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INTRODUCTION

Previous work with egg albumen has shown that when this was used as
the sole or principal soursce of animal protein in rations for rats,
chicks, and other animals, abnormsl growth resultsd. In some cases &
pellagre-~like syndrome appeared in the experimental animala. Iimited
work with dried egg fed to shicks hes given somewhat comparable results,
Thile the work om this subjeot has been rather extensive, certainly the
problem has not been settled. Due to this end to the tremendous impor-
tanee of the Poultry Industry which in 1931 was the second largeat source
of agrieultural revenue, a continued nﬂwnngv study of the biologieal
value of eggs as a food is not only Justified but of great economic lm~
portance.,

¥or many years eggs, particularly in the dry form, and more often egg
@lbwmen, have been used &s a sourcs of animal protein im sutrition experi-
ments. Until recently egg albumin, or egg white, wes thought to be a come
plete protein exeept for glycine, an amino acid which meny animels can syn~
fhesige so that 1t need not be a part of their ration. Resently, howsver,
particularly sinee the components of vitamin B have been sfudied in so mmeh
fistail, egz white appears %o be lacking in some essential mmuirient not pre-
| wiously recognized, or it msy possidly comiain some toxie fastor. The pur-
pose of this study was 3 $ry to verify previous work regarding this defi-
. @ieney or toxieity and if possible to determine itz nature and location in

the egg., Chicks were used as experimental animsla,
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REVIEW OF LITERATURE

Linoseier (24) studied the toxicity of eggs as early as 1906, having
published an article on the subject in that year. He concluded in 1918
that there is some subatance in eggs which has a toxic eetion on some pre-
disposed humen individuals. The toxie substance is destroyed by heat sufe
ficlent to soagulate all the albumin in the egg, in the yolk as well as in
fthe white, Hs remarked that the resson cooked egg sppeared harder to 4i-
gest than raw egg was becouse it was digested in the stomach, while the
raw egg is not hydrolized until it reaches the Meatinas.

References concerning the feeding of eggs, usually in the form of
egg white or egg albumin, to experimental animels are mumerous and cover
@ period of many yesrs. Osborne end Mendel (29, 30, 31) reported that
ovalbumin geave adeguste growth in rats when 1% mﬁé up sighteen per cent
of the total diet. In the first experiment however, ovalbumin was fed
spparently to only two rats.

Bond {7) cbtained somewhat similar results when twenty or thirty per
¢ent of egg white was the chief source of protein. She admitted however,
that "the resulis of !».fw&ms the lactating rat and her growing young oa
the egg white diet ere not very conclusive™ as the results were not satis~-
factory.

Boas {4) fed rats dried Chinese egg white at the rate of twenty per
pent of the diet and found that 1t gave satiasfactory growth for from four
to six weeks, but later 4id not supply adequate nitrogen. Even though
marmite was & pert of the ration used, loss of hair ocgurred in the rase,
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gre is a complex syndrome arising from an sssoclation of various factors, |
in which the deficiency of an emtipellagre fector (Goldberger's P-P fac-
tor), ..wgw is ,maaaﬁvw? but not necessarily, identical annw‘ the growth
promoting vitamin Bg, is the main bdut not the sole factor.®

Considering the information availsble at present pellagra in humen
beings, skin lesions in rats, and the pellagra~like syndroms in chicks
ars in some way linked up with the vitamin B complex so that this must be
considered necesserily im a study of the pellegra~like syndrome in chicks,
which cen be caused by feeding dried egge in certain rations.

Beuge and Carrick (21) firat reported in 1926 that vitamin B consist-
ed of two parts and that yeast was poor in the antineuritic substance but
rich in the growth factor. On the other hand corn was reletively anti.
neuritic but poor in the growth factor.

Chick and Roscoe (8) in 1928 supplied further evidence to the data
already published by seversl others of the dual nature of vitamin B,

They described an improved animsl technique for the study of vitamin Ba;
suggesting in addition that many of the sonflicting results obiained pre-
viously in studies of this complex might have been due to the use of
‘easeinogen associated with varying fraotions of w»«un»n By. They pre-
sented & method for the complete purification of ¢aseinocgen. Later the
seme suthors (9) found fresh egg white o be rich in vitemin Bp, but de-
void of vitamin By.

Aykroyd and Roscoe (2} reported that the vitamin Bp valus of wheat,
maige, and dried pess wes poor, while ox liver, yeast, and fresh whole
milk were sxcellent sourcss of this vitamin, “Dried meat end egg yolk are
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objestives

The objectives of the experiments described herein weve as follows:
1. o determine 1f the pellagra-like syndrome was due to &

deficioncy or toxicity in the eggs.

2, To detormine whether the toxicity or deficiency was located
in the yolk or in the albumen.

3. To diseover methods of supplementing and maﬁ'lag the vgg
products to isolete the natures of the trouble.

4. To discover associated sympioms, inoluding growth, mortality,
appesrencs of the syndrome, blood hemwoglobin, and serum albumin
end globulin, in normal and affected chicks.

Hethod of Progedure

Yor the first three experiments day-old chiecks were savefully sorted
into lots of equal aversge wolght at the beginning of each sxperiment, and
banded at the time of weighing. Chiecks were usunlly weighed at two week
intervals throughout the six or eight weeks of the experiments. Jeed was
woighed in at the beginning of sach experiment and carefully weighed baok
on sach welgh~day; fyom these figures average rsed consumption gould be som~
puted on a chick-duy basis, Carefu}l chservetions of growth sonditions
were made regularly end detailed results recordsd om weigh-days. Partiou-
lar sare was teken to obhservs the incidense, severity, and duration of any
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pellagra~iike aymptoms $hat appesved. The ohicks in eash lot ware broodsd
in e six deck slestrie brooder for the first six weeks of any experiment,
¥hen experiments were continusd for s groster length of time, esneh lot was
agually 4ivided %o allow ample room and brooding conditions for as good
growth us the rations and ohicks allowed.

Resultes
Experiment 1

Tats Srisl was a study of the sffeet of sdding dried whols egg to a
ration low in %otsl protein, dut delleved otherwise complets. Twonty-
seven mixed heavy day-old chicks were used in esch of wo lots which were
started November 2, 1934, Reference to Obart Y gives the rations used,
growth curves, and mortalitiss. Ths sheck Lot 1 was fed a resion containing
tan por sens of dried dutternmilkk and five per gent of meat »ﬁw bone sorsps
{hereafter referred $0 es moat seraps{ as the only animal protein. This
gave nwwwutngg growth though somewhat ,vswcn what is oounsidered normal
or average. Lot 2 was fed a similsr ration except that 15 per cent of dried
ogg replaced an equal amount of ground sorm. The total protein im this lot
upa oomputsd to be 22 per cent compared to 15.8 per cent »ﬁ«wn cheek lot,
and while such s wide variation as this was mot the best practies, in this
preliminary trial the interest was primsrily in the probable toxie effset

In our previous work {44]) five per ceat of dried buttermilk had always
besn used with the 15 per sent of sgg, slthough later other sdditional



27 chiocks to each lot. Mixed heavy chicls,
: started 11/2/34.
Lot 1 Lot 2
% %
ground yellew corn 51 36
wheat bran 10 10
wheat middlings (stendard) 20 20
dried whole egg (commercisl) - 15
dried buttermilk 10 10
meat and bone soraps 5 3
ground limestone 2 2.
salt 1 1
cod liver oil 1 1
Totals T00 IT0
per sent srude protein 13.46 18.00
c.'h 1.43.94 1.55:09
GriS o
700
Vales Females
€00 Y |

800 //

/
4C0O ’
300
200 / / 1o ] /
266 /) //
ol Lot 1 1 SN NN S Jilh
249 )= Lo 1,24: Lo 2, |24. K

+
K3z

NCY

29 refers to number of chicks, male and female, livins throush ‘he
seven weeoks of the exporlrent., 2 in lot £ had severs slirped tendons,

Chart I. Rations, growth curves, and mortalities in Experiment I.
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supplements were used, and such a ration produced the pellsgra-like syn-
drome in & very severe lform. In thie experiment twice ae much dried but-
termilk and five per ceni of mest scraps were used. At four weeks of age
11 chicks showed only very slight indlcations of the syndrome, as avidenced
by trifling scabbiness at the beek junctions and some roughening of the
bottoms of the feet, In some cases only cns toe on each foot would be af-
fected and in no case were feet cracked or dleeding. it six ioaks only
four chicks showed motiseabls though very slight imdisations of trouble.

It would seem from this one trial that this method of increasing the
‘milk to ten per cent and adding five per cent of meat scraps almost come
pletely prevented the appearance of the syndrome, even though 15 per cent
of dried whole egg was used. This seems to indicate & deficlency rather
than a toxioity in the egas.

Growth in this trial was of great interest. 4% seven mks the males
in Lot 1 averaged 356 3 13 grams and in Lot 2, 575 4 20. The mean differ-
ence was 280 grams while the standerd deviation of this was 36. There was
‘therefore a highly significant difference betwesn the males of the two
lots. A% the same time the females in Lot 1 averaged '515_1-}15 grens and
‘those in Iot 2 618 3 18, MWaitzamaummm the SMD 27 grams,
‘This is also a highly aiﬁiﬁuaﬂ; differance. This ﬁmstmt«& the affi-
cisney of the proteins or some other fsata» in ‘tha dried sgg. 498 it wes
thought that in two lots of chigks nhaving fuch a mesn difference in welighd
at seven weeks, differences in mslahin might be found, this was deter—
mined on all of the chicks whieh finim the exgurimnt. Bemoglobin was
determined in chicks of Lot 1 when these were 48 days of age, and in Lot 3



~X9 ‘9 407 99 wue oy n@k 4 307 °g 307 Ul #v MOTLIVI SIYS Uy uiesoad epnao
9303 sums ouy 9479 o3 pesn Pureq eFeyusozed STN ‘uIesoxd TURTUS Jo easnow
oToR oys se P petap Jo Jued xed geuyY pey sem 9 301 ~edwios jeem puw
Arpmiossng uﬁé Jo sjunome Tsubs YIIM UOTLIUUIQWOD WY POSN SEA 3T IeUM
qOTHD oU3 WO 399336 837 puv FMe Jo STEAST IUSISIITP OMY JO 408336 oW
Lpnis o3 suk eyl *FFe perap 3,%%8 9Y3 Fuyeq JWeIIsa wiesoxd rwwymw:
£1u0 ey ‘uyejord Tempue Jo SUCTABUTWOD PO eJ0s § PuUS § 30T  “iyMold wnm
~33do JoJ moy Jewyex ‘4ued Jed g.°GY eEM WOTIEX STUY WP Wielcad epnie eyl
*posn juomerddne wysgoad Tewpue ATHO YUY SuM NTTEXesIny POIp Jo juee sod oz
' UOTUA WF 40T J0OWO © SuA € 30T *PEET ‘0T I9GUUOS PEYINGH SUA TOUFUADIUD
uzouPeT e3TYR quop eTFMIS gz Jo sued oAyl Jo Buyseysuco TETIS STUL

sjucuetddng JnOYsTA PUR MR ‘BFF perag uiIe sorpalm Jewsang
2 fusmiaedxy

*yuSoryudLe ATUIIY gou 4nq

$ueoIITudYe oq 04 PUNGT Suk SOUILIITID eus {Th) eousjass Aq pezivuw Sem

#iTusez oua Wews *o%o 0oT od wWead TET'0 F %°B ‘2 30T W§ PuE 6010 F 874
8B4 T 301 WOIZ SYOIYD JO POOIg JO jUOIUOL UTqOTIomey uvewm oyl

*{11) esasayog pue seung Aq peqiIosep 381y

POOTY +BPITQ JO UUOIIRTOR UTISWOY pyoe Jo »_ﬁﬁﬁﬁ 9800X0 JOJ FUOTIINIX0D

Bupyew snq ‘poysen (9g) Jewocorey eyl Fuien JojemOuUTqOTTFOMEY L[ODON JWOD

~#0} pescadu], o¥l YITE SpPUM Olou SUOTIPUTWISIA] “*SYIIWO U} POIPNE Ueeq

10U U9y OTUS GIMOWRTR PITNSEL 309JJB DPINOA UOTSUTHIGEED JO SWI3 WY eoue

«~19331p Aep oue emy 35Uy 34Suoys jou e8a 31 *Pre efep gb eles Loug weys

Qﬁﬂl



-~ 19 -

sept that six per cent of drisd yeast (not sutoclaved) was added at the
expense of an equal amount of ground yellow corn to study the velue of
added vitamin G. Reference to Choert II gives rations in mors detail,
growth curves, and mumbers of chicks living through the experiment. Tebls
1 gives edditional iammziun concerning this mrmat.

‘ Table 1% |
Protein and aiub?&h in rations, an& smﬂhia m‘rmt 2

Tot Wumber I 1 ) 8 -
Protein in ration  13.78 15.6 17.76 13.84 16.58
¢a in ration 2.07 1.8 177 2,08 1.88
P in ration 0.96 0.88 0.88 0.86 0.95
GasP / 2.16:1 2051 200 242l 195
Mean weight of males , | "

at 6 weeks 277 (10)** 369 (11) 447 (14) 360 (14} 451 (14)
do females 261 (34) 380 (14) 418 (8) 3BES (V) 463 { 8)
#ihpefers to mumbers of chicks averaged. {and Nutrition Subsection. |

*Analyses done under supervision of B. H, Thomes, Head, Animal Chemistry

In this experiment there were no evidences mmw of the pellagra
syndrome in any of the lots fed commercial dried egg. Whether this was due
'to the Leghorn chicks used, %o the brand of dried egg se it wes different
from that used in our previous work {(44), or to some other fametor, eould
1ot be determined from these experiments.

As the total orude protein was the zams in lots 3 and 6, growth could

‘be compared om an equal protein basis only in these two lots, UYhen the
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25 chicks to a lot started 12/10/1934.

5.C.V.Leghorna

Lot 3 4 5 6 7
% % % z %
ground yellow corn - 44 46 41 51 45
wheat bran 10 10 10 10 10
wheat middlings 20 20 20 - 20 20
dried buttermilk 20 10 10 - -—
dried egg (commercial) - 5 10 12,5 12.5
meat and bone scrap - S5 5 e -
drled yeast - - — . 6
steamed bonemeal 2 - - 2 2
ground limestone 2 2 2 2.5 248
salt 1 1 1 1 1
cod liver oil 1 1 1 1 1
totals ~ 100 00 100 00 Y00
per cent crude protein 13,78 15.6 17,76 18.84 18,58
Gms,
500 -
400 ;
i
300 }
200 |
100 —
0 PR SR
500
400 J
300 B
200 . -
100 PO
<14
O |1ot! 3 4 L aye.
124 25 |22
|

3 Refers to number of chicka, male

weeks of the experlivent.

ad ferale, s othroush the six

Chart II. Rations, growth curves, and mortalitiss in Experiment 2.
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and globulin in the first chiocks used for this work as compared to the
same proteins of dog blood.

Blood anpalyses in this work were made with blood from four chicks,
one male and three females. The mean percentsge albumin wes 1.65 and
gobulin 0.6, As these results were so decidedly different Irom those
reported by other workers for dog blood it was thought at first owr pro-
cedure was feulty, Conssquently one sample of dog blood serum was divided
and seven detemminations were made for ssrum albumin and globulin using
the same method exeept that the standerd tyrosine solution sontained the
usual 0.8 mgme. for both snslyses. The mean of thess seven dsterminations
was 3,97 per cent aldbumin end 1.53 per cent globulin; thess results agreed
with those of other workers closely enough to show that our analyties) pro-
cedure was not at fault.

The results of analysis of chicks*® blood serum in Experimesnt 2 are
glven in Table 2.

Teble 2

Percentages of serum albumin and globulin in bloed
from Single Comb White Leghorn chicks in Experimesnt 2

i Namber of ORACKS
imesn percent albumin:meau p p: Averaged for 1 snd 2
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Due %o the labor involved it was not possidble in this firat study %o
snelyss all the semples the Tirst day. Lots 5 and 7 were anslysed when the



ghioks were 45 days old; lots 4 and 8 at G2 days, and Lot 3 at 55 days.
The lota were kept om their experimentsl rations until sfter blood ssmples
were teken by the heert probe method.

When the resulis were interprsted by anslysias of varisnee theve were
5o significant differences in either serum albumin or globulin among the
lots.

Experiment X

In neither trials 1 nor & gould the severe pqllm—-liko syndrome
found in our previous experiments (44) be duplicated. Whils it was true
the rations used in this present study were not oxsotly the same as those
of our former ia@k; it waz thought the sourcs of dried egg might be re-
sponsible. Accordingly this sudjoot was investigated.

In most of our previous work {(44) the eggs used for Grying were
strietly fresh and dried in incubators in the ?m»mk Department. For later
experiments thers, a commerciel dried egg was used. Jecording $o:the manu~
fasturers this wes dried whols ogg. It may have beea made from second grade
eggs where the yolk and white could not be separated. Very little of this’
product is manufsoctured. In trials 1 and 2 1% wes found that the product
used was likely u Chinese reconstituted whole egz. Reconstituted egg is
made up, asccording to the manufacturers, of 75 per ceant drisd egg yolk and
25 per ém’t dried m albumen. On the basis of tgg analyses the mixture
should be made up to sonsiat of 65.6 per cent dried yolk and thas mat.axbuq
men. As the method of meking up the commerciasl dried egg used in owr form-
or work, a8 Wil a6 the different camsercisl Gried egg weed in Zaperiments
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1 and 2 was not investigated until after the experiments had besn completed,
the jobbars of both gw@u gould not positively state as to the method of
‘manufacture.

Experiment 3, consisting of six lots of 25 Whits Rock chicks eseh,
‘was designed %o wﬂ,&w these two samples of commercial dried ege, 8% well
‘a8 drisd ege aldbumen. Through the courtesy o the Director of the sgrieuls
tural Experiment Station in South Dakota, the commereisl dried egg left
iover from our work there was brought to the Jowa Agrisultural Experiment
Btation. It was dried shole egg and ealled Sammple 1. Fifteea per cent of
‘this and five per cent of dried buttermilk were the only animsl protein
supplements used in Lot 8. This was sxmctly the seme formuls as had given
| suel severe sigas of the pellegra syndirome in our previous work (44). 1ot
‘9 was the same exespt that reconstituted egg, valled mgwh 2, was used,
Lot 12 was the same as § except thet the five per cent of dried buttermilk
was omitted and the same amount of ground yellow sorn added.

Lots 10, 11, and 13 were fod 8.6 per cent 4ried egg aldbumen to supply
%the same level of erude protein as was obtained from the 15 per gent of
dried egg. Lot 10 was fed albumen plus five per cent dried buttermilik;
Lot 11 was the same except that six per cont dried yeast {not autoolaved)
was added, replacing ga&ﬁw amount of corn; in Lot 13, 8.6 per oeat albny-
men was the sole source of animel protein. HReference to Chart III gives
rations in greater detail, growth curves, and mortality.

Teble 5 gives other results of this experiment. Because sex determi-~
pations of chicke at six weeks of age in Lots 8, 9, arnd 12 wers umavoidably
Anmecurate, and undiscernible in Lots 10, 11, and 15 without destroylug tis
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Chart III

25 chicks to a lot started 1/26/35. White Rock chicks.
' Lot 8 9 10 11 12 13
% % % % % %
ground yellow corn 27 27 33.4 27.4 32 38,4
wheat bran 15 15 15 15 15 | 15
wheat nmiddlings 15 15 15 15 15 15
pulverised whole oats .20 20 20 20 20 20
dried whole egg sample 1 15 - - - - -
drled whole egy sample 2 - 15 - - 15 -
dried esg albumen - - 8.6 8.6 - 8.6
dried buttermilk 5 5 5 5 - --
ground limestone 1 1 1 1 1 1
salt 1 1 1 1 1 1
cod liver oil 1 1 1 1 1 1
- - - 5 - -
100 100 100 100 100 100
%’(‘)‘g' LALES AND FEMRLES | :uTHEE
300

100 // /’ | g

200 J”ﬂ.
"
—

Lot 8 9 10 11 12 13

i 14)

dys.

2 Refers to number of chlcks, male and female together, 1ivi
the six weeks of the experiment. . ’ tni throurh

Chart IIX. Rations, growth curves, and mortalities, in Experiment 3.
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"ghicks, the sexes were grouped together in computing the growth means.
} Table 3
Partisl data of Experiment 3, chicks § weoks of age

RS

i

56
0

‘Mean weight at six wesks 26% 328
a8
2

108
Per cent wortality 48

Bo pellagrs syndroms, A
nusber of chioks

Blightly rough feet,
nsusber of ohieoks 2

Slight pellagra ayndrome, |
aumber of chicks ] 5 1 & 8 0

Bevere pellagra sy
nuxber of chicks iy 2 1+ B . 2 ?

-
o8 EfF
E 8 §F

o
L)
o
»
o

A glance at Chert III shows that the crude protein from 8.6 per cent
dried sgg albumen, svem when supplemsnted with dried buttermilk, or with
tilk and yeast, produced markedly inferior growth to that ssoured from the
same smount of protein from dried egg. Egg yolk not only sontains better
protein or soms growth factor which markedly accelsrates growth, dut slso
a factor tending to prevent the pellagrs aynirome. When analysed by wvari-

" anoe there were no significant differences in the ‘gmm of Lots 10, 11,
and 13,

Weights of Lots 8, 9, and 12 when analyzed by variance showed a signife-
{eant difference. 7There was no signifiocant difference beiween Lots 8 and
12, or between Lote 9 and 12, The significant difference was found to be
batwsen Lots 8 and S, Tae better grewth of the lubter 10%, whieh was fed
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resonstituted dried egg and drisd buttermilk, probebly was due to the lapger
poroentuge of dried egg yolk inm the recomnstituisd egg ss compered to the
wvhole dried egg or Sample 1.

The pellagra syndrome in Lots 8 and ¢ was less ssvere than in our
previous experfments {44) oven though the ration fed Lot 8 was the m'u
used ia that work. '

Serem albwmin end globulin were determined in five ohisks ia Lot 11
and four in Lot 15 when they were 44 days of age; and in nine ohioks ia
Lot 9 when they wers 47 days old. Due to the labor favolved it was im-
possible to run all the shemical determinations of the thres lots on the
same dey, but chicks were always kept on their propsr experimental rations
until aftor the blood samples were taken. Table 4 gives the results of
these dstermimations. The chicks in Lots 1L and 13 were so mmall that it
was neesasary to pool blood fn soms few cases %0 get the requived quantity.
In Lot i two ohicks were wux‘w one pooled sample end a duplicste of
this determined. This meant that while five shicks were used two of the
samples were pooled and duplisates. In Lot 15 thres chisks were used for
one pooled sample, this Wm was imlmw& for a u«m& ¥rom only
one ehisk was sufficient blood cbtained to yield another dlood sample of sufe
fielent size. Wnile %00 few ohicke were used im Lots 11 and 13 for depend-
eble results as msepured by blood &ammﬁs&mﬁ such resulte offer ausgu»
tions for further study. When Lote 9, 11, and 13 were analyssd }m‘azlaﬂ.ﬁ
sally there were uo significant differences in the albwmins., In the Elebu~
1ins differences were all significsns except between Lots 9 snd 13,



Table 4
Serum albumin and globulin in three lots of Experiment 5

R n 13

Number of ohicks s 5 "
Nunber of samples 9 s 3
Mean peresnt slbumin | 3.5 B0 3.0
Mean pereent globulim | 0,7 0.8 0.8

The percenteges at globulin found in this experiment were close to
‘thoss of Kmmrmm 2, but the mm s vm&tﬁmn higher. As up to
‘this time serum uibmin and globulin haﬁ not been determined onm any "nor-
mal* ehioka, except possibly those of Lot 3, no Wrimu sould Be made
except with bleod from chicks in the sscond trial.

Experiment 4

This experiment wes primsrily to secure "sormal" chisks for serum al-
bumin and globulin determinations. However, as 110 Single Cowbd White Leg-
horn chicks were available, it wam decided to divide them into Swo lots to
study m valus of aﬁiw two per cent of see sand to one of the rations,
a8 both of these were relatively high in fibre. Referemes to Chart IV .
shows rations, growth curves, and mortalities for the six weeks of the ex-
periment. |

ot 14 was made up of 56 chioks at the sdart and Lot 18, 54 chicks.

As Upp (46) has shown that day-old chick weight is an unrelieble index of
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56 chicks in Lot N: 54 chicks in Lot O. started 2/14/35. 5.C.W.L. chicks.,

Chart IV Lot 1%“ 1755'0
ground yellow corn 31 29
wheat bran 16 15
wheat middlings 15 15
ground whole oats 20 20
meat and bone scrap 12 12
dried buttermilk 5 5
salt 1 1
white sea sand 0 2
cod liver oil 1 1

Totals 100 100

As well as supplying "normal'chicks for merum albumin and globulin
deter-inations, this trial is a study of the effect of sand for

arit *v rations containing largs amounts of fibre (20 4 ground oasts, etc.)
for bat*ery brooded chicks.

gms MALZ]
400

300 /

200 - // AZ/

100 L
0
Loj N Lot |0
vy 5 2 B2
JOLOMIER SO
400

300 l/’
/ )
K14 )

100 ) days
Lot [N /’//' Lot |0

Z Refers to numbers of chicks, male and female together, livin
through the six weeks of thé experiment, ¢ ’ K

200 /

O

Chart IV. Rations, growth curves, and mortalities, in Experiment 4.



wolght at two, four, or twelve weeks, the chicks in this experiment were
Bot weighed at the start, but sorted at random into two lots. 'The ¢hicks
were weighed at two weeks of age and wingebanded then. They were nish:é
only once more, at six mﬁm of age. At this time males in Lot 14 aver-
aged 418 grams and those in Lot 15, 415 grams. There was of dourse, no
significont difference betwesn these two meens. m! in Lot 14 avere
massamm&m inw&ls &mm There was & anuns.eal-
1y smiﬂm‘k &if!‘arﬁm Mm the mm of the femsles. Additional
work would be necesssry before eonclusions could be dremn as to the value
of adding send ﬁa such e ration, This was not followed up as 1t wee not
;;rimﬁr & part of this atudy.

To got so-called normel serum nlbm&n-ané gicbulin values in Singles
Comb White Leghorn chicks at eight weeks of sge determinations for these
protains were mads on ten chicks from Lot 14. These Tesults were nesded
to compare with blood proteins from chicks uﬂ’&e%& with the pellagra
- syndrome. By using the ratio af the standerd deviation to the significant
Man ﬂmamu it bad been tmﬁ that ten chicks supplied an ample mm-
‘ber of observationa. While growth records of Lot 14 ware aot kept after
the chicks were six weeks old, the chicks were fed their usuel ration un-
t1X after blood samples had been takon. Teble B uhmﬁ results of $his
work. | |

These results ars deaidedly different from thoss oblainmed in Bxperi-
ment 2, where the means of the albumin in the five lots tested ranged
from 2 to 2.3 per cent. ¥While the results are not strictly comparadble due
to the alightly differsnt ages of the »ehi-ﬂtt from which blood samples were
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Table B

Serum albumin end globulin in normal
eight week Leghorn chicke from Lot 14

_Chick Nusber ___ Percent Albumin

B.28 033
8.41 ’ 0.34
3.75 0.3¢
S.64 0.54
4.58 0.49
4.43 0,39
H.90 . ‘ 0.98
.28 0.54
4.28 0.24
4.21 P8 1]

R R

Mean + P.E. 4.18 « 0.5 # Oodd + 014

obtained they are suggestive that the ration does have a marked effect in
altering the blood serum aldbumin.

Po compare the serum albumin and globulin of blood of eight week Leg-
born chicks with that of Leghorn hens, the glodbulin was determined in the
serum of nine hens, and the albumin in eight of theses. The hens used were
81l one or more yesrs old and probably mot laying. The mean percentage
albumin was 2.2 and the globulin 1.7. From these results it iz obvious
‘that great changes ocour in these two blood proteins dus %o age as well as
to feed and this subject might be investigated much further.

Exporiment 8

This experiment was a brief trial based on the results of Sabry (36,
‘8Y7) a» appiied %o chisks. He has reported pellagra in human beings as a
$oxsmia due io his theorized dlexypheaylalenine. Ton e.¢. daily of a ten
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Chert V.

13 chicks to this lot, started 2/25/55. S.C.W.L. chicks.
Lot P 16
o
ground yellow corn 38.4
wheat bran 18
wheat middlings 15
pulverized oats 20
dried egp albumen 3.6
ground limestone 1
salt 1
cod liver oil 1
Total 100

1 c.c. of 109 aolution of sodium thiosulphate dally per chick
was Tad 1n the drinking water throughou! *he experiment.

G . Cos AND FENALES |Tea. iR
400 N L -
300
200
100 .
0 R
Lot |P16 nodnal Lerhorns

14
ys.

Only slx of the 13 chicks started in this lot lived to
six weeks. All of these had severe pellagra.

Chart V. Ration and mortality of EBxperiment 5. Growth in this Lot
16 as compared to growth of "average™ Leghorn chicks.
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ogg aldbumsn as well 'u of liguid egg albumen.

Lot 17 was a repetition of Lot 13 where 8.6 per scent dried esgg slbumen
was the sole sourgse of animal protein. As the total caloium and phosphorus
was low in theas rations, for Lot 18 two per cent of steammd bdonemesl was
added, at the expense of yellow corn, %o see if this addition would be of
any value.

1ot 19 was fed liguid egg albumen from sirictly fresh eggs. Iu sepa-
rating the yolks from ihe whites sxtreme gare was taken Shat the albumen
uf nover conteminated by even the alighteat smount of yolk. Sixty-two per
pent of iiguid slbumen supplied the same protein as thet cbiained from 8.8
per cent of the dried product. The liquid albumen was mixed fresh twice
dsily with 38 in{sr csnt of the basal ration. The latter was the seme as that
fed to Lot 18 except that the dried egg uldbumen hald been omitted.

Lot 20 was fed the same yation es Lot 18 sxcept that the comwercial
dried egg aldwsen used hed besn hested for 16 hours at 106 degress C.

Referencs to Chart VI shows rations used, computed saloium and phos-
phorus in the rations, wm surves, and mortalisies for ithe expsriment.

A% Bix weeke of age the mean weighte of the very limited number of
chicks which survived the experiment did mot differ significantly. MNerely
a glance at Ghart VI shous $he markedly inferior growih of all lots. Growth
wes so poor 1% was impossidle o distinguish the sex of the chicks at six
weeks without making post mortem examinations.

In Lot 17 the seven surviving ohicks all had severs 1o very severe
pellagra-like symptoms. Oftem the ghicks® feel showsd such severe smaciation
that 1t appearel as though nothing dbut skin and bones were pressnit. Tis
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21 chicks to a lot started 3/29/1935 White Rocks

Chart VI Lot 17 18 ;9 20
D e o
ground yellow corn 38.4 36.4 36,4 36.4
wheat bran 15 15 15 15
wheat middlings 15 15 15 15
pulverised whole oats 20 . 20 20 20
dried egg albumen 8.6 8.6 - -
dried egg albumen heated - -~ - 8.6
liquid egg albumen - - 62 -
ground limestone 1 1 1 1.
steamed bonemeal - 2 2 2
salt 1 1 1 1
cod liver oil 1 1 1 1
Totals 100 100 100 100
per cent total calcium 0.44 1.04 1.04 1.04
per cent total phosphorus 0.48 0.76 0.76 0,76
Ca:P= 1:1.09 1:0.73 1:0.73 1:0.73
Gms.
400
MALES AND FERNALES

300 /

\ i
200 / |

’,——f P _—‘,— —",4 ”’ﬂ/
0
Lot 17 1B 1p 2p normgl growth for
3 v 9 -6 8 whitp Rocks.

4
ays

Z Refers to the number of chicks living through the six weeks
of the experiment.

Chart VI. Rations used, computed calcium and phosphorus in the ra-
tions, growth curves, and mortalities in Experiment 6,
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manifestation was often spparent without any evidence of ¢racking of the
bottoms of the feet. In Lot 18, the nine surviving shicks 414 no$ show
guite as severs symptoms,. Thias may have been due to the change in the
mineral content of the »etion, ae compared to Lot 17, dut additfonal work
would be necessary to sheck this as so feow chicks survived,

In Lot 19, of the aix surviving chieks, .v.B showed no sigas of the
syndrome, the other four showsd siight to more severs indications of the
troubls. In Lot 30, where eight shicks survived, the syndrome wes veyy
severe indicating that heating the commereisl dried egg albumen exerted no
influence in fmproving ite nutritionsl wvalue,

It 1a belloved evident from this snd previous experiments that raw
egg albumen from fresh eggs, as well as commsreial drisd slbumen, sither
heated or as sold, is desidedly deficient in protein or in some umknown
growth factor.

To determine 1f ohicks from the above experiment wers permanently ine
Juved 28 of these were fed a complese ration using 12 per ocont meat sarsps
aud six per cent 4dried buttermilk ss sourees of animal protein. All but
two of theass chioks showed noticeable to wvery severe indications of the
' synirome. The average welght of these 25 ehicks at six weeks of age when
they were startad on the complets ration was only 112 grems., A% eight
weeks of sge they averaged 3585 grams, six showed no signs of the syndrame,
seven more wers almost healed and the reat rapldly healfng. At ten wesks
there were no signe of the pellagra syndroms whatever and the 25 chioks
had an averags weight of 531 groms,
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It meoms evident judging from this one ¢rianl that ahicke affected
with the pellagra syndrome can resover whem they sre fed a complste ratiom
and thet they are not permarently injured as evidenssd by growth amd

exteranl appearances.

Experiment ¥
Trials with Oosgulated end with Coaguleted Dried Albumen

As geverul investigators previously referrved to have shown that ¢ook-
ing g¢ albtmen redused 1ts Soxieity as measured by rat feeding experiments
it was m:aa’a to try to duplieate these resulss uam\mmm &8 experi~
montal antnels.

Fifteen Single Comb White Leghorn ehicks were uzed in each of two
lats for i‘eki# awi@t*whmh was starsed April B, 1938, lot 21 was fed
82 per gent of u«mﬁgwi sge slbumsn, mede by boiling either fresh wggs,
or infortile egge from incubstors. The coagulatsd slbumen wae carefully
sepurated from the yolk and mixsd with 58 per cent of the basal ration.
his xnttm was the same as used for Lot 10, 8ixty-two parts of such ale
bumen were designed to supply the same protein as 8.8 parts a? dried mlbuw
WOR. m retion fed to Lot 21 was mized twice daily for the first four
wesks of the exporiment, and three times daily for the remaining two weeks.

The vomﬁé dried aldbumen fod as the only animel protein %o lot 28
was prepared as fuﬂma Frosh or infertile eggs were boiled hard end the
elbumen very carefully separated from the yolk. The somgulated albumen,
after it wor minced into rather mmsll pisges, wes then thoroughly Crisﬂ at
100 degress C. This resulted 1z & dark brown very hard product. Omly with
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Thart VII S.C.W.L. chicks
15 chiclks to a lot, started 4/3/35.
: Lot 21 22
% %
¢ground yellow corn 36,4 36.4
wheat bran 15 15
wheat middlings 15 15
pulverized onats 20 20
coagulated epy albumen 62 8,6 dried at 100 deg. C.
ground limestone 1l 1
steamed bonemeal 2 2
salt 1 1
cod liver oil 1 3
100 100
62 ]f éoa;;ulated e alburien contained the same protein as
8.6 1 coarulated dried eprg albumen.
M.
400
LALES
300 l
200 /
100 / /
0
FEGALED
300
200
00 P /
// /,
o]
Lot|21 Lot|22
2{13 Sil4 <14>
dys,
% Refers to the number of chicks, male and female torether, 11i-
through the six weeks of the e;cperiment. ' , Mving

Chart VII. Rations, growth curves, and mortalities, for Experiment 7.



rats, thet cosgulating the egg albumen before fesding destroyed soms toxie
property which undoubtedly existis in raw egg albumen, either fresh or aried.
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g09d growth and chicks exhidited = very severe psllagrs syndrome,

Poor growth and the pellagra ayndrome in a» egually aevers form re~
sulted from the Teeding of either raw egg albumen or coumerciasl dried albw
men in u&wﬁu othervise gwa«? wwaw»g the dried albwmen at & high
temperature hnd no effect on its nuitritionsnl welue, However, when dried
ege was ussd at the seme protein level, growth was ineompsrably better emd the
pellagre. ayndrome pgaw gbsent. Vitamin & of the egg yolk probadbly was the
cause of the inercased growth, but there was undoubtedly a factor apart from
vitemin 4 which tended Yo prevent this nulritionsl disorder.

g work of other imvestigators is subeientiated in that comgulating
ege elbumen in some way markedly improves 1is nutrisional veluwe.

Henoglobin studiss ere veported for chicks from seven of the lots.

The range of the meuns of the lots wae from 4.9 o 8.9 grams per 100 ce.

The first report on the serum slbwmin and glebulin content of chick
blood is given. In normal chicks the percentage serum slbumin f» similer
to that of doge but the mw%ﬁ@ {s considerably lower. These blood son-
stitusnts vary %o quite sn extent with the retion and the ags of the ehieks
but the relation botween thess praoteins and %.u pellagra syndroms is not
elnar sut, ;,

~ Chieks mueh stunted in growth and showing the pellagra syndrome when
fod a §¥$4§¢§ for a short sime grow st & very rapid zets and all
oxternal signs of the autritional disease dimeppear.
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