2ddi%ion

of 2% limestone, . Although whea’c isa falrly gooe‘L source of
“manganese, it does ‘not con’saln qulte enough for normal
develOpment of the chlcken The menganese oontent of the
‘rations was therefore raised (by ‘the addition oi‘ four ounces
y'of'm;anganese sulphate to every ton of’ mash used, Wheat is

 known to be quentitatively deficient in the proteins

= necessary for the promo‘éioﬁ of normal growth , 'l‘his |

defleiency was correc’ced through the addition of animal pro=-

teln - namely, flSh meal

When all of these deficiencies ‘were corrected, wheat

s gave just as good results as a vamety of grains, This seems

“to 1ndlcate tha’c variety is not an mportant factor 1n tha

; rvoompllation of poultry rations, Sl T
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SUMMARY
,Studieskinv01Ving,two seiies of experiments, 44 differ-
ent lots, and a total of 1,329 chicks, were carried out to
determine~the nutritive value of Wheat;

The rations were made up of a mineral-vitemin mixture,
an animal protein, and wheat as the sole source of Nitrogen-

Free Extract.

The results of the study show that wheat alone can be

‘,used as a base in making. up balanced poultry ratlons.” In“

the use of Wheat however it is important to have a thorough
kknowledge of tho various nutrients which it eontalns, as well
as of those in which 1t is aeflolent or 1ack1ng.

&

Through the gudloious use of the varlous mlneral V1tam1n

and protein supplements, it is pOSSlble to 1nelude as much as

'85 5% of wheat in the ratlon of young OhleS from hatchlng

tlme to elght weeks of age ~with satlsfectory réesults.
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Table 1

‘ Chemlcal Gomp031tlon of Feeds Used in uXperlmental Raﬁlons
(Serles 1)

. Peedstuff

Pro-
tein

Fat

Eibre

;NltTOE‘

‘gen~
free

Min=-
eral

Ca -

 ‘1EiSh Meal

Whaaﬁ
| Mieat Bran
" M13d1ings

| oats

'~fMeat Serap

: ?fEDried Skim

Milk

‘Dehydrate&
' Grass :

| :
| Pisn 011
‘,;Limestoﬁa

Iodized
Salt'~

' Manganese
Sulphate

15,79

15.80

17,00

9.30

[r0.00
k61;70
|55 ,00

34,80

21,10

5.0

4,4

10,7

100

1.7]

4,9
5.4

6.8

0,9‘

2.8

9,5
4.4

11,0
3,0

0.7
| 2. 2

3.0

|Bxtract

70,0

-~ B89.8
V‘59.9\

1,2
50#1

| 59.8‘
60.0

62.2
70.1 |
 5;6'

Matter |

2.0
12,2
5.4
3.6
1.7
14.7
24;6

8,0

12,2
11.0

1.92
i

.01"_
ik 9009

8;25

1.27

1,92

| 39,20

4,70
4,00

‘.96”

40
18

0.6

,50




g

‘Table 2 |

The Estimated Vltamln Content of Peeds Used in -
LXperimantal Raolons

/ Eeedstuﬁf

| vitemin
A

Titemin

Ribo-~-

flavin
| (microgrens)|

Thi-
amin

|Panto-~"

thenic

Aciﬁ ;

Wheat
Whéat*3r3@ ~"
Wheat Middlings
| 0ats

t’Oorn

 F1Sh Meal

Megt ScraP'  ,
| Dried Skim'Milk
| Dehydratea Grass
| By |
'ElSh 0il
ﬁimeétoné;

Todized Salt

= Mengenese Sulpate -

80

95,000

454,000

-

140
100

5,180

130

400 -

1,000
700
400

450
4,500
2,200 |

9,500

8,000

27,240

540

- 150

800

270
270/

400
400

6,810

'7
1,8

o

.
.

02
3,0

2,5

136,200

2
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Teble 5

Composition of Experimental Rations (In Pounds) -

Peedstuff |

. 11,_‘

v;2‘

5|

4

6

o5

| | Pigh 041
:ﬁimest@he

Iodized Salt

Dried Skim
| ik

Dehydrated
J;uGrass

Wheat Bfaﬁ 
,Meaﬁ,Scrap‘
outs (gr.)
Gorn (er,)
Wheétf o

| 1.00
fé.oo

11,00

| | Migdlings

1.00 )

82,50

~.‘2‘50 o

T.00
2.00
1,00
85;75.
12,25

1,00
2.00
1.00

| 86,00
10,50

2,50

| 1.00

2 “,5;0' .

2,00
1,00
77.50
il.Oo

E 5000 ©

1.00
2.00
1,00
75.00
10.50

2,50

1.00
2.00
© 1,00
81,00
12,00

1,00

2.00
1,00
55 50

8,00

2.50

5,00
l10.00

-

5,00
110,00
|10.00

[10.00

MnSoy added

rate of 4 oz,

{Calovlstied

Toroteim T

{Analysis

19,034

18,56

19,015

18,79

19,154

18.57

19,716

18,90

Caloulated

Bran_ .

ot (4,) [t L) | |

11.84

11,48

16,12

{15,09

E



Table 4

The Calculate& Mlneral and Vitamin COntent of the Ratlons

Peedstuftf

Amount
(1bs,)

Calolum

~‘Phos

' Vitamin D
- (Units

 Bibof1av1n

(Micrograms

-
Pantothenia
Acid

| Lhiimestone -

RATION 1

Fish 0il
Todized 341t
Limegtone

Wheat

Pish Mesk

Dried Skim Milk

1,00
1.00
2.00
82,50
11.00
2,50

.3217
. 3608
,0030

phorus

45,400

per 1b. ) a

454,000

11,450
325

__per 1b,)

33,000
49,500
23750

_(Unitsprh,)

57.750
2,200
6,150

Total R

3068 000

100 Q0.

.6855

106,250

66,100

RATION 2

_Elsh 011
Iodized Salt

| Wheat
“Hish Mealk

1‘00

1.00
100}

2,00

83, 75,~‘;'
12..,25"

,5566f
65995

00685k 

[ 465,775

454,000

11,525 :

1,062.50

bol”

58,625
2,450

Total

e > 0 0 & s6050

100,00

1259

45,400

61,075

T 1.00] .

f90072,‘

454

T.657.25]

510

(continued next page)
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Table 4 (cont )

 (continued next page)

;k v T ~Vitamin D] Vitamin & |Kiboflavin| Dantobhenio
fEaedstuffy - Amount | Calcium ‘Phos~ - (Units. |  (Units. |(Micrograms| Acia .
| (Ibs,) | _phorus | per 1b ) _per 1b,) | per 1b.)| (Unitsper 1b.)|
RATION 5 o L e |
PFish 0i1 1,00 - z 45,400 | 454,000 - “
| ITodized Salt 1,00 - - - - - -
Limestone 2,00 | .7600 - - | - -
Wheat 80,00 .0320 | ,3120 - 11 20@ 32,000 56,000
Fish Meal 1l 10.50| .6090 | 3444 - 47,250 2,100
| Dried Skim Milk 2,50 ,0035 | ,0030 - 325 | 23,750 | 6,150
‘Dehydrated Grass 3,00 ,0570 | 0066 G- 285 000 | 24,000 9,000
T Total L.iieesees ,100.00~ T, L4615 .66§0f * 45,4000 750 ,525 127,000 13,250
o 1.00| -.,0146 | .,0067 a~'1454“' 7 505 25 1,270 | 732
Fish Qi1 =~ 1,00 - - 45,400 | 454, 000 - -
Iodized Salt 1,00 - - | e - - -
| himestone = 2,00 .,7600 | - - - = -
| Wheat 1 77.50 | .0310 | ,3022 - 11,850 | 31,000
‘Fish Meal |l 11,00 ,6380 | ,3608 - - | 49,500
Dried Skim Milk - 2,50 ,0035 | ,0030 - 325 23,750
Wheat Bran ~ . 5,00| ,0060 | ,0660 | = - .. 1506 | 5,000
L MOLEL 4. ..eeeses]| 100,00 1,4005 | ,7320 »;~45,4ao,kg 466,925 109,250
‘ | b 1,00 .0141 | L0073 | 454 | 4,669,25( ‘1 092 50
e o

- g6




_7,505.75| 1,800

Table 4 (cont,)

RS A S ViﬁamihrﬁﬂjV1témin7A RiboflaV1n IPantothenic
Eeedstuff Amount | Caleium | Phos~| (Units. | = (Units. ~(ancgﬁmm) - Aeid ‘
Sl (1bs.) ' ~ phorus| per 1b ) _per 1b,) | per 1b, | (Units per 1b,)
ion 5 = e v f

Pish 0i1 1.00| - - | 45,400 ;454;609 . -

Iodized Salt 1,00 - - , - o= = -

| Gime stone |l 2,00 ,7600 | . =~ - - -
| Wheet | 75.00 | .0300 | ,2925 - 10,500 | 30,000 53,500
Fish Meal 10,50 | .6090 | .3442 - 47,250 2,100
Dried Skim Milk | 2.50| .0035 | .00%0 - “B2s 23,750 6.150
- Dehydrated Grass 3,00 L0570 " 60066 - 285,000 - 24,000 9,000
Wheat Bran 5.00 | .0060 | .0660 - - "'150 | 5.000 9.000
Totel ..........| 100,00 1.4655 | (6725 | 45,400 | 750,575 130,000 19 750
S 1,00 01465 L0067 | 454 | <191

| RATION 6 | ,
Fish 011 | 1,00 = - | 45,400 |454,000 | - .
Todizaed Salt 1,00 =3 & | i ; B e
Limestone 2,000 ,7600+| - = - - =
Wheat 81,00 | ;0824 | .3159 - 11,340 32,400 56,700
| Pish Mesal 12,00 | . ,6960 | ,3916 - = - 54,000 2,400
| B-Y 3,00 - i , - - | 81,720 £90,000
T 100 00‘*1.48845 L1075 | 45;4oqj >‘465 540 - |168,120 | 147,100
| | - 1.00"-;01490 L0071 "'454‘f“’ 4, 655 40 1,681,20| 1,471
’(ednéiaaéé'héxf‘page) RS s e




- Table 4 (concl,)

- Eee&stuff

Amount

Caleium

[ Vitemin D
Phos= (Units.

Vitamin A

(Units -

Riboflavin

(Micregrams
- pe’r 1h o )

"Pantothenic

Acid

RATION 7

Fish Oil 7

| Iodized Salt

leestone

Wheat

Wheat Bran :

Wheat Mlddllngs

Qats

Corn :

Fish Msal

Meat Serap B

Dried Skim Milk

Dehydrated Grass
Total

© QGG e 06 e d

,(lbsa)‘

1,00

1,00

2,00
35,50

10,00
10,00

10,00
10,00 |
8,00 |

5,00

2,50 |
5,00

’¢Ol42‘

.0100
.0010

L7272
4125

,0035™
.0965

,7600

.0142 | 1384
¢Ollok,
0070

o760 |

phorus ,per HL)

= | 45,400

L
i

1210
,0690
.0360
;50290

,2000
,0030 -
.0110

[ EOF RN SN AR BN DN R = I

__per 1b,)

454,000

49970
1,500
1,000
800
51,800

o

'-525‘
475,000 -

$ -

| 14,200
| 10,000

7,000

4,000
9500'

36 ,000 -

11, 1000

23,750

40,000

(Um&g ﬁmlb )

24, 500

18,000

7,000
7,000
7.000
1,600
1,000
- 6,150 -
15,000

100,00

R

45,400

" 969,595

150,450

'87g250f

"1;00'

.0204 |,

;454_ ~>

9 695 95,

1, 504,50

g5 -
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~ Teble 5. Average Weekly Weights of Cookerel Chicks - May 28-July 23,1942

| RarzON®

e

= =

— 4  -

 _5~, -

o

%%

T

o
Chicks

TTWE . In
-Gms,

Wt , in
QGmS¢f‘

‘No;

Wt in
| Gms,

W5,
£

Chicks| &

WE, in
Gms,

~|Chicks

Wt, in

'ING

-

W In]

o
| Gms, |Ck

o

5| Gms,

;Vt,'in

Chids

No

-

WE. 3in

~To.
Chicks

Gms ,

1

e
)

50

B0

136,00
185,85

| 67.00

[ 69.66]

25
29

104 ,26]
112.27(

28

8 |

157.77

\167196

17
27

228,65
238,48

26

17 

 5Olb29
1%25,00

 1,
2%

1373,86

410,42

- Gms,

R 60

B5.92 [

[ 66.45]

52

108.73]

46

T65.58]

77

254,68

75

815.65] 41

1592.05]

=

786,89

55

1604777

"b’

30
30

a

36.03

36,33 | 26

69.85

170.96]

21
23

(111,52
|109.52|

16
20

146,81

162,15

20

211.86
227.85

15
19

287,71 15
320,11

19

 564;55f
|417.53]

60

36,18

70,38 |

44

[T10.48]

36

’ 155‘55_

35

221,00

B4

306,36| 34

394,20]

29

491,96

28

614,14

N

o'@

30

I 0

36,46
55,80 |

73.82

69.87|

26

22

118,00]
116.25)

24
20

173,12

178,40

24
20

235,95

252,50

24
20

325,67]

549.40| 20

20

445?95

459.55]

60

72,00

48

117.22]

44

1175.52

44

243,47

44

554,18

40

‘.452‘75 

40

555452

;57

667.46 |

'o‘m*

- 30

30

26,36 |
36,17

: 77 .61

17274

26
28

120,00/
119,64

25
28

1179.00
(171,57

25
26

249,24

247,26

25
26

|346,88

329.96|

25 |

434,68
433,34 |

60

186,20 |

v,75s82

o4

119.81

53

1175.07

51

248,23

51

358.25] 50

434,02

50

558,92

50

658;94'

o o

30

30

36,23
55.90

76,14

71,34

29
21

124,45

113,11

28
21

191,71
177.15

28
26

268,32

254,08

28
24

"365a00

354,29] 23

27,

484,551
457,04

60

36,07

13.79

3

o5

184,56

7S

261,46

Se

[360,05( 50

491,90

48

571,47

48

694.19

oo

30

50

36,20
135,60

69,61

7%,00

24
25

T21.17
115.64

24
24

187.00

181,92

24
23

1260,42

268,117

23

22

ey
20

374,00
373,95

481,00
505,50

35.90

L 13.24

48

118,35

78

184,46

47

262.71

45

1373.97| 44

491,93

Az

755,86

30
30

oD

36,03
34,95

| 70,76
;670r4

28
28

117,32
109.50

26
28

[189.15
1177.86

26

| 2T

265,16
271,22

26
21

381,31
391,41

25
26

497,72

|510:69|

44

610,54

60

5,48

69.17

. ; .

———

———

56

115,41

54

183,30

e e st
*Tor QOmposition.of rations, see Table
*#Lots & and b combined at end of sixth week,

N

[263.51

53

51

386 .45

-

]

¥

xxxAverages based on total weight of total number

of chicks, :

T

504,33

50

e T

1619.62

50

755.82

e o
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Table 6

Weekly Mortality of Chicks

. (Bxperiment 1, Series 1)

| Rations:

"1

2

3

| No, of Chicks Started:

60 |

60

60

'60' 

60

60

60

. WEBKS

_l

10

_ 5

SR

‘No, of Chicks Pinished:

=

28

87

50 |

48

43

50 |
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Table 8

Analysis‘of‘varianoe 3

(Séries’i)

| Veristion |
- Due to

‘Degrees

. of

Erﬂeamn;

Sum- of E%nares

~Varisnce |

' Standard
‘_Deviation

| Rations or

Treatments

‘*s€57,973"

1 Brror

284

5,148,007

| 1,108,45

3%.29

| moran .,

. 290

o550
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Table 9
Statisticai Summ ary

Anslysis of Significamce of Differences
(Bxperiment 1, Series 1)

1 |- | x| s | s | s | s

S = Significant
N = Non-significent




Average Weekly Wel ghts of New Eampshlre Pullet Chlcks

I ,CExperiment 2,

Table 10

~ June 10-July 5, 1942

Serles~l)

—

3

4

s

No, |

BT | | Wt,in
|| Chicks

Gms,

No,
Chicks

Gms,

We,in|

To,
Chicks

W ;V:"i

Gms,

n| Wo,
| Chicks

No,f

Gms,

W’G‘,‘iﬁ :

o,
Chicks

Tus, in|

V;Chicks,

Gms,

Gms,

Wi, in
tChicksf,

“To,

Wt, in
Gms.g

To.

Wt, in
Chleksl ‘

Gms,

1 25

;56.52n

jEl,

60,71

17

1102;64~

17

‘ 155,59"

17

| 251,00

17 |

515,12

15 '

435,20

15

‘691,8Q

23

135,13

21

.v66'70

Bk

95.24|

18

| 145.50

117

223,18

17

| 224,94

17

}459;55

16

686,50

23

35,48 2

;57.15:,

25

100,32

23

| 158.86

242,50

23

o 541018

25

464,47|

22

699.04

23

56.52 |

22

”6G.S7E

22

| 105,32

22

.;k

RERIA

;259.68 |

ez

| 340,41

22

475,04

19

726,10

23

5669

23

'.61.52;

23

105,91

23

174,04

21

| 266,33

21

|e62,28|

1490.00

20

709,70

25

34,61 |

22

l61.64

21

106,19/

el

l172.33]

21

263,57 |

21

357,66

20

474,35

19

724,47

2l |34.00

55.94

~18, 

‘\95005'

k,18; 

k164.44

18

|258.00]|

18

B62,00|

18

469,44

18

722.78 N

% For composition of rations,

see Table 3.




= B -

Tabl@ ll

Wéekly Mortallty of New Hanpshira Pullet Ohlcksk

CExPerlment 2, Series l)

Retioms: |1 |2 |s |4 |5 |6

No, of Chicks Started: | 23 | 23 |23 |25 |25 |23

21

_ WEBKS

| Mo, of Chicks Finished: | 15 | 16 |22 |19 |20 |19

18
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 Teble 15

Anelysis of Varience

-

. Vo

[ Veristion
- Due to

 Degrees
- of

- Sum of SQuafésf
o (sxB)

~ Varience

| Stendara |
| DPeviation

k‘fRations or’
| Treatments

| Fresdom

 £

©1,462,008,10

Error ‘ k“‘

122

| 2189704a95 k

1,792.67

42,84

I

| moman

128

7 -
T S

1,680,714.05 |
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‘Table -'14

Statistlcal Summa ry o
Analysms of Slgnifleance of Diffarences ]

New Hampshlra Pullet Ghicks
(Experlment 2, Serles 1)

RATION ||

W

frs ;

Significaﬂt

Non-significent
Approaching Significence




; Table 15 , .
Average Weekly Wélghts of Cockerel Chleks
; * June 30~ July 29, 1942

(Experiment 3 Serles l)

T , - No, |W§,in | No. Wt, in |- No, ‘Wt, in No, |Wt, in | No,“-Wt inr
Chicks| Gms, Chicks MGmsé_v Chicks, Gms, Chieks Gms, | Ghlckslq&ns.

S 8L |34,83 | ‘51 ¢ 75;6;  30 166;63 B0 176,07 | 25 241,52 '

2| = |ss.m2 | s0 | 7.7 | 28 |102,17 | 28 |163.82 | 22 |em4.1s

3 - 30 |s6.80 | 30 | 78.37 | 30 |112.67 | s0 |186.57 | 25 |260,88

4 |l so fsaqm | 28 | 76,18 | 28 |106.39 | 28 [172.95| 25 |228.56

g | 0 _35,857  f;2§‘ ' 75,42 | kéé 07,54 | 26 |174.88 | 22 "255,45,:

6 | =0 |ss.95 | =m0 | 74,47 | 30 [120.40 | 3Z0 [182.80 | 25  |264.04

?7 | | 30 |36,03 ~  29 | 74.45 ‘28"7120,21‘  28 192,92 | 24 | 279_5411

* Eor comp081tlon of rations see Table 5

g9 |
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‘Table 16

 VWeekly Mortality

k»f(Exp’erjment %, Series 1)

Metiemes 1 :lz |2 45

No, of Chicks Started: | L | 31 | %0 | 30 | 30

. WEEKS

B - - -1 - ',',:

A0 RN RER NS SO R B O B

| No, of Chicks Finished: || 25 | 22 | 25 | 23 | 22

*Four chicks ‘teken from each 1ot for enalysis
. at end of third wgek.



Table 17

B Average welght of Parts of Rapresentatlve Ghlcks from ExPeriment 1, at Elght WEeks

(July 28 1942)

I GHICK WEIGHT ;£,;;' R WEIGHT N GRANS OF W VOLUME Im C.C. OF
”RATION BAND OF . |Mestes| Splean Heart leer Burse Gizzar& Gizzard Proventrlculus Intestine|

No. ‘vNO¢ | CHICK ) c . ‘Fabriclus,k . : , L , ; '
| 112 | 780 .70 |  2 00| 4,90| 21.8] 2,90 | 22.69 | 20.00 6,50 58,0
-1 | 121 919 1,00 | 1,50 5.40] 22,0 5.40 29.40 || 25,20 | 6,60 60,0
. 7| 280 | 815 | 2.40| 1.60 5.45| 21,3 1,90 | 21.20 22.50 5,10 61.0
Ave. S 858 ’. 1,3 | 1,70 5,23 21,7 5,40 24,45 ‘22557 k 6,07 59,6
| 218 | 822 | 1,10 1.90 4.80] 28.0] .20 | 25.05| 24.60|  6.40 55,0
2 | 2172 589 +20 . 1,60 4,30] 17.3 1,30 | 21,10 20.00 4,90 . 58,0
294 | 599 48 | 2,601 4,90| 17.1 59 | 20.49 | 20,10 4.79 - 2L.0
Ave, | 670 59 | 2,03 4.67| 20,8 - 1.69 22,36 | 21,56 5.30 54,0
| se5 | 885 .80 | 2,10/ 4.,70| 25,0 .80 | 21,50 | 20.50| 4.0 | 74,0
3 | B02 935 60 | 2,900 5,89] 24,0 1,90 23,20 | 22,30 4,60 68.0
| 335 817 .80 2,40 5,00| 23,5| 4,30 | 24,90 | 24,80 5,10 70,0
Ave, 879 NE 2,80/ 5.19| 24,2/ 2,80 | 25,20 | 22,50 | 4,70 70,6
| 200 | 7224 .70 | 2.00| 4.80| 21.8] .30 | 23,50 | 23.20 5,40 60,0
4 408 | 1718 .65 | 1,70 4,80| 20,7 2.80 22,20 || 20.50 5,10 65.0
8 453 | 897 .90 .70 6.10{ 23.1 3,20 | 27,40 | 26,20 |  7.30 64,0
Ave, 779,6 | .93 2,10 . 5.,20| 21,8 3,10 21,30 | 23,30 | 5,90 63,0
| 520 | 970 || 1.50 | e2.20| 6.60| 25.6] 2.70 | 27.20| 26.20| = 6.00 73,0
5 561 835 .30 1,50 6,80 21,8 2,50 | 24,70 || 20,00 4,60 69,0
g 570 | 712 LA40 | 1.70| 4,30 24,4]  1.90 25,39 || 25,00 5,10 71,0
Ave, | 859 13 | 1.,80| 5,90 23,9 2,30 | 25,76 | 23,60 | 5,20 71,0
| 604 | 794 .75 | 2.50| 5,50 19.09| 5,10 20,90 | 20,00 - 5.60 54,0
6 | 622 | 862 W60 | 2,90 'Zé8o-,z4;5 4,20 22e50 24.80 | 5.0 22’8

, 690 | 94 .90 | 2,50| 6,301 25,1 4,30 26,40 || 25, 5e i
Ave, | Be8,6 .75 | 2,60| 5,80| 22,89 4,50 | 23,80 | 25,20 5,60 59,6
o ‘ T e 7 r a 8,0

704 919 4,40 | 1,60| 5.60]| 22,2 3,70 | 26,40 || 24,10 5.60 70,

9 | 777 | 610 .20 | 1,45| 4,10 18,0 .60 | 30,80 | 29,40 | 5.40 75'8
| 786 | 836, || 1,70 | 1.60| 4.20| 2B.4| 4.30 | 26,29 | 24.70 - 6.40 12;g

Ave, | | 788.6 | 2,10 | 1.55| 4.60| 21.2] 2.80 | 27.85 | 26,60 5.80 e




‘Ration
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~ Table 18 .

Ash Analys:.s of Ohleks Taken at Three Waeks of Age .
from EXpemment 3, Series 1.

No.

Chl ck Band

Bone:

Weigh't in |
; : Grams .

Ash |

Per Oen‘c
_Ash

228
234
285
240

145

155
205

189 . o
43;84(}5

1;7520

45.61

- 280
461

243

135
172
162

124W,:.7

 541995‘1

1,49%0

46,66

293
304
306
301

194
185
154 -

| =.3552

| 15774 |

47,01

517
329
BB
-4l

145
155
172
159

5.3553

1,5542

46,%4

385
407
411

157
149
120
150

| 5.0687

1,4340

' 46°72

349

356
STL
319

184
164
149
178

33,6824 |

1.7262 |

47,52

NPT
436
438
473

172

18l

,175",', T

3.9546

-1.8658fJ 

47.42
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‘ Tabla 19

; Ash Analys1s of Chicks Taken at Bight Weeks of Age
: L from EXperlment 1, Series 1,

*'chick‘Ban&f ‘Weight in | ‘Bome | Ash | Per Cent
; Noy, s Grans o R SRR Ash""

ool die | g8 | so1798 | 1.5572 | 49,0004
i) lexr | 919 | 3,8197 | 1,9825 | 51,9019

AL 180 815 | 3.1195 1.5588 49.9695

ave, | | Bm T ":~ | 50.2912

- -/ -S| 589 | 3.3472 | 1 7566 51,8821
o 294 599 2,3120 | 1,1145 | 48,2050
AT | 818 | | 4941589

| mes e8| mimilo | i.é662 | s0.sesl
3 | 302 .98 | B3,8618 | 1,9765 | 51,1808
| Aveo | 819 T 50,5147

S ,,i"400”7""”724"j‘“'2.8304' 11,3593 | 47,3184 |
4 | - 408 ‘ 718 | 2,8491 | 1,4405 | 50,5598
i 455 897 . | 3.4073 |1 6875‘ 49,5260

Ave, | ' 1196 4 | | 49.1347 |
oo 520 | 970 | Bls673 11;7582"'49;2866"‘,
5 | 561 | 835 2,8040 | 1,3898 | 49,5649
~ 570 712 . - | 2.7979 | 1.4397 | 51,4564

AVe. "‘f, R R L ~ | 50,1026 |
o eea ) 94 1 2.8882 | 14587 \50'4025 7~‘
6 622 - 862 5.6475 | 1,9012 | 52,1234

~ | 690 | 949 . | 35,8866 | 1,8911 | 28,6569
 Ave, | o} 88,6 | | 50,3616

S qoa T oie T | sasis 11,8685 | 49,9424
7 117 |60} 2,1772 | 1.,0838 49,7795 |
: f 186 836 5.3332 | 1,6106 |48,3199

ave, || omes.e |, | |do.ane

T O
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"Table 21

Chemlcal Comp031tion of Feeds Used in EXperlmantal Ratlons :

(Series

2)

| Fesdstufs

Pro-

ro- | Fat
| tein | o

Pibre

gerL—~
free

Mitro-|

Extract

Min-

eral | . -
Matter|

P

[Cp.pan.).

Wheat
"Fish Meal

 :Wheat Bran
Dehydrated
- | Ceregl Grass
Dried Milk |

| 34.8

-~ ~Powder

Limestone -

Eish 0il
Salt
| B-Y

| ’B-Y:A

| 14.0
| s
‘15.8*

21,1

240 mlcrogvans of vitemin G per gram
= 108,960 mierograms per pound

1.7
48]
5.0]

2,8

.‘9

 9.5f

16.1|

5‘?,0.
0.7 -
5443

- | 50,10

- -
-~ -

70,00

39,80

1407
6.0 |

2.0 |

04

9.09

.11

‘ 1,92

S 1.27
39,20 |

4,70 |
1,21
| s22

e
40
119

30

.’. 6
200




Oomp031tlon of Experlmental Ratlans (In Pounds)
(Serles 2) . =

| Peedstuff

R &

Table 22,

| Pish 0i1

| Limestone

;Wheat‘ ’
Fish Meal
Dehydrated

kiB“Y

quder'~

& iédized'Salt

| Wheat Bran

Dried Milk |-

~1,00]
2,00
1,00

85,50

12,50

78,75
12.25

| 5,00|

1.00|
2.00|
1.00|
76.00
12,00

2,00
1,00

5,00

3,00

1,001

1.00
2.00
1.00]
|75.50
11,50

78.00

12,00
- 5,00]

1 1;004

1.00
2,00
1.00

5,00

1,00

5,00

'1.00
2,00

1,00

83,00
12,00

1,00

Sl
1.00

74,00

10,50
5,00

. 3.00
1,00/

2,50

1.00]|

2,00 '
1;00

J74,50

11,00
5; .0»0 .

3,00

2,50

ad&ed

at the

rate.

of 4 oz,

per ton,

Celodlsted

 nsoy

kadé&ﬂ{

2057

20,64

20.51

20,43

20,42

20,38

20,59

Celoulated

1l 1299

16,30

15,90

16,19

15,83‘

11,91

15,61

15,69

Il Bran _ |Protein] |
Ldabent (%) C@ﬁﬁﬂ&ﬁb,”i<‘




Tabla 25

The Oalculated Mlnaral and Vitanln Oonjent of the Ratlons :

(Serles 2)

. Feedstuff

| fmount

Cal cium

'7Ehos-

Vltanin D

phorus (Units .

v1tam1n‘A

- (Units

‘Ribdflavin’
| (Micrograms -

Pantothenic

Acid -

| ;RATION 1
°,E1sh 0il

| Todized Sals
| Lhimestone

| Wheat
Fish Meal
Total

RATION 2

Fish 041

Todized Salt

| Liimestone
Wheat

Fish Mesal

| Wheat Bran

Total

8-S B e 2SS

% o 00 PO

1,00
1,00
2,00

83,75

(1bs.) |

12.50 |

7600
.0250.
1250

: . 5590 : : 9
aloo | C

- | 45,400

;per,lh,);

454,000

11 690

_per 1b,)

33 400
'56 250

(Units perib,

58,480
2,500

11-100,00

1.5100

465 690

89,650 |

60,980

wf“¥900u;

+0151

L7600
,0236

. a7105
,0060

00769 |

1650 ] 45;4°a;°

‘,41656?90[ J«~

896,50

- | 45,400

,4018
10660

886 | -

454,000 |

11,025

150

31,500
55,025

f‘B,QQO;,u‘W,,

609

559125‘
T2.450.
-9.000

1.5001

;'8064f[ 

- 465 715 |

91,525 |

66,575

0080 

T 4 65705

.666

| @015075‘

915.25¢

(contlnued next page)
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o Taﬂl@f25‘(cont;)‘

. Feedstuff

fAmoﬁnt

Calcium

‘Vitamin D

Phos-=‘ (Units .

| Vitemin A

(Uh1ts

per 1b, j:

Riboflavin
 (Microgrems |

Pantothenic

Aeid

BATION 3
Fish 0il

| Iodized Salt
Limestone

| Wheat

" Fish Meal
| Wheat Bran-
| Dehydrated Grass.

Total

osoboooo

1 (ihs.) |

1,00

1,00
2,00
76.00

12,00

5.00

5,00 |

.7600
,0228
6960
0060

‘~0570,'

 phorus‘

- | 45,400

3268
3916
L0660 |
L0066

[ IR SN [ P T |

_per 1b,) |

454,000

10,640

| 285,000

per 1b,) |

.

-

50,400
54,000

5,000
24,000

(Units per1p.)

9.000

52,300
2.400
- 9,000 -

100,00 |

1,5418

:;79¥0 | 45,400

750,890 |

115 400

72,700

1,00

1,134, 0 |

127

.0l542"

.0079

454 |

_1,508.9 |

RATION;A

| Pigh 0il
Todized Salt
Limestone
Wheat
Fish Meal

| Wheat Bran
B=Y

Total

1,00
1,00
2,00
78,00
12 ,00

5,00 |

1.00

.7600
,0234

6960

,0060

- | 45,400
5554

. 3916
,0660

O T R

o

454,000

f10:920_k
o150

31,200
54,000
5,000

| 108,960

53,700
2,400
9,000

90,150~

.0.000.0’\

100,00

1.4854 |

.795¢7 "45;406;

'{465 670

199,160 o

155,250

~ 1,00}

.0079

’;454:

4 656 7

1,555

01485

(contlnued next page)

~'1,991,6

en




'mableﬂéz'(eontj)

‘Eee&stuffi

Amount

CalciumI['Pﬁcé;

1 Vitemin D

(Units .

“Vitamin A

(Units

Riﬁaflavinf
- (Micrograms

Eantothenic -

Acid

RATION 5

: Flsh Oll

‘Todized Selt
Limestone
Wheat

| Fish Meal

- | Wheat Bran

~Dahydrate@ Grass
1 B=Y - ;

 Totel ......

20006608

. RATION §

| Pigh 0i1
| Todized Salt
Limestone -

‘, Whast

| Fish Mesgal
'B-Y

Total

§

s e poesse

'f:(lbs.),~

1,00
2,00
11,50

3,00
1,00

1.00 |

75.50 |
5,00 |

,760@
0226
6670
0060
.0570‘ '

phorus

per 1b,) |

45 400

454,000

I 10,570

150

285,000

pel" lsz' )

per 1b,)

30,200
51,750
5,000
22,000
108,960

51,600
2,300
9,000

9,000

9Qi150

(Units per 1b,) .

100,00

1, 5126,

750,520

219,790

162,050

1.620

©1.00

85,00
12,00
- 1,00

1,00 |

7600A4‘
,0249 I,

6960

01515 1;0077j

8569

3916-

 ',7?503°2‘

|| 454,000

o,

11,620

2,197.9

35,200
54,000

108,960

58,100
2.400

90,150 '

floa,oQ 

_1,48@9’

f67485

.'465,5295

1 196,160

150,650 |

l.OO A

‘;01481

0075 ||

‘4,656;2

o 'l,9610‘6l

1.506

(concluded next page)

L.




 Table 25 (concluded)

LA I | 7 7 | Vitemin D] Vitemin A |Riboflavin| Pantothenig
Feedstuff | Amount | Caleium | Phos- | (Units .| (Units | (Micograms| = Aeid |
ol '(lbs;)\ : | pho:us _per 1b,) | per flb’,)u per ib.) (Iﬁarts per lb) :
RATION 7
| Fish 0i1 » 1,00 “ - 45,400 | 454,000 - “ -
JTodized Salt . 1,00 - - - » - - -
Lime stone 2,00 7600 | - | - - L e
Wheat 74,00 | (0222 | ,3182 | - 10,360 29,600 - 51 800
Fish Meal 10,50 | ,6090 | ,3444 E - 47,250 2,100
| Wheat Bran 500 | ,0060 | ,0660 - ; 750 5.000 9[000 B A
| Dehydrated Grass - 3,00 | 0570 ‘§0066 - | 285,000 | 24,000 9.,000 | 4
‘Dried Skim Milk 2;50 0@35 | .0030 - %25 | 23 ,150 6,150 o
| B=Y . 1,00 | ' - - - o |108,9¢0 90,150 o
 Total ;,,;..,, 109,00; 1 4577 '-.7582 45,400 | 740,435 238,560 168,200
| 1.00 01457 00738 | 454 | 7,404,35| 2,%85.6 - 1.682
e ZE. 2 b -, ‘
RATION 8 |
| P1en 011 1.00 - s 45,400 | 454,000 Z -
| Iodized Salt 1,00 - - - - - -
| Limestone 2,001 .,7600 - = & e -
Wheat 74,50 | ,0235 | ,3203 - 110,430 29,800 52,500
‘Fish Meal 11,00 | ,6380 | .3608 - 49,500 2,200
Wheat Bran : 5.00 | ,0060 | ,0660 - 750 5,000 9,000
| Dehydrated Grass 3,00 | .0570 .| ,0066 - 285,000 24,000 9,000
| Dried Skim Milk 2,50 | .0035 | ,0030- - 225 23,750 6.150
Totel ........ [100.00 |1.4880 |.7567 | 45,400 750,505 152,050 |  78.850
o 1,00 | ,01488 '} .0076 -| ‘454 | - 17,505,05| 1,320,5 788




i RATIQN*T*
~ Chicks|

b

Averaga Wéekly Weights
July l4-Sept,

2

(Experlment 1, Serles 2)

Tah

-4

le 24

..____,..___ vvvvvvvvvvv o et e i i et

‘of: Pnllet Ohieks
38,1942,

S S

H

‘No,

(WG, in,

,Gms.

Mo o

Chicks|

|Chicks|

Lms,

NO‘

_Wt in:

Gms,

‘No,

o, |Wt. in
Chicks|

Gms,

No,

|Chieks|

AW, dnf
{Chicks|

Gms,

To,

Wt in

?Gms.s,,f.

28

88,67

28

l1s.75]

,27?

|252.37

;25

 |Z28.08]

41%,61 |

23

546,22 |

28

56,90

28

110,11

04

229,58

291,90

1

1363.19

21

  461;097‘

36.60]

’27_,

105.59]

25

235,84

23

|509.04 |

23 .

‘388;52'

: 25

514,00

28

37.50|

23

|122.26

21

267,81

a1

|347.81

21

1409,24] .

21

549,90 |

”agk’

ﬁ 37,56‘

27

|msea)

27

272,21

26

350,23

25i

415,84

25

534,52

_28,_

59.50|

24

:118525'

191,

|255.10

,ﬁ19

|s54.21 |

141863

19

537,42

28

58,90

e

117,62

24

259935

24

|388.12

24

410,25/

24

539,21 |

28

57,80

,‘27

|109.00]

26

249,69

26

559,23 |

26

l412.96|

26"

540.38 |

* For composition of rations,

see Table 22,

94
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Table 25

 Statistical Summery

: Analysms of - Signlfleance of Differences
: (Expenmant 1, Series 2)

1 | -] s | s | wm s | s

. Significent
Non-significent ‘
Approaching Significance,

B
g 0 H
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 Table 26

nalysis of Varismce - Final Weights of Pullat Chioks

~ Veriation [

1 Due
o to

(Series 2)

Freedom |

s | Sun of Squares

- (sx2)

Variance

étanéard':

Deviation

Ratims or |
| Treatments |

‘Error

;;1174 E

771,245.7

384 ,030,2

-49é05‘

o181

I

1,155,275,9




Table 27

Average Weekiy Wélghts ovaoakerel Chicks s
, ‘duly l4-duly 31, 1942,

QEXperunent 2, Series 2, )

| maTTON*
|cnicks|

0

2

‘,4_ﬁ B

5

L]7f 

No,-

s,

in

k"Kok;

Chicks| |

We, in|_

bms

"o,
|Chicks)

We, 1

"o,

| Chicks

W, i
Gms,

To

Chicks

Wt ;‘ :Llfl

,Gms,

‘v NO;
|Chicks

WE, in |
fms,

>

‘38.10 :

24

B 116Q25,:

851,05

;545;25

20

592,90 |

25

38,10

21

1119,52]

S 372;94

450,14

18

575.85 |

,25 i

58,81

20

112 o7 O :

358,10

" |aa2 89|

19

561,84 |

25

38,20 |

22

'116;55;'

iy

20

“ g

I367.10]|

- 20

455.50|

20

597.50

2

| 88,81

23

123,52

23 "

279,09

25

_582,56i

23

458,08

23

585,83

| 24 |

39,04 |

V18

'i105.85; ,

18

242,67

16,

3217 .44

425,13

15

558.5%

“on

38,96

29

112,33

27

275,04

27

569.92 |

27 .

477,00

27;

671,18 |

25

58,44-

22

114,45(

22

269.54]

18

544,61 |

16

415.15

16

,561.00

,*~Eor,eamp031tion of rations, see Téble 22,

64 |
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‘Table 28

Stetistical Summary

Analysis of Significence of Differences
- (Bxperiment 2, Series 2)

RATION || 1 | 2 | 3 | 4 | 3 6 | 7

1 - a] s | m | m | x |s

8 |s| | x| s | s | ®w |5

- Significant
Hon—Signiﬁicanﬁ
Approaching significance,

=
nowon




uTable‘29

Analysis of Varlance - Flnal Weighﬁs of Oockarel Chicks

(Sarzes 2)

e ) -——-—-——-——————————H———-—————-— = = e e S A, e v et et

B Variation "] Degrees Sum of Squares' Variancelv Stendard
Due ; of v | Deviation
to Freedem S R : N

| Rations or | . S
- Treatments | 7 | - 93,615,14

i |Brror | 150 | 1,761,574.40 | 1,160,91| 34,07

TOTAL .....| 157 | 1,854,989.54
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Plate 1

Showing Differences in Shank Color



“ a2

Plgte 2

Pibia of Chicks Taken at Eight Weeks of Age from
Experiment 1, Series 1, for Ash Ansglysis



. g4 O

Plate 3

A Section of the Battery Brooder



?

£733-26 HRefiom b

35.92 Halion 7

ST b3
L bb7.46 Ratien3
‘A658-9% Ratron4

A1 Rafiond
{e‘z‘ﬁ folyon!.

Series 1

Graph Indicating Rate of Growth of Ghicks in Experiment |1




APPEI\TDIX, A-

Indiv1&ual Wélghts of Chicks in EXperlmant i, Serles l
, , at Eight Wéaks

o , ‘RArloN mo T T
1 B A '5 B T
662 578' 760 606 762 -1 189 900
674 | 1725 | 698 685 | 702 903 852
640 480 582 180 838 846 753
446 296 547 | 644 | 136 612 853
705 775 571 683 | 715 835 839
536 93 542 569 | 1707 856 828
585 80 156 | 603 662 742 | 193
475 | 513 - 646 842 604 | 805 | 806
683 603 672 788 | 687 123 826
380 | 677 590 671 | 635 g1le 687
362 836 588 634 867 816 813
709 | 688 663 646 | 832 813 - 136
681 | 706 | 552 782 694 867 6517

- 826 631 | 763 736 514 174 492
807 | 564 827 898 492 686 708

714 | 650 664 736 708 687 806
484 | 1729 555 780 | 518 727 790
632 | 572 8172 708 | 758 921 698
654 638 814 748 746 792 | 688
600 | 580 762 604 153 605 825
658 | Bi8 | 604 624 697 879 | 836
639 | 416 709 68% | 8178 671 630

571 426 464 843 | 466 661 594
553 594 597 | 456 | 400 769 837
676 | BO6 592 570 772 730 758
703 | 855 | 752 435 722 751 115
| 693 | 432 | 1726 448 | 860 696 792
556” 601 582 653 . 69 672 783

- 604 : - 758 452 |- 445 653 924
154 796 | 6l2 822 708 703
566 792 | 715 690 701 692
627 586 631 805 748 657

- 493 384 713 571 9L 734
472 | 665 125 631 783 781
B4T 466 706 792 - 700 830
- 709 | 675 542 674 736

| 1,095 708 788 563 707

i 817 156 513 591

177 712 142 534

595 640 502 818

894 115 614 864

831 676 662 726
762 | 626 656 457

503 696 , 788

| B14 | 910 806

708 | 634 482

sg : 25' 0Q

7 zn 25 o5
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Individial Welohts of New Hampshlra }?allets
- in Ihxpe,rlment 2,

APPEMQIX B

‘Series 1,

at Seven Weeks

 ruTIor w0,

1 2 : 5,, 4 |5 | 6 7
836 640 851 929 869 785 141
480 | 73 849 807 713 724 123
692 | 762 741 | 732 819 772 760
711 | 681 | 683 682 | 557 743 863
714 702 569 |° 723 570 862 853
691 793 689 . | 802 728 675 834
661 | 704 | 702 806 - 756 884 125
905 711 | 807 174 692 739 764
720 | 714 824 664 760 654 685
789 | 723 | 843 635 710 797 | 854
552 760 - 601 534 670 851 | 741
578 639 | 810 868 598 635 860
638 | 640 | 570 680 849 644 601
750 591 595 605 | 604 |\ 774 | 495 |
680 604 | 645 | 670 703 484 . 723 |
ool - 589 | 606 738 600 725 54
. 570 L 1709 704 735 484
- 555 689 . |, 1720 704 550
735 749 | 630 580 SRR
678 .| 81s E
152 o
704




Individual We ightsv

 APBENDIX G
of Chlcks in- EXperlments 1 and 2

Series 2,

at Seven Weeks

Hatlon No

4

"5

6

B

411
549

601
539
582
708

Qo0
263
519

| 610
720

763
652
453
332

| 652
- 610
584

709

660

i
614
313
580

269

425
460

695

425
508
500

585

400

549
320

- 310

590
670

495

440
530
291
482
340
324
490
528
430
470

610
6go
305
760
490
465
=

5
611
654
595
532
595
540
44Q
152
315
450

541
391
415
595
528
455
585‘
49
438
520
2]
552
518
350
598
4172
650
5%
620
368

5901 5

460
460
420
480
21
470
410
2
5
958
549
538
611
710

611

7170

450

670

01

560
570

420

Al 7T 5T

ol

S

7?

7

1
| 7

79,

|

oo

255
611
565
531

648
59

485
461
585
408
740
583

710
625
449
440
510

635

585

500

610

635

612
670

650

650
650
475
650
410

620

190

540
557

595
5170
540

564

549

1 485

500
279
468
643
411

589

490
551
564
453
621
560
560
425
613
449
579

524
625
591
456

645
670
711
623
650
499

540

605
530
589
661

255

649

728

-
605
485

499

501
503
570
500

520
4973

550

503

452
539
465
570
501
520

675 |
560
600
591
498
440
675
560
501

607 |

640
530
618
447
448

475 |

490
728
501
630
634
490
460
680

464

552 |

650

570
475

401

640

610
229

683

G%O
580
583

470
435
544

565
400
471

501
510

641

| 430

620
725
637

591

670
460
4
670
751

450
760
780

485
250
607

600
690
485
500
770
660

685 |

683

74L

670

585

135

500

478

490

625 |

465
481

449
370
483
570
575
628
638
580Q
549

618

530

486
584
560
495

660
440
610
549
638
510
214

95
685

522 |

508
475
521
710
438
401




