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to* o n e-th ird  of th*  t o t a l  feed o a n u ia l  toy p o u ltry  (l*us*r 1946)* In fo r

mation obtained regard ing  th*  mechanism toy whieh «or&i under e o r ta ln  

d ie ta ry  conditions#  lnor*a«** th e  n io o tin l*  aold requirem ent of growing 

ohleks would to* o f extreme p ra c t ic a l  value a t  w ell aa fundamental In te r  oat* 

Xhowlodg* of tho  aaa* n a tu re  concerning th e  notion  o f e e r ta in  tryp tophane- 

low p ro te ina # auoh aa g e la tin  and seln# would alao to* va luab le  in  order 

t o  ap p rec ia te  mere thoroughly th*  aetatooliaai of n lo o tla io  aold In ohiokens * 

A ccordingly, th ia  in v e s tig a tio n  was undertaken to  determ ine t (1) Why th*  

feed in g  o f eorn increases th e  n le o tin lo  aold requirement of ehleks* (2) 

Why th e  feed ing  o f g e la tin  and se ln  inoroaaoa th e  n le o tin lo  aold  re q u ire 

ment of ehleha and whether th e  notions of eorn# g e la tin #  and ta in  a re  

re la ted *  (3) Whether hone req u ire  a d ie ta ry  aoureo of n io o tin le  aold*

I t  should toe pointed out# however# th a t  e a r ly  in  th e  eouroe of 

experiments on th e  feed ing  of oom to  ehleha I t  was found th a t  eorn oon- 

ta inod  an u n id e n tif ied  f a s te r  which was requ ired  toy th e  ohiek# in  ad d itio n  

to  a l l  th e  known n u tr i t io n a l  e s se n tia ls  * lae lu d tn g  n le o tin lo  aold# fo r  

maximum growth* Another study was undertaken to  id e n tify  th i s  growth 

fa s te r*  Therefore# to  f a e l l l t a t e  d e se rip tle n  and p reserve e l a r i ty  th is  

th e s is  I s  presen ted  in  two parts*  Bart I  eentaime th *  r e s u l ts  of a lee*  

t ln io  aold experiments With chicks and lay in g  hens* fh r t  I I  contains th e  

r e s u l ts  of s tu d ie s  w ith  chick* on th e  ld e n t i f l  o a t ion  of the unknown 

growth f a s t e r  p resen t in  oom*
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u m j s m g  m m im

Blvehjcm, M ad d en ,S tro ag ,c jid  Woolley (1938) iso la te d  n io o tin lc  aold 

amide from ft l iv e r  concen trate  and repo rted  th a t  i t  was ao tiv e  in  curing 

canine blaoktongue, a d efic ien cy  d isea se  analogous to  p e lla g ra  in  humans* 

H ieo tin io  eoid was equally  e f fe c tiv e  in  th is  respect#  Numerous c l in ic a l  

rep o rts  followed showing th a t  both n le o tin lo  aold and th e  amide cured 

human p e lla g ra  (Spies e t  el* 1939)*

ftrevioua to  th e  f in d in g  of Elvehjem and eeworkers (193&), Warburg and 

C h ris tian  (1934) iso la te d  nlootinasiide from eoemsyme I I  and demonstrated 

i ts *  function  as p a r t  of a hyd rogoa-tran*porting  coeaeyme (Warburg and 

C hristian  (1935) )* S h o rtly  th e r e a f te r ,  B r ie r , A lte rs  * and Sehlsnk (1950) 

obtained nicotinam ide fro® coensyme 1 , and i t  was shown th a t  both eoensymes 

were n ico tinam ide -  adenine -  d in u c leo tid e s f hut th a t  eosasyme I I  contained 

th re e  molecules o f phosphoric acid  w hile cosymase or coeasyme X contained 

two, thus i t  was e s tab lish ed  th a t  a vitam in was a component p a r t  of as 

im portant r e sp ira to ry  easyme system#

th a t  young chickens re q u ire  a d ie ta ry  source of n ic o tin ic  a d d  was 

f i r s t  demonstrated by B riggs, M ills , Elvehjem, and B art (1942)# th ese  

workers fed White Leghorn ohleks a p u rif ie d  d ie t  con ta in ing  d e x tr in  61, 

casein  16, g e la t in  10, soybean o i l  6 , m inerals and vitam ins except n ico

t i n i c  acid# th i s  d ie t  caused a marked depression in  growth r a te  and th e  

appearance of a d e fic ien cy  condition  s im ila r  to  canine blaoktongue* th e  

chick blaoktongue was ch a rac te rised  by an extrem ely inflamed cond ition  of 

th e  e n t i re  mouth c a v ity  and base of th e  tongue* Normal growth and h ea lth  

was obtained by supplementing the d ie t  w ith 1*8 m illigram s of n ic o tin ic  

acid  per 109 grams*



4

Previous to  th is  fin d in g  Daan and Handler (1941) and S nell and 

Quarles (1941) had presented evidence th a t  th e  chiok embryo syn thesised  

considerable  amounts of n le o tin lo  a old during the  incubation  p erio d . 'They 

In fe rre d  from th e i r  r e s u l ts  th a t  th e  hatched chick did not re q u ire  a d ie ta ry  

source of n le o tin lo  aold*

Briggs # Huokey# Teply# Elvehje&# and Hart (1943) extended the find ings 

Of Briggs e t  al* (1942). They obserred a d d itio n a l d efic ien cy  symptoms in  

o h lek s | namely# poor feathering#  p© rests# diarrhea# and low feed consumption* 

Moreover# they  shewed th a t  the  b reast muscle of d e f ic ie n t  chicks contained 

le e s  n ic o tin ic  ac id  and ooentyme 1 than the  b reas t muscle of the c o n tro ls .

Briggs (1943) s tu d ied  a n ic o tin ic  acid d e fic ien cy  in  tu rkey  pou lts  

employing a h ig h ly  p u rif ie d  d ie t  s im ila r to  th a t  used by Briggs e t a l .

(1942). He reported  th a t  th e  young turkey  req u ire s  from 3 to  5 m illigram s 

of n ic o tin ic  acid per 100 grams fo r  th e  prevention  of d e fic ien cy  symptoms 

such as inflammation of the  mouth# diarrhea# low feed consumption# poor 

e f f ic ie n c y  of feed u t i l i s a t io n #  poor fea th erin g  and porosis* However# h is  

d a ta  in d ica ted  th a t h igher le v e ls  of n ic o tin ic  aold were needed fo r  maxi* 

mum growth* dukes, Stokstad# and Belt (1947) confirmed th© fin d in g s  of 

Briggs (1946). These workers found th a t  5 m illigram s of n ic o tin ic  acid 

per 100 grama would allow  maximum growth and prevent th© occurrence o f 

per os is  in  tu rkey  p o u lts . Their d ie t  was a lso  h igh ly  p u r if ie d  and consisted  

o f s ta rc h  §5.3# casein  20# g e la tin  S# ©ora o il#  m ineral m ixture and vitam ins 

except n ic o tin ic  ac id .

Hegsted (1946) reported  th a t  young ducklings ra p id ly  develop a n ico 

t i n i c  acid  d e fic ien cy  on a h ig h ly  p u rif ied  d ie t  (s im ila r  to  d ie t  of Briggs 

e t  a l .  1942). In c o n tra s t t o  th© se v e r ity  of the  d efic ien cy  in  th e  chick# 

th e  only symptom observed in  th e  duckling were poor growth# d iarrhea#  and
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$ v itam in s* includ ing  n io o tin io  a c id , but th e  r a t s  grew ? « y  w ell* lb  

in c re a se  I s  growth r a t s  was observed upas th a  ad d itio n  of n ic o tin ic  acid*

Birch concluded th a t  a i a o t l s i a  aold Is not an e s se n tia l  d ie ta ry  substance 

fo r  th a  ra t*  Dans (1941) fad r a ta  a h igh ly  p u rif ie d  d ie t  law in  n io o tin la  

aold t u t  adequate in  a l l  th a  o th er known n u t r i t io n a l  e s se n tia ls*  I t  was 

aa lo u la tad  th a t  th a  animals Ingas tad  6 mlerograms o f n io o tin io  ao ld  d a ily  

whoraas an an a ly s is  of t h a i r  t is s u e s  in d ica ted  th a t  th a  v itam in  inaraasad  

d a i ly  fey aa average anaunt of th e  ordar of 200 mieregrame* This evidence 

suppartad th a  fin d in g  of S lroh (1929) th a t th a  r a t  d id  n e t naad a d ia ta ry  

sourea of n io o tin io  acid* K rehl, Taplyf and Slvehjam (1946a) fad r a t s  a  

h ig h ly  p u r if ie d  d ie t  a s s e n t ia l ly  f r e e s t  n ia a t ln la  a a id  but adequate in  th a  

abhor known vitamin* (with th a  exception o f f o l io  aaid)*  4  gain in  w a i^ it 

o f 30 grams in  4 weak* was nada an th is  d ia l*  Howaror ,  when 40 percen t o f 

th a  e n t i r e  d i a t  was rep laaad  by yellow oom or oom  g r i t s  a  marked growth 

depression  was observed ( I I  grams gain in  4 weeks)* The ad d itio n  o f 0*6 

to  1*0 m illigram s o f  n io o tin io  aa id  com pletely eounteraoted tha  growth 

depressing  ac tio n  o f com* A ddition o f fo lio  aa id  in  p lace  o f n io o tin io  

aa id  had no of fee t*  When th e  casein  le v e l was ra ise d  from 16 to  20 p ercen t 

some of th e  growth in h ib ito ry  a f f e c t  of eorn was overcame*

In  a  s im ila r  s tudy  w ith  dogs Erehl* Teply# and Blvehjam (1945b) re*  

ported  th a t  th e  in e lu sio n  o f 49 per cen t com  g r its #  a t  th e  expense of sucrose# 

in  a  sy n th e tic  d ie t  caused marked lo ss  of weight and death  o f th a  anim als. 

W ithout corn th e  d ie t  allowed normal growth and h e a lth  in  dogs* Tha eddl* 

t io n  of 6 m illigram s of n ic o tin ic  aold per 109 grams of d ie t  eounteraoted 

th e  d e le te r io u s  notion of com* Whereas oom increased  th e  n io o tin io  acid 

requirem ent of dogp# milk* which con tains much la s s  n ic o tin ic  acid# tended
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to  decrease th e  requirement* fh® authors explained th e  a c t io ' of m ilk  as 

being probably due to  th e  estab lishm ent of an. in te s t in a l  f lo ra  whieh favored 

th e  syn thesis  o f n io o tin io  aold* (to th© other band, th e  aotlcm of eorn 

war, explained as being due to  th e  suppression of a favo rab le  in te s t in a l  

f lo r a ,  or i t  was suggested th a t  oom might contain substance# whieh combine 

w ith  n io o tin io  acid thereby  making th e  vitam in unavailab le  to  the animal* 

Sanaa and Elcehjesn (1046) workin^ with chi oka showed th a t  the  in -  

clue5.o of oom In a h ig h ly  p u rif ie d  d ie t  low in  n io o tin io  ao ld  depressed 

growth, ib i s  e f fe c t  of com  was com pletely eounteraoted by the  add ition  

of n ic o tin ic  acid*

In a  very  e rasab le  study K rehl, Tcfly,- Sanaa, and Elveh^sni (1048) 

repo rted  th a t  the growth re ta rd in g  ac tio n  ©C oom  on r a t s  rece iv in g  n ioo- 

t i n l e  acid-low  d ie ts  was counterected  by tryptophane as w ell as by nico

t i n i c  acid* This d iscovery tawed la te ly  explained, the  b e n e f ic ia l  ac tio n  

of good q u a lity  p ro te in s , such as c a se in , m ilk , and meat in  th e  d ie t  of 

p e lla g r in s  (Goldhergsr,  and Wheeler (1915), G oldberger, Waring,asd Wil i s t s  

(1915) )• I t  also  showed th a t  a very c lo se  re la t io n s h ip  ex isted  between 

an amino acid  and a vitam in in  an anim al1 s metabolism.

The importance of in te s t in a l  syn thesis  of n io o tin io  ac id  in  th e  r a t  

was fu r th e r  emphasised by K rehl, Sarma, Teply, and Uvehjam (1046)* They 

reported  th a t  th e  kind o f carbohydrate in th e  d ie t  and the le v e l of try p to 

phane influenced th e  ex ten t of th e  undesirab le  e f fe c t  of oom* Glucose, 

d ex trin  and la c to se  were b e n e fic ia l in  t h e i r  action* Iea -« e rn  d ie ts  whloh 

were lo w 'in  tryptophane sad n ic o tin ic  acid  gave poor growth when sucrose 

was used as th e  carbohydrate* In the l a t t e r  d ie ts  normal growth was ob

ta in ed  by adding tryptophane or n ico tin ic , a c id , or by using a carbohydrate
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which produced a favo rab le  I n te s t in a l  flo ra*  These workers pointed out 

fu r th e r  th a t  though po lished  r i s e ,  ro lle d  o a ts ,  and rye a l l  contain  * lg - 

n i f le a n t ly  le s s  n ic o tin ic  acid than yellow ee rn 9 y e t they  did no t produce 

growth depression*

Woolley (1949) fed o ra l doses of 3*aeety lpyrlb lne d a ily  (analogue of 

n le o tin lo  ac id ) to  mice and produced a marked depression  in  growth and 

some reddening o f th e  tongue* The e f fe c t  o f th i s  substance was counter* 

acted  upon th e  ad d itio n  of n le o tin lo  a c id , or tryptophane (Woolley (1943a)) 

to  th e  d ie t*  f t  was explained th a t  5 -ace ty lp y rid in e  produced i t s  e f fe c t  

by competing w ith n ic o tin ic  mold In c e r ta in  ensyae systems in  th e  body* 

Woolley suggested th a t corn may contain  a s im ila r  to x ic  m ateria l which is  

re sp o n s ib le  fo r  th e  growth depressing  ac tio n  of t h i s  g ra in . This point 

was in v e s tig a ted  and a oonosntrate was obtained from corn which whn fed 

to  mice aoted In  a s im ila r  manner as 3~acety lpyrid ine ( lo o lle y  (1946b) )*

I t s  ac tio n  was- counteracted w ith  n io o tin io  aold* The potent "pellagragenie*  

agent was so lub le  in  & m ixture of chloroform and sodium hydroxide* The 

a c tiv e  m ate ria l has no t yet been chem ically ch aracterised*

K rehl, Sanaa, and Elvehjem (Id46) extended t h e i r  previous find ings 

on the a c tio n  of corn m  the  growth of ra ts*  They showed th a t  by adding 

c e r ta in  tryptophane-low  p ro te in s  such aa s a in ,  g e la t in ,  and acid  hydrolysed 

casein  to  d ie ts  lew in  n io o tin io  aold  a  growth depression  re su lte d  which 

was s im ila r  to  th a t  caused by th e  feeding of oom . Moreover, th ey  found 

th a t  th e  growth in h ib it in g  of corn was re la te d  to  th e  n a tu re  of i t s  pro

te in *  In a d d itio n  i t  was shorn th a t  when th e  oase ia  of the basal d ie t was 

rep laced  by f ib r in ,  egg album in, or soybean g lobu lin  th® d e le te r io u s  a c tio n  

o f oom in  the  d ie t  was prevented. This was explained as being due to  th e  

h igher tryptophane content of th e se  pro teins*
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Working w ith  chicks Briggs (1946) shewed th a t  th a  presence of g e la tin

In  a h ig h ly  p u r if ie d  d ia t  low in  n io o tin io  aold caused growth depression

and th a  occurrence o f blaoktongue* The ad d itio n  of 0*2 percent d i-tryp tophane

or & m illigram s of n io o tin io  ac id  par 100 grans o f d ia t  eounteraoted th a

in h ib ito ry  no tion  of gela tin*

In s tu d io s  w ith swine Lueeke* MoiHilca* Thorp and f u l l  (1947) reported

th a t  th e  feeding  of a high p ro te in  d ie t  (19 person!) composed of corn*

casein* soybean o i l  meal and a  m ineral m ixture produced only mild symptoms

of a n le o tin lo  aaid  defle lenoy  and th ese  were confined e n t i r e ly  to  in f  lam*

n atio n  of th e  colon* lo  symptoms were oba erred  whan oom was re placed

w ith oats* On th a  o th er hand* th e  lowering of th a  p ro te in  eontant ( 14

p e rcen t)  of the oom d ie t  caused severe inflammation of the colon* lo ss  of

w eigh t, and diarrhea* Supplementing th is  d i e t  w ith  800 m illigram s of

d l-tryp tophane  par pig par day gars ex ce llen t growth end normal health*

Krehl* da l a  Buerga* and Elvehjem (1046) reported  ih a t n io o tin io  aold

improved th e  u t i l i s a t io n  of tryptophane in  r a t s  rece iv ing  p u rif ie d  d ie ts

contain ing  corn g r its *  In balance s tu d ie s  i t  was found th a t  r a ts  w rich did

n o t rece iv e  n ic o tin ic  aold only used 80 percent of tha t o t a l  tryptophane

ingested  fo r th e  sy n th esis  of body p ro te in  w hile r a ts  which received  n ice*

t in io  acid  u t i l i s e d  70 percent*

The recen t work of Posen* Huff* and Perlsweig (1946)* S in g a l* Briggs*

S yd en strio k er, and L ittle ,)aim  (1946) w ith ra ts*  m& S a re tt  and goldsm ith

(1947)w ith humans has shewn th a t  the  feeding of tryptophane leads to  th e
1ex cre tio n  of very high amounts of £ ~methylniootInamide in  the urine*

These workers have in d ica ted  th a t  tryptophane may be an im portant p ro - 

cursor of n ic o tin ic  ac id  (in  th e  r a t  and man) and may explain  th e



a a tlp e lla g ra g sa le  a e t iv i ty  o f e e r ta in  foods suoh os m ilk  ah ieh  a re  low 

in  n io o tin io  a e ld , but r ie h  in  good protoin*

K rehl, Henderson, do l a  Buerga, and S lveh jea (1946) in v es tig a te d  th e  

p o s s ib i l i ty  th a t  th e  growth depressing  ac tio n  of tryptephane~l©w p ro to ins 

suoh as so in  may be eaused by an amino aold im balance. Only a f o r  smino 

aoids were fod in  t h e i r  ex p erin an ts ,  but th e  ro s u lts  they  obtained  led  

tltest to  e©&elude th a t  th® t o t a l  o f f s e t  produced by food lug tryptepkane*lew  

p ro te in s  i s  duo to  aa anino aold imbalance. Of th© s in g le  amino aoids 

te s te d ,  glyoino appeared to  hare th e  g re a te s t  growth depressing  action*

They fu r th e r  s ta te d  th a t  th e  in h ib ito ry  ao tio a  of oom  seened to  be t o t a l l y  

re la te d  to  i t s  predominant p ro te in , sein*

In th e  l ig h t  of our never sons opts of n u t r i t io n  sad th e  a n a ly tic a l  

d a ta  a t  hand on th e  n io o tin io  ae ld  con ten t of various fo o d s tu ffs ,  F ra s ie r  

sad Friedeaean (1946) hare  re -ev a lu a ted  th e  ra r ie u s  d ie ts  used by 

deidberger and a s se e la te s  in  th e i r  s tu d ie s  of human pellag ra*  They ©al- 

eu la ted  th a t  th e  minimum d a ily  in take o f n iootin l©  a e ld  in  a  m arginal d ie t  

con ta in ing  earn  preduets was f*S m illigram s per day. On a  d ie t  eo n tslu ing  

©era# but w ith  s n a i l  q u a n titie s  ©f m ilk or m i l l  p red u e ts , o r on a  d ie t  

w ithout ea rn , th e  minimum requirem ent was ea lo u la ted  to  be about 4 a t l l i -  

grams per day* I t  was emphasised, however, t h a t  a  l ib e r a l  d ie t  w ith  

generous amounts e f  green vegetab les anti good p ro te in s  (m ilk , meat and 

eggs) appeared to  be th e  b es t safeguard ag a in s t p e lla g ra  In  humans*
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0a th e  l a i i i  a f  a ic o t in is  m U  ra ln es  reported  f a r  crude case in  by 

Carmen, Boutwell* ami Mwchjea (1941) and f a r  l l r e r  f ra c tio n  *h* by 

Begsted  (1946), th e  n ic o tin ic  aaid content of d ie ts  10QGN, 1140B* and 

113311 aaa c a lcu la ted  t a  he 0*§4# 0*§4* and 0*04 m illigram s per 100 gram* 

resp ec tiv e ly *  According ta  th a  values g ives by Meek (1943) th a  10 

percent a f  aaa aim contained la  thaaa  4 la ta  would supply 0*0® grass© of 

tryptophane# which la  th a  ahl«k*a requirement par 100 grams a f faad  aa 

aatah llah ad  by $rau and Almquict (1944)*

M at 113 (Table I )  i« a highly p u rif ie d  d ia t and contains a l l  th a  

known e s s e n t ia l  n u tr ie n ts*  includ ing  n ic o tin ic  acid*  requ ired  by th e  chick 

fo r  normal growth* I t  was used as the basal d ie t  fo r  the id eat i l l  ca tio n  

a f  an unknown growth fa c to r  contained la  com*

S u b stitu tio n s  l a  a l l  the a bare meati ened d ie ts  ware wade a t  the 

expense of the carbohydrate* D eta ils  a f th e  various sepp leasata  which 

ware wade to  th e  d ie ts  w il l  be presented l a te r  under * te su lts%

In a m ajo rity  o f  th a  experiments w ith chicks oh* e re c t lens were made 

an th e  cond ition  of fea th e rin g  a t 4 weeks a f  age* Table 11 giro* th e  

system employed in  determ ining the feather score*

m i  u

ststem i s d m  m n $ &  accaise

ADJIGTIVK S60SB mmuou* mmn
Wary poor 0
Very year plus 10
Poor 00
Poor plus 00
f a i r T0
dead 00
Very gced 00
Excellent 100



IS

th e  s tu d ie s  w ith  lay in g  hems (Hew Hampshire p a l l e t s ) were oondueted 

in  conventional-type S tee l lay in g  b a tte r ie s  * A r t i f i c ia l  in s Aminat lorn* 

were performed I v i t t  weekly with th #  pooled semen o f sev era l Hew lamp- 

Shir#  r o w t t n ,  Eggs war# eo lle e ted  d a ily  and #t#r«d la  a r e f r ig e ra to r  

a t  u n t i l  th ey  war# se t*  Weekly se ttin g *  a f  eggs were made and

h a to h a b il l ty  retarded* On th e  tve.n ty»#iret day# a l l  a f  the egg* th a t  d id  

n a t h a t eh were broken e a t and tim e t f  embryo is a r ta i l ty  was determined* 

fwe experiments were eondueted with laying hens* th e  f i r s t  experi

ment was composed t f  two groups t f  hsns # fea r hens p r  group* I t  wee a f  

th i r te e n  weeks duration* fhe  swoond experiment was composed a f elm groups 

t f  hens, f e a r  hens p r  group* Fear groups # f th e se  hens ware renewed 

from experiment a f t e r  tw elve weeks# While th e  remaining te e  groups were 

continued u n t i l  n ineteen  weeks*

In  fa b le  111 th e  d ie ts  whleh were used in  th e  a te o t ln le  ae ld  expert*  

meats w ith  hens a re  given* D iet 2011, h ig h ly  p u rified #  was employed In  

th e  f i r s t  experiment* I t  was designed to  he low In  ml s a t i a te  ae ld  and 

high In a souree a f  p ro te in  lew In tryptophane. In  th e  ehlek  experi

ments I t  was found th a t  bona essoin.w as as e ffic ac io u s  as g e la tin  in  pro* 

duoing a  n ic o tin ic  ae ld  d a f is tsn e y  and had th e  advantage of mot s tic k in g  

to  th e  beaks o f b ird s  when used a t  high lev e ls*  th e re fo re#  a high le v e l 

o f bene esselm  was u t i l i s e d  in  d ie t  I@1V l a s t e d  of g e la tin *

P ie ts  m m >  2058# and 2Q4H wore used in  th e  see  and experiment w ith  

hens* M e t 2028 was designed to  determ ine th e  o f fs e ts  of high le v e ls  of 

earn and eorn g lu ten  meal as component p a r ts  of a  n le o tin lo  a e ld  le v  

p u r if ie d  d ie t  on th e  preduetiem  o f  a  n io o tin io  a e ld  deflelem sy in  hens* 

f h is  d ie t  was fu r th e r  v a ried  by em itting  th e  easelm# or by adding high 

le v e ls  o f  glyeime*
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I t

Piet mm was sim ilar to  41e t t § l l  « r i» i t  that o i l  of the boas oseela  

was replaced with 10 percent of gelatin* th is  4lo t  was used to  determine 

tlio offoot Of high leve ls  of glycine lo  a p u rified  d iet on the production 

of a n ieo tia le  aold deficiency la  Oom*

H o t tOm «m sim ilar to d ie t 2019* lowewer, i t  differed by having 

•ora gela tin  and lota casein . th e  g e la tta  used in th is  instance was flaked 

and whoa fad a t  a leve l of i t  pereeet of th® i l o t  414 not sense excessive  

* |»mmiiagO of tho beak* M ot 2048 was designed to determine th e  offoot of 

a low lev e l of easeln and a high lev e l of so la tia  on tho production of a 

n icotin ic  a o ii deficiency la  hens*

0m tho basis of n icotin ic  a o ii  values reported fo r  casein and liv e r  

fraction *V* (mentioned previously) and fo r com axad corn gluten meal 

(Bale et al* 1440} th e  n loetia le  aeld content of diets t i l l *  2028, m m , 

and 2048 were calculated to bo 0*58* 2.46* 0*63, and 0.61 milligram* par 

100 greats respectively*

In d iet m m  tho substitutions wore made at mo expense of yellow  

com* In tho other throe d iets substitutions were wade at the empemse 

Of com starch* la  a l l  instance** feed , water* and ground oyster sh e ll 

were offered ad libitum*
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Figure 1. NICOTINIC ACID DEFICIENCY IN THE CHICK

Both chicks a re  th e  same age (4 weeks) hut th e  
chick on th e  l e f t  did not rece iv e  n ico

t i n i c  acid*



n

th e  feed ing  e f  la rg e  amounts of ©ora w ith  g e la t in  gave r t i u l i s  s la i*  

lo r  to  those  w ith  g e la tin  alone* Apparently the  motion of oorn and gei*~ 

t i n  wee not addltIv©  with 10 pereeob o f g e la t in  in  th e  d ie t*  The ad d itio n  

of n io o tln io  a© id to  th e  ©ora d ie ts  re su lte d  in  an unusually  f e e t  r a te  e f  

growth fo r  th e  ©hiehea {appro© lah ly  g re a te r  growth than  when n l  co t ini© 

aold  warn added to  the  ee re le so  d i e t s ) ,  (deeper© groups 0 and 14)« f id e  

suggested th a t  ©era eoatained an m id  ea t I f  led  grewth^proeioting f  meter or 

f  meters met pres ea t in  th e  basal d ie t*  i l s l l a r  r e s u l ts  were obtained 

w ith ©era when added to  th e  basa l d ie t  11331 la  th e  presence o f I t  p e rsea t 

gel a t  l a  and a ico tin i©  meld* (k  l a t e r  p o t io n  e f  th is  th e s is  la  derated  to  

th e  id e n t i f ic a t io n  e f  th e  growth f a s te r  i s  ©era*} Tryptophane appeared to  

he somewhat le e s  o f f  motive shea added to  th e  earn d ie t  than whoa added 

to  th e  earelos© d ie t  (Compare groups i  and l $ ) #

Because f a i r l y  good growth was obtained by th e  ia e lu s ie n  of only 

$ percent g e la tin  in  th e  d ie t*  whereas h igher lev e ls  earned a marked do* 

preeelon  of growth* I t  seamed d e s ira b le  to  determ ine th e  e r l t i e a l  le v e l 

e f  g e la tin  supplem entation where mmimm growth ©said be obtained in  th e  

absence of n iee tia i©  mold. This poin t was in v estig a ted  employing d ie t 

11401 whieh is  e s s e n t ia l ly  th e  eane as d ie t  10M * The r e s u l ts  a re  given 

in  Table ? •

I t  i s  evident t h a t  e f  th e  various le v e ls  o f g e la t in  used 8 p e reea t 

gave idie g re a te s t  growth response In  th e  mbs ease of n iee tia i©  ©old. above 

th is  le v e l  feed e f f ie ls a s y  and fe a th e rin g  hesaae poorer w hile  th e  imetdenee 

o f  blaektongue* per os is*  and m o rta li ty  iaereaeod* fiowever* th e  n a n ism  

growth* e ffie ie n o y  o f feed u t i l i s a t io n *  and fe a th e rin g  th a t  was ob ta in ab le  

w ith  g e la t in  alone was g re a tly  surpassed by 8 o r  i t  poreaat o f  g e la t in  in  

eeablnatlo®  w ith  n ie o tin lo  sold  (Compare group i  w ith  groups $ and §)*
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TABLE TI

dwerm haiiob or cititioAL i s m  or obutim  summa/ttsim
IH DIET 115GH

------------------------------------------------------------- jyg ------------------------------------------------

moor a v n ta m t to uusal n .  ao. bo. n m
bo.  D in  l i s a  no. bo. « a s .  s u e t  m o o n  s m e *  rmamt

(w ith b* g . l» t U )  CHICK BIBO OB BOROS 1 0 0 7  SCOBB

1 8$ M a tin 4 0 129 0 8 •444 44

8 'M atin 4 0 181 0 0 .442 44

9 4$ M a tin 4 0 XB4 X X .477 48

4 §% M a tin 4 0 X7S 8 •480 SB

4 10% M a tin 6 i 1X5 4 I .290 18

8 4a I 4 X 0 mg % 
Bioatinie a e li

4 0 112 0 X .513 87

T 4a B 4 10 ag £  
B leatinle aald

4 X 180 0 X •444 44

8 4a B 4 XO mg % 
Bloat into a«U

4 X 141 0 •444 87

I 4a 4 4 XO ag £  
Bloatinio aa!4

4 0 844 0 0 •4X0 74

10 Ao 6 + 10 *g £  
Bloat Inio aald

4 0 244 0 0 • 444 74
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TA1LB T ill

snKBMiMnon o f th s  aiooriiie acid  re q o ire h w t fo r  drouth o f  i n
BAXFBHIBB CHICKS WLOTIIO DIST USW  ♦ 6 PttCfflf Of

OXLAIXI

 ------------------------ m : ----------------------------------------------
OBOOF ACID ADDBS TO BASAL 10. 10 . IT . 1 0 . 1 0 . FIED PBATHBI
HO. D ill 11301 (w it. CHICKS OIIB 4 U S . BUCK FB08IS KFFIC- SC08I

6)1 g . l . t ln )  OB TOHOOI IKSCT

1 Koa« 0 & 202 2 0 .498 47

2 0.6 mg ^ 6 0 178 1 2 .008 40

6 1 .0  ag % 6 0 200 1 1 .614 62

4 1.5 ag % « 1 200 0 0 .680 74

6 2.0 ag % 0 0 270 2 0 •669 78

6 2.6 ag % 0 0 270 0 2 •667 77

7 6 .0  ag % 0 0 200 0 0 .686 74

8 10.0 ag$ 0 0 286 0 0 .641 78
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tABLB IX

DSTffiWSATICH Or IBS BICOIIHIC ACID BBQDIRIWaH FOB 8R0HIH OF BBT 
HAHFSBI8S CHICIS SSaOTISO DIE! 11801 ♦ 10 PSRCffll OF

OSLAIIS

« o o p  ac id  m m  to b asa l s o . s o . w .  s o . so. n m  f s a ih -
10. Bint 118091 (wits CHICS DIB « S B . BUCK PSROSIS STIC- B

10* g . l . t l n )  OB TGROOS IWCT SCOHB

Hon® 3 0 181 8 8 .476 38

1 .0  mg % 0 0 888 3 8 *84? 83

1 .6  ag % 3 1 888 8 8 • 833 38

8*0 ag % 3 0 88? 8 • 313 ?8

2 .6  ag % g 0 308 0 3 •308 ?1

3«0 ag % 6 0 888 1 1 •340 38

8*0 ag % g 0 380 0 0 •314 31

10*0 ag % 6 0 388 0 0 • 884 80



so
tabli X

MfA s r a n m  t i a t  m i  qkowm M iK SM ivt a c tio s  of n u r a  i s  mm to  i t s
AMMO AO ID COfSTOTMTS

— -
m m $  m w m m m f to  b asa l o u t  10 .  #  i f  * $  36 m m
10* 114G2 (with me g e la tin )  CBIGKS DIED 4 AES, BLACE m o s i s  BFFIC-

 _________________________   QMS fOSSCS IMQX

1 5% d e la t la  IS S 216 46 16 *494

2 1C$ G elatin  13 26 116 100 27 .370

3 Ad 2 4 6 mg jt N ioo tin ie  IS 
aald

0 SIS 0 0 .602

4 As 1 ♦ 2# Glyelme S IT 166 6T IT •460

S Ad 1 4 4$ Olyeiae 12 23 146 100 i *437

6 Ad 4 4  6 ag  #  N lootin io  $ 
aa ld

0 314 0 0 • 676

T Ad S 4 6 ag  % g iee tlm le  S 
aald

0 300 0 0 .670

3 Ad 1 4  40 Glyoine 4 2S mg 0  6 
M oot In io  aald

0 SIS 0 0 *§74

9 Ad 1 4 60 Glyoine 4  86 mg 0  6 
g iee tlm le  aald

0 263 0 0 *536

10 A d ^ l^ ^ A m ln o  aald  12 42 131 100 0 .437

11 Ad 10 4 6 mg 0  g iee tlm le  3 
aald

0 306 0 0 .§77

12 A* 1 4 20 G lycine, O*S0 6 
A rginine

0 111 100 33 .461

IS Ad 12 4 0*30 Alanine S IT U S 100 IT .397

14 Ad 10 aixroe Olyaine and 6 
A rginine

IT 261 100 IT .313

IS Ad 1 4 30 Orea 6 17 206 63 IT .492

IS Ad IS  4  $ mg 0  g iee tlm le  6 
aald

0 300 0 0 ,627

a Glycilne f«Ot 41 A a$artie  aa ld  0 .8 , d l Alanine 0*6, I  (4) A rginine 101 
0 .6 ,  1 (4 ) Glutamio aa ld  0 .6 , l ( - )  Leucine 0 .2 , 1 (4 ) Lydlme 101 0 .2 ,
41 Ifceaylalaniae 0*1 41 S erin e  0 ,8 ,  41 Yalime 0 .1 ,  !{<*) Tyrosine 0*1



a

tim e f l i t  experiment t w  performed p re lin e  m s  no t at*IXab le  sa g lycine 

m s  increased  In th e  amine aald  m ixture p ro p o rtio n a lly  to  the  amount of 

p ro lin e  vhleh was la e k ia g , A l a t e r  experiment shewed p re lin e  to  t i h i n  

l a  a  s im ila r  meaner to  g ly e lae  to  th i s  preeedtire was ju s t i f ie d #

th a t  tho  food lag  of glyoine h a t g rew th» inh lb iting  p ro p e rtie s  under 

th e  conditions employed Is  ev iden t (groups 4 o a t ®)# F art horror** c e r ta in  

e th e r  symptoms asso c ia ted  w ith  n iee tia i©  a o l t  deficiency# namely eh iek  

blaekteztgue# d ia r rh e a , porosis# and poor Foot u t i l i s a t i o n  woro a lso  aggro* 

ra te d  by tho  foodlag o f g ly c in e , But# most im portant was th o  ©empleie 

p reven tion  of th e se  oaohootio eeadltiOBS by th o  fo o tin g  of n leo tla i®  a o lt  

(groups $ s a t  f ) ,  Sroa 8 percent of g lycine  was to lo ra to d  when th e  d ie t  

contained s u f f ic ie n t  a io o tla lo  a o l t  (group •)«

th o  fo o tiag  o f tho  sain© a o l t  m ixture (group 10) and © aabinaticas of 

f « w  of tho  eempeaoats of th i s  m ixture dsm onstrstsd th a t  th o  growth la*  

h lb it i t tg  of foo t of g e la t in  oaa a o t o a t i ro ly  too to  glycine . A rginine 

o a t glyoine to g e th er (group 18} and e sp e c ia lly  arg in ine#  g ly o in e , and 

a la n in e  l a  sombination (group IS ) sheared narked in h ib ito ry  action* th e  

o ther amino a o lta  l a  th o  m ixture# « r a  in  th e  presence o f a lan ine#  appar* 

e n tly  were not involved in  tho growth in h ib itio n  a t  th o  le v e ls  fed# a l*  

though th o  inc idence  o f blaokteague was increased*

h a  n itro g en  l a  c o n tra s t to  amine so ld  n itro g en  had me growth do* 

p re ss lag  aetlom (groups 1$ and 18)# those r e s u l ts  im dloato th a t  tho growth 

depression  eaased by th o  feed ing  o f g e la tin  i s  da# mainly to  i t s  amine 

so ld  © oastitueate •  p r ia e ip a l ly  glyoine# arg in ine#  and a la n in e , th ey  a lso  

In d ls a te  th a t  n ieo tlm le  ac id  Is  oonoerned, i a  some meaner# w ith  th o  notab* 

o l ls n  o f th e se  enino molds.
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fh e  nex t s te p  Involved a s im ila r  in v e s tig a tio n  e f  th e  earn p ro te in * 

se isu  fhe eompeaition of th e  amino aeld  m ixture* sim ulating  XI par s e a t  

s e ia  l a  given l a  fa b le  H  together w ith th e  result®  obtai&ed* Seta* aa 

• k m  p rev iously  (fa b le  T i l l )  deereased groirth , feed e ffie ieaay *  and 

caused poor fe a th e rin g  w hile ia e re a s lsg  th e  iaeidsm ee of m orta lity*  

biaekteagtte# and p a re s is  (Compare groups 1 and &)> but mat q u ite  a® mu eh 

a® did g e la tin  (Compar© groups 2 am# &)* however* th e  feed lag  of th a  

amine aal#  m ixture prodaoed amah more severe result®  than  d id  a aim ($a*»

para  group® 6 am# *)• Laa® severe r e s u l ts  ware obtained with th e  modified

amlmo aal#  m ixture (Compare group# i  am# ?)# t u t  th e  s e v e r ity  of i t#

aetlem  was atlXX g re a te r  than  se ia  (Compare groups § am# 7 ) . thus# i t

appear® th a t  th e  amlma aeida wfeioh a re  p rim arily  involve# In th a  growth 

depreealam e f fe e i  o f selm a re  g lateade sold* XstxeXns# alan ine*  p ra lin e*  

m i  phenylalan ine. th e se  a re  th e  amino aald# srhloh aeaur in  tha  g re a te s t 

<pa a n t i  t ie #  in  t h i s  p ro te in , th e  re s id u a l amine as id e  were a d d itiv e  In  

presuming a fu r th e r  growth depressing motion* th e  reason th a t  sain  was 

la s s  depressing  in  motion than  th e  amine aa ld  m ixture was probably duo to  

th a  pressmee e f  small amounts of n a tu ra l ly  oeeurrtng  tryptophane and 

mi s e t  in io  aa l#  In  seln« The mast s i  g a tf le a n t p a in t to  observe* h e v trw i 

i s  th e  counter s e t  Ion at  th e  o ffse t*  e f  th e  amino aald  m ixture w ith  a lee*  

t in io  sold  (Caspar® groups 5# 4* 1} and #)« Jhea© r e s u l t s  shew th a t  th e  

depressing  met ion e f  sa in  Is  due to  i t s  amine aa l#  e e a s ti tu e a ts  • fu rth e r*  

mere# as in  th e  ease e f  g e la tin #  i t  has bean demonstrate# th a t  n le e t in ie  

ee l#  i»  involved l a  th e  metabolism e f  as&ae aside*

In  r e la t in g  th e  aetlem s e f  g e la tin  sad sa in  i t  was ev iden t th a t  

e e r ta in  d is s im i la r i t ie s  were apparent# r e la t iv e  to  th e i r  amine ae id  eon* 

s t l tu e a t s  * S laee se in  eea ta ia s  a s  glyoine and very  l i t t l e  a rg in ine#
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TABLE XI

DATA SHDSISC TEAT IBS OROSTl 0SIUBSXSO ACTION OF 3111 15 DUS TO ITS
AHiio ac id  o m m m m n

 — -----------------------------------------------

m m w  w m m m t  t o  sasaa  so* s o .  m *  10.  so* vwm  
so* m m  n m  ceicbs d ied  a  w is . b u c k  m m m  s f f iq *  fe a th e r

(w ith ao g a la t in ) QMS T0S0UE m m s c o ts

1 i£  0*1a t  in 6 0 176 I 0 •330 53

8 10£ O ala tin 3 3 133 5 » *330 13

5 0 335 0 0 .510 73

4
6 0 133•11 0 0 •535 73

•  A» 1 + l#5t Z.lm 3 1 153 5 1 •333 33

5 A# 1 A 18£ Amine 
aold m ixture*

3 5 31 3 0 *03? 0

7 AS 1 + 11.8* modified 6 
A.A«Mix**

1 110 5 0 •613 33

3 AS 5 ♦ 10 mg *  
H o o t i n i s  aald

3 0 |S1 0 1 •360 78

S AS 6 > 10 mg * 
S le e tin io  a© id

3 0 553 0 0 • 530 78

•  1(+) Glutami© m U  3 .9 0 , ! ( • )  Leuain© 5*80# 31 Alanina 1*55# !(«*)
P ro lina  1*46, 31 Ffeanyialanin* 1,00# 1{») Tyro#la# *85* 31 I*ol©uoln« 
♦66, 31 A«parti© ael3  .5 0 , 31 Math! on in© *36# 31 Thraonina *35#
31 Valin* .5 6 , 31 S ariaa  .16# !(♦ }  fii© tidin# *15# 1(+) A rginina *15

**Thi« m ixtura eontalnad Glutamio ©aid* Lauoine, A laaina, ftra lina  and 
Hianylalanin© a t  th a  ©am© laval© a© us*3 in  th e  aba?* Amina a«13 
m ix tura.
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a rg in in e  and glyaine gar# a growth response eossiderab ly  above th a t  e f  th e  

co n tro l group# l a  th e  ease  e f  a lan in e  th e  growth wet s e t  q u ite  so  good as 

th e  een tre l#  Moreover* a p ecu lia r  physical cond ition  was ehserred la  th ese  

chicks# they  displayed a kind o f hypaobi® s t a t e  and tended to  he unconcerned 

o f th e i r  surround lags # th ey  mere inc lined  to  stand  fo r  long periods ef tim e 

w ith  th e i r  heads down and meets extended#

Some improvement was noted w ith  cystine#  ty rosine#  iso leu cln e#  and 

h is t id in e #  w hile me Improvise a t was observed w ith  ly s in e  or methionine* th e  

ragged w i»g-feathering  ebserred  p rev iously  in  th e  ehieks rece iv in g  c y s tin e  

was no t improved by n ic o t in ic  ae ld  feeding nor were th e  trem ors in  th e  chicks 

which were fed  ly s in e  am eliorated# th e  f a s t  th a t  n ic o tin ic  a e ld  reversed  th e  

d e fic ien cy  s ta te s  produced by th e  feeding of arg in ine#  glycine# glutam ic 

aeld# pro line#  and a lan in e  i s  p o s itiv e  evidence th a t  th e  vitam in is  concerned 

w ith  th e  metabolls® of th ese  amino acids#

Since glyoine# in  th e  presence of n ic o tin ic  ao id#  appeared to  he to lc re 

ated  by chicks a t  a  le v e l e f  S percent ( fa b le  X# group t)#  whereas m ethionine 

and ly s in e  were extrem ely to x ic  a t  d par coat * I t  seemed o f in te r e s t  to  im« 

v e s tlg a te  g lycine  fu rth e r  to  determine I t s  minimum te a l s  level#  furtherm ore# 

we were e sp e c ia lly  concerned about th is  p o in t s in ce  Almqmist a t al* (19C9) 

rep o rted  th a t  sm ly.'t percent of g lycine  was to x ic  to  chicks*

f a d e  I f f  summarises th e  r e s u l t s  e f  feed lag 8 percent ef g lycine  to  

chicks in  combination w ith  earls**  le v e ls  e f n ic o t in ic  acid# I t  le  apparent 

th a t  g lycine a t  th is  le v e l in h ib i ts  growth and th a t  th e  growth depression  

i s  n e t overcome by feeding  n ic o tin ic  ae ld  in  amounts as  high as 100 m illigram s 

per 190 grams* M o rta lity  was observed in  each group# p a re s is  was aggravated * 

and fea th e rin g  was in fe rio r#  However# no blaektongue was seen# th e  m ajo rity
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s m c t  or vabiobs leve ls  or K ioom is acid m  ceicks MCBrvuro hish u r n s
(a mown) or otront

, - p g .  ,

aasoop w m jm m  to basal asm -  wt. r m
■o. h i m  coBTA im a H  s o .  s o .  a  s o .  b f f io -  m t r a s

1 10 ms % siM tiBi* m u  a o asa o .a io  to

t  l O m i i  B lest ini* mM ♦ 8 1 1ST I  .601 6S
aJt (If*In*

I 90 mg % I i* o tln l*  m U  *  8 1 l i t  1 .H I 80
0% glyeln*

4 100 mg % Blsofelnl* **14 ♦  8 1 18t 1 .804 8T
85t gljrola*
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At seven weeks of age a l l  th o  ehieks wore k i l le d  by a o r or lag  th e  < 

ju g u la r  vela* A ll bad boon s ta r re d  fo r  a period of 6 hours previous to  

k i l l i n g ,  The h eart*  l iv e r  w ith  o lio  see* spleen* th y ro id s , and one eye 

from oaoh ohiok v ara  excised and weighed immediately* la  th e  ease of th e  

•y e , aXX adhering aaseu la r t i s s u e  wee r  saw ed before  being weighed. la  

ta b le  X? th e  values obtained fo r  th e  various organs a re  give® -  expressed

l a  terms of p ereea t of body weight* the  d a ta  show th a t  th e  p ereea t of

t o t a l  body w eight e f  th e  h e a r t ,  l iv e r  plus b i le  s a c , m& spies® ware s lig h t*  

ly  h igher an th e  average fo r  th e  ahioka fed glyoine than  fo r  the co n tro l* , 

l i t t l e  d i f f e r  ease was noted  between thyro ids*  Severer* a narked d i f f e r  ease 

e x is ted  in  th e  weight e f  the  eyeballs*  The eyes from th e  ehieks whioh re*  

eeived 3 per s ea t e f g lyoine were almost tw iee as g re a t «a a peroent ef body 

wai &ht basis  than  were th e  eyes from the eoatre le*

th is  unusual eye condition  tampered w ith normal eyes may be seen In  

f ig u re s  2 , 3# and 4* f ig u re  & shews th e  d iffe re a e e  in  s is #  e f  two exeised 

eyeballs*  one f re e  a  eo n tro l ehiek and th e  e th e r  from a chiok whieh received  

ft pereea t e f  glyoine*

th e  p re d u e tim  e f an apparent overgrowth of th e  eyeballs seems to  be

re la te d  to  the form in  whieh the  amino ae ld  is  fed* The same basa l d ie t

supplemented w ith  1ft p ereea t of g e la tin  and tft pereeat of feme o sse in  did 

met sense an enlargement of the e y e b a ll , although th e  d i e t  contained appro*!#* 

m ately S p ereea t o f g lycine  but in  th e  pep tide  form* Fur th e  m o re , th e  

dram atis i f f  s e t  of f re e  glyoine is  eeaftaeft to  th e  growing efciok because 

in  experiments w ith lay in g  hens* to  be d iscussed  la te r*  no suoh condition  

wee observed by feeding f r e e  glyoine a t  a  level- as h igh  as 1ft pereeat*



TABLI XU

sm ci op s  m e m  auroras i s  see szst or chicks oh shs s iz e  cp vakiocs
CB9AHS o r  THE BOOT

i w  ^  i i ^ ~ ? T r 5 i5 t 'g r Tr i i  I  n i» 9 t i a u  »«w i , 7 » r a rv< s»»)
b o o t _ ~ _ n s c r a r  op boot w s im t

CHI Cl
HO.

WEIGHT 
7 WEEKS

om
STS* THIBOIB** IS&tf

Tfra..
AID 

BILE SAC
SHOT

1 3*2 •878 •004 •447 8*444 .191
2 400 •84$ •009 • 447 8.768 • 862
4 600 •394 •009 •400 4*408 ,160
4 $60 •$$4 •004 • 400 2*686 •248
6 674 •SOI •004 •444 2*741 •249
4 776 *849 •018 •644 2»623 •109

Average * B it •$4$ •004 • 604 2*776 *810

BIST FSB -  1130* + 8^ g e la t in ,  10 mg % n io o tin ie  aoid* 9>% glyoine

7 231 •748 •006 •698 8*964 •182
S $47 •498 *004 • 444 2.499 •144
9 $48 •440 •009 • 416 4*141 .242

id 894 •691 •004 •480 4.041 • 216
i i $9$ *444 .004 •449 4,400 • 348
IB 408 • 419 •004 • 488 2*444 • 814
IB 48$ .49$ .007 •601 2*991 •288
14 487 •44$ *004 ♦446 $•966 •180
i i 5*0 •47$ .009 • 441 8.461 •264

Average * 899 •484 *007 • 447 2*494 •242

* Values given e re  fo r  en t eye*

** Values given e re  fo r both thyroids*
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Figure 2* DORSAL HEAD Ylfflf OF A 7 WEEK OLD NORMAL
CHICK
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" 1

F igure 4 . FR01ITAL VIET OF A 7 WEEK OLD CHICK WHICH RECEIVED 
8 PERCENT OP GLYCISI IN ITS DIET.
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' i

F igure 5 . CONTRAST IN SIZE OF EYEBALLS

The e y eb a ll on th e l e f t  i s  from a 7 week old  ohiok utoich 
rece iv ed  8 percent o f  g ly o in e j  it« »  body w eigh t was 

898 grem s. The ey e b a ll on th e  r ig h t  Is  from a 
normal 7 week o ld  ch iokj i t s *  body w eigh t  

was 574 grama.
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B* H e o t in ie  4,914 gxpsrimeate w ith  le n t

th e  work w ith  chicks shewed th a t  as add itions of g e la tin  above 

th e  8 percent le v e l i w i  wade to  th e  hasal d ie t*  lew in  n iae tta l©  a d d  th e  

s e v e r i ty  e f  n io o tia io  aeid  d efic ien cy  heeawe g reater*  th i s  po in t was meed 

to  advantage in  producing a n ic o tin ic  aeid  d e fic ien cy  in  hens*

la  th e  f i r s t  experiment two groupa o f Vow Hampshire p a l l e t s ,  fou r 

p a l le ts  per group, were fed d ie t  BOlR (Table I I I )  w ith  and w ithou t a le e *  

t i n i e  aeid* The femr hens which received th e  basal d ie t  w ithout n ic e t in ie  

aeid  (group 4 ) began to  lo se  w eight ra p id ly  sad shewed a  d e c lin e  in  egg 

produet ion as w ell as a  decrease in  b a tc h a b il i ty  (Chart 1 and fa b le  XVI)* 

The hens in  group 1 which received  th e  basal d ie t  p lus 60 m illigram s e f  

n ic o t in ic  ac id  per 100 grams e f  d ie t  m aintained th e i r  w eight and e x h lb i-  

ted  normal egg production and h e tch ab ility *  A fte r a  period  e f  s ix  weeks 

when th e  hams i s  group A had l e s t  eonsidsr ab le  weight end one had become 

q u ite  i l l ,  th e  d ie ts  were rev e rsed . W ithin a  few days th e  hens in  group 

A# which new received  n ic e t in ie  a c id , began to  gain  welgjbt and eentlnued 

t e  improve, except f o r  th e  s ic k  hen which died# C oncurrently , w ith th e  

gain  in  w eigh t, group A shewed a  recovery i n  egg production and h e teh ab ll*  

i t y .  On th e  e th e r  hand, group B, which received  me n ic e t in ie  ae id  a f t e r  

th e  r e v e rs a l  e f  d i e t s ,  began t e  shew a  le s s  e f  weight and a  decrease In 

egg production and h a tc h e b il l iy .  Be blaektcague wee observed in  any e f  

th e  hens# F e r t i l i t y  averaged approxim ately 66 percent* th e  experiment 

was term iiieied  a f t e r  16 weslts because Hie supp ly  i f  bene o sse in  became 

exhausted*

Although only a few hens were involved In  th is  experiment th e  re 

s u l t s  dem onstrate q u ite  co n c lu s iv e ly , and fo r  Hie f i r s t  tim e , th a t  under
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The d a ta  pfea sa ted  l a  th i s  th e s is  shew eouel n a iv e ly  th a t  the  

d e le te r io u s  o f fs e t  of feed ing  g e la tin  or so la  to  oh lo ts  reo e tv in g  d ie ts  

loir In  n lo o tia io  n o li  i s  caused hy am amino to ld  imbalance o f  th e se  fro *  

to la s*  lo ro  s p e c i f ic a l ly ,  I d e a s  to ted  th a t  the amino acids which m ro  

p r in c ip a lly  involved i s  tiro growth depression  caused by th e  feeding  o f 

g e la tin  were g lyoinot a rg in in e , alamino* and probably prellme* 2n so la  

th e  amino ac ids which wore found to  t o  p r in o lp a lly  Involved l a  th i s  re*  

spoot wore glutam ic a e id , le u c in e , a la n in e , p r e l in e ,  and phenylalanine*

I t  i s  s ig n if ic a n t  to  no te  th a t  th e  amine acids named are  th e  ones whieh 

ooear in  th e  g re a te s t amounts in  eaeh p ro te in , resp ec tiv e ly *

th e  f a s t  th a t  n io o ttn ie  a e id  reversed  the  d e le te r io u s  motions o f  

g e la tin  and se ta#  and amine ae id  m ixtures sim ulating  th e se  p ro te in s , 

d e f in i te ly  a sso c ia te s  n lee tlm le  aeid  w ith  th e  metabolism o f  sain© aside* 

Evidence in  support o f t h i s  f in d in g  has re se n tly  hash rep o rted  by Dinn 

and Huff (1 f t? )  fo r  arginine* th ese  worker* showed th a t  th e  excrement o f 

chickens contained o ra l th in s ,  a  cleavage sswpoimd o f a rg in in e , conjugated 

w ith  two moles of n ico tinam ide forming dlafeetim ylerm ithim e* V ereevar, 

S a r e t t ,  H e in ,  and Perlsweig (1942) In balance s tu d io s  w ith  dogs end r a t s  

in fe rre d  th a t m iee tia le  acid  was concerned in  p ro te in  anabolism* They 

found th a t  lo ss  n lee tlm le  so ld  was- excreted in  th ese  animale en a h igh 

p ro te in  than on a low p ro te in  d ie t*

S ines selm was shown to  be growth depressing  when fed to  shlefce re*  

so lv ing  n lee tlm le  aold-lo tr d i e t s ,  i t  is lo g ic a l to  assume th a t a t  le a s t  

p a r t  e f  the  growth depressing  a c tio n  o f earn i s  duo to  i t s  p ro te in , selm* 

Dfhether an a d d itio n a l depressing a c tio n  is  eeased by the  pressmen o f a
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By p rog ressing  In th is  same l in e  o f thought i t  I s  p o ssib le  to  r e la te  

th e  functions of tryptophane and n ic o tin ic  acid i s  amine ae id  metabolism#

In  our work th e  feeding  o f tryptophane ess  ab le  to  r e f l a t e  n ic o tin ic  a e id , 

although much h igher le v e ls  had to  he used , fhe  r e s e a t  work o f  - Besom,

H uff, and flv rlsse ig  (1149) and S in g a l, B riggs, S y d en s trlek e r, sad L ittle jo h n  

(1149) w ith  r a ts  and S a re ti  sad Sold smith (1047) w ith human* in d ic a te s  th a t  

tryptophane may b# an import an t precursor of n ic o tin ic  so ld  sy n th esis  • th e  

s i t e  of th e  sy n th esis  is  unknown. Assailing th a t  n lee tlm le  ae id  la  syathe* 

s i te d  t r m  tryp tophane , th en  th e  notion o f tryptophane I s  r e a d ily  understood 

and th e  growth depressing  ac tio n  o f tryptophane-low  p ro te in s ,  so eh as gela* 

t i n  and ee in , may he explained in  th e  follow ing manners In  th e  aheenoo o f 

d ie ta ry  n ie o tia io  so ld  the  cWbk is  foroed to  use d ie ta ry  tryptophane fo r  

th e  sy n th esis  o f n ic o tin ic  ae id  In  order th a t  eeensyme 1 may he m aintained 

in  th e  body to  carry  o a t v i t a l  l i f e  processes# adding g e la tin  o r ao ia  

to  th i s  d ie t  a  very  g roa t s t r a in  la  placed on the system because more a lee*  

t i a l e  a 2id  (as th e  seen*yae) i s  needed fo r  th e  deam ination o f th e  esKoeee 

amino aelds# C oascfuently , th e  ch ick  most use  s t i l l  ao re  tryptophane fo e  

th e  syn th esis  o f n lo o tin lo  aeid* At leng th  th e  le v e l o f  g e la t in  or coin 

in  th e  d ie t  m y  be so g re a t t b i t  th e  ah in k  i s  unable to  sy n th esis#  enough 

n ic o tin ic  aeid  from a v a ila b le  d ie ta ry  tryptophane to  m etab o lite  th e se  pro* 

te in s  and a n ie o tia io  a e id  d efic ien cy  i s  s a ile d  fo rth#  By supplementing 

n lee tlm le  aeid  t e  th e  d ie t  th e  v itam in has a sparing  a c t ion on tryp tophane , 

thus a llow ing th e  amiao aeid  to  be u t i l i s e d  in  th e  sy n th esis  of p ro te in , 

and sim ultaneously  e a r r le s  out i t s  ro le  in  the deamination o f amine aelds*  

Xrehl a t  e l .  (1949) l a  s tu d ie s  w ith  r a t s  have emphasised th e  Import* 

aaeo of in te s t in a l  syn th esis  of n ic o tin ic  sold# they  s t a t e  th a t  corn a l t a r s



H

th e  in te s t in a l  f lo r a  In  sueh a manse* th a t  le e s  m iee tis le . m U  I t  syathe*

■ s i t e d / 1% th e  t r e e t*  thus* th e  animal lo se s  a  s a le a b le -,0013*## # f th e  s iba*  

Min* fhey a t t r ib u te  th e  b e n e f ic ia l se tIo n  o f tryptophane and e th e r  p ro te in s  

high in  tryptophane a* being  'da# to  tike re*e#tebli#h& eitt a f  a d e s ira b le  

i n te s t in a l  f lo r a  r e s u lt lu g  in  an Increased syn th esis  o f  n io o tin lo  aeid  in  

th e  t r a c t .  We fe e l*  hewer or* th a t  in  % e ease  s f  th e  eh iek  isit s a t  In a l 

sy n th es is  e f  n ie o t in ie  sold  i s  o f l i t t l e  consequ©nee and th a t  a s s t  e f  th e  

sy n th esis  oecurs w ith in  th e  body tisan es*  Briggs a t  al* (1918) shewed 

th a t  only a small p o rtio n  of th e  ehlelt** n le e t ln ie  a e id  requirem ent* on 

d ie ts  s im ila r  to  th ese  used in  our s tu d ie s * i*  synthesised  w ith in  th e  

in t e s t in a l  t ra c t#

Slnoe th e  tryptophane requirem ent of ehlofcoas i s  dependent npm  th e  

amount of a ie o t ia io  aeid  i s  th e  d ie t  (and t i e #  ware*)* I t  is  d i f f i c u l t  

to  attem pt to  s e t  th e  d ie ta ry  requirem ents f o r  n ie o tin ie  ae id  o r try p to *  

phane u n less  th e  o opposition  o f th e  d ie t  1® eons Id ered* I t  is  e l ear f re e  

our r e s u l ts  th a t  th e  amount e f  tryptophane supplied by I® peree&t of 

easeln  (approxim ately 0 .18  grams per 10O g ra te  aeeo riln g  to  Block, 1948)

Is  s u f f ic ie n t  when ample n ic o tin ic  aeid  i s  present*  ffee reqmlreausnt of 

tryptophane fo r c h ick s , as determined by draw and Aliaqoist (1944)* was 

0*88 percent of th e  d ie t*

Our s tu d ie s  shew th a t  under extreme d ie ta ry  conditions the lay ing  

hen req u ires  n ie o tin ie  ae id  fo r  malntenanee o f body weight* egg production* 

and b a tch ab ilib y . I t  i s  un likely*  howerer* th a t  a  n io o tla lo  ae id  d e fte ta ae y  

la  hmm e re r  occurs in  th e  f ie ld  fo r  we hair# found hens te  be extrem ely 

r e s i s ta n t  toward th i s  ty p e  of deflsteaey#  On the  o ther hand* the  growing 

chicken i s  re a d ily  su se e p tlb le  t e  a n ic o tin ic  ae id  d e fic ie n c y . i t  la
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& & l« r« s tk | t© not© ba th i s  wmmmtotm t h a t  tarry# S arrisk*  t e b e r t s , end 

tang© (194S) an# §#ri©k© (1944) tar©  present©* a rid  so oe th a t  © erta ia  p rae - 

t l e a l  ohiok aashes ®ay b© deft© tea t  in  lilco tla i©  a e id . 11shardson, Hagan# 

and Soapster (194$) noted an a c tu a l in c rease  in  th e  incidence o f  peroaie 

In  growing oh i o t a s  ©hen n ic o tin ic  ©©ii was om itted from © p ra c t ic a l  d ie t  

“d i lu te d ” w ith * sy n th e tic  d ie t .  Brigs© •* ©i* (1®4S) had p re r ie n s ly  eb* 

©erred p a res is  In  n ic o tin ic  aoid»d© £ielent chicks •

Ifeag** B&mgff and C arriek  (1927) repert©* th a t  g e la tin  caused © 

4©pr#©sloa in  g r^ rih  r©t© ©f chiok^w  ^© n * ii© i t© a p ra c tic a l  d ie t  con

ta in in g  la rg e  amounts ©f com  and mm* aeal*  MMseagel© ( t t s t )  rep o rted  

th a t  high lo re ls  ©f s e a t ' a©rap© (which ©©©tain ©eaelderable g e la t in )  in  

41©t© f a r  p o u ltry  result© * i s  peer growth m& i s  a condition  s im ila r  t© 

p e ro e ls , The a d d itio n  ©f y eas t ©r s i l l :  co rrec ted  the co n d itio n . I t  i s  

q u ite  possib le  i s  th e  l a t t e r  in stan ces  th a t  a n lco tin i©  ae id  d a f l e t a e y  was 

produced although th e  knowledge o f n ic o tin ic  aeid i s  n u t r i t io n  ©as s a t  

known a t  the tim e .

In  th e  l ig h t  ©f th e  present study and th e  re se n t ©writ by Saraa end 

SlTahjca (1946) and S eett#  Slags©a# and Matters©© (194$) ©a th e  In fluence 

©f com  m  th e  n ic o tin ic  ac id  requirem ent ©f growing o h ic ta s  I t  i s  extrem ely 

im portant th a t  m leetlni©  ©aid a© w ell as p ro te in  q u a lity  b© considered in  

fo ra u la tln g  p ra e t ie a l  d ie ts  to r  ©hicks*
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have been ©hewn to  to  p e r t  o f th e  *rie© faste r* *  With th is  Inform ation 

a t  head sev era l experiments wore undertaken t o  debermin© whether m r

•ee tn  fac to r*  Woo re la te d  to  som© of the components of the  *ri©e faste r* *

and | «  a rab le  were te s te d  fo r  potency, os was ©ora p ro te in  (selm ). On 

h y d ro ly s is , © hoadroltin y ie ld s  o f a i r l y  high amount o f glucuronic a c id , 

peebim y ie ld s  arabiaoe© and g e lae tu roa io  a e id , aad gum arabio  y ie ld s  

erabimee© aad glucuronic ae id . th u s ,  a l l  those  m a te ria ls  oojatain sub- 

s tances wfcieh hare been shorn to  promote growth l a  sh ie ld*  la  th is  ox* 

per laten t, poet in  y n  fed  a t  a lower le v e l than  gum a rab le  or choadroitlm  

heeaese of i t s  tendency to  fo r*  a gmmp mass when moistened*

I t  was ©©soldered a  p o s s ib i l i ty  th a t  th e  growth stim ulus obtained 4 1 1  

©ora was practised in d l re e t ly  through th e  ac tio n  of I n te s t in a l  b a c te r ia  

whleh u t i l i s e d  something l a  ©ora fo r  the  sy n th esis  of a fa c to r  which th e  

©hi ok used fo r  growth# Therefore# su lfasuxldla©  was fed w ith  ©ora, ©hast* 

d ro it i n ,  aad gum arab le  l a  an e f fo r t  to  suppress b a c te r ia l  a e t iv i ty  aad 

thereby  ©afore© a  ©hang© l a  growth promoting a b il i ty #  fh e  r e s u l ts  a re  

summarised l a  Table m i l *

I t  i s  apparent t r m  those  d a ta  th a t  po lished  r i s e ,  l ik e  ©ora# gar© 

a  growth response when added to  d ie t  11$* C hoadroitla m i  gum a ra b le  

behaved s im ila r ly  l a  th is- r  ©a poet whereas poet in  was Inactive*  Apparently 

th e  eh iek  i s  incapab le  e f  hydrolysing poet in# Corn g lu ten  m eal, which 

co n ta in s  mere pret© ia them ©era, e ss  ac tiv e*  however,-; th e  pur i f  l e i  

©era p ro te in ,  s a in ,  was fed ( in  amount approxim ately $ tim es g re a te r  than  

i t  eeeturs in  S i per©eat yellow  ©era) a© sigm ifleem t iaopsas© In  growth 

was obtained* . t h i s  i s  ©wide*©© wbleh pr©etude© th e  growth fa c to r  in  ©era 

helms re la te d  be erotelm* raawylUHMs# was in e f fe e t iv e  l a  roduelns th e

1 . In  th i s  experiment polished  rlo©# ohondroitin# p e c tin ,
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growth promoting a o t iv i ty  of m m ,  o h m tm tS ta#  m i  gtd* s ra b ti*  fb o ra fo ro f 

i f  b ao to ria  or# Involved i a  th i s  problem they  a re  r e f  m o tiv e  to  su lfasuaid ine*  

The oh 1 oka whieh received  earn and ears g lu ten  meal u t i l i s e d  t h e i r  food «oot 

e f f ic ie n t ly ,  t o  s ig a i f le a n t  d if fe re a se s  l a  fe a th e rin g  were observed.

Experiment |.» M o t I l f  i s  devoid o f f ib e r ,  a b rieu e ly  f ib e r  m s  in f*  

p lied  to  th is  H o t  by th o  supplem entation o f  eero* fh e re f  ere* I t  seemed 

d e s ira b le  to  soo whether th o  o f fo o t o f earn  woo to o  to  i t s  f ib o r  content# 

Several sowreee o f f lh o r  w«ro need* th ey  were* ground earn ooto (prepared 

by soarso  g rind ing  o f tho ooho l a  o se rev  typo g rin d er and then p u lv e ris in g  

l a  o Wiley m ill)#  f o l io  f lo o r  (a eew iaro ia i product prepared from p la n t 

oo U u lo sto  resid es*  sad ra te d  as having so feeding  value)#  hoot pulp 

(ground f in s  la  o oof to o  g rin d er)*  oot h u lls  * and wheat hroo (fed os ooorso 

m atter}# F u rfu ra l was a lso  te s te d  because I t  I s  derived vary  m o lly  from 

sash  fib ro u s  m a te ria ls  as « w s  sobs sad o a t h a l ls  by treatm ent w ith  h o t M l*  

fa b lo  111 gives tho r e s u l ts  obtained w ith  th e se  m ateria ls*

At a  le v e l o f $ percen t whoat bran sod ground sorm s m s  wars equally  as 

food as to  percen t o f ««ra l a  pr o a s t lag  growth# fk s  asms le v e ls  o f  e e llu  

f l s o t  hoM pulp* wad o a t h a l ls  wars somewhat lo ss  e ffe c tiv e *  ba t they  d id  

g iro  a growth rospswso* host In te re s tin g *  however* was tho a c t iv i ty  o f 

fu r fu ra l  w hisht a t  a  le v e l o f 0*0 percent* promoted growth eq u a lly  as w all 

as SO percen t asm * Sho groups rece iv in g  ground m m  cobs, boot p^lp* 

f u r f u r a l* and ossa  had a  s l ig h t  advantage in  fe a th e rin g  svor th o  basa l 

greap*

JU  Sam a rab le  and ah o sd ro itia  war# shown to  bs ao tlv o  la  

experiment 1* la  th e  pros s a t  experiment pentose arabimeee (a h y d ro ly tls  

product o f gam a ra b le )  and g laeu rea io  so ld  (a h y d re ly tle  product o f bom  

ehendreltim  and gs* a r a b is } wars tostod* Ground a sm  eebs and fu r f u ra l
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86 percent*  A jeorbie ©©16 a t  6*6 geroeat was ©gals ©stive* However#

0*1 percen t of a s o o rb ie a e id  ©as iaae tlv e*  th re e  per© eat a t  s o rb i te l r ia s  

in a c t iv e .  B ette r fe a th e rin g  was obtained la  th e  groups receiving, com# 

w heat, and © atif -

g ap e rlaea t 6* Various le v e ls  o f eoro were te s te d  to  determ ine which 

le v e l  of supplem entation gredueed maximum a e t iv i ty .  Wheat end oat© were 

re te s te d  ©a w asp o lish ed  r ise *  Xylose was re te s te d  a t  h igher levels#

Ground corn mbs m i  Oellu f lo u r  war© a lso  re te s te d  a t  higher lev e ls*  

Stokst&d e t  a l*  (I860) shewed th a t  sm all increases 1m growth ooourr«6 when 

e i th e r  I  forwent soybean ©11# wheat gem  o l l f  or oera o i l  sms added to  

th e i r  baaal d ie t*  A eoerdlngly, ©era o i l  was t r i a d  1© th is  experiment 

©lens and 1© oombia&tiesa w ith  x y lo se , fhe r e s u l ts  of tho ad d itio n  of ©11 

of those  supplement# a re  given la  ta b le  2MXU

I t  may be Seen th a t  aaxiaaja. growt3b-proEi©tiag a c t iv i ty  of oora la  eb* 

ta in ed  a t a lev e l Of 16 percent * Very good growth was obtained w ith  36 

percent of. wheat .and s l ig h t ly  loos growth wipa obtained w ith  polished  rise*

In th is  t r i a l  # however * bats ©hewed &e a e tiv ity *  a  m arled growth response 

was obtained w ith  0*$ fe ro e n t' of ^ l e s e  but me improvement woe re a lis e d  

when th e  le v e l  was increased  to  0*6 pereeat*  Extremely good growth was 

observed w ith  I  poreest of - eerh oobs whereas d e lla  f lo u r  wa# mmh le s s  

aotiv© a t  th e  same le v e l of au p p leaea ta ti on• Com e l l  a t  a le v e l of 8 

percent gave e good growth response* However* the a o t iv l ty  of 8 forwent o f 

eorn e l l  was lessened when in  combination w ith  0*4 per ©eat of xylose* This 

suggests th a t  th ese  two m a te ria ls  ©re inoos&gatible in  th e  d ie t*
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2 12^ around jmllow  norm 9 0 227 *977 91

4 22£ Oround y o llo v  oora 9 0 277 •992 99
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7 tWfi around ants (o«ir««) 9 0 202 #992 21

9 26* Pollahod r lo o 9 0 299 •999 92

9 0*9$ Xylooo 9 2 299 .090 22

10 0#9* X yleto 0 299 •927 92

11 9* ground oorn oobt 9 0 422 •942 92

19 9% Colin flour 9 0 l l | •909 99

13 9* Com o il  (Mtsola) 9 0 292 •942 97

24 At IS ♦ 0#4* Xylooo 9 0 242 •272 94
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(1) Almquist ©t a l .  (1946a), (2) Almquist ©t e l .  (1946b) and (6) S tokstad 

c t  al* (1941) th a t  (1) ©hondroitin (2) g lucuronic aoid and (2) gum t r tb le #  

arab in o se , and xylose have growth promoting a c t iv i ty  in  ch ick s . In  a d d itio n , 

we have found independently th a t  fu r fu ra l  and ground earn cobs a re  a lso  

growth promoting.

At f i r s t  g lanee i t  may appear very aonfusing th a t  sueh a v a r ie ty  o f  

m a te ria ls  could hare  s im ila r  growth promoting a b i l i t i e s .  But on slower 

examination i t  is  apparent th a t  c e r ta in  re la tio n sh ip s  e x is t  which reduee 

themselves to  a store or le s s  ©cssmen basis  fo r  each m a te r ia l. These known 

re la tio n sh ip s  may be o u tlined  as fo llo w s« One of th e  h y d ro ly tic  products 

o f ohondro itin  is  gluearem ie a c id . Gum a rab le  on hydro lysis  y ie ld s  arabinos© 

and glucuronic a e id . Glucuronic acid  on decarboxylation gives x y lo se . Corn 

eebs on hydro lysis  y ie ld  xy lose . Thus i t  i s  apparent th a t  a c tiv e  m a te ria ls  

sueh as ohom droitia, gum a ra b le , glucuronic acid and corn cobs can y ie ld  

th e  pentose sugars xylose or arabinos© which a re  themselves a c t iv e .  Further*  

more, f ib e rs  sueh as C elia  f lo u r  contain  small amounts of hcm icellu loses 

which on hydro lysis  y ie ld  some pentose su g ars . I t  i s  therefor©  in fe rre d  

t h a t  growth promoting a e t iv i ty  of corn i s  re la te d  to  i t s  pentose sugar een~ 

te n t  or to  substances which have the a c t iv i ty  of pentoses.

Although arabinose and xylose have been shewn to  be growth promoting 

in  ch ick s , very  l i t t l e  is  known regarding Hie physiology of th e se  substances* 

I t  is  known however, th a t  the pentose sugar r ib o se  i s  an im portant const!*  

tu en t o f n u c le ic  acids and p y rid ine  and f la v in  n u c leo tid e s . I t  would appear 

then th a t  th e  requirem ent of th e  growing chick  fo r  r ib o se  would be very  

g rea t because th e  process of growth involves an ap p reciab le  sy n th esis  of 

m uoleie a c id s . The f a c t  th a t  d ie t  112, which i s  devoid of pentose sugars

1.48923
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n

In  c o n tra s t to  p ra c t ic a l  d ie ts  i t  is apparent th a t  c e r ta in  h igh ly  

p u r if ie d  d ie ts  a re  d e f ic ie n t  in  sources of pentose sugars . I t  i s  im

p o rta n t th a t  where such d ie ts  are  used in  n u tr i t io n  experiments a source 

of pentose sugars be provided as a p a r t of th e  d ie tary*
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8* Com is  ssi excellen t fe e d s tu ff  when p roperly  supplemented with 

n ic o tin ic  so 18 and contains an e s se n tia l  d ie ta ry  fa c to r  which i s  requ ired  

by the  chicken fo r maximum growth whet fed h igh ly  p u rif ie d  d ie ts*  The 

fa c to r  is  carbohydrate in  n a tu re  since  c e r ta in  pen toses,  e sp e c ia lly  xylose 

or m ate ria ls  contain ing  pentoses gave growth responses s im ila r  to  th a t  

produced by com*
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