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be onesthird of the total feed consumed by poultry (Heuser 1946), Infore
mation obteined regarding the mechanism by whiech corn, under certain
dietary oonditions, inoreases the niocotinic eoid regquirement of growing
ohiocks would be of extreme practical value as well as fundamental interest,
Knowledge of the same nature ccnoerning the action of certain tryptophane~
low proteins, sueh as gelatin and sein, would also de veluable in order

to appreciate mere theroughly the metabolism of nisotinie scid in chiockens,
Aecordingly, this investigstion was undertaken to determines (1) Why the
foeding of sorn inoresses the niocotinis acid reguirement of chioks. (2)
Vhy the feeding of gelatin and sein inoresses the nicotiniec acld require-
ment of chicks and whether the seticne of sorn, gelatin, and gein are
related., (3) Whether hens require a di etary source of nicotinio ssid.

It should be pointed ocut, haowever, that early in the course of
experiments on the feeding of sorn to chicks it was found that sorn oone~
teined an unidentified factor which was required by the ohiok, in sddition
to all the known nutritionsl essentials = ineluding niootinic aeid, fer
maximum growth, Another study was undertsken to idemtify this growth
fastor. Therefore, to faeilitate desoription and preserve olarity this
thesis is presented in twe parts., Part I contains the results ef nieo~
tinlc aeid experiments with ehicks and laying hens. Part II contains the
results of studies with chieks on the identification of the unknown
growth festor present in cora.



LITERATURE REVIEW

Elvehjem, Madden, Strong, and Woolley (1938) isolated niootinio seid
amide from & liver consentrate and reported thet it was active in ouring
canine blacktongue, a deflelency diseste analogous %o pellagra in humans,
Kieotinic scid was equally effective in this respeet., HNumerous elinical
reports followed showing that both nicotinic aoid end the amide cured
human pellagra (Spies et el. 1938),

Previous to the finding of Elvehjem and coworkers (1938), Warburg and
Christian (19834) isclated nicotinamide from coensyme II end demonstrated
ite' funotion as part of e hydrogen~transporting coencyme (Warburg and
Christien (1935) )s Shortly thereafter, Evler, Albers, and Schlenk (1936)
obtained nicotinamide from coenzyme I, snd it was shown that beth coencymes
were nigotinsmide ~ adenine = dinucleotides, but that cosntyme II contalued
three molesules of phosphoric soid while cosymase or goensyme I oontained
two, Thus it was established that a vitemin was a component part of an
important respiratory engyme systean.

That youny chiekens require s dletary scuree of niocotinic acld wes
first demonstrated by Briggs, Mills, Elvehjem, and Hart (1942), These
workers fed White Leghorn chicks a purified diet containing dextrin 681,
casein 18, gelatin 10, soybdean o0il §, minerals eand vitemins except nicoe
tinic aoid, This diet caused a marked depression in growth rate end the
appearance of a deficiemnoy oondition similar to ocanine blaocktongue. The
chick blemoktongue was characsterized by sn extremely inflamed condition of
the entire mouth savity end base of ths tongue. Normsl growth and health
was obteined by supplementing the diet with 1,8 milligrams of nicotinie

acid per 100 grams,



Previous to this findiang Dann end Hendler (1941) and Snell and
Quarles (1941) had presented evidence tlmt the chiok embryo synthesized
considerable amounts of nicotinic aoid during the incubation period. They
inferred from their results that the hatohed chick did not require & dietary
sourse of nicotinle acld,

Briggs, Luckey, Teply, Elvehjem, snd Hart (1943) extended the findings
of Briggs et al, (1842), They observed additimal deficieney symptoms in
chicks; namely, poor feathering, perosis, diurrhoa, end low feed consumption,
Moreover, they showed thet the breast muscle of daficlient chiocks contained
lese nicotinic ecid and coenzyme I than the breast musele of the controls,

Brizgs (19468) studied e nicotinie acid deficiency in turkey poults
employing a highly purified diet similar to that used by Briggs &t al.
(1542). He reported that the young turkey requires from 3 to 5 millizrams
of nigotinic moid per 100 grems for the prevention of deflalenoy symptoms
such as inflammetion of the mouth, diarrkee, low feed consumption, poor
efficiency of feed utilization, poor feathering and pereosis, Howevser, his
date indiomted that highsr.lwols of nicotinic acid were needed for maxi-
mum growth., Jukes, Stokstad, end Belt (1947) confirmed the findings of
Briggs (1946). These workers found that 5 milligrams of niecotinie acid
per 100 grams would allow maximum growth end prevent the ocourrence of
pdros:ls in turkey poults. Thelir diet was also highly purified and oconsisted
of starch 55,5, casein 20, gelatin 8, eorn e¢il, mineral mixture and vitemins
exeept nicotinio acid.

Hogsted (1946) reported that younz dueklings repidly develop & nicoe
tinic acid deficiency on & highly pnr’iflod diet (ulimil-'u" to diet of Briggs
ot al. 1942), In contrast to the severity of the deficiensy in the chiek,

the only symptoms obs:arved in the duckling were poor growth, diarrhea, and
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B vitemins, ineluding nieotinic aeid, but the rats grew very well, No
inerease in growth rate was observed upon the addition of nicotinie amoid.
Bireh ooncluded that micotinie meid 1s not an essential distary substance
for the rat., Dann (1941) fed rats a highly purified dist low in nicotinie
acid dut sdequate in all the other known mutritional essentials, It was
oaloulated that the smimals ingested 6 mierograms of nicotinio soid daily
whereas an snalysis of their tissues indioated that the vitamin incressed
daily by en average anount of the order of 200 mierograme, This evidence
supperted the finding of Birch (1939) that the rat did net need & distary
source of niocotiniec acid., Krehl, Teply, snd Elvehjem (1946a) fed rats a
highly purified diet essentiaslly freed nicotinie acid but adegquate in the
other known vitamins (with the exoeption of folio asid). A gain in weight
of 30 grams in 4 weeks was made on this diet, However, when 40 perecent of
the entire diet was replaced by yellow corn ar corn grits a marked growth
depression was cbserved (13 grams gain in 4 weeks). The addition of 0.5
to 1,0 milligrams of nicotinie scid completely counteracted the growth
depressing action of sorn, Addition of folic acid in plase of nisotinie
acid had no effeet. When the ossein level was raised from 15 to 20 peroent
some of tho‘ growth iahibitory effeot of ecorn was overcame.

In s similar study with dogs Krehl, Teply, and Elvehjem (1545b) re=
ported that the inelusion of 60 perecent sorn grits, at the expense of suerose,
in a synthetio diet caused marked loss of weight and desth of the smimals,
Without oorn the diet allowed normel growth snd health in dogs. The eddie
tion of § milligreams of nicotinic acid per 100 grems of diet countersoted
the deleterious sction of eorm. ﬁhurm som inoressed the nisotinic ameid

requirement of dogs, milk, which contains much less nicotinic acid, tended



to deorease the requirement. The suthors expleined the sotio: of milk as
being probably due to the establishment of an intestinel flors whieh favored
the synthesis of nicotinioc acid, On the other hand, the action of corn

was explained as being due to the suppression of a favorable intestinal
flore, or it was suggested that corn might ocontein substences which combine
with niocotinic eeid thereby meking the vitamin uneveilsble to the animel,

Sarma and Elvehjem (1946) workin. with chicks srowed that the ine-
clueios of corn in e highly purified dlet low in nicotinic soid depressed
growth, This effest of corn was completely counterssted by the additiom
of nicotinie seold.

In a very dramatiec study Krehl, Teply, Sarma, and Elvehjam (1945)
reported thet the growth retarding setlon of oorn on rats reesiving nicow
tinloe scidelow diets wes counteracted by tryptophane as well as by nicoe
tinic acid, This discovery immedistely explained the benefieial sction
of yood guality proteins, sueh as sasein, milk, and mest in the diet of
pellazrins (Goldberger, end Wheeler (1815}, Goldberger, Waring and Hillets
(1918) )s It ulso showed that a very close relationship existed between
an anino soid end a vitumin in an enimel's metebolism,

The importance of intestinal synthesis of nlectinic aeld in the rat
wes further emphasized by Krehl, Serms, Teply, end Elvehjem (1946). They
reported that the kind of ocarbohydrate in the diet and the level of tryptoe
phane influenced the extent of the undesirable effect of som. Glucoese,
dextrin and lectoge were benerleiel in thelr sotion, Nemwocorn Zletas whieh
were low in tryptopliane snd nileotinic acid gave poor growth when sucrose
wes used 2s the oarbohydrate. In the letter dlets normal growth was ob-

tained by adding tryptophanc or nicotinic seid, or by using s cerbohydrate



whieh produced a favorsble intestinal fleora. These workers pointed out
further that though polished rice, rolled oats, and rye all contain sige
nifiesntly less niscotinic acid than yellow ocorn, yet they did not produce
growth depression,

Woclley (1945) fed orel doses of 3=seetylpyridine daily (enalogus of
nieotinic scid) to mice end produced a marked depression ian growth and
some reddening of the tongue. The effect of this substance was counter~
acted upon the eddition of nicotinic aeid, or tryptophane (Woolley (1948a))
to the diet. It was explained that S-scetylpyridine prodused its effeet
by oompeting with niocotinie rold in certaln enzyme systems in the body.
Woolley suggested that corn may oontein a similar toxic matarial whioh ia
responsible for the growth depressing setion of this grain, This point
wes investigeted and s conomtrete was obtained fro: corn whish wha fed
to mise scted in a similar manner es 3eacetylpyridine (Woolley (1946b) ).
Its action was countersctel with niocotinic aoid. The potent "pellapragenio"
agent wes scluble in a mixture of chloroform and sodium hydroxide. The
aotive material has unot yet been chemically chareoterized,

Krehl, Zarne, and Elvehjem (1948) ext@ded their previous findinzs
on the aotien of sorn un'theégrcwth of rats, They showed thet by edding
asrtain tryﬁtophano—lﬁw'pfoﬁein; sugh a8 ioin, gol#ﬁin, end aeid hyﬂrolyzcd
casein to diets low in nicotinic acid a growth depression resulted which
was similer to that oauaed‘hy the feééiﬁg of corn. Moreover, they found
that the grewth inhibitlnz of corn was related to the nature of its pro=
tein. In addition it wes showm that when the casein of the basal diat was
replaced by fibrin, egz albumin, or soybean globulin the deleterious astion
of oorn in the diet wes prevented, This was explained as belng due to the

higher tryptophane content of these protelns,
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Working with ohioks Briggs (1945) showed that the presence of gelatin -
in e highly purified diet low in niocotinio soid oceaused growth depression
and the ocourrence of blecktongue. The addition of 0.2 percent dletryptophane
or b milligrems of niocotinic acid per 100 grems of diet counteracted the
inhibitory aetion of elatin,

In studies with swine Luecke, MoMillen, Thorp and Tull (1947) reported
that the feeding of a high protein diet (19 percent) oomposed of corn,
canin,‘ soybean oil mesl and a mineral mixture produced only mild symptoms
of & nicotinlc acid doficienoy and these were confined entirely to inflem=
mation of the solon. Ko symptoms wers observed when corn was replaced
with oats, On the other hand, the lw&lx:@ of the protein content { 14
peroent) of the cern diet osused severe inflammstion of the colon, less of
welzht, and disrrhea. Supplementing this Séht with 306 millicrams eof
dl=tryptophane per pi; per day gave excellent growth and na‘m.alr health.

Erehl, de la Huerga, snd Elvehjem (1“6) reported that niocotinis aeid
improved the utiliszation e!'- tryptophane in rats reseiving purified diets
centaining ocorn grits, In belance studles it was found that rats wrish did
not receive nicotinic acid only used 30 pereent of the total tryptophane
ingested for the synthesis of body protein while rats which received niso=
tiniec ecid utiliszed 70 p@timt-

the recent work of Rosen, Huff, end Perlzwely (1948), Singal, Briggs,
Sydenstriocker, and Littlejoln (1546) with rets, and Sarett end Goldsmith
(1947) with humans has shown that the feeding of tryptophane lesds to the
exoretion of very high amounts of Hl‘mothylnieotinmido in the urice,
These workers have iﬁéiutod that tryptophane may be an important pree

oursor of nicotinic seid (in the rat and man) and may explain the



u

sntipellagragenio activity ef sertain foeds such ss milk whieh sre low
in nicotinlie aeid, but riech in goed protein, -

Krehl, Hemdersen, de la Buerge, and Elvehjem (1946) investigated the
posaibility that the growth depressing astion of tryptophune~low proteins
such &= xein may be caused by an smino seid 'hhelmo. Only & few smine
nelds were fed in their experiments, but the resultes they obdteined led
them to emolude that the Sctal effect prodused by feeding tryptophane<low
proteins is due to an smino ecld imbalance., Of the single smino aeids
tested, zlyeine nwrcd) to have the greatest growth depressing action.
They further stated that the inhibitery sotion of som seemed to be totally
related to its predeminant protein, sein, |

1o the‘llghtv of our newer sonceptz of nutritiem end the analytiocal
dats ot hand on the niectinte meid ocnteut of various foodstuffs, Frasier
and Priedemann (1946) have rmluatod‘ the various diets used by
Goldberger and assooistes in their studies of human pellagre. They cal-
eulated thet the minimem daily intaks of miectinis aeid in  marginal diet
esntaining eorn produsts was ?;5 miliigrams por day. On a diet containing
eorn, but with small qﬁmtuaios of milk Iw n;lik products, or on a diet
without corn, the minimum requireasut was ealeulated to be about 4 millie
grams per dsy, It was emphasimed, however, that a liberal diet with
generous smoumts of groen vegetables and good proteins (milk, mest and
egzs ) appeared to be t&o best safeguard sgeinst pellsgra in humsns,
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o the basis of nleotinie acid values reported for crude sasein by
Cannon, Boutwell, end Elvebjem (1948) snd for liver fractiom "L* by
Hegsted (1948), the nlootinie aocld contert of diets 1080, 114GK, end
11300 was omloulated %o be 0.84, 0,84, and 0,06 milligrans per 100 grems
respectively. According to the values given by Bloek (1546) the 18
pereoent of casein ocontsined in these dlets would supply 0,28 grams of
Sryptophane, which is the ohick's requiremmt per 100 grams of feed s
satablished by Orau snd Almquist (1944).

Diet 113 (Table I) is & bighly purified diet and conteins all the
kaown essectial nutrients, insluding nieotinie aeld, required by the ohiek
for normal growth. It wes wsed as the bmsal diet for the identiftestien
of an unknown growth fastor coantained in eom,

Substitutions 4in all the ebove mentioned dlets were made at the
expense of the carbohydrate, Details of the various supplemeats which
were made to the diets will be presented later under "Results®,

In a majority of the experiments with ohicks Observations were made
on the condition of feathering at 4 weeks of age. Table II gives the
system mmployed in determining the feather score.

TABLE IX
SYSTEM USED I¥ FBATHEE BCORING

ADJRCTIVE BCORE HUMERICAL SCORE
Yeory poor 0
Yory poor plus 25
Poer ' ‘ ' 50
Poor plus N
Pair 70
Good 80
Yery good 90

Excellent 100
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The studies with laying hens (New Hempshire pullets ) were oondueted
in sonventienaletype steel laying batteries, Artifisial inseminations
were performed twiee weekly with the pooled semen of several Wew Hamp-
shire rocsters, Bggs were solleoted daily and stered in a refrigerstor
ot 60°F. uatil they were set. Weekly settings of eggs wers made and
hatohability recerded. On the twentyefirst day, all of the eoggs that did
not hateh were broken out and time of mmbryo mertality was determined,

Twe experiments were ocondueted with laying hens, The first experie
ment was composed of two groups of hens, four hens per group, It was of
thirteon weeks duration, The second experiment was occmpased of six groups
of hens, four hens por group. Your groups of these hens were removed
from sxperiment after twelve wesks, while the remaining two groups were
ocontinued until nineteen weeks,

In Table III the diets whicsh were used in the niocotinie soid experie
nents with hems are given, mcs 201%, highly purified, was employed in
the first experiment, It mi desizned to be low in nisotinie meld and
high in a source of protein low in §r5maphm¢. In the ohiok sxperie
ments it was found that bone ossein was as effiemeicus as gelatin in proe
duoing a iieﬂhii soid defisiensy and wx the ldﬁ#tﬂgi ofv not stioking
to the beaks of birds when used at high levels. Therefore, a high level
of bone cssein was ntii&nu u i:m L mw« gelatin,

Dlets 202N, BOSN, and 204N were used in the seeond experiment with
hens, Dlet 202K was designed to determine the effects of high levels of
sorn and oorn gluten meal o8 component parts of a nieotinie aeid low
purified diet on the produetion of & uicetinic aeid defieciensy in hens.
This diet was further varied by omitting the easein, or by addiang high
levels of gliyeine,
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Plet 203X was similar to diet R01N exoept that all of the bone ossein
was roplased with 10 pereent of gelatin, This diet was used to determine
the effest of high levels of glyoine in a purified diet ¢n the produstien
of a niootinic asid deficieney in hens,

Dhet 204N was similar to diet 205N, However, it differed by having
more gelatin and less easein. The gelatin used in this instance was flaked
and when fed st a level of 35 persent of the diet did net osuse excessive
gumming® of the beak. Diet 204N wae designed to determine the effest of
a low level of oasein and a high level of gelatin on the produotion of a
siootinio soid deficiemey in hens,

On the basis of nicotinic aoid wvalues reported for casein and liver
frastion "L" (mentioned previcusly) and for esorn and corn gluten meal
(Bale ot al, 1940) the nicetinte aeld content of diets 201W, 202N, 203%,
and 204N were caleuleted to be 0,568, 2,68, 0,63, and 0,6 milligrams per
100 grems respectivaly.

In diet 20BN the substitutions were made at the expense of yellow
eern, In the other three dists substitutions were made at the sxpense
of corn starch., Im all instanees, feed, water, and ground oyster shell
ware offered ad libitum.
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Figure 1. NICOTINIC ACID DEFICIENCY IN THE CHICK

Both chicks are the same age (4 weeks) hut the
chick on the left did not receive nico-
tinic acid*

20



The feeding of large amounts of com with gelatin gave results simie
lar to those with gelatin alone, Apparently the astion of corn snd gela=
tin was not additive with 10 pereent of gelatin in the dist, The sdditien
of nicotinic aeid to the sorn diets resulted in an unusually fast rate of
growth for the ohicken (appreciably grester growth than when nisotinie
acid was edded to the cerelose diets), (Cempare groups 6 and 14), This
suggested that corn contained sn unidm$ified gromthepromoting factor or
fastors not present in the basal dlet, Sirilar results were obtained
with corn when edded to the basal diet 11308 in the presence of 10 pereent
gelatin and nicotinic aedd., (A later portion of thiz thesis is devoted to
the fdentiffcation of the growth faetor in corm,) Tryptophane appeared $o
be scmewhat less effective when added to the corn diet than when added
0 the serelese diet (Oompare groups 8 and 16), |

Because fairly good growth was obtained by the inolusion of enly
§ peroent gelatin in the diet, whereas higher levels caused s marked de-
pression of growth, 1t seemed duiﬁhh to determine the oritieal level
eof gelatin supplementation where maximum growth oculd be obtained in the
absengse of nieetinic aseid. This point was investigeted employing diet
114GN whioh is esaentially the wame as diet 108GH. The results are given
in table V. |

It 45 ovident that of the various levels of gelatin used 3 pereent
gave the greatest growth respmmss in the sbeenes of nisetimie metd. Absve
thia level feod efficiency and festhering bessme poorer while the ineidenss
of blsoktongue, perosis, snd mortality inesressed. However, the maximum
growth, effisiency of feod utilization, and festhering that was obtainable
with gelatin alone was greatly surpassed by 6 or 10 peromt of gelatin in
combinstlion with nieotinie acid (Gompare group 2 with groups 8 and 9).
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TABLE V1

DETERMINATION OF CRITICAL LEVEL OF GELATIN SUPPLEMENTATION
IN DIET 113GN

AVEe.
GROUP SUPPLEMENT 70 BASAL W, ¥0. NO.  PRED
¥O. DIET 113aW KO, KO, 6 WEB. BLACK PEROSIS BPFIC~ PRATHER

(with no gelatin) CHICKS DIED TORGUR ~ IENCY SCORE

1 2% Gelatin ’ 8 0 120 O ) .566 43

2 5% Gelatin 6 0 181 o 0 42 ¢8

$ 4% Gelatin 6 o 198 1 1 AT7 &9

4 5% Gelatin 6 0 1715 8 0 +480 58

§ 10% Gelatin 6 g 135 8 2 «290 18

6 Asl +10mg¥ 6 o 1z o 1 518 27
Biootinie soid

T As24+10mg¥% 6 1 180 0 1 443 45
Nicotinie aoid

8 As3+10mg% 8 1 W 0o 1 «348 27
Niootinie soid

9 A 4+10mg¥ s 0 288 O 0 610 78
¥iootinis eoid

10 a5 +10mg ¥ 6 0 4 O 0 548 78

Nisotinie aeid
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;ww oomparing the aotivities of corn, corn gluten meal, eand gein
{groups 9 wo 13), it is evident thet the depressing sotion of ocorn is due
to 1¢s protein eontent, as Krehl, Sarma, end Elvehjem (1946) have likewise
reported in an independent »aa.-«»an«waﬁ. The deprecsing astion of corn
and sorn zluten meal was agein prevented by the presence cw nicotinis acid,
It 1s interesting to note that the u»menwuwo aoid which was supplied by
the supplemmtation of eats, oorn, and corn gluten meal was 0,50, 0.576,
and 0,750 milligrems per 100 grams “wnuhw»wwiow% as oaloulated from values
reported for these products by Hale et al. (1942). Although the corn and
sorn gluten meal supplied more nicotinle’ ecid €a the diet than did oats,
the latter grain stimulated growth whereas corn and corn gluten meal dee
pressed growth. These resuléa showsd that faeters other then the niecotinie
soid content of corn and sorn gluten mesl are responsible for their growth
depressing aotien,

uu..»_mm- ot al, (1942) determined the reguirement of niecetiniec aeld for
White Leghorn ehicke whioh were fed a purified diet containing 10 perecent of
gelatin, They reported that that species required 1.8 milligrams of nicoe
tinie acid per 100 grams of diet for maximum growth. Since our studies
were condusted with New Hempshires, a heavy breed, it seemed desirable to
investigate thelr requirement for nicoetinioc acid., Acoordiagly, this point
was investigated guantitatively, employing the highly purified diet 1130X,
Moreover, the requirement wes determined at two levels of gelatin, 5 par~
eent and 10 peroent,

Table VIII shows that New Hampshire chioks require approximately 1,6
milligrems of nicotinie scid per 100 grems of diet for maximum growth when

the diet oontains § percent of zelatin, The nicotinic secid contributed by



TABLE VIII

DEYERMINATION OF THE NICOTINIC ACID REQUIREMENT FOR GROWTE OF NEW
BAMPSHIRE CHICKS EMPLOYING DIET 113G + © PERCENY OF
GELATIN

VEL OF NICOTINI0 yi; R
ID ADDED TO BASAL ¥0. RO, WT, HO. ¥Q. FEED FEATHER

GROUP AC

NO. DIE? 1130¥ (with  CHIOKS DIED ¢ WKS. BLACK PEROSIS EFFIC~ SCORB

| 6% gelatin) GMS  TONGUR TENCY
1 Eene 6 0 goz 2 0 408 47
2 0.6 nmg 7 6 o0 118 1 2 488 46
3 1.0ng 7 6 0 204 1 SN S VIR ¢
4 l.6mg ¢ 1 368 O 0 .638 T4
5§ 2.0mg % ¢ o0 213 2 0 .669 78
& 2.6mg % 6 O a1s o g .87 7
7 6.0mg % 6 O 20 O 0 .63 T4
8 10.0 mg7 6 O 34 O 0 .51 78




the diet was ealeulated %o be 0,08 milligrens per 100 grams, Thus, for
the sake of round figures, the requirement for maximum growth msy be set
at 1,68 milligrams per 100 grams of diet, However, the requirement for the
prevention of bleektongue and percsis is probably slightly in excess of
2,8 milligrams, or approximately 1 milligram abeve the requirement for
growth, That nieotinic acid is required for normal feathering is apparent
(Compare groups 1, 2, §, and 4). The requiroments for meximum growth wnd
feathering appear to be the same,

The data presented in Table IX show that when 10 percent of gelatin is
present in the 4iet the niectinioc esid reguirement for maximum growth is
fnorensed, bdeing sdout 2,1 milligrams per 100 grems (taking into aseocunt,
again, the niocotinic acid contributed by the diet), The requirement for the
prevention of blaocktongzue snd perosis is prodadly slightly greater tham 3.0
milligrams per 100 grams of diet with this level of gelatin. Azain, there
is evidenec that nicotinic aeid is required for normal feathering and that
the regquirement for maximum growth saetisfies the reguirement for feathering.

Having been plased on a gquantitative basis s the foregoing data clearly
show that an inerease of gelatin in the dist from § peresnt to 10 peroeat
inoreased the nisotinio aeid reguirement of the ohiok,

In en effort to determine the sause of the growth inhibition in shieks
brought on by the feeding of gzelatin, in the absence of nicotinio aeid,
an investigation involving eamino seid studies seemed to de the most logieal
approash, Acscordingly, pure aminoe solds were fed, nlone snd in various
eombinaticns, simulating in most instances their relative cocurrences in
golatin, The composition of the smino seld mixture used snd the results
of the feeding trial are given in Table X» It should be pointed out,
however, that prolise escurs ia gelatin in fairly high amounts, At the



TABLE IX

DETERNINATION OF THE NICOTIWIC ACID REQUIREMENT FOR GROWIH OF NEW
HAMPSHIRE CHICKS BMPLOYING DIET 113GN + 10 PERCENY OF
GRLATIN

GROUP ACID ADDED TO BASAL NO. NO. W?. NO, NO, FERD FRATH-
NO. DIET 113N (with CHICES DIED 4 WES. BLACK FEROSIS EFPIC- IR

10% gelatin) 68  TONGUR IENCY SOORE
1  None ] 0 i 6 3 AT 32
2 l.0mg % 8 0 222 6 5 547 58
$ l.6mg 7% ] 1 262 3 3 .568 83
4 2O0Omg % ] 0 g7 8 s .618 78
8 2.6mg % [ 0 306 O 3 608 T
¢ 3.0mg % 6 0 298 1 | 640 66
7 6.0mg % 8 0 290 O 0 614 81




TABLE X

DATA SHOWING THAT 7HE GROWTH DEPRESSING ACTION OF GELATIN IS DUE TO ITS
AMIRO ACID CONSTITUENTS

AVE.
GROUP SUPFLEMENT T0 BASAL DIEY . % L 8 4 %€ FEED
HO. 114GN (with no gelatin) CEICKS DIED 4 WKS. BLACK PEROSIS EFFICe
pa ﬁm o 2““‘ Ut mp b Im@r

; 8% Gelatin i8 ¢ 28 46 16 +494
2 10% Gelatin 18 28 118 100 27 370
3 As 2 + 5 mg % Nieotinie 18 0 32 0 0 «608
acid
4 48 1 + 2% Glyeine 6 17 188 ey 17 +460
& As 1+ &% glyeine 12 25 146 100 9 437
8 Ae 4 + 6 mg ¥ Niootinile 8 0 314 9 ) 578
acid ,
T As 512- 6 mg % Wiootinie -] o 300 0 0 «870
8 M1 +4%0lyoine + 2B mg % 6 o 33 0 0 <574
Nimgio Z:i e
8 Glyoine + 26 8 0 295 0 0 + 588
b i oold mg %
0 in id i2 42 131 00 0 o457
1 As 1 +w§§.m ° a0 1
11 Y] lgd-r % mg % Hicotinie 3 ¢ 308 0 0 o577
12 As 1 + 2$ Glyeine, 0,8% 6 0 13 100 33 «461
Arginin
13 As 12 + 9.0;‘. Alanine ] 17 118 100 17 « 527
14 As 10 ainus Glyoine and & 17 38 100 1T 8513
Arginine '
1% A5 1 + 3% Urea 8 17 208 83 17 492

- ]
o

16 As 18 + 5 mg % Ficotinls 300 0 0 .s27

. Glysnt 2.0, 4) Asparvie asid 0.6, dl Alanine 0,5, 1(+) Arginine 851
0,6, 1(+) Glutanio seid 0,5, 1(~) Leucine 9.2, 1(+) Lysine ECl 0.8,
dl Fhenylalsnine 0.1, 41 3erine 0.2, d1 Valine 0.1, 1(=) Tyrosine 0.1
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time thi‘c experiment was performed preline was not available so glyocine
was inereased in the emino -eia mixture propertionally to the macunt of
proline whiok wes lacking, A later experiment showed preline teo behave
in a similar manner to glyeine 8o this prevedure wae Justified,

That the feeding of glyeine had growtheinMbiting properties under
the conditions employed is evident (groups 4 end 5), Furthermere, certain
other symptoms assoolated with nleootinie seid defieiency, namely chick
blasktongue, diarrhes, perosis,and poor feed utilisation were alse aggres
vated by the feeding of glysine, But, most important was the camplete
preveation of these casheotio sonditimms by the feeding of nicotinis seld
{groups 6 and 7). BEven 8 peroent of glyeine weaa tolerated when the diet
sontained sufficient nicotimio easid (group 9).

The feeding of the amino acid mixture (group 10) and ccmbinations of
scme of the somponeats of this mixture demonstrated that the growth ime
hibiting effeet of zelatin was not entirely dus to glyeime. Arginine
and glyoine tegether (group 12) and espesially arginine, glycine, and
slanine in combisation (group 13) showed marked inhibisory aetion, 7The
other amino aoids in the mixture, even in the presense of alanine, sppare
ently were not imvolved in the grewth inhibiticon et the levels fed, ale
thouzh the imocldense of blacktongue m tntrmﬁ.

Uroa nitrogen in sontrast te emine moid nitregen had no growsh dee
pressing actien (groups 15 and 18), These results indieate that the growth
depression eaused by the feeding of gelatin i» due Mniy to 1ts emine
aold sonstituents « prineipally glyeine, arginine, and alanine, They alse
indicate that nicotinie acid is soncerned, in some manner, with the metads
olism of these smino aoids,



The next step involved a similar investigation of the corn protein,
sein, Yhe composition of the amino esoeid mixture, simulating 15 pereent
sein is given in Table XI together with the results obtained. Zein, es
shown previcusly (Table VIII) desressed growth, feed effieimncy, vaad
caused poor feathering while ineressing the incidence of mortality,
blacktongue, snd perosis (Compare groups 1 snd 5)) but not quite ss much
as did gelatin {(Compare groups 2 and &), However, the feeding of the
anino aoid nixture produced much more Severe results than did szein (Come
pare groups § and 8). Less severe results were ebtained with the medified
saino aeld mixture (Compare zroups 6 sad 7), but the severity of its
sotion was still greater than sein (Compere groups § and 7)., Thus, 1t
appesre that the amine secids which are primerily invelved in the growth
depression effect of zein ere glutamie seid, leucine, slanine, proline,
and phenylelanine. These are tho amine seids which essur in the greatest
quantities in this protein., The :ﬁliﬁéul snino aolds were additive in
produsing a further growth depressing sction, The reason that sein wes
less depressing in sotion than the samine eeld mixture was probably dus %o
the presense of mmall emounts of aaturally cceurring tryptephane and
nicotinie aoid in sein, The most signifieant point to observe, however,
is the countersotion of the effects of the amino asid mixture with aioo=
tinic acid (Compare groups 3, 4, 8, snd 9), These results show that the
depressing aetion of szein is due to its amine soid comstituents, Furtherw
more,; a8 in the oase of gelatin, it has bLesn denmonstrated that nisetinie
noid is Snvelved in the metabolism of smine aolds.

In relating the astions of gelatin end zein it was evident that
sertain dissimilarities ware apparent,; relative to their amine soid cone

stituents, Sinoe sein conteins ne glyvine and very little arginine,

82



TABLE XI

DATA SHOWING THAT THE GROWSH DEFRESSING ACTION OF ZEIN IS DUE TO ITS
AMINO ACID CONSTITUENTS

V.
GROUP SUFPLEMENT 70 BASAL X0, X0« WI. NO. ¥0. FEED
%0, DIET 1136 CEIOCKS DIED 4 WiS. BIACK PEROS8IS EFFIG~ FEATHER
(with no gelatin) G5 TONGUE IENQY SCORB

1l € Gelatin ] L+ ] 1786 2 o +480 52

2 10% Gelatin ] 2 133 $  § «290 18

3 ”li ,:ﬁ&:‘.g; e 8 0 235 0 0 «8)0 78

+ 10 ] 0 244 0 0 545 76

¢ ”ufm@a:‘agu

| A% 1 + 18X Zein 8 1 166 5 1 «382 4

8 Al + 15X smine é $ 61 | 4] 087 4]
aeid mixtures

7 A% ) + 11,65 modified & l 110 0 o412 24
Ashixss

8 At B +10mg % ) <) 21 0 1 +460 78
Kicotinie soid

] A 6 +10mg % ] 0 b4 4] ] ] «540 78

Fleotinie asid

® 1(+) Glutanioc sold 3.90, 1(~) Leucine 3,80, 41 Alanine 1,68, 1(-)
Proline 1,45, 41 Fhenylalanine 1,00, 1(~) Tyrosine .86, d1 Isocleuoine
«85, 41 Aspartis acid .50, d1 Methionine .35, d]1 Threonine .35,

dl Valine .36, dl Serine .15, 1(+) Histidine .16, 1(+) Arginine .15

s»This mixture contained Glutamie acid, Leueine, Alsnine, Proline and
Phenylalanine at the same levels as used in the above imino aeid
nixture.
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arzinine and glycine zsve s growth respense considerably above that of the
eontrol groups In the sase ef alanine the growth was not guite so good as
the sontrol. MNoreover, a peculiar physical ocondition was observed in these
shioks, They displayed a kind of hypaotio etate and tended to be unconeerned
of thelr surroundings. They were inolined to atand for leng periods of time
with their hesds down and necks extended,

Some improvement was noted with aystime, tyrosine, isoleueine, snd
histidine, while no imprevement was observed with lysine or methionine, The
ragged wing-feathering observed previcusly in the chicks reseiving oystiue
was not improved Ly nicotinie acid feeding nor were the tremors in the ohioks
which were fed lysine ameliorated. Ths faot that nicotinic aeld reversed the
deficienay states produced by the feeding of arginine, glycine, glutemie
aoid, proline, and alanine is positive evidense that the vitamin is concerned
with the metabolism of these amine scids,

8ince glyoine, in the presence of nicotinic aold, appesared to be tolerw
ated by chioks st a level of 8 peroent (Table X, group 9), whereas methionine
and lysine were extremely toxic at 4 peroent; 1t semmed of interest to ine
vestigate glysine further to determine its minimum toxie level. Purthermore,
we were especislly comcerned abwut this poimt sinse Almquist et al, (1840)
reported that enly 2 p&tc&& of gkyoim'mc i;am_&c %o ohioks,

Table XIV m&iu the reaults of feeding § pﬁmﬁt of glyoine %o
shioks 4n sombinatien with warious levels of nleotiniae meid, It is spparent
that glyoine at this level inhiblts growth and that the growth depression
is not overscome by feeding nigotinioc soid in emounts as high as 100 milligrams
per 100 grams, Mortality was observed in each group, peresis was agiravated,

snd feathering was inferier. However, no bleoktn gue was sesn, The majority
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TABLE X1V

EFFECT OF VARIOUS LEVELS OF NICOTINIC ACID ON CEICKS RECEIVING HIGH LEVELS
(8 PERCENT) OF GLYCINE

' ' AVE.
GROUP SUPPLEMEST TO BASAL DIBY » . FEED
NO« 1130N CONTAINING 8K ¥0. NO. 4 ¥0. EFFIC- FEATHER

ot BLATTN CHICKS DIED WEEKE FERCGIS IENCY SOCRE
1 10 mg X Nieotinle acid ] o 23 0 «810 78
2 10 mg § Nicobinie acid + ¢ 1 187 2 L6001 68
8% glyoine
3 60 mg % Wicotinie aeid + 8 1 52 3 «88) 60
8% glyeine

4 100 mg ¥ Nicotinic soid + & 1 1,8 ) 504 &7
8% glyoine
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of birds had very ragged wing and teil feathers, From the start of the
sxperinent the chicks sxhibited periocds of extreme proatration agoompanied
by troemors which seemed to be greatest after eating. Sometizes the chicks
would be extremsly comatos and would appear to be at the point of death
whea they would gradually rally. Constest weight gains were made, After
the first week the chioks appeared to cubtegrow the tendensy toward prose
tration, but slight tremers existed in the chicks throughwmt the whole
experiment., They seamed to be constantly tired and would stretoh thelr
wings and legs at frequont intervals. They were extreazely senaitive to
sound, the least nolas being oupadle of producing a bodily twiteh of
musoles, AL about the third week a peculiar puffinese about the syes was
noticed. By She fourth week it was evident that either the eysballs were
becoming emlarged or that an edemis sondition existed in the vesciole whieh
was ocausing the aye to be forced out as oecurs in exopthalmie golter. The
eye asondition at this point was severe enough to interfere with the movements
of the nistitating menbrane. After faur weeks had terminated, three chieks
from each group reeeiving glyeine wers seleoted and the tetel of 9 ohicks
were ziven the diet conteining 8 percent of glyeine end 10 milligrams of
niootinic aeid per 100 grams of diet, They were ,nawuunn._m 0 seven woeks
of age with the 6 gmtrel ohioks, From the foirth week to the seventh week
the "popped™ sye eondition bepame worse. From about the fifth week on,

the oyes were 8o bulged thet normal vision wes impeired to the point where
the eyes ‘oould not be fosused on objects close at hand, Qonsequently, the
Teod .wacvgn had to be kept quite full a0 that the chioks suld partake of
food, Otherwise, vain attespts were mede to obtain feed from the botiom of

the feed hopper,



‘At seven wesks of age all the chieks were killed by severing the
jug&li? vein. All bad been starved for & psried of 6 hours previocus to
uuug.- The heart, liver with bile aso, spleeu, thyroids, ead gns eye
from each chiek were axoised and weighed immedistely. In ths cese of the
sye, all sdhering museular tissue was rewdved before Yelng weighed. In
Table XV the values ebtained for the variocus organs are given ~ expressed
in terms of peroesut of bedy welght, The data show timt the pereent of
total body weight of the heart, liver plus bile sae, and spleen were slight«
ly higher on the average for the chioks fed glyosine than for the sontirels,
Little difference was noted betwsen thyroids, However, a msrked difference
existed in the weight of the eyeballs, 7The eyes from the ohicks which re=
eeived 8 percent of glycine were slmost twlce as grest on a percent of body
welght basis than were the eyes fraz the cwntrels,

This unusual eye conditien ocmparsd with normal eyes may be seen in
figures 2, 3, and 4. PFigure 5 shows ihe differende in size of two excised
eyeballs, one from & conkrol chiek snd the other from a chiok which received
8 pereent of glyeine,

The production of an apparent overgrowih of the eyeballs ssems to be
related to the form in whish the smino aeid 13 fed. The same basal diet
supplensnted with 10 percent of jelatin and 20 percent of beme ocesein did
not cause an snlargensat of the eyeball, alihough the diet eontained apprexie
mately 8 persent of glyeine but in the peptide form. Furthermore, the
drazatic effest of free glyolue is swafined to the growing chisk because
in experimeants with laying heus, to be discussed later, no suoh camdition

was observed by feediag free glysine at a level as high as 12 peraent,



TABLE XV

EFFECT OF 8 PERCENY GLYCINE IN THE LIBT OF CEICKS ON THE SIZE OF VARIOUS
CRGANS OF THE BODY

b nicotinie acid (eomtrol 552221
‘ PRRCETT OF BUDY WELGHY
CHIOE  WEIGHT TiviR ‘

HO. 7 WEEKS Y THYROIDs» BRAR?T AND SFLEB
l 352 378 «008 587 2,684 «181
2 400 «368 +008 « 587 2.762 268

3 600 306 +009 +400 3.308 .188
4 $50 +334 +008 » 500 2,625 262
' 874 «301 +006 +458 2.76) o249

] 778 289 «012 «5368 2.623 «109
Averags « 832 + 343 «008 + 503 2,778 0210

DIBRT PED « 1130K + 86X gelatin, 10 mg X niootinic avid, 8% glycine

4 23 «T68 +008 « 693 2,983 Y.}

8 347 «898 »008 « 568 2.489 «164

’ s“ * "o 090' » ns 8'1*1 - z‘.

10 394 691 +008 «B80 3.08 +2186

11 06 +886 «008 «489 8,380 « 342
12 402 «619 «008 522 2.6884 214
18 438 «598 «007 «501 2.591 -288
¢ 437 +565 +008 «548 2,860 «188
18 590 876 +0089 +581 2.48) <264
Average » 399 «638 «007 » 637 2.803 «232

¢ Values given are for one oys,

*% Values given are for both thyroids,



Figure 2*

DORSAL HEAD YIfflf OF A 7 WEEK OLD NORMAL
CHICK
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Figure 4.

"1

FROUTAL VIET OF A 7 WEEK OLD CHICK WHICH RECEIVED
8 PERCENT OP GLYCISI IN ITS DIET.
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Figure 5. CONIRAST IN SIZE OF EYEBALLS

The eyeball on the left is from a 7 week old ohiok utoich
received &8 percent of glyoinej it«» body weight was
898 grems. The eyeball on the right Is from a
normal 7 week old chiokj its* body weight

was 574 grama.
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Be Nlootinle Aeid Experiments with Hens

'!hc work with chim showed that as addiﬂem of gchtin lmt
tho 3 pcnm lwol mn made to the basal dim low in niwtinia niﬂ m«
severity of n&eaﬁuta asid deflolonoy beocame greater. %This point was used
to advantage m pndaoxng s nieotinic acid defieiency in hens,

In the first experiment two groups of New Eaupshire pullets, four
pullets per group, were fed diet 201N (Table 1II) with and without nice=
tinie aeid. The four hens whioh received the basal diet without nicetinie
asid (group A) began to lose weight rapidly and showed a desline in egg
production es well as a decrease in hatshability (Chert I end Table XVI),
The hens in group B whieh reseived the basal diet plus 60 milligrams of
nisotinio sold per 100 grams of diet maintained their weight and exhibie
ted normal egg produection end hatchability. After a pericd of six weeks
when the hene in greup A had lest sonsiderable weight and ome hed beoome
guite 111, the diets were reversed, Within a few days the hens in group
Ay which new received niectinie aeid, began to gain weight end sontinued
%o impreve, exoept for the siok hen whish died, OComourrently, with the
gain in weight, grosp A shewed & recovery in eg; produstion and hatohebile
ity. On the ether hand; greup B, which received ne nicotinieo aeid after
She roversal of dlets, degan to show & loss of weight and  desrease in
egs produstion sad hateshility., No blagktongue wes gbserved in any of
the hens, Pertility aversged approximately 88 percent. The experinent
was torminated aftor 18 weeks bessuse the supply of bone cssein becane
exhausted,

Although enly a few hens were invelved in this experiment the re~
mlts demonstrate quite a@lmavdn ond for the first time, that under



fiO33M 9 JiAL. peg-iaAS
: XfB

0072



TABLE XV1

DATA SHOWING THE NEED FOR WICOTINIC ACID IN THE DIET OF HENS FOR NORMAL
GG FRODUCTION AND BATCHABILITY

GROUP & GROUP B
FED DIET 301§ FED DIBT 201N + 60 NG $HICOTINIC ACID
Wi 4 WERKS %

1 1

2 50 2

3 0 s

* .21 0 . 14 87.5
] 285 0 ] .678 7247
[ +107 0 (] . 642 81.8

BIRS RIVERSID

7 L0386 0 v 642 62,5
8 811 () 8 638 67.0
9 280 o 9 +500 0.0
10 L 240 100 10 392 28,6
1n 190 100 1 .260 3.3
12 +238 - 12 ,260 -

18 338 - a3 208 .




Asgriaeaoseq pov sqPyem Apoq Jo oomsuequiwN (g pue 3 spoyied ‘9 dnosl)

PYoY oTupaestu Sugppe £q pegoesse sou swm vojyenposd ¥3e uy eujresp eul

*({g puw g spotasd ‘g droa?) usysonpesd 9We uy eujyesp tenpusl v pesnve
NgoE 39%D uy eupefy? jo sueousd 31 puw juecsed g Jo 8300370 ey

*(¢p puv ¢ uste 2 puwe T efrox? oredwop) pyoe oyuplootu Sugaiee

=01 dnod? oqy UY TERIOU e sATnsey *L3Y1TAYDINY UO pEjOT SWA 300770

ou gny ‘AauSyrs peupysep uotgzonposd IVY cueqjueseyl essesosp eyiang

ou YR 0q TArresavey gu¥tea Lpeq uy Futsemey uPyre v esuve oy pesvedde
2 potsed uy NEOT 30TP Wy UIIRe? jo guecsed Of Jo woyyequeuwetiddng

*PIoN OTUTICOTU PEPPE JNOYITA uUSA sjwnbeps Lyye

~8DTITIINT SEA HZOZ 4OTD TSFEQ U3 4WIQ AUEPTAS S 4T ‘POUTWAGO esem ey(ne -

=92 poc3 puUB wyeem g Jo pojaed u eao PepUSQXS teiay Tuypees sTI3 esulg

...»:ﬁ._.fz ‘puv uossnposd 3% yemzen pesens pue syiyes peuted ¢y dnos?

adosre #udnoss euy Jo TIV *(9 Pus ‘% ‘g ofnesT) eutva Jemadng qvoyaia

sun soutios Lregsyp Oseyy o4 PIOW oTuUT0OTU JO WOTRTPPE eql (g pue ‘g

‘1 sinoa?) 3etp sTY3 wogy oo Puiagrme Ay zo0 ‘euresr? jo gwosed y Fuyppe

£q *emere NEOZ A0YP Jo Juypees suy Lg (T poyied) sxesa g syl eqy Fujamp
phazenge saxea Ly1riqeyesey 1o untjenpoxd TRe uy seewesertp pexswm of

*IIAY eqqel up weay? st

#Inse s oY) IR BYyedoy guewisedxe eyy jo werd ¥ (11X o1qe3) KyoR pue

YH203 ‘EEOZ olem poJ 3...3 oyy *dnodd aed syerind ¥ ‘egerind eayyeduey

a9) jo sdnas® xie Jo pesedwco sem Juewiaedme YL *EXOTUO QI TM GATI0NIIS

s3Ind poaosd e per2esem eseyy eoujps suoyq ul LOWTOLIOP PIOT SFWE0OTU

v Jo uopjonpead oyy woe euyedy3 puw fyvew weyny? uwios fuiee Jo syumows
W@ig Jo s300)70 eyy sutKiesop 03 pemxoJied sea jusawiiedne puoses ¥

*£35TIaWegwy puv ‘usyyonpesd Fde fqyrveq temton

a03 pEov syuisvetu eeatnbes uey Tupler eun sOTATPEOe LingeT) eweayme



*po1dwoo
seA STeeY3 UL owyy oyy 3¢ Burmosyases TITIY wRwp LJTTTAWHOSYH e

Y Ve 8992 . v Y1) ot
. 0°s2 P . 291 eost ot
0°00T  8°LT s¥o2 ol 9°s »o92 AT
0°00T  ¥°12 $292 oYI3I0] OF LY ote T ¥
»e1L PO 2202 - 0°0 282 st
8°28 I3 9193 4°91 1°61 9983 »T
2218 02708 2198 0°0% i Ak 3 | 2868 44
QIov OINIZOOIN ¥ DN 09 + W03 03 '
%6 209 0343 0°81 £°18 avie 3T
0°00T  4'08 »reT 8°0. 1°99 ovaz no o,
2*ee 1°09 2443 0°aL 810 2082 ot
vee YW Q00T ggr  ises 6
GIOV OIRI3001
O% 0§ + ENIOLTO %@ + SRIOLTD %8 + ESOR
°ve gT) soot 1°98 e viez N
39 9°19 2292 0*0L »39 1283 L8
269 T8 0808 0°00T  1%i8 9998 9
GI0V DIKISOPIK ;
% OR 0s + NIIVTEO ¥oy + Nyog  'SSVHO YOU + Moz
0°00T  ¥'TL otes 236 voug 8008 )
38 1°19 el 829 18 9968 y
8°LL e 9903 e L0 g gy Py P 1
9°8L 9°se e 0*sL 62 egoe 2
ocoor _ 9-8e sger o008 63 sent 1

&NIOATOD GHV §30000Hd NMOD NI UOIH SIZIA OEYXOTIAX 'SKNH RI A0NAIOISNQ
GIOVv OIKIJOOIN V 300008 O3 ONILIMALIY SINAWIUEIYN WAHI¥D4 4O SITOSIH

IIAY STV



0°SL 8°4T 1168 L4 862 2668 2t

0°001 FAL ] %262 0'08 0'9e ovoe 1t 4
L*89 0°982 9888 LS8 438 8882 141§
199 W'Y gver  0'001 188 oue2 6
qIov SIRIIOOIN :
¥ oW 08 + FNIOKTD ¥IT + HEOZ AMIOXTD ¥BT + H2OZ
L84 ey . 0963 4*99 g6 geez 8
8°9L 1*49 9882 sy 'y %663 L 4
8"26 1°49 9662 0*¢i 1*4i8 $862 9
qioy o1m IR ¢
% o og DN SIALOOIN, o UNIONTD %@ + N3OY
8*iL 109 %08 888 p*e0 80882 |
$*TL 1°48 veoe g'2s 4°09 862 v
818 118 . 9goe 0Ll 8° L9 0862 ¢ 1
1°99 8°3y . goop 0°00 0*08 1262 2
4

U 4°09 2683 0*L9 g°6s 9363

. % 07 SRAY ﬂ! “’ IH ¥ - 5 S LA bt KO A8 AT X | GQI
_% 0m 05 + INIOKI0 %P 5 KBOR TOOKTO ¥y ¢ oz SHEA g
azx ! , ! o 14
Y 3508

ENIOXTO OGNV SIONAO¥d KMOD NI HPYH SINIC PMIKCIINE ‘SEEE RI AOMNIOI4NA
dI0¥ QINILOOIN V H0OAONd Ol DMIIAWAILIV SIMBWINE4XYd ¥ERIUAZ 4O SI10sdd

QEQNIINOD ITAX ST6VE



TABLE XVII CONCLUDED

RESULYS OF FURTHER EXFERIMENTS ATTEMPTING TO FRODUGE A NICOTINIC ACID
DEFICIENOY IN HENS, EWPLOYING DIRTS HIGH IF CORN PRODUGTS AND GLYCINE

DIET _TFRD

PERe , ' ; 202N MINUS CASEIN + 80 MO
v tom s ouseie ) et e > F

m;. 202N 4+ BO MG % NICOTINIC ACID
¢ 5139 7.1 38,8 3068 48,8 0.0
) Y 3218 46.4 81.8 5144 $2.1 5.0
8 3208 57.1 78,5 5138 0.0 75.0
2028 202X + 60 Mg £ NICOTINIC ACID
[ A | {7 Y .S [ Y] 381 ] 53,5 100.0
10 5231 0.0 93.3 180 42.8 83.3
3 1 $338 60,0 90,0 5014 52.4 87.5

12 3268 48.6 88.9 29350 42.8 87.6




appesred not to be disturbed by the high levels of glysine (Compare groups
$ and 4 with € and § in perieds 2 and 3), In oontrast to the results obe
tained with ochioks by feeding high ameunts of glysime it is interesting te
note that no toxic symptoms or evidenes of bulging eyer were observed in
any of the hens,

Glyoine, at & level of 8 percent, 4id net appesr to affest egg pro=
dustion or hatehability when added to the highly parified diet 203F with
or without nicotinie asid, Welght losses sesurred, however, in the
presence or absenoce of nieotinic ssid., (Compare groups 1 snd 2, pericd 8),

The feedling of diet 204N, whiok is low in ossein (P peroent) and high
in gelatin (28 peremst) gave the most conelusive evidense of produeing &
nicoctinie acid deficiency state in the sesond experiment with hens. %The
hens whish reseived diet 204N alone sxhibited a rapid loss in bedy weight,
ogs production and hatehability (group 1, peried 4), while the hens whish
reseived the supplement of nigotinie acid showed sn laitial loss of weight
whieh was soon halted. Body weight, thereafter, was mainztained on the
lowsr platesu. RBgg produstion deelined snd was mainteined on & lower
level while hatohability remsined nermsl (group 3, pericd 4). Again, as
in the first experiment with hens, no blacktengue wes observed, It is
slear, however, that the results of second experiment with hens indisate
that the adult chicken is more resistant t0 & nieotinis soeid deficiency
than is the ohieck,



DIBCUSITON

The dats predentad iz this thesis show eonel usively that the
deloterious effest of .r.oas.gg gelatin or sein to chicks reseivinz diets
low in nicotinic soid is md by mj enine acid imbalmee of these proe
teins, Nors specifioally, 1% was found that the mmine solds whish were
prineipally involved in the Mh depression saused by the feeding of
gelatin were glyeine, arginine, alanine, sud probadly proline., Iu sein
the amino aclids which were found %o be prineipally involved in this res
spect were glutamie acid, leusine, alenine, proline, md phenylalanine,
It is siznifieant to nobte that the amino seids m«& aé« the ones whish
soour in the greatest smsunts ia eaeh protein, respectively.

The fact that nicotinie aeid reversed the deleterious aetiens of
gelatin and sein, snd amine aoid mixtures simulating these proteins,
definitely ssaociates nicotinlo asid with the mstabolism of smino aeide,
Evidence in suppert of this finding hes recently been reported dy Dann
snd Huff (1947) for arginine. These workers showed that the exorement of
ehickens sonteined ornithine, a sleavagze compound of arginine, cmjugated
with two moles of nicotinamide forming elinieetinylmithim. Horeover,
Sarett, Klein, end Perlzweig (1942) in belmmee studies with dogs end rats
inferred that nicotinic acid was soncerned in pretein anabolism, They
found that less nicotinic aoid was exoreted in these animsls on a hkigh
proetein than on a low protein diet,

8inge sein was shown t0 be growth depressing when fod to chicks res
oelving nicetinie soidelow ii&ks, 1t s logical to assume that at least
part of the growth depressing sotlion of sern i3 due to its protein, sein,
Whether an sdditlional depressing sotion is csased by the presence of &



“pellagragenic® agent reported to exist in corn by Woolley Auopmv is unimown,

The experiments on the feeding of individual smino acids at & level of
4 percent eaeh revealed a varying toleracce for each of these substances by
ohicks when nicotinic acid was present or absant in the diet. The faet that
nisotinic aeid failed to Mring about reeoveries ad produce normel growth
in ohicks fed some of the amino soids, partiecularly methionine and lysine,
should not be interpreted that the vitamin is not conserned in the metabolism
of these amino acids., Differsnt threshelds of tolersmoe probably exist in
the chick for each amino aeid, Thus, when this threshold is surpassed a
geveral toxlioosis 1s esteblished which negates any benefiolal sotion whioch
may be oomtributed by niootinio acid, A situstion like this may explain
the inability of nieotiniec acid to aounteraet the deleterious effects of
methionine and lysine. Similarly, ceses which borderline the tolerance
threshold may only give partisl responses to niocotinio aeid supplementation,
A sltuation like this may explain the slight reooveries obtained in the
chioks rec¢eiving oystine, tyrosine, isoleusine, snd histidine when niee~
tinic acid was supplied in the diet,

It is suggested that the toxic ocondition may be due not only to the
anino aocld per se but also to the production of a toxie metabolic end proe
duoct of the emino eeid, It is possible that the latter elternative may
have csused the peculiar physiocel ocondition observed in the chicks fed
alanine an¢ nicotinic seid, Alanine, upen deamicetion, forms pyruvie acid
whigh in thiemine deficiency is not metabolized md causes & paralytic state,
The formetion on,vQﬂs4»a aecid by the feeding of high amounts of alanine
might coneeivably be too great for the normal metabelio channels to handle.

Thus, the pyruvie acid in excess would be free to sf'fect nervous disorders,
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By progressing in this seme line of thought it is pesaible to relate
the funetions of tryptorhene and nicotinie acsid in emine esid metaboliesm,
In our work the feeding of tryptephane was able te ropliu nicotinie aeid,
althouzh muchk hizher levels had to be used. ¥The reeent work of Rosen,

Huff, and Perlswelz (19048) and Singal, Brigge, Sydenstrisker, and Littlejeln
(1948) with reats snd Sarett snd Soldsmith (1047) with humans indiostes that
tryptophane may be an important precursor of nlootinio acid synthesia. The
site of the aynthesis 1s unknewn. Assuming thet niootinic acid is synthe-
siged from Sryptophane, then the astien of tryptophane is readily understoed
and the growth depressing action of tryptephene~low proteins, such as gelaw
tin and gein, may de explained in the follewing manner: In the absenes of
dietary nieotinis asid the aifbk is forced to use distary tryptophane for
the synthesis of nisetinioc aeld in order thet coensyme I may bde meintained
in the body t5 earry out vital 1ife processes, Ry adding gelatin or sein
to this diet & very great strain is pisced mm the system beomise more nicow
tinio az1d (as the cvenzyme) 1s needed for the desmination of the excess
anino acids, Consequently, the chick must use still mors tryptophane for
the synthesis ef nisotinic acid. At length th§ level of gelatin or zein

in the dlet @y b§ 80 great tﬁt' the chiek is unsble to synthesize sncugh
niootinie aoid from available distary Sryptophans to metadelise these proe
teins and a niectinio aold defisiensy 18 eslled forth, By supplementing
nisotinic aoid to the diet the vitamin has a sparing sotien- em tryptephans,
thus allowing the amimo aoid to be wtilized in the syathesis of protein,
and simultansously sarries cut its role in the deamination of smino aeids,

Erehl ot al. (1948) in studies with rats have emphasized the imperte
snee of intestinal synthesis of nleotinie aeld, They state tlat corn alters



the intestinal flors in such & manzer that less nieotisic aeld is synthe.
‘sired fy the traet. TYhus) the antmal Teses o valusble.soures of the vitas
min, They attribute the beneficinl setion of irmiiﬁiu; and other proteins
high in tryptophane as being dus $o the rewsttablishment of a desirable
intestinal flore resulting in an iséresved synthesis ef niocotinic aeid in
the tract, We feel, however, thet in the case of the dhﬁk intestingl
synthesis of nicotinie soid fe of little consequense mad that mest of the
synthesis osours withis the body tissues, Briggs et al, (1943) showed
that only e small portion of the chiek's niectinie aeid reguirement, em
diete similar to those used in our atudigﬁ, iz synthesiged within the
intestinel traot,

Sinse the tryptephane reguirement of chickens is dependent upon the
mount of nlootinic acid in the diet (end vice varti), 'it 1s airfteuls
to attempt to set the dletary requirements for nicotinio seid eor tryptoes
phane unlesa tho composition of the dlet is ebnsie&od. It s olear from
our results that the emount of tryptophanse supplied by _ls peroent of
casein (approximetely 0.28 grams per 100 grems aseording to Bloek, 1948)
ic sufficient when ample nicotinie sald 1s present. The requirsment of
tryptophace i’ar chioks, as deterzined Ly Greu and Almguist (1544), was
0.35 percent of the diet, |

Qur studies show thet under extrame dletery csonditions the laying
ben requires niocotinic aeid for maintenance of body weight, egg profuctiem,
snd batohability. | It is unlikely, however, that a nicotinie aeld defioleney
in hens ever oecurs in the field for we have found hens to be extremely
resistant toward this type of deficieney, On the éthsr hand , the growing
ehicken 18 readily suseeptible to a nicotiniec ssold defisieney, It &s
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htwntmg to m. in this tmtm that M. e«mm mum, and
nugn (1“8) :nd mm (3“%) have Wu&'ﬂ mm ﬁmt mu ma-
ﬂ.nl cmak mahoa my be étﬂe it &a aiw&mia «N. Richnﬂsm. ﬁngm,
and Eempster (1945) natoé an nctud &mrm. iza the uwumo of mt«h
in growing ehickens when niocotinic eeld wae mittoa froem a practical diet
“diluted” with a synthetis diet. Briges et al, (1943) hed previously ebe
served perosis in nisotinie sdoldedeficient ohicks,

Prenge, Hauge, saud Carrick (lﬁt{?} mmoa that gelatin ceused &
depresaion in grewth rete of ochisksas when'adddd t6 & prastienl diet come
taining large smounts of oorn and mest meel, Wessengale (1929) reported
that high levels of meat soraps {which contain considerable gelatin) in
diets for poultry resulted ia poor growth md in & cendition similar te
wwii. The addition of yesst or milk earﬂ#tu& the condition. It is
quitd peuibio in the latter instences that a nicotinie ascid é-sfiuianay s
produced although %o Inowledge of nicotinic eoild in nutrition was net
koows at the time.

In -Eha light of the present study and the recent work by Sarme nd
Elvehjem ().Sia) md‘Ssét%, 5.1n§‘tm,' and ﬁt%wtﬁ {1946) cn the influence
of corn on the niao’slnle acld rwuiémt of grmriﬁg uﬁe&ﬁt it 1o extremely
impertast that niosctinle eeld s well as protein qymlity be considered in
formulating prastieal diets for ohicks,



RESULTS, PART II

Experiments with Chicks on the Identificstion of a Growth Feotor in Corn

When it became apparent that diet 113 (Table I) which wa: considered
complete in all the known essential nutrients required by the chiek, ine
eludiny nicotimie acid, oould be further improved by the addition of 26
peroent of ground yellow corn it was obvicus that ocom coateined a faator
whioh was lacking in diet 118 and which was needed By the ohick for maxi-
mum growth, It should be emphasised, however, that diet 113, although
highly purified, has consisteantly produced growth in chieks considerably
greater than thet obtained by feedla; & yood practioeal mash. The fact
thet diet 113 eould be further improved then was somewhat surprising.

In reviewing the literature it waa found that the studies reported
by Stoksted, Menning end Rogers (1V40) on & chiok growth factor in polished
riece indicated that several eereal products ineluding ocorm promoted growth
equally as woll as polished rice when sdded to their simplified basal diet,

Later, Almquist, Stokstad, Mecchi, and Manning (1940a) presented
evidence to show that the growth stimuleting effeot of polished riee could
bs duplioated by two substances, glycine améd chemdroitin, fed Jointly,
Further evidence by Almquist. sud co=workers (1940b) shewsd timt the aotive
eonstituent of chondroitin was glusuronic seid, Stokstad et al. (1941)
demonstrated that :ms.,-u usragaot, were oapable of serving as the earbo=
hydrate oocmponent (glueureanie pa.»_mv of the "rioe fagtor® for chicks., These
included gum arabic, arabincse, end xylose.

Qur diet 113 differed from those employeé by the aforementicaed worke
ors in thet it wes wore highly purified, Furthermore, it was not deficient

in glyoine., It lacked, however, sources of the carbohydrate molety whieh



have desn ilgm to be part of the “rise ﬂétur". With this informaticon
st hand unml experimmts wore undertaken to determine whether our
"eorn factor® was r’eht«! to some of the components of the “rice fu_%@?’;

Experimeat }.. 'Xnthio‘ experiment )olithad‘ rioce, ohondroitin, pavaﬁn,
and gum arabic were tested for potensy, as was corn protein (zein). On
hydrolysis, nhénﬂraiﬂ.n yields a fairly high amount of glusuronie acid,
poctin yields arabinose and galeoturcnic meid, and gum erabic yields
‘arabinose end glusuronic seid, Thus, all these mmterials coataln sube
stances whioh have been shomm o promote growth in obleks, In this exe
periment, peotin was fed at a lower level than gum arabie or chondroitia
beocause of its m&mey té fors e gummy 2868 when m’éiwmd.'

It war considered a Mcihiuty that the growth stiuuluu obtained with
oorn was praauna izdireatly through the actien of intentiml bacter ia
which utilised something im corn for the a;m;hnh of & rmter which the
chigk used for growth. Therefore, sulfesuxidine wes fed with corn, chone
droitin, sad gum graﬁic in an effort to suppress bacterial activity and
thereby éufurse & shange in growth prometing ability., The results are
summarised in Table :mxx..

it is Qymﬂt from thnn d!.ta tm palilhad rioe, like corn, gave
s Mh response when added to diet 113, Chendreitin md gum arabie
bebaved similarly sn this respeet whereas pestin was insotive, Apparestly
the ohick is ineapable of hydrolysing peetin., Corn gluten meal, which
sontaine moye protein than *0rs, Was sotives, Howsver, when the gar'ifm
sorn afﬁ.in,' sein, was fod (in amount ajproxizately § 4imee grester tham
it csours in 26 pw«u& yesllow gora) no samﬁm inopease in growth
s “W M is M“un whioh sndncu the m faotor in eorn
_belag related to provein, Sulfesuzidice was ineffestive in pedueing the
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growth promoting setivity of sors, chondreitin, and gum aradié, Therefore,
if basteria are invelved in this pgohln they are refrastive to sulfasuxidine,
The ohicks whish received oora aad corn gluten meal utilised thelr feod mest
sffioiently. No significant differenses in feathering were F—y

Exporiment 2. DPiet 113 is devold of fider. Obvisusly fiber was supe
plied to this diet by the supplementation of sorn. !h&efan.. it seened
desirable to see whether the effest of oorn was due to i%s fiber content,
Several sources of fiber were used, They were; ground eorn cobs (prepared
by eoarse grinding of the aobs in a serew type grinder and then pulverising
ia » Wiley mill), Cellu flour (a eoammereisl preduct prepared from plant
oellulosiv residuss and rated as having no feeding value), beet pulp
(ground fine in & woffee grinder), oat hulls, snd wheat hran (fed ss coarse
matter). Purfursl was slso tested besause it is 6#17& very easily frem
sush fidbrous materisls as corn cods end oat hulls by treatment with hot HCl.
Table XXX gives the results obtained with these materials,

At & lovel of 3 perosnt vheat bran and ground eorn oobs were equally as
good as 26 perdent of corn in proemvting growth. The same levels of oellu
flour, beet pulp, snd eat bulls were somswdat less effestive, but they dié
give a growth respense. Most interesting, however, was the sotivity of
farfural whish, at a level of 0.6 percent, premeted growth equally ss well
a8 B85 pereent oorn. The groups reseiving ground sern oobs, beet pulp,
furfural, and oorn hed a slight adventage in feathering over the basal
group.

Experiment 3. Oum arabdls and chondroitin were shown to be active in
sxperinent 1. In the present sxperiment the psmtose arabinese (s hydrolytie
product of gum srebie) end gluouronio scid (a hydrolytie produst eof both
shendroitin end gum sradis) wers tested, Oreund cer: oobs and furfural



TABLE X1X

EPFEC? OF VARIOUS HIGH FIBER MATERIALS AND FURFURAL OF CEICK GROWTN

' o AVE.
GROUP SUPPLEMENT T0 DIET 113 ¥0. WO,  WY.
NO. CHICKS DIED 4 PEED FEATHER
. WEEKS IFFIC» SCORE

1oy

i ottt e il et O 30 3P St oGO i B 9. Pt Bl e e el ¢4 e AR FOAD e Tt P e e

i 309 +884 8l

None

26% Ground yellow cora L Y (1]
3% Ground oorn oebs 353 +617 a8
% Cellu flour 337 «809 70
826  .648 74
e L02 88
35¢ GO0 83

242 +5981 4

34 Oat hulls (eoarse)
% Ground beet pulp
84 Wheat bran

8 0,84 Furfursl

Q@ & O, e M e e
. O O 06 6 6 o o
© © » © © © O
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TABLE XX

EFFECY OF CORN ON HEMOGLOBIN VALUES AND THE EFFECY OF VARIOUS SUGARS,
GLUCURONIC ACID, AND ASCORBIC ACID ON CEHICK GROWTH

' - R ﬁa KYB.
GROUP SUPPFLEMENT TO DIET 113 W0 §Qs W¥. FRED HENQ»
¥O. CHICES DIED &  BFFICe PEATHER GLOBIN

WEEKS IBNCY GSCORE OMB

s 611 88 8.4

0.5%4 Ascerbic aoid 370 L6356 @7

0.3% Xylose M2 L0800 98

360 ,626 8y

1 None

2 264 armd yeollow cern 406 .438 98 8.80
R ] 3% Ground ocorn cobs 383 830 9B

4 1K Arabinose 3“ 871 4

6 046X Purfural 38 L6840 93

é

7

8

p‘maafm.'ﬂé
© 0 © © © O O o

0,8% Gluouronic aeid
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£6 percent, Ascorbie seid at 0,5 peroest was sgaln astive. EHowever,
0.1 wﬁmt of asoordic aoid was issotive, Three persent of wrhitgl’;;w‘
insctive. Better feathering wes obtained in the groups reseiving com,
wheat, and oats,

Experinent B, Various levals of corn were tested to determine ihieh
level of supplementation produced meximum setivity, Wheat and oats were
rotesteod as was polished rice. Xylose was retested at higher levels,
Ground corn oobs and Cellu flour were alsoc retested at higher levels.
Stokstad ot al, (1940) showed that small lusreases in grewilh occurred whem
either b perosnt goybean oil, wheat garm oll, or oora oil wes added to
their basal diet, Ascerdingly, ooern oll was tried in this experiment
alone and in ocombinetion with xyleses The results of the addition of all
of these supplements are give.ﬁ ia Table XXII.

1t may be #cen that mim growthwpromoting activity of corn is obe
tained at o level of 15 pereent, Very good growth was obtained with 36
: paraqm of wh«t wa Gligktly less grw&h was &Wnd with polished rise.
In i‘shia trial, hmvw; duts nhmd RO ntivity. A mhd growth response
was obtained with Out parcant of ;géxm but no imprevement was realiszad
when the level was lmm:d 50 0.8 peroent, w«mly good growth was
observed with § perdent of eorhh oobs whereas Cellu flour was muoh less
agtive at the same level of supplessataetien. Corn oll at a lovel of §
p-réam: gave a good growth respanie. However, the setivity of 8 yox;em of
oorn o1l waes lessened when in eombination with Ou4 pereent of xylose., This
suggests thet thess two materiale are incoupatible in the Ciet,



TABLE XXI1

EFFECT OF VARIOUS LEVELS OF CORN AND OF WHEAY, OAT®, XYLOSE AND CORN OIL
ON CEICK GROWTH

' AVR,
GROVP guppLEMENT TO DIRT 113 N0, NO. WX,
X0, CEICES DIE® & FERD FBATHRR

WERES EFFIC~ 3CORE

1 None L 0 3123 +654 7
2 ¥ Ground yellow cern ] 0 330 .636 o3
3 16% ground yellow eorn 8 0 387 « 877 ) |
4 26X ground yellew sorn ¢ 0 17 +861 7
§ Corn replacing cerelcse(6l.4%X) ¢ o 3¢ «684 3
6 28X ground wheat ] 0O 405 657 94
7 28X ground osts (coarse) 6 o 308 « 081 8l
8 26X Polished rice ] o 38 .66 1
) 0.4% Xylose 6 ) | 386 .8680 88
10 0,8% Xylose ¢ 0o 3¢5 817 93
1 §4 Ground corn oobs 8 0 411 + 048 ] ]
15 5 cellu flewr 6 0 38 .08 68
13 3% Corn oi) (Masola) ) 0 3 .83 8
i As 18 + 0,44 Xylose ¢ 0 34l »878 64
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(1) Almquist et al., (1940a), (2) Almguist et el, (1940b) and (3) Stoksted

ot al. (1941) that (1) ohondroitin (2) zlucuronic aocid end (3) gum arabie,
arabinese, and xylose have growth promoting ectivity in chiocks, In addition,
we have found independently that furfural and ground corn cobs are also
growth prometing,

At first glanee it may appear very eonfusing that such a veriety of
materials could have similer growth prometing abilities., But on closer
esxemination it 1s apparent that certain relsticnships exist which reduce
themselves to a wore or less oommon basis f{or each material, These known
relationships may be outlined as follewss Gne of the hydrolytio produots
of chondroitin is ;lueuronic meoid., Gum arable en hydrolysis ylelds erabinose
and glucurenic seid, Glueuronic acid on decarbexylation zives xylose, Corn
¢obs on hydrolysis yleld xylose. Thus it is epparent that active materials
such as chondreoitin, gum arabie, ;lucuronic seid and corn cobs ocan yleld
the psntose sugars xylose or arsbinose which are themselves sotive, Furthere
more, fibers euch as Cellu flour ocontaln smell smounts of hemiecelluloses
which on hydrolysis yleld some pentose sugars. It is therefore inferred
that growth promoting activity of corn is related to its pentese suzar cone
tent or to substances which bave the astivity of pentoses.

Although arabinose and xylose have been shown to¢ be growth prometing
in ohicks, very little is known regardin; the physioclogy of these substances,
It is koowm however, that the pentoss sugar ribose is an important constie
tuent of nucleic acids and pyridine mndéd flavin nucleotides., It would appear
then that the requirement of the growing chiek for ribose would bs very
great beomuse the process of growth involves an appreciable synthesis of

auocleie asids. The faet that diet 113, which is devoid of pentose sugars

142090
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In ocontrast to practical dietz it iz apparent that certain highly
purified diets are defiocient in sources of pentose sugers. It is im~
portant that where such diets are used in nutrition experiments a source

of pentose sugars be provided as a part of the dietary.
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73

8., Corn is sn execellent feedstuil when properly supplemented with
nieotinic seid and contains an essential dietary factor which iz required
by the ochieken for maximum growth wher fed highly purified diets. The
factor is oarbohydrate in nature since certain pentoses, especielly xylose,
or materimls contalning pentoses gave growth responses similer to that

produced by corn,.



74

BIBLIOGRAPHY

m“t. B, Jo’ B lnohi, Be L, R $§mt8‘, and P, D. Vo Jhnning
1940b, Jdentificetion eof the Rice Fastor. The Garbohydrate Come

penent, ~J M ol,Chem. 15814851088,

Almguist, He Joy Es L. Re Stokstad, E. Meoebi, and P, D, ¥, Manning,
1840n, Identifioation of the Rise Fastor, J.Bicl.Chem, 1344213218,

Barry, Ee Poy Cs We Carriek, R, Es, Roberts, emd 8, M. Hauge, 1943, Whe
Solubles as a Source of drowth Factors in Chiek Rations, Poultry Sei,
T2,252-T6%,

Bloek, K. J., 1945, Aoid © itioa of Feed m ihs. Adv, in
Protein shuhtr%ﬁ‘m %"‘T

Braude, Koy 8¢ K. Een, and E, O, White, 1946, Obsorvations om the Nieo~

tinie Aeid Requirements of Pige. Bloshem.J. 40:043-086,
Briggs, 6. M., 1948, Influenes of gelat tophane on Nieotirnie
Acid Requirement of Chicks, J ""'1 .

Briggs, G« Moy 1948, Nicotinie Aeld Deficlency in Turkey Poults and the
Osourrence ef Pero#is, Je.Nutrition 31 W«z-ki.

ms‘l' Gs KQ’ T. Ds Iﬂ’kﬂ” Le Jo hply, Ce Ay Elvchju, and E, B, Hart,
1943, Studies en Hisetinle Aeld Defieieney in the Chick. J.Blel.
Chem, lmc . 7

Briggs, G. M., Re Co Mills, C. A, Blvehjem md E. B, Hart, 1942, Hisotinie
Acid in Chiek Futritien, Proc.Soc.Bxpt.Blol.Meds 51:69«61,

Cannon, M. Doy Re Ko Boutwell, and G, A. Elvehjem, 1048, fhe Vitanin Cone
tent of Cesein, Seienee 1024829-830,

Chiek, He, 1933, Current Theorles of the ntulcg of hl).am fancet
233413448,

Chiok, He, T Pe Mecrae, A. J. Py Martin, exd C, J. mﬂn, 1638, Curative
Action of Nieetinle Aeid ou P Sufhr!.n l‘ren the Effects of & Diet

Genslsting Largaly of Mmize. on.d, s -
Denn, W, J., 1941, The Synthesis of Nisstinie Aeid Dy the Bat, J.Biol.Chem,
141 1303808, |

Dann, Wy J., and P, Eandler, 194l. Synthesis gnmniﬂ Aoild ﬁth@ Chiok
ml deBiol.Chem, 140308069 :

Dann, W, J., and J. W, Mo 1947. Dinileot lernithines A Metabolite Df
Rieotinamide in the Chieken, JW‘M «Chem, o 1)




78

Elvehjen, Cs Asy Re 4o Mndden, F. ¥. Strong, and D, W, Woolley, 1938,
The lIsolation and ldeatifieation of the mﬁﬂkhekkmm_' Paotor,
J. 510l ,Chen, 1T TVIIV,

Buler, E¢ Vo, Ho Albers, sad F. Sehlenk, 1936, (hemische Untersuchungen an
Hochgeneinigher Co-Zymsse, 2.Physiol.Chea, ' 7T, -

Frasier, E. 1., and T, E. Priedeman, 1646, Pells Study in Buman
Nutrition. Quarterly Bul., Northwestern "F'Tmnz 'm% Fotool

4o g8he

aorukm As Moy 1944, Choline mnd nimmio nu in Mtrl mtim.
FParming 4n 8, Africa 1Uessi-848.

Goldberger, Ju Ce Ho Waring, and D, ¢. Willets, 1916, fhe Prevention of
ton $ Tost u‘ Mot ru_gg; Institutional Inmates, U, 8. Pubile

Goldberger, J., md Gs Ao !fhnlor, 1915, mgmnhl Pellegra 4in the

Buman %bg»t gs Abous .EZ. a Roatt o Us 5. Publte

goldberger, Je¢, and G, A, Wk»hr. 133&. hp’ﬂx&tﬂ Blasktongue of Do
asd ite Belatien to Pellagre, U. 3, FbITe Wes m%.m:rﬁ.

Qoldbu';cr, 30. Ge Aa Mhr. Re By ulliO, md L. K Rﬂs’l‘" 19g8,

e snd the Blacktongue Preventive in Yeast,
V‘ﬁnﬂf" porte 435:867-888,

Grau, C. ki’ and K, Jo Mﬂui, 1944, mil‘“ ot of !Exﬂm the
BMG&. JeRutrition ”S""Wt ﬂ

m.’ Es s.; 8. X. Davis, and H, RQ Nhﬁn. l“’o !h. ult’imt‘n “
Fiootinie A.u in Feeds, J.mox.mm. 1464568-870.

Handler, P,, 1943, Eu of M mriiid Rations in the Study of Hice=~
tinie Aeid Defislency. m.m Blol.Hed, SE42 .

Barrow, B, 1948, ZTextbook of n,mm e Srd odition} mmam.

end Lomdons We Be Wm rn age mo

Hegated, D, M,, 1946, HNutritionsl Studies with the Duek. III NHiascin
Deficienoye J.Hutrition SEed6T-4TRs

‘Houser; G, Fa, 1046, Fooding M}q; Jodia Wiley and 8ons; Ine., ¥ew York,
pege 76,

Jukes, T4 Hyy Bs L. R. Btekstad, and i, Belt, I.DC?. Mtt&m&in of Certain

it _m%u d with . Foults en 8 P
ﬁ%ﬁm boflavin, Nisein, and Tnos 156

o JuMutrition 58sle12y




76

Krehl, ®. Aey Lo M, Eemderson, J. de la Buerge, and G, A. Elvehjom J848,
Relation of imine Acid m:mn te Niseln-Tryptophsne Defioieney in
Treving Yats, J.Fiol.Ohmm, P =

ll'dll, e &Qj :Q de la hu!'&l, and 0. Ae m"hj“ }MG: T YRFeOphn
stﬁd&u‘ I. The Effeet of Niaein en the Bﬁuuﬁm of Trypt
Lschen, T80,85100Y, -

ﬁ’chly *Q ‘mj !'. 8. Sarma, and 9' Ao Elv.h{zu. 19“. m‘ Mf”g of W
on the xtmm- Aoid and wmt _‘ﬂuipunt'?? m«m m .

K‘PM; Wt Aa; 1‘. 8¢ Sarmn, Le Jo Toply, end Q. A, R’h’.&dﬂglﬂiﬁo ?u‘hﬂ

the m.rt ﬂuin mé Wﬂh m«zrm of : e

» *

Avy L. do Toply, and Co A, Elvebjem,1946a. Corn as an Btig

m- in the Predustim of s Hisstinie A.aii wxmfi'ﬁ"t he Bate

mm

t QMt

‘fjgggizmsnu um uimm ot the . Prog

M, ﬁm Aoy o ds !.m; P, 83, Sarme, mﬁ c'o Ae. n‘*jﬂyxsﬁ0 M -
' ,Ww- #ﬂut of t.".'ern in Rimtnie Acld-vm &ttim and itt
o % Yryptophens. - Solense

.mam?;f‘ﬂr.l Dus Pe Re Moore, Co A. Elvehjem, and B. B, Hart, 1948s. m
- Astivity of sﬁmmsa Folis Aeid in Furified Retions for the CrTok.
Telenoe 108y I PO Coen

Luckey, Ts Dyp P Re Moore, C. Ao Elvehjem, and E. B. Hart, 1946h. Rffest
: _of Dlet on th&ﬁ‘sjﬁﬂ’lc.ﬁi Chieks &2 Folle Aeid, Proc.Joc.Bxpt.Biol,

%b % § oLty

fasoke, B, W,, W. ¥. MHoMillemn, F. i‘km‘xv, aﬁd c. Pall, 19&?. xha Relationw
ship of Hicotinie Aeld, Tryptophane snd Protels in the mmg_; .

Massengale, Q.Ne, 1929, The ?ulao ar nm: und mt mm 1n Ghiak
Rttim; Poultry 33!:.m371

: Pl‘uﬁ‘; Re Wy 5. He “ﬂg‘; ﬁe 0. e Q.’f‘ﬁk‘ im. 3 8‘“4 Of th.
Protein in a Commercial Neat Products -Poultry s‘a‘Tié!‘, T..
m A

mnumn, T Bo 2 A+ -Go Hogan, snd H, L. m;psur, 1948, Gritinl Vitaw
aios ia qum for Baby - ahxm. Mo, Research Bul, 390,




T

Resaen, F., Jde W, hff; and W, A, m.lmi;, 19‘3; fhe REffest of %
s = %._ gpumu of Nisstinis Aeid 1n umr"r
433

Sarett, H. Py, and G, A: Goldemith, 1947, 9 on
the Exsretion or lim&n&o uiﬁ Eﬁrivﬁr% ; ﬁ&'.
10520k

Sarett, .2, J. R. Mlein, and W, A, Perleweig, 1948, The Bffest of the
Lovel of Protein Intake Upon the Urinary Exorstion ef Ribeflevin and
mem Toge and Nebs, J.Nabrition B4¢508-308

Serma, P, 5,, and 0, A, Elvehjem, 1948, Qrowth Inhibitioen of chiiks o
Matims Cwmtainiag Serm Orits, Poul¥ry Soi BB350-40,

Sohasfer, A, Bey Jo M. NeEibbin, aud U, A, Elvedjem, 1942, Niostinlo Aeid
- Defisienay Stmdies in Degse JeBieliChen. 14446794685,

Seott, H, N, B Py sm;un. ®d L, D, Natborson, 1946, The Iafluenee of
Blestinio Asid en the Respense of Chieks Reesiving & Tiet Wzh In Torn,

Singal, S¢ Aes Ae Ps mw » Ve Py Sydenstrioker, and . M. Littlejohn,
1948, The Rffeat of % m,sm Br_fwnp_ Bxoretion of Nieow
- Sinie AT TaRala,™ z ' . "

Sples, T. D., W, Bs Besn, snd W, F. Ashe, uss‘ Beswat Advanoes in the
Treataent of mxm ml nnauw n.rnuaem. A‘an.m. .
15 I050-16Y8.

Stﬂhtl‘g xo Le kog Be Jo Muguist, B, m, 9& 7. Manning, and Eo
E+ Rogers, 1941, The %n'bdqdrato ﬂumont of the n« Fagtor,
J om‘lt&‘ﬂ 1378

ﬁ‘t'k’ltﬂda R‘ Io Bay Pu D 7; ‘Msaning, ad K. R. R«xm, 1840, Sﬁﬂ.ﬁi“ on

A Growth Fastor Presest in FPolished Riece snd ﬁmind by (Rks am
Y mmmwy*m » 193 .

Warburg, O, sud W, chz'htlu; 1934, wmtw eme Bloechen,Z.
8?43112-118- :

Werburg, O., and ¥, Christisa, 1935, Oo-Formentproblen, Bloshem.Z, 2751464,

W"'W&g 9&) Wa. Ghnilt!.tn, and W, ”i“., lm; 7
co-»?mti Spine mwumam Dagswels

mtroho, ﬁ !,, H. s sa.mﬁ, Ry .Foldis, and in Sy Humphreys, 1945, ,
ﬁim 1o Aoid md the 01 of % the Butrision of the Pig,




78

Woolley, Ds We, 1946,  Production of Hicotinie Aeid Defie ieney ﬂth
3-;«& 1( idino. The !ﬁtom"ﬁubw of mﬁh 2eld, ol,

Weolley, U, W., 1946a, Ewernl Tr*ggto;hﬁa of tha Biolg;inl Effeots
of Moﬁwriéino. hone

Woolley, De W., 18460, !ha Ossurrence of s am 1% Agent in .
J.810l.Chem, 163;:7 . o - W ﬁ Gorn

Woolley, Ds ¥,, and H. Sprinee, 1946, 7The Hature of Some New Di
Faotors Required by Guimes Pige, T, B4l Theu. YEY:d4 .




