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OTBDIHieTIOff

The i s o l a t i o n  and  c r y s t a l l i s a t i o n  o f  v ita m in  B^g by  B ic k e s , 

B r in k , SConiuasy, Wood and F o lk e rs  {1948) and Sm ith (1948 a )  h a s  opened 

a  new f i e l d  o f  n u t r i t i o n a l  re se a rc h #  I t  was soon, d e m o n stra ted  t h a t  

t h i s  v ita m in  m s  r e q u ire d  f o r  th e  g row th  o f  ch ick s#  I t  m s  a l s o  found  

t h a t  th e  im provem ent i n  grow th  o b ta in e d  by th e  a d d i t io n  o f  an im al p ro ­

t e i n  t o  th e  c h ic k  d i e t  c o u ld  be e x p la in e d  i n  l a r g e  p a r t  by i t®  c o n te n t

o f  v ita m in  B jg . F u rth e rm o re  I t  was sh o rn  t h a t  v ita m in  Bjg was r e q u ire d

f o r  h a t e h a b i l i t y .

T h is  s tu d y  was u n d e r ta k e n  t o  d e te rm in e  th e  v ita m in  Bjg r e ­

q u ire m e n ts  o f  th e  p u l l e t  and h e r  p ro g en y , and th e  v ita m in  Big c o n te n t

o f  th e  egg a s  a f f e c t e d  by p u l l e t  d i e t .



a

EJ5VISW o r  LITERATURE 

H is to ry  o f  V itam in

D uring World War I I ,  s im p l i f ie d  d i e t s  dev o id  o f  o r  v e ry  low  in  

a n im a l p r o te in  s o u rc e s  w ere f e d  t o  p o u l t r y  from  n e c e s s i t y .  Poor g row th , 

p o o r v i a b i l i t y ,  and p o o r h a t e h a b i l i t y  marked t h e i r  u s e ,  i n d ic a t in g  a  de­

f i c i e n c y  o f  one o r  more grow th f a c t o r s  re q u ire d  by  th e  c h ick  and th e  

p o u l t .  Hammond (1944 a  and b ) found d r ie d  cow manure and d r ie d  rumen 

c o n te n ts  s u p e r io r  t o  a l f a l f a  l e a f  m eal f o r  b o th  th e  c h ic k  and th e  p o u l t  

i n  such a  r a t io n  when th e  d i e t  was a d eq u a te  in  v ita m in  A and r ib o f l a v i n .  

F u r th e r  s tu d ie s  on t h i s  m a te r ia l  r e v e a le d  th e  p re sen ce  o f  an  unknown 

grow th  f a c t o r  (Rubin and B ird , 1946 a ) .  An e x c e l le n t  rev iew  o f  th e  work 

up t o  t h i s  p o in t  on th e  f a c t o r  i n  cow m anure was w r i t te n  by th e  e d i to r s  

i n  N u t r i t io n  R eview s, 1946. In  1948 B ird , Marsden and K ellogg  r e p o r te d  

a  c r i t i c a l  need  in  young tu rk e y s  f o r  th e  cow manure f a c t o r .

C o n cu rren t r e s e a r c h  in  o th e r  f i e l d s  (S h o rb , 1947, C ary , Hartm an, 

B ryden and L ik e ly ,  1946, e t c . ) beyond th e  scope o f t h i s  p a p e r , re v e a le d  

t h a t  o th e r  a n im a ls  and some m icro o rg an ism s re q u ire d  t h i s  o r  a  s im i la r  

f a c t o r .  C l in i c a l  work re v e a le d  th e  need  f o r  on© o r  s e v e ra l  unknown 

f a c t o r s  c o n ta in e d  in  l i v e r  f o r  th e  r e l i e f  o f  A dd ison ian  p e rn ic io u s  anemia 

i n  humans ( M inot and Murphy, 1 9 2 7 ). With rem ark ab le  f o r e s ig h t  C a s t le  and 

Ham (1929) i n t e r p r e t e d  r e s u l t s  on s tu d i e s  o f  t h i s  d is e a s e  a s  in d i c a t in g  

t h e  e x is te n c e  o f  an i n t r i n s i c  f a c t o r  s e c re te d  by c e r t a in  stom ach gland® , 

and an e x t r i n s i c  f a c t o r  which he d e s c r ib e d  a s  an e s s e n t i a l  com plem entary 

f a c t o r  found in  m eat, eg g s , y e a s t ,  and l i v e r .  Hopes t h a t  th e  p r in c ip a l  

a n t i - p e r n i c io u s  anem ia f a c t o r  c o n ta in e d  in  th e s e  fe e d s tu f f®  had been 

d is c o v e re d  w ith  th e  I s o l a t i o n  o f  f o l i c  a c id  were q u ic k ly  dashed  by th e



3

rep o r ts  o f  B e th e l l  and S tu r g is  (1948) and B oss, B o ld ing  and P aeg e l

(1 9 4 8 ).

F i n a l ly ,  on A pril. 1 6 , 1948, R ic k s s , B r in k , K oniuszy, Wood and 

F o lk e rs  ( a )  r e p o r te d  th e  i s o l a t i o n  o f  b i o l o g i c a l l y  a c t i v e  c r y s t a l l i n e  

m a te r ia l  from l i v e r  c o n c e n tr a te s  c l i n i c a l l y  a c t iv e  i n  th e  t re a tm e n t  o f  

p e r n ic io u s  anem ia. S h o rt (1948) con firm ed  th e  a c t i v i t y  o f  t h i s  m a te r ia l ,  

t e n t a t i v e l y  named v ita m in  a s  th e  LLP f a c t o r  f o r  L a c to b a c i l lu s  l a c t i s

D om er, and West (1948) d em o n stra ted  i t s  a b i l i t y  t o  in d u ce  f a v o ra b le  

b lo o d  re sp o n se s  in  p a t i e n t s  s u f fe r in g  from  p e rn ic io u s  anem ia . On A p r i l  

2 4 , 1948, Sm ith ( a )  in d e p e n d e n tly  announced th e  p u r i f i c a t i o n  o f  two 

am orphous form s o f  th e  a n t i - p e r n ic io u s  anem ia f a c t o r  from  l i v e r .  Smith 

c i t e d  u n p u b lish e d  c l i n i c a l  s tu d ie s  by  Ungley in  England which demon­

s t r a t e d  h i s  m a te r ia l  t o  be e f f e c t i v e  i n  s t im u la t in g  b lo o d  re g e n e ra tio n  

and  to  be e f f e c t i v e  a l s o  i n  th e  tre a tm e n t  o f  th r e e  c a s e s  o f  su b a cu te  com­

b in e d  d egen eration  o f  th e  s p in a l  co rd  a s s o c ia te d  w ith  p e rn ic io u s  anem ia.

C hem ical and P h y sica l P r o p e r t ie s

C r y s ta l l i n e  v ita m in  B^g i s  a  g a r n e t - r e d  compound which c o n ta in s  

c o b a l t  (S m ith , 1948 b , and R ic k e s , B rin k , K bnlussy, Wood and  F o lk e rs ,

1948 b )  and PO, KH, and OH groups (R ob inson , 1 9 4 8 ). Acid h y d r o ly s is  o f  

t h e  v ita m in  y i e ld s  S tS -d im o th y lb e n s iid d a so le *  I t  i s  n o tew o rth y  t h a t  th e  

1 s2 -d iam ln o -4  8 5 -d irae th y lb en zen e  m o ie ty  a p p e a rs  in  th e  above d e g ra d a tio n  

p ro d u c t ,  in  v ita m in  i t s e l f ,  and in  r i b o f l a v i n ,  i n d ic a t in g  a  p o s s ib le  

r e l a t io n s h i p  betw een th e  two v i ta m in s .  The v ita m in  a p p e a rs  t o  be  a s ix -  

g ro u p  c o b a l t  c o o rd in a t io n  com plex w ith  a  m o le c u la r  w eig h t o f  1 ,5 8 0  t o  

1 ,7 5 0 . A n a ly s is  gave a  co m p o sitio n  ty p i f i e d  by  C q x-6^ 86-92  $14 $15 P Co. 

T h ere  a r e  s e v e ra l  w eakly  b a s ic  g ro u p s . Upon a l k a l i  f u s io n ,  v ita m in  Bx2



form ed p ro d u c ts  which r e a c t  w ith  d h r l i e h *s r e a g e n t .  T h is  and o th e r  

t e s t s  a r e  c o n s id e re d  ty p i c a l  o f  c e r t a i n  c y c l ic  f i ve-memba red n i t r o g e n -  

c o n ta in in g  c o m p o u n d s  in c lu d in g  p y r ro le s *  The m e ltin g  p o in t  was 500° C, 

o r  ab o v e . The m ic ro b io lo g ic a l  a c t i v i t y  was n o t  a f f e c t e d  by a u io e la v in g  

a t  1S1° C, f o r  f i f t e e n  m in u te s , b u t i t  was in a c t iv a t e d  upon s ta n d in g  a t  

room te m p e ra tu re  in  d i l u t e  sodium  h y d ro x id e  o r  h y d ro c h lo r ic  a c id  {Kietees, 

B r in k , K on iu ssy , Wood, and F o lk e r s ,  1948 c ,  B rin k , W olf, K aczka, K ick es , 

K oniuszy , Wood, and F o lk e rs ,  1949, Kaczka, W61f, and F o lk e r s ,  1949, and 

B rin k  and F o lk e r s ,  1 9 4 9 ),

When v ita m in  Bjjg was c a t a l y t i c a l l y  h y d ro g en a ted , a  p ro d u c t was 

o b ta in e d  which was c a l l e d  v ita m in  I t  ap p eared  to  have l e s s  th a n

h a l f  o f  th e  b i o lo g ic a l  a c t i v i t y  o f  v ita m in  fo r  r a t s ,  c h ic k s ,  and  

p e r n ic io u s  anem ia p a t i e n t s  (K aczka, W olf, and F o lk e rs ,  o£* c i t . ) .

V itam in  % 2b c r y s t a l l i z e d  by P ie r c e ,  P age, S to k s ta d  and  

Ju k e s  (1949) and showed s u b s t a n t i a l  b io lo g ic a l  a c t i v i t y  f o r  c h ic k s  and 

f o r  L. le ich m a n n ii 515. F rick ® , L anius, Do-Rose, Labidua and F ro s t  

(1 9 SO) compared th e  p o te n c ie s  o f  v ita m in  Bjjg and v ita m in  B ^ b  *>or r a t s  

and  f o r  humans s u f f e r in g  from  A ddison ian  p e rn ic io u s  anem ia and found 

them  e q u a l ly  e f f e c t i v e .  They co n clu d ed  t h a t  th e  Z compounds wore 

a p p a r e n t ly  c h e m ic a lly  a lm o st id e n t ic a l*  S to k s ta d , J u k e s , Brockman, 

P ie r c e  and B ro q u is t  (1950) found  e q u a l a c t i v i t y  f o r  th e  Z compounds f o r  

th e  c h ic k  and L. le lc h m a n n il . Sm ith, C u lb e r tso n , W alker and L ees,

(1950) found v ita m in  v ita m in  and d e s o x y rib o s id e s  o f  c y to s in e ,

g u a n in e , hypoxanthina, a d en in e  and thymine on p a r t i t i o n  chrom atography  

o f  th e  v ita m in  Bqg group o f  f a c to r® . They s ta t e d  t h a t  pur® vitam in  Big 

sam ples gave 2 , som etim es 5 , zones o f  grow th due to  a r t i f a c t s  produced 

p resu m ab ly  by o x id a t io n  on th e  p a p e r .
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Sm ith (1948 b ,  1949) r e p o r te d  t h a t  th e  c r y s t a l l i n e  m a te r ia l  

was v e ry  s o lu b le  in  w a te r ,  s o lu b le  i n  n e a r ly  anhydrous a lc o h o l ,  and in  

g l a c i a l  a c e t i c  a c id ,  b u t in s o lu b le  in  e th e r ,  c h lo ro fo rm , o r  non—p o la r  

s o lv e n t s .

R e la tio n sh ip  w ith  Other Growth F actors

C r y s ta l l i n e  v ita m in  By> h a s  been shown to  r e p la c e  a l l  o r  

n e a r ly  a l l  o f  th e  a c id  p r e c i p i t a t e  f a c t o r  { th e  cow manure f a c t o r )

( L i l l i e ,  Denton and B ird , 1948) and th e  an im al p ro te in , f a c t o r  f o r  growth 

o f  c h ic k s ,  ( O t t ,  l i c k e a  and Wood, 1 9 4 8 ). I t  r e p la c e s  n u t r i e n t  X f o r  ra t  

grow th  and norm al re p ro d u c tio n  (H artm an, Dryden and C ary , 1949 a ) .  I t  

r e p la c e s  a n t i- p e m ic lo u s  anemia l i v e r  e x tr a c ts  f o r  p ig  grow th (Jo h n so n  

and  H etm nn, 1949) and i s  e s s e n t i a l  f o r  grow th o f  a l e e  fe d  th y ro p ro ts in  

(H u ff , 1949) a s  a  ws t r e s s *  f a c t o r .  C h ild re n  s u f fe r in g  from  m a ln u tr itio n  

and grow th f a i lu r e  w ere fe d  d a i ly  o r a l  d o ses  o f  v ita m in  w ith  r e s u l t ­

a n t heightened, a l e r t n e s s  and v ig o r , and a  resumption o f  norm al g ro w th , 

i n d i c a t in g  t h a t  i t  i s  a  grow th f a c t o r  f o r  humans ( t f e t s e l ,  F arg o , Smith 

and  H ellk eon , 1 9 4 9 ). A lthough no c o n firm a tio n  h a s  been  p u b lish e d  con­

c e rn in g  th e  i d e n t i t y  o f  v ita m in  w ith  "aoopherln1*, th e  grow th f a c t o r  

f o r  r a t s  d e s c r ib e d  by S u ck er and Zueker, 1948 (a  and  b ) ,  th e  so u rc e s  and 

e f f e c t  o f  i t  i n d i c a t e  a  v e ry  c lo s e  r e l a t io n s h ip .  I t  I s  p ro b a b le  t h a t  

v ita m in  Bps i s  C a s t l e ’ s p o s tu la te d  e x t r i n s i c  f a c t o r  m entioned p re v io u s ly  

and  t h a t  a b s o rp t io n  o f  i t  i s  a id e d  by th e  p re se n c e  o f th e  i n t r i n s i c  

f a c t o r  o f  g a s t r i c  j u i c e  (B erk , C a s t le ,  W elch, M eln le, Anker and E p s te in ,  

1948 , and Tem berg and E a k in , 1 9 4 9 ). A lthough v ita m in  Bu> accou n ts f o r  

a t  l e a s t  a  m a jo r p o r t io n  o f th e  a c t i v i t y  o f  th e  a n i im l p r o te in  f a c t o r ,  

many groups o f  w o rk ers  have p re se n te d  ev id en ce  on th e  m u l t ip le  n a tu re
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o f  th e  l a t t e r .  C ravens (1950) h a s  g iv en  an e x c e l l e n t  rev iew  o f  th e  work 

on. t h i s  q u e s t io n .

R e s u lts  w ith  m icroorgan ism s in d i c a t e  a  c o m p lica ted  i n t e r r e l a ­

t i o n s h i p  betw een desoxyrlbosi.de© , re d u c in g  a g e n ts  and v ita m in  By*. A 

summary o f  much o f  th e  work i n  t h i s  f i e l d ,  w hich i s  beyond th e  scope c£ 

th e  p r e s e n t  p a p e r , i s  in c lu d e d  in  a rev iew  by Hood3, 1949. S tu d ie s  on 

th e  d e s o x y r ib o s id e s  have in d ic a te d  s l i g h t  i f  any a c t i v i t y  on t h e i r  p a r t  

a s  s u b s t i t u t e s  f o r  v ita m in  f o r  h ig h e r  an im als  (E e is n e r  and H as t,

1919 , and  L ew is, R e g is te r ,  Thompson and S lveh jem , 1 9 4 9 ).

Some o f  th e  v ita m in s  seem to  b e a r  a  more d i r e c t  r e l a t io n s h i p  

w ith  th e  l a t t e r  v i ta m in . High l e v e l s  o f  ca lc iu m  p a n to th e n a te  and 

py rid o x in ©  h y d ro c h lo r id e  f e d  t© chick® (B ird  and R ubin, 1946) and h ig h  

l e v e l s  o f  r ib o f l a v in  fe d  to  r a t s  i n  th e  p re se n c e  o f  su lf& su x ititn e  

( H artm an, Dryden and C ary , 1949 b )  seemed t o  p a r t i a l l y  o f f s e t  a  d e f ic ie n c y  

o f  v ita m in  The r e l a t io n s h ip  ©f v ita m in  Bi£ t o  c h o lin e  and m e th io n in e

w i l l  be d isc u s s e d  in  th e  s e c t io n  on th e  g e n e ra l  f u n c t io n s  o f  th e  v ita m in .

V itam in  d e s c r ib e d  by  Novak and Kauge (1 9 4 8 ), i s  a  f a t -

so lub le- su b s ta n c e  c l e a r l y  d i f f e r e n t  from  v ita m in  Byg. V itam in  B l4, 

d e s c r ib e d  fey M o rris  and M ajn&rioh (1949), w h ile  a p p a re n t ly  c lo s e ly  r e l a t e d  

t o  b o th  f o l i c  a c id  and v ita m in  in  f u n c t io n ,  i s  a ls o  a p p a re n tly  an  

e n t i r e l y  s e p a ra te  e n t i t y .  I t  i s  ex tre m e ly  a c t iv e  i n  c e l l  p r o l i f e  r a t io n  

In  bone marrow c u l tu r e s  and h a s  been  e f f e c t i v e  in  c u r in g  e x p e r im e n ta l ly  

in d u ce d  anem ia o f  r a t s .  The a u th o r s  b e l ie v e  t h a t  i t ,  n o t  v ita m in  B jg , 

i s  C a s t l e 's  p o s tu la te d  e x t r i n s i c  f a c t o r .

I t  i s  p o s s ib le  t h a t  a n t i b i o t i c s  may sp a re  th e  l e v e l  o f  vitam in

®12 which m ust be s u p p lie d  in  th e  fe e d  f o r  th e  c h ic k , by c r e a t in g  f a v o r ­

a b le  c o n d i t io n s  f o r  a  h ig h  rat®  o f  i n t e s t i n a l  s y n th e s is  (S m ith  arid
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R ob in so n , 1945, and M cG innis, S tep h en so n , L e v a d ie , C a rv e r , G a r ib a ld i ,  

I j i c h i ,  S n a i l  and L ew is, 1 9 4 9 ), b u t i t  i s  im p ro b ab le  t h a t  th e  a c tu a l  

p h y s io lo g ic a l  re q u ire m e n t l o r  th e  ch ic k  i s  red u c ed .

F u n c tio n s  -  G enera l

V itam in  Bjg  f u n c t io n s  i n  th e  e f f i c i e n t  u t i l i s a t i o n  o f  p r o te in  

a s  shown by th e  i n t e n s i f i c a t i o n  o f  th e  v ita m in  d e f ic ie n c y  when u n u s u a lly  

h ig h  l e v e l s  o f  v e g e ta b le  p r o te in s  a r e  fe d  t o  c h ic k s  o r  r a t s  ( Rubin and 

B ir d ,  1947 a ,  and  H artm an, Drydon and C ary , 1949 a ) .

The l e v e l  o f  n u c le o p ro ts in  i n  l i v e r  b a s o p ia il ia  o f  dogs i s  

c o o rd in a te d  w ith  th e  l e v e l  o f  v ita m in  B^g. C o n seq u en tly  i t  i s  b e l ie v e d  

a  d e f ic ie n c y  o f  th e  l a t t e r  r e t a r d s  p r o te in  s y n th e s is  {S te r n ,  T a y lo r , and 

R u s s e l l ,  1 9 4 3 ). T h is  may be th e  f u n c t io n  of th e  v ita m in  in  p re v e n tin g  

p e r n ic io u s  anem ia . V itam in Hjjg may be n e c e s s a ry  t o  c o n v e r t th e  thym ine 

(p ro d u ced  a s  a  r e s u l t  o f  c a t a l y t i c  a c t io n  by f o l i c  a c id )  in to  th y m id in e  

w hich i s  needed f o r  th e  m an u fac tu re  o f  n u c le ic  a c id  f o r  new c e l l s ,  such 

a s  re d  b lo o d  c e l l s  and r e t i c u lo c y te s  (W rig h t, Skegge, and H u ff, .1348).

The r e p o r t  o f  P o p p er, Kochr-tfeeer and Ss&nt© (1349) a l s o  su g g es ted  a  

p o s s ib le  r o le  o f  v ita m in  Big in  th e  s y n th e s is  o f r ib o n u c le ic  a c id  i n  th e  

l i v e r  o f  th e  r e t .  He p o r t s  in d i c a t e  an i n t e r p l a y  betw een  c h o l in e ,  d e t a in s ,  

m e th io n in e  and v ita m in  in  which th e  v ita m in  can red u ce  th e  re q u irem e n t 

f o r  th e  o th e r  f a c t o r s  f o r  th e  c h ic k  ( G l l l i s  and M o rr is , 1343, B c h a e fs r , 

Salm on, and S t r e n g th ,  1 9 4 9 ).

A ccord ing  t o  J&asrson (1949) and N ic k e l ,  D ie t r ic h ,  Cravena and 

b lv eh jem  (1949) v ita m in  B ig can c o u n te r a c t  a l l  t h y r o t e x i c i t y ,  th u s  re ­

p la c in g  l i v e r  and  l i v e r  e x t r a c t s  f o r  t h a t  p u rp o se . T e s t a n im a ls  used  

w e re , r e s p e c t iv e ly ,  r a t s  and c h ic k s  f o r  th e  two s tu d i e s .
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F u n c tio n s  -  In  P o u ltry

k fh itso n , T i tu s  and B ird  (1946) reported t h a t  th e  fe e d in g  o f  

t h e  cow manure f a c t o r ,  in  a  d i e t  h ig h  in  soybean m eal and c o n ta in in g  no 

an im al p r o te in ,  s i g n i f i c a n t l y  im proved h a t e h a b i l i t y .  T here was no in ­

f lu e n c e  on hen body w e ig h t, ©gg p rod u ction , o r  egg s is© . Rubin and B ird  

(1946 a )  r e p o r te d  th e  cow manure f a c t o r  n e c e s s a ry  f o r  ch ick  g ro w th . In  

194? ( b ) ,  th e y  r e p o r te d  t h a t  t h e  f a c t o r  was t r a n s m i t te d  th ro u g h  th e  ©gg 

t o  th e  c h ic k .  They showed t h a t  t h e  c o n te n t o f  th e  f a c t o r  in  t h e  ©gg® 

was d i r e c t ly ' r e l a t e d  t o  th e  l e v e l  o f  th e  f a c t o r  in  th e  h e n ’s  d i e t .  B ird  

(1946) showed t h a t  c h ic k s  p roduced on d i e t s  devo id  o f  th e  cow manure 

f a c t o r  (v ita m in  ) s u f f e re d  more th a n  tw en ty  p e rc e n t  g r e a t e r  m o r ta l i ty  

d u r in g  th e  f i r s t  week o f  l i f e  th a n  u n d e p le te d  c h ic k s  d id .  N ic h o l, H arper 

and S lv e h je a  (1 9 4 9 ), p re s e n te d  e v id en ce  t h a t  v ita m in  doe® have some 

in f lu e n c e  on hem oglobin r e g e n e ra t io n  i n  c h ic k e n s . Chick© fe d  on a f o l i c  

a c i d - d e f i c i e n t  d i e t  and in j e c t e d  w ith  phenylhydraain©  h y d ro c h lo r id e  w ere 

t r e a t e d  w ith  f o l i c  a c id  i n j e c t i o n s  a lo n e ,  which r e s to r e d  hem oglobin v a lu e s  

t o  n o rm a l. V itam in  i n j e c t i o n s  a lo n e  gave no b e n e f i t ,  b u t a  combined 

i n j e c t i o n  o f  v ita m in  and f o l i c  a c id  produced th e  m ost r a p id  re g e n e ra ­

t i o n .  The e f f e c t  c o u ld  e a s i l y  be an i n d i r e c t  a c t io n  through im proved 

u t i l i s a t i o n  o f  f o l i c  a c id .

L i l l i e ,  Denton and B ird  (1948). r e p o r te d  b e t t e r  f e a th e r in g  o f  

c h ic k e n s  when th e y  were s u p p lie d  w ith  v ita m in  S j^ .  L i l l i e ,  K&rsdan, 

G roschke and B ird  (1949) found  t h a t  th e  a p p a re n t re q u ire m e n t o f  th e  

g row ing c h ic k  f o r  v ita m in  3^2 dropped d u rin g  th e  l a t e r  stage®  o f  g ro w th . 

Robbie©, l i c h o l ,  C ravens, E lvehjem  and H alp in  (1949) c i t e d  work which in ­

d ic a te d  t h a t  even i f  th e  m a te rn a l d i e t  c o n ta in e d  su p p o sed ly  a d eq u a te



l e w i s  o f  v itam in  B-ys, th e  progeny s t i l l  r e q u ire d  su p p lem en ta l v ita m in  

B]j> in  t h e i r  d i e t  to  4 w eeks.

H ic h o l, D ie t r i c h ,  C ravens and K lv e h jm  (1949) p re s e n te d  d a ta  

i n d i c a t in g  t h a t  15 ralcrogram s o f  c r y s t a l l i n e  v ita m in  p e r  k ilo g ram  

o f  d i e t  ap p eared  to  be th e  iainlrau&k e f f e c t i v e  dose  when h y p e r th y ro id  

c h ic k s  were u se d , a lth o u g h  th e  e x a c t l e v e l  was n o t  d e te rm in e d , J to k s ta d ,  

d u k es , F ie r c e ,  Page .and F ra n k lin  (1949) found t h a t  a  minimum o f  15 m icro*  

gram s o f  c r y s t a l l i n e  v ita m in  By# p e r  k ilo g ra m  o f  d i e t  ( when f e d  in  d i e t s  

c o n ta in in g  se v e n ty  p e rc e n t  o f  soybean meal to  d e p le te d  $©w Ham pshire 

c h ic k s )  m s  a s  a c t iv e  in  p rom oting  grow th a s  f i s h  s o lu b le s  and l i v e r  ex­

t r a c t s .

O tt (1949) h a s  r e p o r te d  t h a t  d e p le te d  c h ic k s  u n d e r  h i s  con­

d i t i o n s  r e q u ire d  a t  l e a s t  27 laicrogram s o f  v ita m in  Bj# p e r  k ilo g ra m  o f  

r a t i o n  f o r  maximum g ro w th .

I f  th e r e  i s  any  need f o r  v ita m in  3«y? f o r  egg p ro d u c tio n , th e  

re q u ire m e n t m is t  be low  and a t  p r e s e n t  i s  unknown. The q u a n t i t a t i v e  r e ­

q u ire m e n ts  o f  th e  hen f o r  th e  v ita m in  f o r  norm al h a t e h a b i l i t y ,  f o r  v ia b le  

o f f s p r in g  and f o r  good grow th  o f p rogeny f e d  v a r io u s  l e v e l s  o f  v ita m in  

Bxa have n o t been c l e a r l y  d e f in e d .  F u rtherm ore  t h e r e  i s  a  g en e tic & l 

r e l a t i o n s h i p  t o  th e  v ita m in  req u irem e n t o f  th e  c h ic k e n , which p e rm its  

some b i r d s  to  e x i s t  s a t i s f a c t o r i l y  on l e v e l s  q u i t e  d e f i c i e n t  f o r  o th e r s ,  

( B ird ,  Rubin arid G roschke, 1 9 1 7 ).

A ssay  M ethods

b o th  m ic ro b io lo g ic a l  and m a c ro b io lo g ic a l te c h n iq u e s  have been 

em ployed f o r  v ita m in  B12 a s s a y s .  The f i r s t  m ic ro b io lo g ic a l  m ethod, th e  

LID a s sa y  o f  Shorb (1947 b )  proved  to  be d i f f i c u l t  to  u se  b ecau se  o f  th e
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te n d e n c y  o f  th e  s p e c ie s  t o  d i s a s s o c i a t e .  In  th e  LL'D a s sa y  method d i s ­

c u s se d  by G reene, B rook, and McCormack in  1949, th e  oxygen te n s io n  i s  

c o n t r o l l e d ,  s in c e  i t  a f f e c t s  th e  a s s a y .

S e v e ra l a s sa y  m ethods employ L. le ich m an n il (H offm ann, S to k s ta d , 

H u tc h in g s , Oom bush and J u k e s , 1949, P e e le r ,  Y acow its and M o rr is , 1949, 

and o t h e r s ) .  A l l  o f  th e s e  a s s a y s  have been  co m p lic a ted  by th e  a b i l i t y  

o f  th y m id in e  ( S h iv e , R av e l, end H ard ing , 1948) and o th e r  d e s o x y rib o s id e s  

( K i ta y ,  McNutt and S n e l l ,  1949) to  r e p la c e  o r  s p a re  v ita m in  Big u n d e r 

a s s a y  c o n d i t io n s .

F o s te r ,  t a l l y  and W oodruff (1949) have o u t l in e d  a  cup a s sa y  

f o r  v ita m in  which a v o id s  some o f  th e  d i f f i c u l t i e s  o f  s ta n d a rd  t u r b i -  

d lm e t r ic  o r  t i t r i m e t r i c  p ro c e d u re s . The d i f f u s e  grow th re sp o n se  o f  th e  

t e s t  c u l tu r e  t o  d e s o x y r ib o n u c le ic  a c id  o r  t o  I t s  c o n s t i tu e n t  n u c le o s id e s  

i s  e l im in a te d .

The u se  o f  th e  p ro to z o an  ik tg lena g r a c i l u s  lias been su g g e s te d  

f o r  an a s sa y  s in c e  i t  a p p a r e n t ly  g iv e s  a  q u a n t i t a t i v e  re sp o n se  t o  v ita m in  

Big b u t i s  i n a c t i v e  to  th y m id in e  (H u tn e r, P r o v a s o l i ,  B to k s ta d , Hoffmann, 

B e l t ,  F ra n k lin  and J u k e s , 1 9 4 9 ).

M & erobiologieal te c h n iq u e s  in v o lv in g  th e  r a t  and  th e  c h ic k  w ere 

a l r e a d y  in  u se  f o r  th e  v ita m in  when i t  was i s o l a t e d  (H artm an, Dryden, and 

L ik e ly ,  1946, and B ird ,  Rubin and G rosehke, 1948, r e s p e c t iv e ly ) .  L a te r

(1949) B o ssh a rd t, P a u l,  0*D o h erty , H uff and B arnes employed a  mouse 

a s s a y .  A ll  o f  th e s e  m ethods in v o lv e d  a  p re l im in a ry  m a te rn a l d e p le t io n  

p e r io d  p r io r  t o  u se  o f  th e  p rogeny  f o r  a s s a y s .  The above mouse a s s a y , 

some r a t  a s s a y s  ( F r o s t ,  F id c k e , and S p ru th , 1949, R e g is te r ,  Ruegauer, 

and  i&vehjem, 1949 ) and some c h ic k  a s s a y  te c h n iq u e s  have u t i l i z e d  

io d in a te d  c a s e in  a s  a  *s t r e s s *  mechanism to  in c r e a s e  th e  s e n s i t i v i t y  o f
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t h e  an im a l t o  a  d e f ic ie n c y  o f  t h i s  v i ta m in . The c h ic k  a s s a y  method 

d esc rib ed , by B ird ,  B abin and G roschke (1948) u t i l i z e s  a  m a te rn a l de­

p l e t i o n  p e r io d  and a  Z week p re l im in a ry  f e e d in g  p e r io d  o f  a  v e ry  h ig h  

l e v e l  o f  soybean m eal to  th e  p ro g en y , fo llo w e d  by a  2 week t e s t  p e r io d .  

Growth i s  th e  c r i t e r i o n  i n  a l l  o f  th e s e  a s s a y s .  Ko s in g le  a s s a y ,  m icro­

b i o l o g i c a l  o r  m a c ro b io lo g ic a l,  i s  s a t i s f a c t o r y  i n  e v e ry  r e s p e c t .

S o u rces

D ried  cow m anure, f i s h  m ea l, m eat m eal, m eat s c r a p s ,  condensed 

f i s h  s o lu b le s  and o th e r  an im al p r o te in  supplem ents have been used, a s  

v a lu a b le  so u rc e s  o f  v ita m in  % g» I n d ic a t io n s  t h a t  th e  d i e t a r y  h i s t o r y  

o f  n o n -ru m in an ts  may have c o n s id e ra b le  e f f e c t  on th e  v a lu e  o f  t h e i r  

f l e s h  a s  a  so u rce  o f v ita m in  Bx£ have been o b ta in e d  by  l e g i s t  o r ,  Lewi®, 

Thompson and  llv o h je m  (1 9 4 9 ) . S tep h en so n , M cG innis, Graham and C arv e r 

(1948) p re s e n te d  ev id e n c e  f u r t h e r  s u b s ta n t ia te d  by Cunha, B u rn s id e , 

Suschm an, G la ssc o c k , P earso n  and  S h ea ly  (1949) t h a t  s o i l  s t im u la te d  

grow th  when added to  v itam in  Big d e f i c i e n t  d i e t s .

C e re a l g r a in s  and  v e g e ta b le  p r o te in  supp lem en ts  a r e  q u i te  

d e f i c i e n t  in  v ita m in  Big ( W hitson , Hammond, T i tu s  and B ird ,  194b, and 

M cGinnis and  C a rv e r , 1 9 4 7 ).

V ario u s  eo u sae rc ia l c ru d e  co n cen tra tes  o f  v ita m in  B\Z p roduced

from  m ic ro b ia l  f e rm e n ta t io n  have a l s o  become a v a i l a b le  (S to k s ta d ,  Page, 

P ie r c e ,  J u k e s ,  H e in le , B p s te in  and W elsh, 1948, A nsbacker, H i l l ,  Tlem&n, 

Downing and C a ld w e ll, 1949, and K ick es , B rin k , K oniuszy , Wood and 

F o lk e r s ,  1948 c ) .



SXPERIHKNTAL PHOCSDURE AND RESULTS 

A. S tu d ie s  w ith  Laying P u l l e t s

1 .  G en e ra l p ro c e d u re . The s tu d ie s  w ith  la y in g  p u l l e t s  in v o lv ed  

a  p re l im in a ry  p e r io d  and two e x p e r im e n ta l p e r io d s .  D uring th e  p re l im in a ry  

p e r io d  re c o rd s  o f  h a t e h a b i l i t y  were o b ta in e d  which se rv e d  a© a  b a s is  f o r  

fo rm a tio n  o f  e q u a liz e d  g ro u p s f o r  th e  l a t e r  work* R ecords on egg p ro ­

d u c tio n  and f e r t i l i t y  were a l s o  o b ta in e d .  B asa l d i e t  1 , shown in  t a b l e  

1 ,  was u sed  t o  s y s te m a t ic a l ly  d e p le te  th e  p u l l e t s  o f  any  s to r e s  o f  v ita m in  

B ig , d u r in g  t h i s  p e r io d .  D uration®  o f  p e r io d s  w ere August 2 7 , 1949 to  

November 8 , 1949 , November 8 , 1949 to  A p r i l  8 , 1980 and  A p r i l  8 ,  1950 t o  

d u ly  2 7 ,  1950, r e s p e c t iv e ly ,  f o r  th e  p re l im in a ry  p e r io d ,  ex p erim en t 1 and 

ex p erim en t 2 .  S ix ty  New Ham pshire p u l l e t s ,  22 weeks o f  a g e , wore housed  

i n  in d iv id u a l  la y in g  cage® a t  th e  s t a r t  o f  th e  p re l im in a ry  p e r io d .  They 

h ad  been  r e a re d  on c o n v e n tio n a l s t a r t i n g  and grow ing r a t i o n s .  S e lec tio n ®  

w ere made p r im a r i ly  on th e  b a s i s  o f  s e x u a l m a tu r i ty ,  a l th o u g h  c o n s id e ra t io n  

was a l s o  g iv en  to  body w e ig h t and o th e r  q u a l i f i c a t i o n s • At th e  same tim e  

Mew Hampshire male® w ere housed  in  b a t t e r i e s .  They had  been r e a re d  on th e  

same d i e t  a s  th e  p u l l e t s .  P u l l e t s  found t o  be u n s a t i s f a c to r y  d u r in g  th e  

p re l im in a ry  p e r io d  were re p la c e d  by o ther®  h e ld  in  r e s e rv e  on f r e s h  l i t t e r  

i n  la y in g  p ens u n d e r  o th e rw ise  s im i l a r  c o n d i t io n s .  A f te r  te rm in a t io n  o f  

t h e  p re l im in a ry  p e r io d  no f u r t h e r  re p la c e m e n ts  were made. The p u l l e t s  

w ere a r t i f i c a l l y  insem inated  w ith  p o o led  semen tw ic e  w eekly th ro u g h o u t 

t h e  e n t i r e  s tu d y . Eggs were c o l l e c te d  d a i l y  and s to r e d  a t  50° F . u n t i l  

in c u b a te d .  S e t t in g s  w ere made a t  two-week i n t e r v a l s .  D uring  th e  p re ­

l im in a ry  p e r io d  and f i r s t  4 weeks o f  ex p erim en t 1 , th e  eggs w ere can d led  

on th e  s ix te e n th  day  o f  in c u b a t io n .  T h e r e a f te r  th e y  w ere ca n d le d  on th e



13

TABL3 1

C om position  o f  P u l le t  B asa l Ration©

B a sa l B asa l
In g re d ie n ts  D ie t 1 D ie t 2

*  %

Ground y e llo w  c o m  44 .975  46 .975
Ground w heat 5 0 .000  50 .000
iS x p e lle r  soybean s e a l  1 8 .0 0 0  7 .0 0 0
D rie d  b rew ers  y e a s t  —■ 4 .0 0 0
Menhaden f i s h  m eal — 4 . OCX)
U n e x tra c te d  l i v e r  m eal —- 1 .0 0 0
Ground l im e s to n e  5*000 5 .0 0 0
D e f lu o r in a te d  rock p h o sp h a te  5 .0 0 0  5 .0 0 0
Io d is e d  s a l t  0 .5 0 0  0.5QQ
MnS04.4 HgO 0 .0 2 5  0 .0 2 5
A & D f e e d in g  o i l  (2250 A, 400 D) 0 .5 0 0  0 .5 0 0

T o ta l  100 .000  100 .000

S upp lem en ta l in g r e d ie n ts  m g ./ lb .  i a g . / lb .
Calcium  p a n to th e n a te  0 .7 5  0 .7 5
R ib o f la v in  1 .0 0  1 .0 0
Menadione 0 .2 0  0 .2 0
C h o lin e  c h lo r id e  1 50 .00  1 5 0 .0 0

A n a ly s is
Crude p r o te in  by  a s sa y  1 4 .90$  15 .10$
M eth ion ine  0 .2 6 $  0 .5 3 $
C y s tin e  0 .2 5 $  0 .2 6 $

C h o lin e  6 0 9 .0 0  m g ./ lb .  6 3 7 .5 0  m g ./ lb .
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e ig h th  day t o  avoid. e x c e s s iv e  f r a g i l i t y  o f  th e  v i t e l l i n e  membrane* T h is  

d i f f i c u l t y  a ro s e  in  a l l  th e  eggs p roduced on d i e t  1 d e s c r ib e d  i n  t a b l e  1 , 

r e g a r d le s s  o f  su p p le m e n ta tio n  w ith  v ita m in  O b se rv a tio n s  by O lsen  a t

B e l t s v i l l e ,  M aryland, i n d ic a te  t h a t  a  ten d e n c y  to w ard s  f r a g i l i t y  o f  th e  

membrane o c c u rs  when th e  eg g s ar® produced on soybean m eal a s  th e  s o le  

p r o te in  supplem ent* A ll  a p p a re n t ly  i n f e r t i l e  eggs w ere b roken  o u t t o  

a c c u r a te ly  d a te  m in e  f e r t i l i t y .  The few  eggs which w ere p ipped  b u t which 

f a i l e d  to  h a tc h  by th e  tw en ty -seco n d  day  w ere in c lu d e d  a s  dead g e m s .

The chick® w hich h a tch ed  w ere u sed  in  experim ent®  t o  be d e s c r ib e d  l a t e r *

O b se rv a tio n s  were made on th e  p h y s ic a l  c o n d it io n  o f  th e  p u l l e t s  

d u r in g  th e  th r e e  p e r io d s  and on t h e i r  r e p ro d u c tiv e  perform ance* B ird s  

wore w eighed f iv e  t im e s ,  a s  in d ic a te d  in  t a b l e  5 , d u r in g  th e  p re l im in a ry  

p e r io d  and ex p erim en t 1 . Hemoglobin v a lu e s  were o b ta in e d  d u rin g  e x p e r i ­

m ent 1 by  us© o f  th e  method d e s c r ib e d  by  Evelyn (1 9 5 6 ). M o r ta l i ty ,  egg 

p ro d u c t io n ,  f e r t i l i t y  and h a t e h a b i l i t y  d a ta  were re c o rd e d  d u r in g  a l l  

t h r e e  p e r io d s .

At t h e  end o f  th e  p re l im in a ry  p e r io d  th© p u lle t©  were d iv id e d  

i n t o  f iv e  e x p e r im e n ta l g ro u p s . A, B, 0 ,  B and E. G roupings were mads 

p r i n c i p a l l y  on th e  b a s i s  o f  e q u a l is e d  h a t e h a b i l i t y .  The g roups w ere l e f t  

unchanged ex c ep t by  n a tu r a l  c a u se s  f o r  b o th  experim en ts*

Feed and w a te r  war® s u p p lie d  ad  l ib i tu m * The co m p o sitio n  o f  

t h e  b a s a l  d i e t s  u sed  f o r  th e  p u l l e t  s tu d ie s  i s  l i s t e d  in  t a b l e  1 . Both 

b a s a l  d i e t s  c o n ta in  added c h o lin e  and on th e  b a s i s  o f  th e  l im i te d  d a ta  

a v a i l a b l e  on requirem ent®  o f  m atu re  s to c k ,  a r e  b e l ie v e d  to  be ad eq u a te  

i n  m e th io n in e  and c h o l in e .  B asa l d i e t  1 was f e d  w ith o u t su p p lem en ta tio n  

t o  a l l  p u l l e t s  d u r in g  th e  p re l im in a ry  p e r io d .  I t  was an a l l-m a s h  b re e d in g
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r a t io n  composed o f p r a c t ic a l  fo o d s tu ff s  and m s  co n sid ered  t o  be- adequate

in  a l l  knew*, n u t r i e n t s ,  excep t vitam in  B j£ . The vitam in  B£g c o n te n t o f  

such a d ie t  \m j  be assum ed on th e  b a s is  o f u n iv e r s a l  ex p erien ce  t o  be a t  

b e s t  very low . T here  a r e  no r e l ia b le  a s s a y s  f o r  th e  vitam in  Bjyg. ©onteni 

o f  i t s  i n g r e d ie n ts .  B asa l d i e t  2 in c lu d e s  n a tu ra l sources o f  vitam in  %g 

and. u n id e n t if ie d  n u tr it io n a l  f a c to r s .  Average f ig u r e s  fo r  the v itam in

p o te n c ie s  o f  l i v e r  meal and f i s h  meal were ob ta in ed  by l i l l i a ,  Benton,

and Bird (1 9 4 9 ). According to  t h e ir  r e s u lt s  w ith  ch ick  a s sa y s  th e se  -feed**

s t u f f s  m y  fu rn ish  a t o t a l  o f  about IB ^icrogmi&s o f  v itam in  p er k i lo *  

gm m  o f  b a sa l d ie t  2 .  V a r ia b i l i ty  in  th e  r e s u lt s  o f  in d iv id u a l a s sa y s  by 

th e s e  workers in d ic a te  th a t  th«s©e v a lu es mm o n ly  approxim ation s.

The m X m  wera fe d  a n o x m l breed ing r a tio n  iu c iu u in g  sou rces  

o f  vitam in  Bjjg throughout th e  s tu d y . During both experim ental p e r io d s , 

b a sa l d ie t  1 was fed  t o  groups A, B , € and b , w h ile b a sa l d ie t  2 was fed  

t o  group &» C onsequently group & fu n ctio n ed  a s  th #  p o s it iv e  con tro l*

T&fel# £ p r e s e n ts  th© v a r ia t io n s  in  supplem ents f o r  th e  d i f f e r e n t  g ro u p s 

o f  p u l l e t s  d u r in g  th e  t h r e e  p e r io d s . The source o f  supplem ental v itam in

f o r  a l l  g ro u p s e x c e p t & was iftibram in, m an u fac tu red  by  Bqulbb and  S ons.

The l a t t e r  p ro d u c t m® a  h ig h ly  p u r i f i e d  p ro te ln - f r# ©  s o lu t io n  o f  v ita m in  

B^g d e r iv e d  from  Stregtosorees M rlseus.  A ccord ing  t o  dster&aination w ith  

L a c to b a c illu s  le fc iu a a n n ii  by th e  m a n u fa c tu re r , i t  con ta in ed  So a lc r o g r a s s  

o f  v ita m in  B^g p er  c u b ic  c e n t ln s t e r  and m s  added to  b a s a l  d i e t  1 a s  a 

h ig h ly  d i l u t e  aqueous s o lu t io n .  D uring sacperlwsxvt 2 g roup  J£ m s  fe d  

b a sa l d i e t  2 supplemented w ith  Kerck and Co. exp erim en ta l APF co n cen t rut© 

#S . A ccord ing  t o  th^i m anufacturer, t h i s  c o n c e n tra te  c o n ta in e d  27.B  

m il l ig ra m s  o f v itam in  B^£ p e r  k ilo g ra m  when m easured w ith  th e  LL0 assay*
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n e i t h e r  one o f  th e  v ita m in  Big c o n c e n tra te s  was f o r t i f i e d  w ith  any 

a n t i b i o t i c *

TABUS Z

B a sa l D ie ts  and Supplem ents Fed th e
P u l l e t  Groups

Supplem ents p e r  K ilogram
B a sa l P re lim in a ry  E xperim ent Experim ent

G roup D io t P e r io d  1 Z

A 1 — 3 meg. o f

B 1 4 meg. Of 4 meg. o f  
BlZ

C 1 —  a »C«.
% 2

o f
—'—

D 1 —  16 meg.
Bl2

o f
--- *

B 2* ***** mm+mmm 0 .1 $  APF 
C o n c e n tra te

#S

*  T h is  g roup  fe d  b a s a l  d i e t  1 d u r in g  p re l im in a ry  p e r io d .

F o r  th e  sake o f  b r e v i ty  th e  p h ra se  »l e v e l  o f  su p p lem en ta l 

v ita m in  Bf£ p e r  k ilo g ra m  o f  fe e d "  w i l l  b® rep laced , i n  m ost in s ta n c e s  

by wl©v®l o f  v ita m in  Big f e d " ,  o r  a  s im i la r  p h ra s e ,  th ro u g h o u t th e  r e ­

m ain d er o f  th e  p a p e r . I t  w i l l  be u n d e rs to o d  t h a t  th e  a c t u a l  t o t a l  l e v e l  

o f  v ita m in  Big fe d  would a l s o  in c lu d e  th e  c o n te n t i n  t h e  b a s a l  d i e t s .

2 .  R e s u l ts  o f  p u l l e t  ex p erim en t J*. Experim ent 1 was u n d e r ­

ta k e n  t o  s tu d y  th e  e f f e c t  o f  g rad ed  l e v e l s  o f  v ita m in  B1 2  on th e  p h y s ic a l  

c o n d i t io n  and on th e  re p ro d u c tio n  o f  la y in g  p u l l e t s .  T ab le  3 p r e s e n ts  

t h e  d a ta  o b ta in e d  d u r in g  th e  f i r s t  ex p erim en t on th e  p h y s ic a l  c o n d it io n  

o f  t h e  p u l l e t s .



TABLE 8

Experiment 1: E ffe c t  o f Vitamin on P h y sica l C ondition  o f  P u l le ts

Average P u lle t Weight in  Kilograms
Group August Hovenber December February A p ril

Ghu Hemoglobin p e r
1QQ e c . o f Blood

ftem nber A p ril

i  M ortality  
Hov. 5 , 1949

to
27 , 1949 5 , 1949 24,1949 IS , 1950 8 , 1950 S, 1949 8 , 1950 A p ril 8 , 1950

A 2,528(7}* 2.542 2.698 2.752 2.728 8.10 8.85 16.7

B 2 .261(8 ) 2.458 2.719 2.887 2.728 8 .1? 8.45 0 .0

€ 2 .212(5 ) 2.440 2.685 2.665 2.577 8.59 8 .70 8.5

D 2.228(9) 2.456 2.694 2.798 2.605 8.19 8.84 0 .0

S 2 .147(8 ) 2.450 2.624 2.967 2.792 8 .60 9.00 0 .0

# dumber in  p a re n th e s is  in d ic a te s  number o f su rv iv in g  b ird s  from p re lim in ary  period which were used 
f o r  th e  experim en tal p e r io d s , Bemaining b ird s  in  th e  groups f o r  th e  l a t t e r  2 p e rio d s  were re ­

placem ents f o r  whom no w eights were a v a ila b le  f o r  th e  d a te  o f August 27, 1949,
Each group con ta ined  12 bird® a t  th e  beginning o f experim ent I ,
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Body W eight o f  P u l l e t s

D uring experim ent 1 av e rag e  w eigh ts in c re a s e d  g e n e r a l ly  i n

th e  e a r ly  months o f  th e  t o s t ,  fo llo w ed  by a  s l i g h t  d e c l in e  toward the

end  o f  th e  t e s t *  The f in a l  w eig h ts  w ere s t i l l  above th e  s ta r t in g  w eig h ts

I n  e v e ry  g ro u p . There was no i n d ic a t io n  o f  any  e f f e c t  by v ita m in  Bjjj on

t h e  a v e ra g e  w e ig h t .

Hemoglobin V alues

The a v e ra g e  hem oglobin v a lu e s  ro se  i n  a l l  5 g ro u p s d u rin g  th e  

e x p e r im e n t. Group A, f e d  th e  unsupplemented b a s a l  d ie t  X, showed th e  

second h ig h e s t  in c r e a s e ,  b u t  d i f f e r e n c e s  betw een g roups w ere assa il and 

a l l  o f  th e  hem oglobin a v e ra g e s  w ere w ith in  a  nona&l ra n g e .

M o r ta l i ty

M o r ta l i ty  was h ig h e s t  I n  g roup A, f e d  th e  unsupj&estented b a s a l  

d i e t  1 .  M o r ta l i ty  a l s o  o c c u rre d  i n  g roup  G, fe d  8 micrograsis of v lt s n in

The r e s u l t s  d id  n o t  in d i c a t e  any d e f i n i t e  n eed  f o r  supplem ental 

v ita m in  Bxg to  p re w a it e x c e s s iv e  .m o r ta lity  i n  nature s to c k .

£gg P ro d u c tio n

f a b l e  4 p r e s e n ts  th e  av e ra g e  p e rc e n ta g e  egg p ro d u c tio n  o f  each  

g ro u p  on a  hen-d&y b a s i s .  The d i f f e r e n c e s  in  i n i t i a l  production  aaong 

th e  g ro u p s , d u r in g  th e  prelim in ary  p e r io d ,  a r e  a ls o  shown in  t a b le  4 to  

perm it c a lc u la t io n  o f  th e  r e l a t i v e  d e c l in e  d u r in g  th e  f i r s t  experim ent. 

Sgg p ro d u c tio n  d e c l in e d  f o r  a l l  groups, b u t th e  d ro p  le s s e n e d  a s  th e  

l e v e l  o f  v ita m in  fed  in c r e a s e d .  The egg p ro d u c tio n  o f  th e  group  fed
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Experiment I t  E ffe c t o f D ie t upon Egg Production  on Hen~Day B asis

Group
Hen-d&y T o ta l

P re lim in ary  £xperi:aent 
P eriod  1

£

70S

68?

086

714

719

1731

1836

m z

1836

1850

T o ta l

P re lim in ary  Experiment 
Period  1

492

486

589

884

454

726

672

827

717

822

Average % Egg, Production 
p e r  Um

P re lim in ary
Period

70 .1

85 .5

50.7

55.8

6 5 .1

Experiment
1

41.9

56.6

55.0

89.1

44.8

D ecline in  Average 
% Egg P roduction  

During Experiment 1

28.2

26.9

21 .7

14.7 

18.5

Hto
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b a s a l  d i e t  Z was in te rm e d ia te  betw een th e  av e rag e  p ro d u c tio n s  o f  th e  

p u l l e t s  fe d  8 m icrogram s and 16 m icrogram s o f  v ita m in  R e s u lts  i n

ex p erim en t 1 in d ic a te  t h a t  th e  l e v e l  o f  egg p ro d u c tio n  was a f f e c te d  by 

th e  l e v e l  o f  v ita m in  f e d .

F o llo w in g  a  d e la y  t o  p e rm it th e  n u t r i t i o n a l  s t a t u s  o f  th e  

p u l l e t s  to  com® t o  e q u i l ib r iu m  a f t e r  th e  d i e t a r y  ch an g es , d a ta  on f e r ­

t i l i t y  and h a t c h a b i l i t y  w ere c o l l e c t e d .  The p e r io d ,  r e p re s e n t in g  e x p e r i ­

m ent 1 ,  s t a r t e d  December 50, 1949 and te rm in a te d  Marsh 16 , I9 6 0 .

F e r t i l i t y

As shown in  t a b l e  5 t h e r e  was a  g e n e ra l  d e c l in e  in  f e r t i l i t y  

o f  th e  eg g s  e x c e p t in  t h e  ea se  o f  th o s e  p roduced  by  g roup  0 ,  where i t  i n ­

c re a s e d  somewhat. The l e v e l  o f  su p p lem en ta l v ita m in  fe d  had no 

m easu rab le  in f lu e n c e  on i t .

H a tc h a b i l i ty  o f  F e r t i l e  Eggs

The d a ta  cm h a t c h a b i l i t y  d u r in g  th e  f i r s t  experim en t i s  a l s o  

in c lu d e d  in  t a b l e  S . H a tc h a b i l i ty  was m a in ta in e d  o r  im proved in  e v e ry  

c a s e  ex cep t in  g roup  A, f e d  th e  unsupplem ented  b a s a l  d i e t  1 . Group A 

showed a d ec id ed  d ro p  in  h a t c h a b i l i t y .  The r e s u l t s  in d ic a te d  th a t  a 

l e v e l  o f  4 m icrogram s o f  su p p lem en ta l v ita m in  would a d e q u a te ly  main­

t a i n  h a t c h a b i l i t y .
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V itam in C o n ten t o f  Eggs Produced  D uring 
iSxperiment 1

C hick a s s a y s  and m ic ro b io lo g ic a l  a s s a y s  f o r  v ita m in  Bjg 

a c t i v i t y  were conducted  on t h e  eggs produced  betw een March 17 , 1930 and 

A p r i l  8 , 1950, The c h ic k s  w ere housed in  e l e c t r i c a l l y  h e a te d  m e ta l 

b a t t e r i e s  w ith  r a i s e d  w ire  f l o o r s .  Feed and w a te r  w ere fe d  ad  l ib i tu m *

The co m p o sitio n  o f  t h e  b a s a l  d i e t s  u sed  i s  l i s t e d  i n  t a b le  6 . D ie t 3 i s  

composed o f  p r a c t i c a l  f o o d s tu f f s  d e f i c i e n t  in  vitam in  Bxs and c o n ta in s  a  

so u rc e  o f  t h e  whey f a c t o r ,  d e s c r ib e d  by H i l l ,  S c o t t ,  M o rris  and H ouser 

(1 9 4 4 ). I t  f u r n i s h e s  a  t o t a l  o f  24 .9  percen t p r o te in  b y  a s s a y . Only th e  

p r in c ip l e  I n g r e d ie n ts  o f  d i e t  4 a re  d e t a i l e d  i n  t a b l e  6 .  The r e m in d e r  

a r e  in c lu d e d  in  t a b l e  1 in  t h e  ap p en d ix . D ie t 4 i s  a  v ita m in  B i3 ~ d e f ic ie n t  

p u r i f i e d  r a t io n  c o n ta in in g  b o th  35 p e rc e n t  p r o te in  and  io d in a te d  c a s e in  a s  

" str e ss*  f a c t o r s .  (A ll  f a c t o r s  which in c r e a s e  th e  s e n s i t i v i t y  o f  th ^  t e s t  

a n im a ls  tow ard  a  v ita m in  Bx2 d e f ic ie n c y  a r e  in c lu d e d  w id e r t h i s  t e r r a . ) i t  

i s  f o r t i f i e d  w ith  f iv e  t im e s  th e  l e v e l  o f  th ia m in e  recom ended by  th e  

n a t io n a l  R esearch  C o u n c il b ecause  o f  th e  d e s t r u c t io n  o f  th e  v ita m in  in  

r a t i o n s  c o n ta in in g  alpha soybean p r o te in .  Alpha soybean p ro te in  c o n ta in s  

from  1 .5  t o  2 .0  p e rc e n t sodium  s u l f i t e  which d e s tro y s  thiam in©  and  a ls o  

in c r e a s e s  o x id a t io n  o f  v ita m in s  A and 1 .  The c h ic k s  f e d  d i e t  4 re c e iv e d  

1 ,2 0 0  I n te r n a t io n a l  U n its  o f  a d d i t io n a l  v ita m in  A p e r  100 gram s o f  d i e t  

and  0 .5 0  m ill ig ra m  o f a lp i ia - to c o p h e ra l  a c e t a t e  p e r  100 grm w  o f  d i e t .

These v ita m in s  were a d m in is te re d  w eekly by  d ro p p e r . They a l s o  re c e iv e d  

an a d d i t io n a l  supplem ent o f  10 m icrogram s o f  thiam in©  p e r  c h ic k  by d ro p p e r 

when 4 weeks o ld .  The so u rce  o f  th e  vitam in  Bxg f o r  th e  s ta n d a rd  grow th 

c u rv e s  produced  w ith  e i t h e r  d i e t  was c r y s t a l l i n e  v ita m in  Bx2  sodium 

c h lo r id e  t r i t u r a t e ,  c o n ta in in g  1 m icrogram  o f  v ita m in  p e r  m illigram *
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t a b u ; e

B a tio n s  ^np loyed  i n  Egg A ssays w ith  C hicks

I n g r e d ie n ts  P i e t  8

Ground y e llo w  co rn  54 .875

K x p e lle r  soybean m eal
(41$ p r o te in )  40 .0 0 0

Ground l im e s to n e  2 .0 0 0

D ica lc iu m  p h o sp h a te  2 .0 0 0

Io d is e d  s a l t  0 .5 0 0

MhS04 .4  fijgO 0 .0 2 5

P L -m eth ion ine  0 .1 0 0

A & P fe e d in g  o i l
(2250 A, 400 D) Q.50Q

T o ta l  10 0 .0 0 0

S u p p lem en ta l in g r e d ie n ts
D ried  whey 5 .0 0 0

mm/lb*
C alcium  p a n to th e n a te  5 .0 0
R ib o f la v in  1 .2 0
M enadione 0 .2 0
N ic o t in ic  a c id  8 .0 0
C h o lin e  c h lo r id e  2 0 0 .0 0

C rude p r o te in  (by  a s s a y )  2 4 .9 $

P r in c ip le  I n g re d ie n ts

A lpha soybean p r o te in

C e re lo se  ( in c lu d in g  
v ita m in  mix*)

S a l t  mi x ***

Soybean o i l

DL~®ethionine

Io d in a te d  c a s e in

A & D fe e d in g  o i l  
(2250 A, 400 B)

R uffex

T o ta l  

P r o te in  c o n te n t

*  See appendix* t a b l e  I ,

D i e t  4

58 .000

4 8 .8 7 0

6.000

3 .000  

0 .6 0 0  

0 .0 5 0

0 .5 0 0

5 .0 0 0  

100.000

55 .000
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J t  m® added t o  th e  d ie t®  in  a  v a ry  d i l u t e  aqueous s o lu t i o n .  A ssay eggs 

w ere h a r d - b o i le d ,  ground a f t e r  reiaev&l o f  th e  s h e l l  and sd xed  in  th e  

r a t i o n .  Both y o lk s  and w h ite s  w ere f e d  to g e th e r  i n  d i e t  Z9 L a te r  i t  

was r e p o r te d  by Y aeow its , P e e le r ,  M il le r ,  C a r lso n , H ouser and M orris  

{1950) t h a t  e s s e n t i a l l y  a l l  o f  th® v ita m in  i s  c o n ta in e d  i n  th e  p o lk ,  

so  o n ly  t h a t  p a r t  o f  t h e  egg m s  fe d  in  t h e  a s s a y  w ith  d i e t  4 .  A d d itio n s  

o f  eggs were made a t  th e  sxp©n se  o f  c o m  in  d i e t  5 and a t  th e  expense  o f  

c e r s lo s e  i n  d i e t  4 .

The Mew Hampshire c h ic k s  were f e d  d i e t  5 and  w ere u sed  to  

m easure th© vitam in . a c t i v i t y  in  eggs produced  by  g ro u p  I) p u l l e t s .  

These c h ic k s  were produced 'b y  dams m a in ta in e d  on w ire  f l o o r s ,  a t  th e  

U n iv e r s i ty  p o u l t r y  fa rm . The m a te m a l r a t io n  m s  b a s a l  d i e t  1 su p p le ­

mented: w ith  X .sierogram , o f  v ita m in  The c h ic k s  w ere d iv id e d  i n t o

group© on th e  b a s i s  o f e q u a lise d  w e ig h t. They were p la c e d  on t e s t  a t  on® 

day o f  age  f o r  a  p e r io d  o f  4 w eeks. B a ta  on m o r t a l i t y  and  grow th 

resp on ses were o b ta in e d .  T h is  a s s a y  was re p e a te d  th r e e  t im e s . Rhode 

I s la n d  Bed c h ic k s  wore employed f o r  th e  one s tu d y  in  which d i e t  4 m s  

u s e d . They 'w ere produced by dams fe d  a  v ita m in  B jg - d a f ic ie n t  b re e d in g  

r a t i o n .  S ince  th e s e  c h ic k s  w ere p roduced  by p u l l e t s  k e p t on l i t t e r  which 

m s  o n ly  re p la c e d  ev e ry  two o r  t h r e e  w eeks, th e y  w ere Judged to  be l e s s  

d e f i c i e n t  in  v ita m in  than th e  Mew Hampshire® (Kenn&rd and  Chamberlin, 

1 9 4 9 ) . T h e re fo re  th e y  were fe d  th e  v ita m in  - d e f i c i e n t  b a s a l  d i e t  f o r  

a  d e p le t io n  p e r io d  o f  Z w eeks. Then th e y  were d iv id e d  i n to  g ro u p s on th e  

b a s i s  o f  e q u a lised  w eig h t and p la c e d  on t e s t  f o r  th e  su b seq u en t S w eeks. 

D ata  on m o r t a l i t y ,  grow th re sp o n s e , and fe e d  e f f ic ie n c y  w ere re c o rd e d . 

T h is  m ethod was u sed  to  m easure th© v ita m in  a c t i v i t y  o f  eggs produced 

by a l l  f i v e  g roups o f  p u l l e t s .



z s

The egg sam ples f o r  th e  m ic ro b io lo g ic a l  a n a ly s e s  w ere p re p a re d  

by  th e  method o u t l in e d  in  th© r e p o r t  by  Y&cowitz, P e e le r ,  f i l l e r ,  C a r lso n , 

H euser and N o r r is  (1950)* Eggs were w eighed, b ro u g h t to  room tem p era­

t u r e ,  and steam ed f o r  te n  m in u tes  a t  100° C. The albumen was d is c a rd e d  

and th e  y o lk  w eig h t was o b ta in e d .  Each y o lk  was b ro k en  up in  100 c u b ic  

c e n t im e te r s  o f  a c e t a t e  b u f f e r  a t  pH 4 ,5 ,  Then t h i s  su sp e n s io n  was a u to -  

c la v e d  f o r  t h i r t y  m in u tes  a t  IS pounds p r e s s u r e .  F i n a l l y  i t  was f i l t e r e d  

and  mad® up t o  volum e. A ttem p ts  were made t o  u se  th© cup a s s a y  f o r  

v ita m in  Bj£ a s  o u t l in e d  by F o s te r ,  L a l ly  and W oodruff (1 9 4 9 ). T hat ty p e  

o f  a s s a y  m s  found to  be im p r a c t ic a l  f o r  m easu ring  th e  c o n te n t i n  such  a  

r e l a t i v e l y  low  p o te n c y , c ru d e  m a te r ia l .  A m o d if ic a t io n  o f  t h e  method o f  

m ic r o b io lo g ic a l  a s sa y  d e s c r ib e d  by P e e le r ,  Y&cowits and M orris  (1950) 

w ith  L a c to b a c i l lu s  le ic h ra a n n ii  ( ATCC 4797) m s  e v e n tu a l ly  em ployed. The 

tub© a s s a y s  w ere k in d ly  co n d u c ted  by  Mr. C h a r le s  D enton, o f  th© Bureau 

o f  Animal I n d u s t r y ,  U. S. D. A ., B e l t a v i l l e ,  M aryland.

E f f e c t s  on th e  c h ic k s  o f  th e  su p p lem en ta tio n  o f  b a s a l  d i e t s  5 

and  4 a r e  sum m arized in  t a b l e s  7 and 8 .  In  ©very c a s e  t h e  a d d i t io n  o f 

e i t h e r  c r y s t a l l i n e  v ita m in  a  low l e v e l  o f  whole e g g s* o r  y o lk s  p ro ­

m oted growth* Feed e f f i c i e n c y  o f  th e  b a s a l  g roup  o f  Rhode I s la n d  Red 

c h ic k s  was th© lo w e s t.  In  n e a r ly  ©very ca se  a d d i t io n  o f  a  h ig h e r  l e v e l  

o f  th e  same ty p e  o f  egg im proved grow th and f e e d  e f f ic ie n c y *  In c re a s in g  

th© l e v e l  o f  c r y s t a l l i n e  v ita m in  fe d  im proved grow th and fe e d  

e f f i c i e n c y  in  e v e ry  c a s e .  M o r ta l i ty  in  t h e  g roup fe d  th e  unsupplem ented  

b a s a l  d i e t  S was h ig h e r  th a n  in  any o th e r  g roup  fe d  d i e t  S. Among th e  

g ro u p s  fe d  d i e t  4 , m o r ta l i ty  seemed t o  b e a r  no r e l a t io n s h ip  t o  th e  l e v e l  

o f  su p p le m en ta l v ita m in  The s ta n d a rd  grow th c u rv e s  f o r  t h e  s tu d ie s

in v o lv in g  b o th  c h ic k  d i e t s  a r e  p re se n te d  in  c h a r t  1 .  The v a lu e s  f o r
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T m m  ?

Response o f  C hicks in  Egg. A ssay 
(D ie t  3)

Qroxip
Supplem ents 

P e r K ilogram
T o ta l  Mo. o f  C h icks A v e rag e ’F in a l  Mb.* 

GramsAt S t a r t At 4 Meeks

1 Hon© 52 18 188 .9

2 2 .5  meg. o f 24 25 256 .9

S 5 .0  meg. o f  Bxg 24 19 2 4 6 .4

4 1 D egg 24 18 2 5 0 .2

♦  A verage o b ta in e d  by t o t a l i n g  th e  f i n a l  w e ig h ts  o f  a l l  c h ic k s  in  
th r e e  s e r i e s  and d iv id in g  by th© number o f  in d iv id u a l s .

v ita m in  a c t i v i t y ,  d e te rm in e d  w ith  th e s e  c u rv e s  f o r  th e  c h ic k  a s s a y s ,  

a r e  p re s e n te d  in  t a b l e  9 .  The r e s u l t s  o b ta in e d  by th© m ic ro b io lo g ic a l  

a s s a y s  a r e  a l s o  shown. A ll  v a lu e s  a r e  b ased  on a  y o lk  w e ig h t o f  18 

gram s. The c h ic k  a s sa y  r e  s t i l t s  o b ta in e d  w ith  th e  two d if f e r e n t  b ree d s  

and two e n t i r e l y  d i f f e r e n t  ty p e s  o f b a s a l  d i e t s  show c lo s e  agreement*

The m ic ro b io lo g ic a l  a s sa y  r e s u l t s  ag re e  w e ll w ith  each  o th e r ,  b u t  c r e d i t  

th© eg g s  w ith  o n ly  9 .5  p e rc e n t  t o  1 6 .7  p e rc e n t o f  th e  v ita m in  Bjg a c t i v i t y  

found  by ch ick  a s s a y .  Both ch ick  and m ic ro b io lo g ic a l  a s s a y s  p roduced  r e ­

s u l t s  which in d ic a te d  t h a t  w ith in  th® l e v e l s  fe d  to  th e  p u l l e t s ,  th ere  i s  

a  d i r e c t  r e l a t io n s h ip  betw een th© v ita m in  c o n te n t  o f  th© d i e t  and th e  

v ita m in  Big a c t i v i t y  w ith in  t h e  ©gg. Th© c h ic k  a s s a y s  gave a  v a lu e  (0 .8 0 4  

m icrogram s) f o r  g roup  A eggs o f  o n e -h a lf  th e  a c t i v i t y  found in  g roup  B 

e g g s . Group D eg g s , p roduced  w ith  f o u r  t im e s  a s  much su p p lem en ta l v ita m in  

B1 2  a s  th e  g roup  B e g g s , c o n ta in e d  ab o u t 42 p e rc e n t  more a c t i v i t y ,  by 

c h ic k  a s s a y .  As d e te rm in ed  by m ic ro b io lo g ic a l  a s s a y ,  th e  v ita m in  

a c t i v i t y  o f  g roup £ eggs was doub le  t h a t  found i n  g roup  B e g g s . The v a lu e
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TABLE 8

Hesponge o f  C hicks i n  Egg A ssay 
(D ie t  4 )

Group Supplem ents 
P e r  K ilogram

f e t a l  No • o f  C h ick s
Av. P ln a l# 

Wt. i n  
Grams

Feed***
E f f ic ie n c yAt S t a r t At 4 Weeks

1 Hone 21 21 2 4 6 .8 0 .2 5 0

2 1 .2 5  meg. Bjg 15 11 SO© .2 0 .2 8 0

5 2 .5 0  meg. 14 12 557. 4 0 .5 1 7

4 5 .0 0  meg. 14 11 592.2 0.5SS

5 1 .5  A eggs IS 11 5 00 .0 0 .256

a 4 .0  A eggs 14 IS 515 .6 0 .5 2 4

7 2 .0  B eggs 12 11 551 .5 0 .522

8 4 .0  B eggs IS 11 586.9 0 .5 6 0

9 1 .5  C eggs 16 15 509.9 0 .507

10 5 .0  C egg® 15 9 5 66 .4 0 .2 7 0

11 0 .5  D egg IS 12 2 9 4 .5 0 .2 9 0

1Z 1 .0  D egg 14 15 2 7 7 .© ^ 0 .  504

IS 0 .5  ijl egg 15 11 2 7 9 .7 0 .2 3 1

14 1 .0  S egg 14 IS 271.6** 0 .246

*  W eights on d i e t  4 r e p re s e n t  th e  r e s u l t s  o f  one s e r i e s »

** R e s u l ts  n o t u sed  in  c a l c u l a t i n g  th e  v ita m in  a c t i v i t y  o f th e  eg g .

*** Feed e f f i c i e n c y  -  T o ta l  g a in  d u r in g  t e s t  pe r lo d _____________ .
T o ta l  f e e d  consum ption d u r in g  same p e r io d
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Chart 1. Standard Growth Curves for Egg Assays with Chicks
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TABU 9

Vitamin B^g A c tiv ity  p er £gg a s  In fluenced  By D iet

Type o f Assay

P u lle t  Group A P u lle t  Group B P u lle t  Group C P u l le t  Group I) 
V alues in  M icrograss

P u l le t  Group E

S ing le Average S ing le Average S ingle Average S in g le Average S ing le Average

Chick a ssay , d ie t  3 2.12
2.42
5.10

2.23#

Chick a s sa y , d ie t  4 0,815
0.395

0.804 1.450
1.100

1.275 0.987
1.185

1.080 2.120 2.120 1.580 1.580

M icro b io lo g ica l assay 0.094
0,109
0.171
0.106

0.121 0.251
0.277
0.273

0.282

* mighb&d average o f 5 s e r ie s .
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o b ta in e d  f o r  group C eggs i s  p ro b ab ly  lo w er th a n  i t  sh o u ld  bo* The 

cau se  o f  t h i s  in c o n s is te n c y  in  th e  r e s u l t s  i s  unknown* The r e s u l t s  

in d ic a te d  t h a t  s to ra g e  in c r e a s e d  a t  a  d im in ish in g  r a t e  In  th e  egg w ith  

in c r e a s in g  l e v e l  o f  th e  vitam in  i n  th e  p u l l e t  d ie t*

The p e rc e n ta g e  tra n s m is s io n  o f  v itam in  from  th e  p u l l e t  

d i e t  t o  th e  egg may be c a l c u la t e d ,  u s in g  th e  r e s u l t s  o f  th e  c h ic k  a s s a y , 

i f  one assum es t h a t  a l l  th e  v ita m in  B ig , i f  an y , c o n ta in e d  in  b a s a l  d i e t  

1 I s  c o m p le te ly  u n a v a ila b le *  As shown i n  t a b l e  1 0 , th e  p e rc e n ta g e  t r a n s ­

m iss io n  from  th e  p u l l e t  d i e t  dropped a s  h ig h e r  l e v e l s  were fed*  The re-* 

s u i t s  i n d i c a t e  t h a t  p ro b a b ly  betw een 50. and 46 p e rc e n t  o f  th e  v ita m in  

% 12 f e d  t o  th e  p u l l e t  was t r a n s m i t te d  to  th e  egg* T hese f i g u r e s  a r e  b ased  

on th e  a r b i t r a r y  assum ption  t h a t  e v e ry  p u l l e t  consumed 127 gram s o f  fe e d  

d a ily *

5 . R esu lts  o f  p u l l e t  ex p erim en t 2* R e s u lts  o f  ex p erim en t 1 

showed t h a t  th e  req u irem en t f o r  optimum h a t c h a b i l i t y  was l e s s  th a n  4 

micrograms o f  supplem ental v ita m in  P ^ r k ilo g ram  u n d e r th e  ex p er i­

m ental c o n d i t io n s .  T h e re fo re  th e  p ro ced u re  was a l t e r e d  w ith  th e  in ­

t e n t i o n  o f  d e te rm in in g  more c lo s e ly  t h i s  re q u ire m e n t. The le n g th  o f  

tim e  re q u ire d  f o r  d e p le t io n  o f  h e n s  p r e v io u s ly  fe d  known l e v e l s  o f  

su p p le m en ta l vitam in  Bjjg was a l s o  studied* Th® s p e c i f i c  d ie ta r y  changes 

w hich w ere made a r e  shown .in t a b l e  2 .  A ll  th e  g roups w ere co n tin u e d  on 

th e  same b a s a l  d i e t s ,  and group B was c o n tin u e d  on th e  same l e v e l  o f  

v itam in  % 2 # &i*oup A re c e iv e d  a  supplem ent o f  5 m icrogram s o f  v itam in  

Bf2 per k ilogram , in  th e  fo r a  o f  th e  Rubramin c o n c e n tr a te  p roduced by  

S quibb  and Sons* Group j£ re c e iv e d  an a d d i t io n a l  supp lem ent o f  a p p ro x i­

m a te ly  27*5 m icrogram s o f vitam in  B;jjg i n  th e  form  o f  Merck and Go. e x p e r i­

m e n ta l APF c o n c e n tra te  #S .



TABU 10

Experiment 1 : Percentage Transm ission o f  f i t a a i n  from P u lle t
M e t to  Egg

Supplem ental Bj# 
in  P u l le t  M e t 

{ m g .)

Feed
per
Bgg

(k g .)

Supplem ental 
Fed 

%  per £gg
(m eg.)

%  in
% g

(m eg.)

In c rease  in  Bxg 
Content o f  &gg 

w ith Supplementat ion 
( m g .)

tra n sm iss io n  
o f Big from 

D ie t 
(* )

0 0.000 0.604 0,000 00 .0

4 .34? 1.388 1.275 0.671 48.5

a .365 2.904 1.080 0.476 10 .4

16 .525 6.200 2.175* 1.571 50.2

#A w rage o f  r e s u l t s  o f  both  ty p es  o f  ch ick  assay .
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M o r ta l i ty

As shown in  t a b l e  1 1 , percentage? m o r ta l i ty  was h ig h e s t  in  

g ro u p  A, n e x t h ig h e s t  i n  g roup  B and was ap p ro x im a te ly  c o n s ta n t  a t  a  

lo w e r  l e v e l  f o r  th e  o th e r  g ro u p s , th e r e  was no in d ic a t io n  t h a t  th® 

l e v e l s  o f  v ita m in  Bi£ which w ere fe d  a f f e c te d  m o r t a l i t y .

TABLE 11

Experim ent Z$ M o r ta l i ty  and Egg P ro d u c tio n

Group *
M o r ta l i ty

m
P ro d u c tio n

T o ta l
H@n-day

T o ta l

%
P ro d u c tio n

on
Hen-cLay

B a s is

D ec lin e  in
%

P ro d u c tio n  
from  

E xperim ent 1

A 50 (1 0 )* 266 929 2 7 .6 1 4 .5

B 1 6 .7 (1 2 ) 557 1214 2 7 .8 8 .8

C 9 .1 (1 1 ) 100 1122 1 7 .5 1 8 .1

D 8 .5 (1 2 ) 541 1272 2 8 ,8 1 2 .5

E 8 .5 (1 2 ) 561 1226 2 8 .7 1 8 .1

*  Humber i n  p a re n th e s e s  in d i c a t e s  number o f  s u rv iv in g  b i r d s
a t  s t a r t  o f  ex p erim en t 2 .

Egg P ro d u c tio n

Egg p ro d u c tio n  d e c l in e d  u n iv e r s a l ly  and seemed t o  be u n re ­

l a t e d  t o  th e  l e v e l  o f  su p p lem en ta l v ita m in  in  th© d i e t  d u r in g  ex­

p e r im e n t 2 .  These d a ta  are a l s o  p re s e n te d  in  t a b l e  11 .
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F e r t i l i t y

The d a ta  on f e r t i l i t y  a r e  p re s e n te d  i n  t a b l e  IS* F e r t i l i t y  

d e c l in e d  f o r  th® two g ro u p s  from  which th e  supplem ental v ita m in  B \z  was 

w ith d raw n . The d e c l in e  was g r e a t e r  i n  th e  group w hich had  been  r e c e iv in g  

th e  h ig h e s t  l e v e l  o f  supplem ental v ita m in  p r e v io u s ly .  F e r t i l i t y  m s  

m a in ta in e d  o r  s l i g h t l y  im proved in  th e  o th e r  g ro u p s . The p e rc e n ta g e  

f e r t i l i t y  o f  S g ro u p , fe d  & v e ry  h igh  l e v e l  o f  v ita m in  , was much 

lo w e r  than, th e  f e r t i l i t y  i n  group B, fe d  a  low  l e v e l  o f  v i t r a i n  B jg . 

T h e re fo re  i t  was concluded  t h a t  th© v ita m in  Big c o n te n t  o f  th© d i e t  was 

n o t  th e  cau se  o f  f lu c tu a t i n g  f e r t i l i t y .

TABLE 12

E xperim ent 2 s F e r t i l i t y  and H a tc h a b i l i ty

Group Mo. o f
Eggs S e t

%
F e r t i l i t y

Change i n  % 
F e r t i l i t y  

from  
E xperim ent 1

%
H a tc h a b i l i ty  

o f  F e r t i l e
Eggs

Change in  % 
H a tc h a b i l i ty  

from  
E xperim ent 1

A 159 5 0 .5 (+)  0 .1 § 5 .0 (+ ) 2 .8

B 245 8 0 .7 (+) 4 .7 7 5 .0 ( -> 1 0 .7

G 155 7 4 .1 ( ->13 .9 6 8 .0 ( -> 1 9 .6

D 259 49 .8 ( ->17 .9 8 5 .2 (+ ) 2 .7

E 210 6 0 .7 {+) O.S 7 5 .7 (~ )1 1 .3

H a tc h a b i l i ty

O v e ra ll  h a t c h a b i l i t y  o f  f e r t i l e  eggs im proved s l i g h t l y  in  g roups 

A and D a s  shown in  t a b l e  1 2 . B ut i t  d e c l in e d  n o t ic e a b ly  f o r  th e  o th e r  

g ro u p s  in c lu d in g  th e  p o s i t i v e  c o n tr o l  g roup  J£. T h e re fo re  no a d d i t io n a l
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in fo rm a tio n  on th© h a t c h a b i l i t y  req u irem en t co u ld  be  d e r iv e d  from  ex­

p e rim e n t &«

D e p le tio n  Hat®

I t  i s  d i f f i c u l t  t o  a s c e r t a in  th e  r a t e  o f  d e p le tio n #  T ab le  15 

p r e s e n ts  th e  h a t c h a b i l i t y  d a ta  f o r  experim en t Z in  two p e r io d s  t o  f a c i l i ­

t a t e  s tu d y  o f  th e  d e p le t io n  rat® * The f i r s t  p e r io d  te rm in a te d  4? days 

a f t e r  th© s t a r t  ©f ex p erim en t 2 .  The n e x t p e r io d  te rm in a te d  56 day® 

l a t e r .  L im ited  num bers o f  eggs made i t  im p o ss ib le  to  f u r t h e r  su b d iv id e  

t h e  t e s t .  H a tc h a b i l i ty  ap p e a red  t o  d rop  in  C g roup  im m ed ia te ly  a f t e r  

rem oval o f  th© 8 microgram© o f  v ita m in  from  th e  d i e t .  I t  a ls o  

a p p e a red  t h a t  h a t c h a b i l i t y  was u n a f fe c te d  in  D group  f o r  th e  f i r s t  47 

day s  a f t e r  th e  rem oval o f  t h e  16 m icrogram s o f  v ita m in  The h a tc h a ­

b i l i t y  d a ta  a r e  o f  v e ry  l im i te d  v a lu e  because  h a t c h a b i l i t y  showed w ide 

f l u c t u a t i o n s .

4 .  Summary o f  p u l l e t  e x p e r im e n ts . P u l l e t s  w ere f e d  a  

p r a c t i c a l - t y p e  b a s a l  r a t i o n  composed o f  f e e d s t u f f s  v e ry  low  i n  v ita ra in  

Big c o n te n t .  D uring ex p erim en t 1 t h i s  b a s a l  r a t i o n  was supp lem ented  

w ith  g rad ed  lev e l®  of v ita m in  M\z o r  n a tu r a l  i n g r e d ie n ts  c o n s id e re d  t o  

be  p o te n t  s o u rc e s . In  ex p erim en t Z th© h ig h e r  lev e l®  o f  su p p lem en ta l 

v ita m in  Big w ere w ithdraw n and a  low  l e v e l  added t o  th e  g roup  p re v io u s ly  

fe d  th e  b a s a l  d i e t .  D uring  experim en t 1 body w eigh t and  hem oglobin 

v a lu e s  in c re a s e d  b u t  b o re  no m easu rab le  r e l a t io n s h i p  to  th e  v ita m in  Big 

c o n te n t  o f  th e  d i e t s .  M o r ta l i ty  was h ig h e s t  in  th© unsupplem ented  group 

i n  ex p erim en t 1 , b u t c o n tin u e d  t o  be h ig h e s t  in  t h a t  g roup  a f t e r  a  low  

l e v e l  o f  su p p lem en ta l v ita m in  Big was added t o  th e  d i e t  f o r  ex p erim en t 2 .



TABUS IS

Experiment Zt Matenj&l D epletion  E a ts  a s  show* by Percentage H a tc h a b ility
o f F e r t i l e  Eggs

A ....... B 1 £?&*£( .................c J t o  . . . .... .. D...feffP. I ...
P eriod  Ho* H atch- 

R epresented F e r t i l e  a b i l i t y
%

ho .
F e r t i l e

Hatch­
a b i l i t y

£./&

8o.
F e r t i l e

Hatch—
a b i l i t y

>

So.
F e r t i l e

H atch-
a b i l i t y

>

So.
F e r t i l e

B ateh- 
> a b i l i t y

%

Experiment 1 119 62 .6 164 8 5 .? 161 ©?.B 174 80. S 208 87 .0

A p r il  Z1 -
*toy 25 51 n .  s 109 72. S 55 67.9 71 95 .0 74 85.8

May 26 -
J u ly  16 29 S I .? 8? ?5 .7 47 68 .1 48 68 .8 70 72.9
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In  a l l  c a se s  th e  numbers o f  I n d iv id u a ls  in v o lv e d  were s m a l l .  T here  was 

no s ig n i f i c a n t  ev id en ce  t h a t  t h e  l e v e l s  o f v ita m in  Big in v o lv e d  a f f e c te d  

m o r t a l i t y  i n  nm ture s to c k .  Egg p ro d u c tio n  d e c l in e d  f o r  a l l  g roups 

d u r in g  b o th  e x p e r im e n ts , b u t d e c rea se d  l e s s  in  t h e  supplem ented  g roups 

d u r in g  ex p erim en t 1 . D uring ex p erim en t 2 ,  th e  d e c l in e  in  egg p ro d u c tio n  

seemed t o  b® u n r e la te d  t o  th e  l e v e l  o f  su p p le m e n ta tio n . F e r t i l i t y  was 

lo w e s t in  th e  group fe d  th e  unsupplem ented  b a s a l  d i e t  d u r in g  experim en t 

1 ,  b u t  ex trem e v a r i a b i l i t y  o c c u rre d  betw een th e  g ro u p s fe d  a d d i t io n a l  

v ita m in  B ig . D uring ex p erim en t 2 ,  g roups C and B, from  which a l l  

su p p lem en ta l v ita m in  B1 2  been  w ithdraw n, showed sh a rp  d e c l in e s  in  

f e r t i l i t y ,  w h ile  th e  o th e r  g ro u p s, f e d  su p p lem en ta l v ita m in  B^g, e i t h e r  

m a in ta in e d  f e r t i l i t y  o r  in c r e a s e d  i t .  F lu c tu a t io n s  in  p e rc e n ta g e  

f e r t i l i t y  betw een g roups made i t  seem u n l ik e ly ,  how ever, t h a t  th e  v ita m in  

Big c o n te n t  was a c o n t r o l l i n g  f a c t o r .  H a tc h a b i l i ty  was m a in ta in e d  on 4 

m icrogram s o f su p p lem en ta l v ita m in  Bjjg p e r  k ilo g ram  o f  fe e d  and  cm a l l  

h ig h e r  l e v e l s ,  b u t i t  was d e p re sse d  on th e  unsupplem ented  b a s a l  d i e t  1 , 

d u r in g  th e  154 day d u r a t io n  o f  ex p erim en t 1 .  F lu c tu a t io n s  i n  h a tc h ­

a b i l i t y  o n ly  p a r t i a l l y  r e c o n c i la b le  w ith  th® d i e t s  o c c u rre d  d u r in g  ex­

p e rim en t 2 .  R e s u lts  in d ic a te d  t h a t  when th® 8 m icrogram s o f  su p p lem en ta l 

v ita m in  B^g w ere removed from  th e  d i e t  o f  C g ro u p , h a t c h a b i l i t y  dropped 

im m e d ia te ly . A p p a ren tly  th© h a t c h a b i l i t y  i n  g roup  D was n o t d e p re sse d  

f o r  a t  l e a s t  th© f i r s t  47 days a f t e r  rem oval o f  th e  supplement o f  16 

m icrogram s o f  v ita m in  Big from  i t s  d i e t .  Sine® h a t c h a b i l i t y  dropped 

s h a rp ly  f o r  g roup  £ d u r in g  th e  second p e r io d ,  i t  i s  b e l ie v e d  t h a t  th® 

s e a s o n a l  f a c t o r  was a  p rim ary  d e te rm in a n t tow ard  th e  l a s t  o f  th© t e s t .

Eggs produced by each g roup  d u r in g  ex p erim en t 1 wer® a ssa y e d  

f o r  v ita m in  Big a c t i v i t y .  A ccord ing  to  c h ic k  a s s a y s ,  eggs produced by
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g ro u p  A p u l l e t s  c o n ta in e d  a c t i v i t y  e q u iv a le n t  t o  a p p ro x im a te ly  0*004

m lerogram  o f  v ita m in  By* p e r  av erag e  egg* Eggs produced  by group 0 

p u l l e t s  c o n ta in e d  a c t i v i t y  e q u iv a le n t  t o  ab o u t 2 .1 7 5  a ierogr& m s. M icro­

b io l o g i c a l  a s s a y s  y ie ld e d  v a lu e s  o n ly  9 .5  p e rc e n t  to  1 0 .7  p e rc e n t  a s  

h ig h  a® th o s e  o b ta in e d  by  c h ic k  a s s a y s .  A ccording  to  a r b i t r a r y  c a l ­

c u la t io n s  b ased  on th e  r e s u l t s  o f  th e  c h ic k  a s s a y s ,  50 t o  48 p e rc e n t  

o f  th e  v itam in  fe d  t o  th e  p u l l e t  was t r a n s m i t te d  t o  th e  eg g .

B . S tu d ie s  w ith  C h ic k s .

1 .  G en e ra l e x p e r im e n ta l p ro c e d u re . Progeny produced d u r in g  

ex p erim en t 1 were s tu d ie d  a s  a  p a r t  o f  ex p erim en t 1 ,  and  th o s e  produced  

d u r in g  ex p erim en t 2 w ere s tu d ie d  a s  a  p a r t  o f  th® l a t t e r  t e s t .  D uring  

b o th  p e rio d s  a l l  chick®  w ere p e d ig re e d  a c c o rd in g  t o  m a te rn a l g roup  and 

w ing banded . I n i t i a l  w e ig h ts  were re c o rd e d . Then c h ic k s  from  each 

p u l l e t  g roup  w ere d i s t r i b u t e d  e v e n ly  i n to  a l l  c h ic k  pens a c c o rd in g  t o  

e q u a liz e d  w e ig h t. A t on® day o f  age th e y  w are p la c e d  on t e s t  i n  h e a te d  

m e ta l  b a t t e r i e s  w ith  r a i s e d  s c re e n  f l o o r s .  Feed and w a te r  were s u p p lie d  

a d  l i b i t u m * W henever th® number o f  c h ic k s  and a v a i la b le  sp ace  p e rm it te d ,  

p en s  w ere r e p l i c a t e d  to  red u ce  th e  im p o rtan ce  o f  th e  p o s i t i o n a l  f a c to r*  

T e s ts  w ere te rm in a te d  when th e  c h ic k s  w ere f o u r  weeks o ld  u n le s s  o th e r ­

w ise  s t a t e d .  D uring s e v e r a l  s e r i e s ,  t h e  d eg re e  o f  f e a th e r in g  was s c o re d . 

The system  used  i s  d e s c r ib e d  in  t a b l e  1 4 . B a sa l d i e t  5 , u sed  in  th o s e  

t e s t s ,  was i d e n t i c a l  w ith  b a s a l  d i e t  5 ,  shown i n  t a b l e  0 ,  ex c e p t t h a t  

t h e  d r ie d  whey m s  o m it te d . I t  was a d e q u a te ly  f o r t i f i e d  w ith  c h o lin e  

and m e th io n in e  t o  meet a l l  norm al re q u ire m e n ts . The supp lem en ts  to  

b a s a l  d i e t  5 a re  l i s t e d  i n  t a b l e  15 f o r  ex p e rim en ts  1 and 2 .
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TAILS 1 4

G rading System  f o r  D egree o f  F e a th e r in g  

A d je c tiv e  S co re  N um erical Score

No f e a th e r s 0

V ery  p o o r 25

P oor 50

F a i r 7S

Good 90

E x c e l le n t 100

C h ie f  c r i t e r i o n  o f  th® t e a t  was th© f i n a l  a v e rag e  w e ig h ts ,  a l ­

though  m o r ta l i ty  and f e a th e r in g  d a ta  were a ls o  o b ta in ed *

W hile th© h a t c h a b i l i t y  d a ta  were n o t c o n s id e re d  u n t i l  th e  h a tc h ­

a b i l i t y  began to  d ro p  in  p u l l e t  g roup  A, a l l  c h ic k s  produced from  egg® 

l a i d  a f t e r  November SO, 1949 , a r e  in c lu d e d  i n  th e  progeny  s tu d i e s  i n  ex­

p e rim e n t 1 . In  o rd e r  t o  s im p lify  th® p r e s e n ta t io n ,  c h ic k s  produced  by 

g roup  A p u l l e t s ,  g roup B p u l l e t s ,  e tc * ,  w i l l  b e  d e s c r ib e d  s im p ly  a® A 

chick® , B c h ic k s ,  e t c .  The f i n a l  s e t t i n g  d a te  f o r  c h ic k s  f o r  s tu d ie s  

in  ex p erim en t 1 was March l b ,  1950. % g s  l a i d  by  th e  p u l l e t s  betw een 

A p r i l  2 1 s t  and J u ly  2 0 th  were a ls o  in cu b a ted *  M atches o f  eg g s  l a i d  be­

tw een A p r i l  2 1 s t  and J u ly  8 th  w ere la r g e  enough to  u se  f o r  ch ick  s tu d ie s .  

C o n seq u en tly  th e  c h ic k  s tu d i e s  in  experim ent 2 covered  a  p e r io d  o f  89 

d ay s  a f t e r  th e  change in  m a te rn a l d ie t® .

2 .  C hick t r i a l s  during, experim en t 1* A rang© o f  su p p lem en ta l 

v ita m in  l e v e l s  was f e d  in  an e f f o r t  t o  b ra c k e t  a l l  c h ic k  re q u ire m e n ts  

f o r  t h a t  v itam in*  The a c tu a l  l e v e l s  a r e  shown on t a b l e  18 .
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TABLE IS

L e w is  o f  S upplem ental V itam in  Big Fed i n  P rogeny
S tu d ie s

M jc ro g raaso f Big p e r  K ilogram  o f  Feed 
C hick  Pen__________________ E xperim en t 1   E xperim ent Z

1 0  0 

Z S 12

5 .4 " IS

4 27 18

I n i t i a l  W eight and M o r ta l i ty

The i n i t i a l  -weight o f th e  ch ick  was u n a f fe c te d  by  m a te rn a l 

d i e t ,  a c c o rd in g  t o  th e  d a ta  in c lu d e d  in  t a b l e  I S .  T ab le  17 shows th e  

e f f e c t  o f  m a te rn a l d i e t  on av e ra g e  l i v e a b i l i t y  o f  c h ic k s  i n  each  c h ic k  

g ro u p . 'When th e  dam re c e iv e d  no su p p lem en ta l v ita m in  Big th e  c h ic k  r e ­

q u ire d  somewhere betw een 9 and 27 m ic ro g ra a s  o f su p p le m e n ta l v ita m in  

®12 f o r  re a so n a b ly  good l i v e a b i l i t y  t o  4 w eeks. I f  t h e  dam re c e iv e d  

4 m icrogram s o f  su p p lem e n ta l v ita m in  B-jg th e  c h ic k  re q u ire d  no su p p le ­

m e n ta l v ita m in  Bjj> f o r  re a so n a b ly  good l i v e a b i l i t y  to  4 w eeks.

F in a l  W eight

The in f lu e n c e  o f  th e  m a te rn a l d i e t  on th e  req u irem en t o f  c h ic k s  

f o r  v ita m in  B is f o r  grow th  i s  shown on c h a r t  2 .  Each column r e p r e s e n ts  

th e  f i n a l  a v e rag e  w eig h t f o r  a l l  c h ic k s  p roduced  on a  g iv en  m a te rn a l d i e t  

d u r in g  ex p erim en t 1 , and fe d  a  g iv en  l e v e l  o f  su p p lem en ta l v ita m in  B i2 .
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TABLi 16

Experiment I t  I n i t i a l  Waigfat o f  C hicks ms In flu en ced
by M aternal D ie t

M aternal Group
Mo. o f  
Chicks

Air. H atching  
H eight (gau )

A 82 4 1 .4

B 168 4 1 .9

0 155 4 1 .5

0 161 4 0 .S

M 182 4 0 .7
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TABLE 17

Experiment I f  Percentage L iv e a b il i t y  o f  Chicks a s  In flu en ced
by M aternal D iet

K a tem a l
Group

1

£  L iv e a b i l i t y  to  4 Weeks 
Chick Pen 

Z 5 4

A 7 5 ,  ft # 9 .0 ©S.? 9 1 .8

B 8 9 .4 9 8 .1 9 2 .5 9 5 .6

C 9 2 .3 9 8 .8 9 8 .8 90*6

D 98*4 9 6 .9 9 5 ,5 1 0 0 .0

1 9 5 .1 9 0 .7 9 8 .8 9 1 .4
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Chart ?

Exneriment 1: Vitamin B12 Require: out of Chicks fo r  Growth as A ffected by Maternal
D i e t a r y  H i s t o r y

105,

100L
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50 A” Cjjjj £»
~cf

D i E

Meg. o f B12 Per  kg. o f  chick ration

n

! A c
27

i

* Capital l e t t e r s  in  columns r e fer  to  the maternal group which produced the ch ick s .  The 
maternal d ie t s  are l i s t e d  in  ta b le  2 .

Weighted average o f f in a l  weights expressed as percent of that produced by progeny of  
group E p u l le t s  on basal chick d ie t  5, supplemented with 27 rncg. o f B]_2 per kg.

gms.j
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Th© a v e ra g e  f i n a l  w eig h t i s  e x p re ssed  in  te rra s  o f  p e rc e n t  o f  t h a t  

a t t a i n e d  by E c h ic k s  fe d  27 m icrogram s o f  su p p lem en ta l v ita m in  

p e r  k ilo g ra m  o f  f e e d .  The ty p e  o f  c h ic k  r e p re s e n te d  by a  column i s  

d e s c r ib e d  by  th© c a p i t a l  l e t t e r  a t  th© has®. Lowest f i n a l  w eig h t 

was produced by  A ch ick s*  a lth o u g h  th© a v e ra g e  w eigh t o f  b o th  A and 

B chick® was a p p ro x im a te ly  e q u a l when th e  c h ick  r a t io n  c o n ta in e d  27 

m icrogram s o f  su p p lem en ta l v ita m in  Bjg p e r  k ilo g ram  o f  f e e d .  B est 

grow th  m s  produced by D c h ic k s  on ©very c h ic k  d i e t .  The s u p p o s i t io n  

t h a t  th© v ita m in  Big c o n te n t o f  b a s a l  d i e t  2 m s  in te rm e d ia te  betw een 

t h e  l e v e l  fu rn is h e d  g roup  C and g roup  B p u l l e t s  i s  b o rn e  o u t by  th e  

a v e ra g e  f i n a l  w eigh t a t t a i n e d  by  th e  S c h ic k s .  When th e  c h ic k s  were 

p roduced  on d i e t  1 supplem ented  w ith  4 m icrogram s o f  v ita m in  Big th e y  

grew  th e  m ost s a t i s f a c t o r i l y  on t h e  h ig h e s t  l e v e l  o f  s u p p le m e n ta li  on *

27 m icrogram s in  th e  c h ic k  d i e t .  When th e  c h ic k s  were p roduced  by 

p u l l e t s  fe d  8 m icrogram s o f  su p p lem en ta l v ita m in  B ig , th e y  r e q u ire d  

o n ly  5 m icrogram s o f  su p p lem en ta l v ita m in  Big in  th e  c h ic k  d i e t  t o  grow 

a s  w e ll  a s  i f  f e d  27 m icrogram s. 13 c h ic k s  ap p ea red  t o  r e q u i r e  S m icro ­

gram s o r  l a s s  o f  su p p lem en ta l v ita m in  Big i n  t h e  c h ick  d i e t  f o r  s a t i s ­

f a c to r y  grow th t o  4 w eeks, a lth o u g h  th e r e  was a  te n d e n cy  to w ard s  s l i g h t l y  

h ig h e r  f i n a l  w eig h t w ith  27 mkcrogmm® i n  th® d i e t .  F ig u re  1 i l l u s t r a t e s  

p i c to r i& l ly  th e  e f f e c t  o f  th e  m a te rn a l d ie t  on c h ic k  g ro w th . A l l  th® 

c h ic k s  in  th© photograph®  w ere r e a re d  in  th e  same c h ic k  g roup  on th e  u n -  

supplem onted  b a s a l  d i e t  5 .  Th® e f f e c t  o f  su p p le m en ta tio n  o f  th e  m a te rn a l 

d i e t  w ith  v ita m in  B ig i s  e v id e n t .



TXGlIEE X

ixp&rimmt Is  fSffect o f  ¥ lta ta in  B$g in  M aternal D iet on Chick Growth*

M aternal
Group A B C D

Av* Wt.
1M 21S gaS £89

* A ll ch ick s  were rea red  in  th e  s&rae group on b a sa l
d ie t  5*

*■* Average weight a t  4 weeks o f age.
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F e a th e r in g

Progeny p roduced  d u r in g  th e  p e r io d  from  F e b ru a ry  17 , 1950 t o  

March 1 6 , 1950 (2 h a tc h e s )  were g raded  f o r  d e g re e  o f  f e a th e r in g .  The 

number o f  in d iv id u a ls  in v o lv e d  m s  s m a ll .  The d eg ree  o f f e a th e r in g  o f 

A c h ic k s ,  shown in  t a b l e  1 6 , m s  c l e a r l y  l e s s  s a t i s f a c t o r y  whan th e  

p rogeny  ware fe d  th e  c h ic k  b a s a l  d i e t  th a n  t h a t  o f  any o th e r  ty p e  o f  

c h ic k s  on th e  same r a t i o n .  The A c h ic k s  f e a th e re d  s a t i s f a c t o r i l y  on 2 

m icrogram s o f  v ita m in  i n  th e  c h ic k  d i e t .  Wien th e  dams were fe d  4

m icrogram s o f  v ita m in  th© c h ic k s  re q u ire d  no v itam in  to  4 weeks

o f  age f o r  good f e a th e r in g .

TABLE 18

E xperim ent l i  D egree o f  F e a th e r in g  a s  In f lu e n c e d  by B ie t^

Chick
Fen

M ate rn a l
Group

A

M ate rn a l
Group

B

M atern al
Group

C

M ate rn a l
Group

B

M ate rn a l
Group

&

1 4 8 .8( 7 7 0 .0  (7 ) 7 5 .4 (1 2 ) 7 5 .0 (1 5 ) 7 2 .9 (1 2 )

2 7 5 .0 (1 ) 6 1 .8 (1 0 ) 7 9 .6 (1 2 ) 7 4 .6 (1 4 ) 7 6 .2 (1 5 )

5 7 5 .8 (4 ) 7 1 .0 (1 0 ) 7 7 .9 (1 2 ) 7 8 .8 (1 5 ) 7 7 .5 (1 2 )

4 5 6 .8 (4 ) 6 9 .5 (1 1 ) 7 9 .1 (1 1 ) 8 0 .0 (1 5 ) 7 7 .8 (1 2 )

* O b se rv a tio n s  made on c h ic k s  h a tc h e d  from  eggs produced be­
tw een F eb ru a ry  1 7 th  and March 1 6 th .  Method o f  s c o r in g  
shown in  t a b l e  14 .

Muraber in  p a re n th e s e s  i n d i c a t e s  t o t a l  number o f  c h ic k s  re p ­
r e s e n te d .
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(O c c a s io n a l exam ples o f  poor f e a t h e r  q u a l i t y  a l s o  ap p ea red  in  t h e  form  

o f  broken s h a f t s  o r  e a s i l y  f r a c tu r e d  t i p s ,  b u t t h i s  ty p e  was n o t con­

f in e d  t o  any  s p e c i f i c  g roup  o f  ch ick s*  The a u th o r  h as  n o ted  th e  same 

ty p e  o f  f e a th e r in g  d i f f i c u l t y  w ith  Rhode I s la n d  Red c h ic k s  p roduced  

on a  good b re e d e r  mash and fed  a  C o n n e c tic u t 'b r o i l e r  r a t io n  o r  o th e r  

good s t a r t i n g  r a t i o n .  F o r t h i s  re a so n  he  b e l ie v e s  t h e  cau se  i s  n o t 

r e l a t e d  t o  th e  problem  un d er s tu d y .)

In  t a b l e  19 th e  f i n a l  w e ig h ts  a t  6 weeks a r e  compared w ith  th e  

fo u rth - week w e ig h ts .  The num bers o f  c h ic k e n s  in v o lv e d  in  some c a s e s  w ere 

v e ry  s m a ll ,  b u t th e  same r e l a t io n s h ip s  betw een th e  g ro u p s p r e v a i le d  a t  

b o th  a g e s .  T h is  r e s u l t  in d ic a te d  t h a t  th e  re q u ire m e n ts  de term in ed  f o r  th© 

f i r s t  4 week® a re  a d e q u a te  f o r  6 w eeks. I t  does n o t p ro v e , how ever t h a t  

th© re q u ire m en t remains c o n s ta n t  betw een th® f o u r th  and s ix th  week* I t  

may d im in ish .

The r e l a t i v e  e f f e c t iv e n e s s  o f  v ita m in  B;y> f u rn is h e d  by th e  ch ick  

d i e t  and by th e  egg i s  shown in  t a b l e  2 0 . The c a lc u la t io n s  a r e  based  on 

th e  a d m itted ly  a r b i t r a r y  assu m p tio n  t h a t  a l l  c h ic k s  consumed 461 gram s o f 

fe e d  d u r in g  th e  f i r s t  4 weeks o f  l i f e .  Vitamin fu rn is h e d  by th© c h ic k  

d i e t  was a t  b e s t  o n ly  25 p e rc e n t  a s  e f f i c i e n t l y  used  a s  v ita m in  

fu rn is h e d  by th e  egg and th© r e l a t i v e  e f f i c i e n c y  o f  u t i l i z a t i o n  o f  t h a t  

fu rn ish ed  in  th© d i e t  dropped a s  h ig h e r  l e v e l s  were s u p p lie d .

Tab©! 21 p r e s e n ts  th® r e l a t i v e  q u a n t i t a t i v e  e f f i c i e n c y  o f  

su p p ly in g  th e  vitam in f o r  th e  c h ic k  th ro u g h  th e  m a te rn a l d i e t  and 

th ro u g h  th e  ch ick  d i e t .  The d a ta  show t h a t  th e  v ita m in  requirem ent 

o f  th e  c h ic k  f o r  g row th , on a  q u a n t i t a t i v e  b a s i s ,  can be more e f f i c i e n t l y  

m etto  4 weeks o f age by su p p lem en ta tio n  in  th© m a te rn a l d i e t .  S upp le­

m e n ta tio n  in  th e  ch ick  d i e t  was a t  b e s t  o n ly  51 p e rc e n t a s  e f f i c i e n t .



TAfiLK 19

Ikperim ent I t  Chick Weight a t  0 Weeks Compared to  4 Weeks Expressed. a s  Percentage
o f Average Weight o f  I  Chicks in  Pen 4*

Chick
Pen

A B C B E
4th
Week

8 th
fcfesk

4 th
Week

6 th
Week

4 th
Week

6 th
leek

4th
Week

0 th
Week

4 th  Week 6 th  Week

1 44.5 46.8 41.5 58.9 62.6 6 4 .8 85.7 81.9 74.5 75.7
(4)** (4 ) (2) (2 ) (7 ) (7 ) (8 ) (8 ) (8 ) (8 )

2 58.5 59.8 69.6 68 .0 90 .0 94.8 87.7 85.6 85.1 85.2
( i ) (1 ) (4 ) (4) (7 ) (7 ) (9) (9 ) (7 ) (7 )

5 S6.7 59.8 66.7 64.4 88.0 89.1 91 .4 94.9 70.8 79.1
(2 ) (2) (5 ) (S) (7 ) (7) (8 ) (8) (7 ) (7 )

4 85 .5 65.4 89.6 95.9 97.9 90.6 100.8 99.3 100. Q o r 100.0 o r
(2 ) (2 ) (4 ) (4 ) (7 ) (? ) <8) (6 ) 522.7 giu 

(7 )
802.4 g®. 

(? )

* Data ob ta ined  on ch ick s  hatched from eggs produced between February 17th  and March 2nd.

** Humber in  paren th eses  in d ic a te s  t o t a l  mraber o f in d iv id u a ls  rep re sen ted .
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TABUS SO

E xperim ent X: R e la t iv e  E f f e c t iv e n e s s  o f  F itam in  F u rn ish e d
to  C h icks by M e t  and v ia  Egg

....CeM&ri son... o f..C h ick s.............. ..........

A and B A and C A and 1)

L evel o f  su p p lem en ta l Bx2 
(meg*) in  c h ic k  d i e t 9 5 27 5 27 0

E s tim a te d  a v . f e e d  c o n s , 
( k g . ) p e r  c h ic k  p e r  4 
weeks .454  .484 .484 .484 • 484 •454

Meg. r e q u ire d  f o r  e q u a l 
g ro w th i

a .  when f u rn is h e d  in  
c h ic k  d i e t 2 .7 2 4 10 .898 12 .258

b .  when fu rn is h e d  
v ia  egg* 0 .6 7 1 0 .4 7 6 1 .571

H e la t iv e  e f f e c t iv e n e s s  
o f  B^g fe d  in  c h ic k
d i e t 2 4 .6 $ 4 .4 $ 12 .8 $

* V alues o b ta in e d  from  t a b l e  10 .



TABLE 21

Sxperlaent I t  lelativ©  Effectiveness of Vitmsift Fed in  the Hatam&l Diet
and in  tha Chick Diet for  Chick Growth

ceum riser* o f Chicks
A and B A and C k  and D

Level o f supplemental Djg (meg.) 
in  chick d iet i S m  8 2? 0

Estimated av. feed cons, (k g .)
per chick per 4 weeks •454 ,454 .454 .454 .454 •454

Meg. Required fo r  Equal Growths
a . when fam ished in chick d ie t
b . when furnished in  - maternal d iet*

2.724
1.888

10.896
2,904

12.258
5.200

Relative e ffectiv en ess of Big fed in  
chick d iet 51.0 28.? 42.4

* Values obtained froa table 10,



so

C hick s tu d ie s  d u r in g  ex p erim en t 2 .  Th© l e v e l s  o f  su p p le ­

m e n ta l v ita m in  3^2 fe d  th© c h ic k  w ere changed f o r  ex p erim en t 2 a® shown 

in  t a b l e  IS* S l ig h t ly  u n d e r maximum grow th was b e l ie v e d  to  have been  

o b ta in e d  w ith  £ c h ic k s  when 9 m icrogram s o f  v ita m in  war© added in  

th® c h ic k  d ie t*  F o r  t h a t  re a so n  th e  l e v e l s  o f su p p lem en ta l v ita m in  Bxg 

w ere f ix e d  a t  12 , IS  and 1© m icrogram s p e r  k ilo g ram -

i n i t i a l  W eights and  M o rta lity -

I n i t i a l  w e ig h ts  o f  c h ic k s  p roduced  d u r in g  ex p erim en t 2 , p r e ­

se n te d  in  t a b l e  2 2 ,  a g a in  w ere n o t  m easu rab ly  a f f e c te d  b y  th e  d i e t  o f  

th e  dams* Th© d a ta  cm m o r ta l i ty  o f  c h ic k s  i n  ex p erim en t 2 a r e  p re s e n te d  

i n  t a b l e  2 S . The p e rc e n ta g e  l i v e a b i l i t y  t o  4 weeks o f  A c h ic k s  m s  im­

proved o v e r  experim en t 1 by th e  a d d i t io n  o f  3 m icrogram s o f  v ita m in  Bxg

Experim ent 2 t

TABLE 22

E f f e c t  of M a te rn a l D ie t on 
o f  C hicks

I n i t i a l  Weight

M a te rn a l
Group

Number o f  
C h icks

A verage
W eight

(g au )

A 43 43*5

B 121 45 .9

C 48 45 .6

f> 75 4 2 .8

S 93 4 4 .1



tabu ; 25

Sxperiraent 2 s Percentage o f  Chicks A live a t  4 Uteks

Chick
Group

A Chicks B Chicks C Chicks 0 Chicks J§ Chicks

So.
S ta rte d

i
Surviving

So.
S ta r te d

%
Surviving

So.
S ta r te d

%
Surviving

Ho.
S ta r te d

i  Ho. 
Surv iv ing  S ta r te d

$
Surviv ing

1 15 92 .5 57 91.9 H 92.9 21 90.S 28 82.1

2 15 76.9 52 9 5 .8 11 100.0 21 8L.0 28 78.6

5 8 7S.0 51 90.5 10 100.0 17 94.1 16 100.0

4 15 92.5 29 86.2 IS 80.0 21 90 .5 25 92 .0
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p e r  k ilo g ra m  to  th e  m a te rn a l d ie t*  Removal o f  th e  v ita m in  Bx2 supplem ent 

from  m a te rn a l g ro u p s C and D d id  n o t im p a ir  th e  v i a b i l i t y  o f  th e  p ro g en y . 

These r e s u l t s  in d ic a te d  t h a t  th e  dams* s to r e s  o f  v i ta m in  were s u f ­

f i c i e n t  to  p r o te c t  th e  c h ic k s  from  e x c e s s iv e  m o r ta l i ty  f o r  th e  d u ra t io n  

o f  th© e x p e rim e n t.

F in a l  Weight

C h a rt 5 sum m arizes th e  av e ra g e  f i n a l  w e ig h ts  a t t a in e d  by th e  

c h ic k s ,  e x p re sse d  a s  p e rc e n ta g e  o f  t h a t  a t t a in e d  by th e  p o s i t i v e  c o n t r o l  

g ro u p . That g roup  c o n s is te d  o f  th e  E c h ic k s  f e d  th e  h ig h e s t  l e v e l  o f  

su p p lem en ta l v ita m in  The av erag e  w e ig h t o f  th e  p o s i t iv e  c o n t r o l

c h ic k s  was p r a c t i c a l l y  i d e n t i c a l  w ith  th e  av e rag e  w eigh t o f  th e  1 c h ic k s  

fe d  27 micrograms o f supplem ental v ita m in  in  ex p erim en t 1 . B c h ic k s ,  

produced  by  p u l l e t s  f e d  4 m icrogram s o f  v ita m in  grew  a p p ro x im a te ly

a s  w e l l  a s  th e  c o n t r o l  g roup  when f e d  lb  mlerograms o f  v itam in  Th©

av erag e  w eig h t f o r  th© S c h ic k s  fe d  t h i s  l e v e l  o f  v ita m in  was h ig h e r  th a n  

f o r  th e  c o n t r o l s .  T h is  r e s u l t  in d ic a te d  t h a t  no ad v an tag e  cou ld  be  

g a in ed  by fe e d in g  h ig h e r  l e v e l s  t o  S c h ic k s .

C o n s id e rin g  th e  r e s u l t s  on a l l  c h ic k  d i e t s ,  th e  a v e rag e  w e ig h ts  

o f  b o th  C and D c h ic k s ,  whose dams were presum ably  b e in g  d e p le te d  o f t h e i r  

v itam in  s t o r e s ,  were lo w er th a n  th e  av e ra g e  w e ig h t o f  th e  D c h ic k s .

Th® f i n a l  w eigh t o f  th e  A c h ic k s  was g e n e r a l ly  lo w er th a n  th e  f i n a l  w eigh t 

o f  any o th e r  ty p e  o f  c h ic k .  Th© r e s u l t s  s u f f e re d  from  th e  v a r i a b i l i t y  

t o  be ex p ec ted  w ith  sm a ll number® o f  i n d iv id u a l s ,  b u t g e n e r a l ly  in d ic a te d  

t h a t  IS  m icrogram s o f  su p p lem en ta l v ita m in  Big added to  such a  c h ic k  d i e t  

would s a t i s f y  th e  requirem ent o f  c h ic k s  produced on no more th a n  4 m ic ro -  

gram s o f  v ita m in  Bjj>.
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Chart 7
. i x n o r i - e n t  2 : V ita ia ir:  3 i c  H oru i  re- i.ent o f  C h i c k s  f o r  Growth a s

A f f e c t e d  by M a t e r n a l  D i e t a r y  H i s t o r t,

105

1 X)

95

90

.85

eo

75

70

1815120
Meg. o f  3} ,°  P ;; o f  c h i c k  r a t i o n

*  C a p i t a l  l e t t e r s  ir. c o lu m n s  r e f e r  t o  m a t e r n a l  g r o u p  w.-.ich p r o d u c e d  t h e  c h i c k s .  M a t e r n a l  
d i e t s  f e d  d u r in g  e x p e r i m e n t  2 a r c  11 " tod  Lr. t a b l e  2 .

* *  W e ig h te d  -average  o f  f i n a l  w e i g h t s  a t  1 w e e k s ,  e x p r e s s e d  a s  p e r c e n t  o f  t h a t  p r o d u c e d  by  
orogeny o f  g r o u p  C p u l l e t s ,  on b a s a l  u i - t  s ,  supp..  .-merited w i t h  27  nicg. o f  B l2
p e r  k g .
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D e p le tio n  Eat®

f a b le  24 p r e s e n ts ,  by d iv i s io n  i n t o  Z p e r io d s ,  t h e  f i n a l  

av e rag e  w e ig h t o f  th e  c h ic k s  fe d  o n ly  th e  unsupplem ented  b a s a l  d i e t  5 .  

P e r io d  1 in c lu d e s  th e  f i r s t  4? days o f  ex p erim en t 2 . The second  p e r io d  

in c lu d e s  r e s u l t s  o b ta in e d  on th e  su b seq u en t 42 days* As shown in  th e  

t a b l e ,  num bers o f  in d iv id u a ls  r e p re s e n t in g  m ost o f  t h a  g roups w ere v e ry  

s m a ll .  I t  i s  n o t ic e a b le ,  how ever, t h a t  th e  g row th  o f  A c h ic k s  in c re a s e d  

im m ed ia te ly  a f t e r  su p p le m e n ta tio n  o f  th e  m a te rn a l b a s a l  d i e t  1 w ith  S 

m icrogram s o f  v ita m in  The B c h ic k s  p roduced on th e  same m a te rn a l

d i e t  u sed  f o r  ex p erim en t 1 ,  m a in ta in e d  th e  same g e n e ra l  r a t e  o f  grow th 

th ro u g h o u t ex p erim en t 2 .  Growth o f  D c h ic k s  rem ained r e l a t i v e l y  c o n s ta n t 

d u r in g  experim en t 2 ,  in d ic a t in g  t h a t  t h e  dams had s u f f i c i e n t  s to r e s  o f  

v ita m in  Big rem ain ing  from  experim en t 1 t o  su p p ly  t h e  c h ic k s  w ith  enough 

v ita m in  Big to  m a in ta in  th e  same r a t e  o f  grow th f o r  a t  l e a s t  89 days on 

th e  c h ic k  b a s a l  d i e t .  The av e ra g e  w eig h t o f  D c h ic k s  feci su p p lem en ta l 

v ita m in  Big ( c h a r t  Z) in d ic a te d  how ever t h a t  some d e p le t io n  had o c c u rre d  

in  p u l l e t  g roup  D. Growth o f  i£ c h ic k s ,  p re s e n te d  in  t a b l e  2 4 , in c re a s e d  

fo llo w in g  su p p lem en ta tio n  o f  t h e i r  m a te rn a l b a s a l  d i e t  w ith  2 7 .5  m icro ­

gram s o f  a d d i t i o n a l  v ita m in  B ig . I t  i s  e v id e n t  from  th e s e  d a ta  t h a t  

a d d i t io n  o f  a  sm all amount o f  su p p lem en ta l v ita m in  Big to  t h e  d i e t  o f  

d e p le te d  p u l l e t s  p ro d u ces  an im m ediate grow th s t im u la t io n  in  r e s u l t a n t  

p ro g en y . I t  i s  a l s o  e v id e n t  t h a t  su p p le m en ta tio n  o f  p u l l e t  b a s a l  d i e t  1 

w ith  8 m icrogram s o f  v ita m in  d id  n o t p e rm it s to ra g e  o f  a  s a t i s f a c t o r y  

re s e rv e  su p p ly . Supplem ent o f  t h e  p u l l e t  b a s a l  d i e t  1 w ith  16 microgram© 

o f  v ita m in  Big d id  p e rm it s to ra g e  of a  c o n s id e ra b le  r e s e r v e .
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B xperiaent 2 5 A I tu d y  o f th e  M aternal D epletion  Bat© a s  Shown by F in a l Weights o f
Chicks Fed Unsupplaraented B asal D iet 5 .

A Chicks B Chicks C Chicks D C hicks 1  Chicks
P eriod

R epresented
So.

Chicks
Weight
(g»u)

So.
Chicks

Weight
(gm .)

I®.
Chicks

Weight
( p u )

Mo.
Chicks

Weight
(ga t . )

Mo.
Chicks

Weight
( p u )

F in a l average 
w eight f o r  
experim ent 1 51 155.8 59 225.4 62 256.9 62 269.6 67 262.1

A p ril  21 -  
May 25 8 190.1 21 215.8 9 201.2 14 245.0 15 251.5

May 26 -  
J u ly  6 4 214.8 15 257.8 4 221.8 5 262.4 8 509.5

er*m
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5 . Summary o f  r e s u l t s  w ith  progeny. D uring b o th  e x p e r im e n ts , 

i n i t i a l  w eigh t o f  th e  c h ic k s  was u n a f fe c te d  by m a te rn a l d i e t .  D uring  

ex p erim en t 1 i t  was shown t h a t  ab sen ce  o f  su p p lem en ta l v ita m in  B ig in  

d i e t  1 f o r  th e  dams produced c h ic k s  o f  p o o r l i v e a b i l i t y .  th e  e x c e s s iv e  

m o r ta l i ty  co u ld  be p re v e n te d  by th e  a d d i t io n  o f  betw een 3 and 27 m icro­

grams o f  supplem ental v ita m in  p e r  kilogram  o f  ch ic k  d i e t .  D uring 

ex p erim en t 2 th e r e  was ap p aren tly  enough v ita m in  t r a n s m i t te d  t o  th© 

c h ic k  t o  p re v e n t e x c e s s iv e  m o r ta lity  i n  a l l  g ro u p s . R e s u lts  o f  e x p e r i ­

ment 1 in d ic a te d  t h a t  s l i g h t l y  more th a n  8 m icrogram s o f  su p p lem e n ta l 

v ita m in  p e r  k ilo g ra m  o f  p u l l e t  f e e d  would p e rm it progeny  to  grow a t  

an optimum o r  n e a r ly  optimum r a t e ,  i f  th e  ch ick  d i e t  c o n ta in e d  3 a i c r o -  

grams o f  su p p le m e n ta l v ita m in  3 ^ .  R e s u lts  o f  e x p e r im n t  2 In d ic a te d  

t h a t  th e  c h ic k s  p roduced  on 4 m icro  grams o f  su p p le m e n ta l v ita m in  Big 

would grow a t  an e x c e lle n t  ra te  on 15 mlerogreme o f  su p p lem en ta l v itam in

b X2*

The grow th re sp o n se  o f  b o th  G and D c h ic k s  was d e p re sse d  some­

what by rem oval o f  th e  su p p lem en ta l v ita m in  Big from  th e  m a te rn a l d i e t .  

D iv is io n  in t o  2 p e r io d s  o f  f i n a l  w eight d a ta ,  o b ta in e d  f o r  c h ic k s  f e d  

th® unsupplem ented  b a s a l  d i e t  5 , showed t h a t  € c h ic k s  im m ed ia te ly  dropped  

i n  grow th r a t e ,  D c h ic k s  m a in ta in e d  t h e i r  r a t e  of grow th f a i r l y  w e l l .  

These r e s u l t s  in d ic a te d  t h a t  8 micrograms o f  su p p lem en ta l v ita m in  Big 

in  th e  p u l l e t  d i e t  would p e rm it l i t t l e  i f  any  s to r a g e  i n  th e  dam*a body. 

The a d d i t io n  o f  3 m icrogram s o f v ita m in  Big t o  th e  m a te rn a l d i e t  o f  A 

c h ic k s  d id  n o t r e s to r e  th e  grow th  r a t e  t o  norm al in  th e  89 day p e r io d  

r e p re s e n te d ,  when th e  c h ic k s  re c e iv e d  a s  much a s  18 m icrogram s o f  v ita m in  

Big p e r  k ilo g ra m , b u t i t  d id  p roduce an immediate grow th s t im u la t io n .
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L im ite d  d a ta  on grow th t o  6 week© in d ic a te  t h a t  th e  same l e v e l s  o f  

su p p lem en ta l v ita m in  re q u ire d  f o r  th© f i r s t  4 weeks a r e  ad eq u a te  

f o r  th® f i r s t  6 weeks o f c h ic k  l i f e .  D egree o f  f e a th e r in g  was p o o re s t  

in  A c h ic k s  f e d  th® unsupplem entod b a s a l  d i e t .  The d e g re e  o f  f e a th e r in g  

was e a s i l y  in c re a s e d  by a d d i t io n  o f  v ita m in  B™ to  e i t h e r  th e  c h ic k  o r  

t h e  m a te rn a l d i e t .

The grow th r e s u l t s  i n d ic a te  t h a t  v ita m in  Bjg f u rn is h e d  th ro u g h  

th e  m a te rn a l d i e t  i s  more e f f i c i e n t l y  u sed  th a n  when i t  i© s u p p lie d  

th ro u g h  th e  c h ic k  d i e t .
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DISCUSSION

A. S tu d ie s  w ith  Laying P u l l e t s

The v ita m in  c o n te n t o f  th e  b a s a l  d i e t  was a p p a re n tly  

a d e q u a te  f o r  m ain tenance  o f  body w e ig h t. T h is  r e s u l t  agree®  w ith  th© 

r e p o r t  by W hitson , Titu®  and B ird  (1946) t h a t  body w eig h t was n o t 

a f f e c t e d  by fe e d in g  a  s im i la r  r a t io n  t o  la y e rs *

There was some p u b lish e d  ev id en ce  t h a t  v ita m in  Bxg in f lu e n c e d  

hem oglobin v a lu e s  in  ch ick en s*  Th© r e p o r t  by  M ieho l, H arp er and E lvehjem

(1949) had in d ic a te d  t h a t  v ita m in  im proved th e  r a t e  o f  hem oglobin 

re g e n e ra tio n  in  f o l i c  a c id - d e f i c i e n t  c h ic k s ,  a lth o u g h  o n ly  in  th e  

p re se n c e  o f  ad eq u a te  l e v e l s  o f  f o l i c  a c id .  However, i n  th e  s tu d y  r e ­

p o r te d  h e r e in ,  hem oglobin v a lu e s  o f  p u l l e t s  were n o t  reduced  by th e  low  

d i e t a r y  l e v e l  o f  v ita m in  M ushett and O tt  (1949) r e p o r te d  s im i la r

r e s u l t s  w ith  c h ic k s .  These r e s u l t s  prove t h a t  i f  v ita m in  Bxg i s  r e q u ire d  

f o r  m ain tenance o f  hem oglobin , th e  q u a n t i t a t i v e  req u irem en t m ust be ex­

tre m e ly  low .

A lthough m o r ta l i ty  was h ig h e s t  i n  t h e  g roup  which was f e d  no 

su p p le m e n ta l v ita m in  Bxg in  ex p erim en t 1 and fe d  a  v e ry  low l e v e l  o f  

v i ta m in  in  ex p erim en t S , th® l im i te d  num bers in v o lv e d  make i t  im­

p o s s ib le  t o  d e te rm in e  i f  th e  e f f e c t  was due t o  a  v ita m in  Bjjg d e f ic ie n c y  

i n  th e  p u l l e t s .  T here have been no r e p o r ts  o f  m o r ta l i ty  in  m atu re  b i r d s  

a s  a  r e s u l t  o f  such a  d e f ic ie n c y .  I t  i s  d o u b tfu l  t h a t  body w eigh t would 

be m a in ta in ed  when th e  d e f ic ie n c y  f o r  m ain tenance  a lo n e  were so g r e a t  t h a t  

i t  cau sed  in c re a s e d  m o r t a l i t y .

W hile egg p ro d u c tio n  seemed to  be b e n e f i te d  in  ex p erim en t 1 by 

su p p lem en ta l v ita m in  Bxg i n  th e  d i e t ,  th© r e s u l t s  in  ex p erim en t 2 were
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in c o n c lu s iv e .  S k in n e r  and Q uisenberiy  (1950) reported  t h a t  ab sen ce  o f  

an  APF supplem ent o r  an im al p r o te in  fro®  a h ig h  e f f i c i e n c y  la y in g  mash 

r e s u l t e d  in  low ered  p ro d u c tio n . H i l l ,  HcCon&chie, G a r tle y  and B ranion

(1950) s t a t e d  t h a t  b i r d s  fe d  a  c e r e a l  grain -eoybean  m eal ty p e  r a t io n  

unsupp lem ented  w ith  v ita m in  Big came in to  p ro d u c tio n  l a t e r  th a n  o th e r s  

which were f u r n is h e d  th e  v ita m in , and produced fe w er e g g s• I t  i s  n o t 

c l e a r  w h e th e r th© b i r d s  l a i d  few e r eggs than th© other®  on a  t o t a l  

q u a n t i t a t i v e  b a s i s  due t o  slow ness in  a t t a i n i n g  se x u a l m a tu r i ty  o r  th e  

egg p ro d u c tio n  was a c t u a l l y  l e s s  in te n s e  a f t e r  th e y  came in to  l a y .

G lees® , Couch and Lyman (1950) have r e c e n t ly  reported , t h a t  th® a d d i t io n  

o f  v ita m in  Big t o  a  sucrose-soybean  p r o te in  d i e t  im proved egg p ro d u c tio n  o f  

h e n s . When s ta r c h  re p la c e d  th e  su c ro se  i n  th e  absen ce  o f v ita m in  Big# 

egg p ro d u c tio n  and h a tc h a b iX ity  im proved, p o s s ib ly  i n d ic a t in g  in c re a s e d  

in t e s t in a l  s y n th e s is  o f  th e  v ita m in . On th© o th e r  hand , W hitson, T itu s  

and  B ird  (1 9 4 6 ), F o r r e s t ,  B ie ly  and  March (1 9 SO) and o th e r s ,  w orking with  

a l l - v e g e t a b l e  p r o te in  p r a c t i c a l  d i e t s  d e f i c i e n t  in  v ita m in  Big have found  

no re d u c tio n  in  egg p ro d u c tio n . In  o th e r  work c a r r i e d  o u t by th® w r i t e r ,

an e x c e l le n t  r a t e  o f  p ro d u c tio n  was found to  be m a in ta in ed  from  Septem ber

t o  th e  fo llo w in g  June (when th© t e s t  was te rm in a te d  f o r  u n rela ted  re a so n s )

on a  s im i la r  r a t i o n .  More th a n  IBS Rhode I s la n d  Bed p u l l  at® were u se d .

They were m aintained on l i t t e r ,  however, and th e r e fo r e  p ro b a b ly  re c e iv e d  

s l i g h t l y  more v ita m in  B ig . A rs c o tt  (1950) r e p o r te d  no s i g n i f i c a n t  

d i f f e r e n c e s  in  t h e  egg production betw een p m s  o f  p u l l e t s  m a in ta in e d  on 

w ire  w ith  and w ith o u t supplem ental v ita m in  B ig . Th© b a s a l  r a t io n  employed 

was b a s a l  d i e t  1 .  F i f t y  Hew Hampshire p u l l e t s  were u sed  p e r  p e n . Perhaps 

v ita m in  1® re q u ire d  f o r  ©gg p ro d u c tio n , b u t in  no l a r g e r  q u a n t i t i e s  

th a n  a r e  u s u a l ly  c o n ta in e d  in  c e r e a l  grain -soyb san  m eal r a t io n s  w ith o u t



60

su p p le m en ta tio n  w ith  v ita m in  At any  r a t e  th e  ev id en ce  produced in

ex p erim en t 1 f a v o r in g  th e  h y p o th e s is  t h a t  egg p ro d u c tio n  can  be bene­

f i t e d  by supplem entation o f  such a r a t io n  w ith  vitam in  Bq£ i s  by no 

means c o n c lu s iv e  b ecau se  o f  th e  l im i te d  number o f  in d iv id u a ls  and th e  

s t a l l  d i f f e r e n c e s  i n  p ro d u c tio n .

There was c o n s id e ra b le  v a r i a b i l i t y  in  f e r t i l i t y  among th e  

g roups a t  d i f f e r e n t  t im e s ,  b u t t h e r e  was no e v id en ce  t h a t  £ e r t i l i t y  was 

in flu en ced  by vitam in  B i£ . D uring ex p erim en t 1 , 4 microgronis o f  vitam in  

Big were found  t o  s a t i s f y  th e  req u irem en t f o r  good h a tc h a b il i ty  when a  

normal l e v s !  o f  p ro te in  was fe d  and no s t r e s s  f a c t o r s  w ere in tro d u c e d  

a s id e  from  th e  e l im in a t io n  o f  coproph&gy. R ecen tly  s e v e ra l  s tu d ie s  on 

h a t c h a b i l i t y  have been re p o r te d  which have a  d i r e c t  b e a r in g  on th e  work 

b e in g  d is c u s s e d .  P e te r s e n ,  W iese, L&mpman and  Qahlstrom (1950) s tu d ie d  

th e  e f f e c t  o f  v ita m in  Byg on h a t c h a b i l i t y  by i n j e c t i n g  g rad ed  l e v e l s  o f  

th e  vitam in  i n t o  w h ite  leghorn  p u l l e t s  k e p t on w ire and p re v io u s ly  fe d  a  

co m -soybean  meal d e p le t io n  d i e t  o f  u n sta ted  p ro te in  l e v e l  f o r  4 merith s .  

T h e ir  d a ta  in d ic a te d  t h a t  a p p ro x im a te ly  1 .0  laicrograjiis o f  vitam in  Big 

in j e c t e d  p s r  hen p e r  week would r e s to r e  h a t c h a b i l i t y  to  8 9 .6  p e rc e n t 

w ith in  5 weeks a© compared to  6 S .0  p e rc e n t h a t c h a b i l i t y  f o r  th e  b i r d s  

I n je c t e d  w ith  0 .5  xaicrogr&as o f  p e r  week. I f  one assum es t h a t  each 

hen consumed approxim ately 800 grams o f fe e d  p e r  w eek, th e  h ig h e r  in ­

j e c t i o n  r a t e  f u rn is h e d  th e  vitam in  to  th e  b i r d  a t  a  r a t e  o f  1«&& saicrograms 

p e r  k ilo g ram  o f  f e e d .  Growth o f  progeny was h ig h e st  when th e  hen was i n ­

je c te d  w ith  th© h ig h e s t  l e v e l  o f  vitam in  Big u sed , 40 m ierogram s p e r  hen 

p e r  week, o r  approxim ately 5 .0  micrograms p e r  k ilo g ram  o f  f e e d .  The 

p rogeny  we .re f e d  a  v itam in, B is d e f i c i e n t  a l l - p l a n t  p r o te in  d i e t  f o r  4 

w eeks. S t ok s t  a d , Ju k e s , F ie r c e ,  Page and F ra n k lin  (1949) found  th e  o r a l
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p o ten c y  o f  v itam in  t o  bo 60 p e rc e n t t h a t  o f  th® in j e c t e d  potency*

In  1960 Mange re p o r te d  work i n  agreem ent e s s e n t i a l l y  w ith  t h i s  f i g u r e .

On th e  b a s i s  o f  th e s e  c o n v e rs io n  f a c t o r s ,  th e  l e v e l s  o f  v ita m in  BI2 

which P e te r s e n  e t  a l  found s a t i s f i e d  th e  req u irem en t f o r  h a t c h a b i l i t y  

and  th e  re q u irem en t f o r  g row th  were 2 .5  m icrogram s and  10 sderogr& m s, 

r e s p e c t iv e ly ,  p a r  k ilo g ram  when o r a l l y  a d m in is te re d .

C a rv e r  and McGinnis { i9 6 0 ) re p o r te d  t h a t  h a t c h a b i l i t y  m s  

g r e a t l y  reduced  when hens i n  b a t t e r i e s  ’were f e d  an unsupplem ented  c e r e a l  

g ra in -s o y b e a n  m eal ty p e  o f  d i e t  o f  u n s p e c if ie d  p r o te in  l e v e l .  Whan 1 .0  

ra ie ro g rsjs  o f  c r y s t a l l i n e  v i t a mi n • was added p e r  k ilo g ram  of d i e t ,  

h a t c h a b i l i t y  m arked ly  im proved . B ata  w ere i n s u f f i c i e n t  t o  in d ic a te  a  

q u a n t i t a t i v e  req u irem en t f o r  h a t c h a b i l i t y .  In  December, 1949, L i l l i e ,  

O lson , and B ird , r e p o r te d  t h a t  h a t c h a b i l i t y  o f  eggs from  d e p le te d  hens 

was r e s to r e d  by i n j e c t i n g  0 .6  a ic ro g ra m  o f  8 ^  i n t o  each  egg. Growth of 

r e s u l t i n g  c h ic k s  a l s o  in c r e a s e d  m arkedly  f o r  a t  l e a s t  6 w eeks. .In s tu d ie s  

in v o lv in g  a d m in is t r a t io n  of v ita m in  t o  t h e  dam th e  l e v e l  o f  p r o te in  

fe d  th e  hen m ust be c o n s id e re d  a s  an im p o rta n t f a c t o r .  Y&covdtz, F e e le r ,  

M i l l e r ,  C a r lso n , H euser and M o rris  ( I9 6 0 )  r e p o r te d  t h a t  when b i r d s  w ere 

f e d  an  a l l - v e g e t a b l e  p r o te in  ty p e  o f  d i e t  c o n ta in in g  no su p p lem en ta l 

v ita m in  3qg, h en s  on a  l e v e l  o f  25 p e rc e n t p r o te in  produced eggs of 26 

p e rc e n t  h a t c h a b i l i t y  a f t e r  12 weeks o f  d e p le t io n .  I f  th.* p r o te in  l e v e l  

in  t h e  hm. d i e t  was 16 p e rc e n t ,  how ever, h a t c h a b i l i t y  w as 53 porear.it 

a f t e r  15 w eeks. They e s tim a te d  t h a t  th e  req u ire m e n t f o r  h a t c h a b i l i t y  on 

a  25 p e rc e n t p r o te in  d i e t  was 2 m icrogram s o f  su p p lem en ta l v itam in  Bi2 

p a r  k ilo g ram  o f  f e e d .

W hile 4 saicrogr&HiS o f  v ita m in  Bqg p e r  k ilo g ram  o f fe e d  su p p o rted  

s a t i s f a c t o r y  h a t c h a b i l i t y  on th e  15 p e rc e n t p r o te in  d i e t  1 , th e  r e s u l t s
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w ith  5 m icrogram s p e r  k ilo g ra m  in  ex p erim en t 2 were n o t c l e a r .  T ru e , 

th e  o v e r a l l  h a t c h a b i l i t y  o f  t h a t  g roup d id  im prove v ery  s l i g h t l y  a f t e r  

t h e  v itam in  B is  was added, b u t h a t c h a b i l i t y  in  £  group d e c l in e d  con­

s id e r a b ly  and  o v e r a l l  h a t c h a b i l i t y  in  6 g ro u p , from  w hich a l l  su p p le ­

m en ta l v ita m in  Big had  been removed, in c re a s e d  s l i g h t l y .  Group B, fe d  

4 m icrogram s o f  v ita m in  Big d e c l in e d  c o n s id e ra b ly  in  o v e r a l l  h a t c h a b i l i t y .  

In  s p i t e  o f  th e  f a c t  t h a t  h a t c h a b i l i t y  in  A g roup  rem ained lo w er th a n  t h a t  

i n  any  o th e r  g ro u p , t h e  sp re a d  betw een th e  p o s i t iv e  c o n t r o l  group £ , g roup  

A and g roup  B was so n arro w  a s  to  i n d ic a te  t h a t  a l l  o f  th e  f lu c tu a t io n s  

m ight have been th e  r e s u l t  o f  o th e r  f a c t o r s .  I t  i s  q u i t e  p o s s ib le ,  th e r e ­

fo r® , t h a t  5 m icrogram s o f  v ita m in  Big supplem ented t o  such a  r a t io n  may 

m a in ta in  good h a t c h a b i l i t y .  Indeed  c o n c u r re n t work co n d u c ted  a t  t h i s  

s t a t i o n  by A rsc o tt  ( I9 6 0 )  s t r o n g ly  in d ic a te s  t h a t  on th e  same b a s a l  d i e t ,  

b i r d s  m a in ta in e d  u n d er f lo c k  c o n d i t io n s  on w ire  r e q u i r e  s l i g h t l y  more 

th a n  2 m icrogram s o f  v ita m in  Big p e r  k ilo g ram  o f d i e t  f o r  optimum h a tc h ­

a b i l i t y .  T h is  f ig u r e  i s  in  c lo s e  agreem ent w ith  t h e  a d ju s te d  f ig u r e  o f  

2 .S  m icrogram s c i t e d  f o r  P e te r s e n  e t  a l .

The s tu d y  on th© r a t e  o f  d e p le t io n  o f  p u l l e t s  fo llo w in g  rem oval 

o f  su p p lem en ta l v ita m in  Bi£ was h and icapped  by l im i te d  egg p ro d u c tio n .

Th© r e s u l t s  d id  show ah  im m ediate d ro p  in  h a t c h a b i l i t y  when th e  8 m icro ­

gram s of  su p p lem en ta l v ita m in  Big were removed from  th e  p u l l e t  d i e t .  Th© 

ra p id  d e c l in e  i s  ev id en ce  t h a t  th o s e  p u l l e t s  war© u n ab le  to  s to r e  a  r e ­

s e rv e  o f  v ita m in  Big s u f f i c i e n t  to  c a r ry  them  o v e r  even a  tem p o ra ry  

s h o r ta g e  o f th e  v i ta m in . I t  in d ic a te ®  t h a t  8 m icrogram s of su p p lem en ta l 

v ita m in  Bi£ in  such a  d i e t  i s  in a d e q u a te  i f  s to r a g e  i s  d e s ir e d  a s  a 

s a f e ty  f a c t o r .

The r e s u l t s  o f th© a n a ly s e s  o f  th e  eggs f o r  v ita m in  012 c o n te n t 

d em o n stra te  th® c u r r e n t  d i f f i c u l t y  in  a s sa y in g  any  c ru d e  f e e d s tu f f s  f o r



es

t h i s  v ita m in . The r e s u l t s  w ith  t h e  d i f f e r e n t  e h ie k  a s s a y s  show good 

c o r r e l a t i o n .  The m ic ro b io lo g ic a l  a s sa y  r e s u l t s  a r e  a ls o  re a so n a b ly  

c o n s i s t e n t .  But 9 0 .S p e rc e n t of th e  v ita m in  Bxg a c t i v i t y  found  in  B 

eg g s and  8 3 .5  p e rc e n t o f th e  v ita m in  Big a c t i v i t y  found In  IS eggs by 

c h ic k  a s sa y  were m ic ro b io lo g ic a l ly  u n a v a i la b le .  In  1947 Rubin and  B ird  

r e p o r te d  th e  o c c u rre n c e  o f  th e  cow manure f a c t o r  in  e g g s . They assay ed  

th e  egg f o r  p o ten cy  w ith  c h ic k s ,  fe e d in g  w hat l a t e r  p roved  to  bo a  v ita m in  

B12 c o n c e n tra te  a s  a  p o s i t i v e  c o n t r o l .  S in ce  t h a t  tim e  L i l l i e  and B ird

(1949) have d e te rm in ed  th e  v ita m in  Big c o n te n t o f  t h a t  c o n c e n tr a te .  By- 

a p p ly in g  th e  now known v ita m in  B1 2  p o ten cy  one f in d s  t h a t  Eubin and B ird  

found  a p p ro x im a te ly  1*£S m icrogram s o f  v ita m in  Bi# a c t i v i t y  p e r  egg  when 

i t  was p roduced  on a  v ita m in  B ig - d e f ic ie n t  r a t io n  s im i l a r  to  b a s a l  d i e t  1 .  

They d e te rm in ed  norm al eggs to  c o n ta in  ro u g h ly  S .89 m icrogram s o f v ita m in  

a c t i v i t y ,  a p ie c e .  S in c e  t h e i r  la y in g  b i r d s  were m a in ta in e d  on l i t t e r  

and had a c c e s s  t o  t h e i r  d ro p p in g s , i t  i s  l o g i c a l  t h a t  th e  v ita m in  B12  

a c t i v i t y  o f  t h e i r  eggs shou ld  be s l i g h t l y  h ig h e r  f o r  b o th  th e  norm al eggs 

and f o r  th e  d e f i c i e n t  o n es . The c o r r e l a t i o n  betw een th e  r e s u l t s  o f  t h e i r  

s tu d y  and th e  ones r e p o r te d  h e r e in  i s  rem a rk a b le . The p re lim in a ry  v a lu e  

f o r  v ita m in  Big c o n te n t o f  eggs produced by u n d e p le te d  c h ic k e n s  a© de­

te rm in ed  by  th e  r a t  a s s a y ,  re p o r te d  by L ew is, R e g is te r ,  Thompson and 

Blvehjem  (1949) c o n f l i c t s  w ith  th e  ch ick  r e s u i t s .  T h e ir  r e s u l t  showed 

good c o r r e l a t i o n  w ith  th e  m ic ro b io lo g ic a l  r e s u l t s  r e p o r te d  h e r e in .  They 

found 2 b>2 m illim ic ro g ra m s  o f  v ita m in  B12  p e r  egg , w hereas th e  l a t t e r  re ­

s u l t s  in d ic a te d  262 m illim ic ro g ram e  o f  v ita m in  p e r  egg.

R e s u lts  of th e  m ic ro b io lo g ic a l  a s sa y s  r e p o r te d  i n  t h i s  t h e s i s  

v e r i f y  th e  r e s u l t s  r e p o r te d  by X acow its, F e e le r ,  M il le r ,  C a r lso n , Heuser 

and  M o rris  (1960) • They found  158 m illim ic ro g ram s  o f  v ita m in  Bjjg a c t i v i t y



p e r  "normal** egg . V a r ia t io n s  in  ex p e r im e n ta l p ro ced u re  re c o n c i le d  th e  

sm a ll  d i f f e r e n c i s s  betw een th e  m ic ro b io lo g ic a l  r e s u l t s .  The q u e s tio n  

oT which .r e s u l ts  a r e  n e a r e s t  th e  a b s o lu te  v a lu e ,  th o s e  o b ta in e d  by m icro­

b i o l o g i c a l ,  r a t  o r  c h ic k  a s s a y s ,  p la g u e s  r e s e a rc h  w o rk ers  to d a y , j&ach 

ty p e  o f  a s s a y  p ro b ab ly  m easures th e  a c tu a l  v ita m in  c o n te n t  o f  some 

m a te r ia l s  more a c c u r a te ly  th a n  any o th e r  a s s a y ,  d to k s ta d ,  HoTfi&aim and 

Ju k e s  (1949) re p o r te d  d is c r e p a n c ie s  betw een m ic ro b io lo g ic a l  and ch ick  

a s s a y s  f o r  v ita m in  lie s u i t s  o f  r a t  and m ic ro b io lo g ic a l  a s s a y s

f r e q u e n t ly  d is a g re e  w id e ly . C e r ta in ly  a s  f a r  a s  c h ick  n u t r i t i o n  i s  con­

c e rn e d , v a lu e s  d e te rm in ed  w ith  c h ic k  a s s a y s  a r e  th e  m ost r e l i a b l e .  The 

v a r i a b l e  r e s u l t s  betw een s p e c ie s  p ro b ab ly  a r e  caused  by (1 )  d i f f e r e n t i a l  

a b i l i t y  o f  th a  s p e c ie s  to  u t i l i s e  bound fo rm s, (2 )  d i f f e r e n t i a l  s t im u la to r y  

o r  s p a r in g  e f f e c t  o f  v a r io u s  compounds, o r  (5 )  a  co m b in a tio n  o f  th e  tw o . 

Among f a c t o r s  o th e r  th a n  v ita m in  which m ight c o n c e iv a b ly  a f f e c t  a s sa y  

r e s u l t s  w ith  t h e  c h ic k s  i s  th e  whey f a c t o r .  I t  was c o n s id e re d  l i k e l y  t h a t  

t h e  whey f a c t o r  would be p re s e n t  i n  th e  eggs which were a s sa y e d . In  

a d d i t i o n  i t  was f e l t  t h a t  th e  whey f a c t o r  m ight e x e r t  a  s tim u la to ry 1" e f f e c t  

on grow th which c o u ld  be  in t e r p r e t e d  a s  b e in g  caused  by t h e  p re se n c e  o f  

v ita m in  Bi2* F o r t h a t  re a so n  5 p e rc e n t o f  d r ie d  whey m s  added to  d i e t  5 . 

I t  m s  n o t added to  d i e t  4 .  S in ce  th e  r e s u l t s  o f  th e  two ty p e s  o f c h ic k  

assay©  showed v e ry  c lo s e  ag reem en t, th e  whey f a c t o r  i s  b e l ie v e d  to  have 

no e f f e c t  on th e  r e s u l t s  o f  ch ick  a s sa y s  f o r  v ita m in  Bjjj ^ben c h ic k s  o f 

such d i e t a r y  background a r e  u se d .

h e s u i t s  o f  b o th  m ic ro b io lo g ic a l  and c h ick  a s s a y s  d em o n stra te  a  

d e f i n i t e  c o r r e l a t i o n  betw een th e  l e v e l  f e d  th e  hen and th e  l e v e l  found  in  

t h e  eg g . S tudy o f  t a b l e  8 r e v e a ls  t h a t  th e  ch ick  a s s a y s  found  in c re a s e d  

s to r a g e  in  th e  egg a t  a  d im in ish in g  rat®  w ith  h ig h e r  l e v e l s  oi  v ita m in  Bjjg
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i n  th© p u l l  a t  d i e t .  The e f f i c i e n c y  o f  t ra n s m is s io n  o f id ta s d n  Big from 

t h e  p u l l e t  r a t i o n  t o  th e  egg d e c re a se d  w ith  h ig h er  lev e l©  o f  supp lem enta­

t i o n  a s  shown in  t a b l e  1 0 . I t  i© probable t h a t  th e  v itam in  Big content  

o f  group  C eggs a s  d a te  m in e d  by th e  c h ic k  a s  say i s  to o  low . I f  more 

c h ic k  a s sa y s  had oeen co n d u c ted , i t  i s  b e l ie v e d  t h a t  a  h ig h e r  v ita m in  

Big c o n te n t would have been  de term in ed  f o r  C e g g s . The grow th o f  th e  

c h ic k s  h a tc h in g  from such eggs  in d ic a te  t h a t  th e  v ita m in  Bjg con ten t in  

them  i s  in te rm e d ia te  betw een th a  l e v e l  in  g roup  8 and g ro u p  8 eggs*

B. S tu d ie s  on th e  Progeny

The d a ta  on l i v e a b i l i t y  in d ic a te  t h a t  a  d e f ic ie n c y  o f  v ita m in

Big in  th e  m a te rn a l d i e t  le a d s  t o  e x c e s s iv e  m o r ta lity  among th© c h ic k s  

w hich can  o n ly  be c o u n te ra c ta d  by th© us® o f h ig h  l e v e l s  o f  v ita m in  Mjz 

i n  th® ©hick d i e t .  A r e c e n t  r e p o r t  by B ird  (1950.) s u b s t a n t i a l ©3 t h i s  r e ­

m i t .  II© s u g g e s ts  t h a t  th e  m o r ta l i ty  i s  caused  by th© p h y s ic a l  i n a b i l i t y

o f  th e  ch ick  t o  in g e s t  enough -vitam in Bxg d u r in g  th e  f i r s t  few  days o f  

l i f e  f o r  s u r v iv a l .  In tra m u s c u la r  in j e c t io n  of th© v ita m in  would prevent  

t h e  e x c e s s iv e  m o r t a l i t y .

I n t e r e s t i n g  ev id en ce f o r  th e  in f lu e n c e  o f m a te rn a l d i e t  on th e  

re q u ire m e n t o f  th e  ch ick  f o r  v ita m in  8̂ *> fo r  norm al grow th h a s  been ob­

t a i n e d .  The f i n a l  w e ig h t o f  A c h ic k s ,  p roduced on a  m a te rn a l d i e t  in ­

c lu d in g  no su p p lem en ta l v ita m in  B^g and fed  a ch ick  d ie t  co n ta in in g  Z? 

micrograms o f supplem ental v itam in B jg , was 5 p e rc e n t  l e s s  th a n  th® 

f i n a l  w eig h t o f  c h ic k s  produced  on 10 m icrogram s in  t h e  m aternal d i e t  and 

fed  on ly  3 m icrogram s in  th e  c h ic k  d i e t ,  linen A p u l l e t s  s u b se q u e n tly  

re c e iv e d  3 micrograms o f v ita m in  B ^ ,  growth o f  th© progeny was un­

s a t is fa c t o r y  on 18 m icrogram s o f  v ita m in  Big* th e  h ig h e s t  l e v e l  used  in



ex p erim en t 2 .  By c o n t r a s t  B c h ic k s  produced by  dams fe d  on 4 ssicrograias

o f  v ita m in  Bxg th ro u g h o u t b o th  e x p e rim en ts , a p p a re n tly  r e q u ire d  o n ly  lb  

m icrogram s o f  v ita m in  Bxg in  th e  d i e t  f o r  good g ro w th . The q u a n t i t a t i v e  

re q u ire m e n t o f c h ic k s  f o r  v itam in  Bxg i s  th e r e f o r e  seen  t o  be in f lu e n c e d  

tre m e n d o u sly  by th e  m a te rn a l d i e t .  A lthough th e  f ig u r e s  p resen ted , in  

t a b l e s  20 and 21 a r e  based  on assumed v a lu e s  f o r  p u l l e t  and ch ick  fe e d  

con su m p tio n , th e y  c l e a r l y  show t h a t  v ita m in  Bxg su p p lie d  th ro u g h  th e  

m a te rn a l d i e t  i s  much more e f f i c i e n t l y  u sed  th a n  i f  s u p p lie d  in  th e  

c h ic k  d i e t .  O bv iously  th e  l e v e l  f u rn is h e d  in  th e  c h ick  d i e t  would in ­

c r e a s e  in  im p o rtan ce  a s  th® bird®  became o ld e r#

T here i s  f u r t h e r  ev id en ce  o f an a d m it te d ly  in c o n c lu s iv e  n a tu r e  

f o r  a l i m i t in g  e f f e c t  on ch ic k  grow th o f  low l e v e l s  o f  v ita m in  Bjjg i n  t h e  

m a te rn a l  d i e t ,  r e g a r d le s s  o f  l e v e l  o f  su p p le m e n ta tio n  in  th e  c h ic k  d i e t .  

D uring experim ent 1 , th e  grow th o f B, C, and 1 c h ic k s  t  unde a t o  p la te a u  

a t  a © lig h tly  lo w e r l e v e l  th a n  th e  grow th o f  B c h ic k s  a s  shown in  c h a r t  

Zm D uring  experim ent 2 th e  grow th o f  A c h ic k s  a l s o  ten d e d  t o  p la te a u  a t  

& low  l e v e l .  I t  seems u n l ik e ly  to  th e  w r i t e r  t h a t  such a  l im i t in g  a f f e c t  

a c t u a l l y  e x i s t s  ir r e s p e c t iv e  o f  ch ick  d i e t .  E s th e r  does i t  seem p ro b a b le  

t h a t  h ig h e r  l e v e l s  o f  v ita m in  Bx£ th a n  w ere fe d  in  th® c h ick  d i e t  w ere r e ­

q u ire d  f o r  maximum grow th o f such progeny t o  4 w eeks. The d a ta  o b ta in e d  

by B ird  (1950) on e x c e s s iv e  m o r ta l i ty  i n  d e p le te d  c h ic k s  su p p o rt t h i s  

b e l i e f .  As p re v io u s ly  m en tio n ed , he found t h a t  e x c e s s iv e  m o r ta l i ty  

was p re v e n te d  by i n j e c t i o n  o f  v ita m in  Bxg. The r e s u l t s  w ith  D and & c h ic k s  

i n  ex p erim en t 1 do p re s e n t  th e  p o s s i b i l i t y  t h a t  h ig h e r  l e v e l s  o f  v ita m in  

Big th a n  a r e  u s u a l ly  found in  b re e d in g  r a t io n s  may p roduce c h ic k s  t h a t  

v / i l l  grow a t  an i n i t i a l l y  f a s t e r  rat©  on custom ary  b r o i l e r  r a t i o n s .  I t  i s
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e v id e n t  t h a t  th e  l e v e l  o f v ita m in  B^g fe d  in  th e  b re e d in g  pen i s  a s  

im p o rta n t t o  th e  broilerra& n a s  th e  l e v e l  fe d  in  th e  b r o i l e r  house*

The r e s u l t s  o f  th e s e  ex p e rim en ts  a ls o  prove t h a t  sorae 

su p p le m e n ta l v ita m in  Big i s  needed in  c h ick  d i e t s  composed p r im a r i ly  

o f  c e r e a l  g r a in s  and soybean p r o te in .  When a  good, b re e d in g  r a t io n  was 

u s e d , th e  req u irem en t o f  & c h ic k s  f o r  supplem ental v ita m in  Big was no 

l a s s  th a n  5 m icrogram s, p o s s ib ly  as- much a s  16 m icrogram s, f o r  optimum 

g ro w th . S in ce  th e s e  c h ic k s  w ere r e a re d  in  b a t t e r i e s  th e y  d id  n e t have 

th e  advantage- o f  a c c e s s  to  n u t r i t i o n a l  f a c t o r s  in  dropping;# and l i t t e r ,  

w hich m ost b r o i l e r  c h ic k s  would hav e . (M ic ro b io lo g ic a l  a n a ly s e s  o f  hen 

f e c e s  and o f  deep l i t t e r  i t s e l f  by H&lferook, S u tto n , and W in ter (I9 6 0 ) 

in d ic a te d  t h a t  th e y  may a c t  a s  l im i te d  so u rc e s  o f  th e  v i ta m in .)  Never­

t h e l e s s  such an ad v an tag e  i s  o f  du b io u s Im portance d u r in g  th e  c r i t i c a l  

f i r s t  4 weeks o f  I l f © .  At t h i s  tim e th© a b i l i t y  o f  t h e  c h ic k  to  in g e s t  

l a r g e  q u a n t i t i e s  o f b u lk y  m a te r ia l  i s  p a r t ic u la r ly  l im i t e d ,  and th e  

amount o f  v ita m in  a v a i l a b l e  i n  th e  l i t t e r  would be a t th e  lo w es t 

p o in t  u n le s s  o ld  l i t t e r  were u sed  t o  s t a r t  new c h ic k e n s . T h e re fo re , th e  

a v a i l a b i l i t y  o f  v ita m in  8 ^  i n  th e  m a te rn a l and c h ic k  m ashes would 

p ro b a b ly  be n e a r ly  a s  im portant f o r  c h ic k s  r e a re d  u n d er com m ercial con­

d i t i o n s .  Eob'blee, K ic h o l, C rav en s , S lveh jem  and H alp in  (1948) d e s c r ib e d  

work which in d ic a te d  t h a t  oven i f  th e  m a te rn a l d i e t  c o n ta in e d  supposedly  

a d e q u a te  l e v e l s  o f  v ita m in  B^g, th e  progeny s t i l l  r e q u ire d  supplem ental 

v i ta m in  812 t o  4 weeks o f  a g e . S te v e n s , i i ie ly  and March (1949) re p o r te d  

t h a t  even on a  com m ercial c h ick  s t a r t e r  c o n ta in in g  m ixed g r a in s ,  soybean 

m ea l, f i s h  m eal and  d r ie d  whey, th e  fe e d  e f f i c i e n c y  was m rk ed ly  im proved 

by  th e  a d d i t io n  o f th e  supplem ental v ita m in  a lth o u g h  grow th in  t h e i r

s tu d y  was u n a f f e c te d .  T h e ir  b a s a l  r a t io n  in  t h i s  ca se  was c e r t a i n l y  a s



h ig h  in  vit&min 3x2 from  n atu ra l so u rc e s  a s  c o u ld  bo exp)a c ted . Un­

fo r tu n a te ly  th e  e x a c t com position  o f  i t  i s  n o t g iv en  and th e  c h o lin e  

and m eth io n in e  l e v e l s  a r e  n o t s t a t e d .  A d e f ic ie n c y  o f  th e s e  two com­

pounds i s  q u i te  p o s s ib le  i n  such a  r a t i o n .  A low  l e v e l  o f  th e s e  two 

compounds in  th e  ch ick  d ie t  h as  been  shown by B r ig g s , H i l l  and G ile s

(1950) and oth ers  t o  in c r e a s e  th e  requirem ent f o r  vitam in  i i i£ * i t  

should be p o in te d  o u t a l s o  t h a t  th e  grow th  r e l a t io n s h ip s  e x p re sse d  f o r  

t h e  f i r s t  4 w eeks, p ro b a b ly  a l s o  h o ld  to  0 weeks a s  shown on t a b l e  15 . 

T h is  does n o t mean t h a t  th e  c h ic k  req u irem e n t i s  a s  h ig h  a t  3 weeks a s  

i t  i s  a t  4 w eeks, b u t i t  does mean- t h a t  a l l  grow th re q u ire m e n ts  a re  

s a t i s f i e d  w ith  thss®  l e v e l s .  L i l l i® ,  M&rsden, Groschke and Bird. (1949) 

fo u n d  t h a t  th s  a p p a re n t req u irem en t o f th e  grow ing ch ick en  f o r  v ita m in  

2 d ropped d u r in g  th e  l a t e r  s ta g e s  o f  growth*

The d eg ree  o f  fe a th e r in g  i s  c l e a r l y  .in flu en ced  by v itam in  

E i th e r  4 microgr&ms o f  v ita m in  B^g in  th e  b re e d in g  r a t io n  o r  8 m icrogram s 

in  th e  c h ic k  d i e t  su p p o rte d  good fea th erin g *  T herefor©  th e  requirem ent 

i s  so low  t h a t  th e  e f f e c t  o f  v itam in  on d eg ree  o f  f e a th e r in g  i s  o f  

l i t t l e  p r a c t i c a l  im p o rta n c e . A p o s s ib le  r e l a t io n s h ip  betw een f e a th e r ­

in g  and v ita m in  i s  e a s i l y  d is c e rn e d .  F e a th e r s  c o n ta in  a  h ig h  l e v e l  

o f  c y s t i n e ,  which may be  produced from  m e th io n in e . The work o f  B riggs* 

H i l l  and G ile s  (1 9 5 0 ), G i l l i s  and M orris  (1 9 4 9 ), S c h a e fe r ,  Salmon and 

S tre n g th  (1949) and o th e r s  have in d ic a te d  t h a t  th e r e  i s  a  m utually  

s p a r in g  a c t io n  betw een th e  vitam in  and m e th io n in e . On© may assume 

t h a t  p re se n c e  o f  a  h ig h  l e v e l  o f  v ita m in  Bjji would in c r e a s e  th e  

amount o f  m eth io n in e  a v a i l a b l e  f o r  seco n d ary  p h y s io lo g ic a l  f u n c t io n s ,  

w h ile  a  v ita m in  B\Z d e f ic ie n c y  would c o r re sp o n d in g ly  d e c re a se  th e  su p p ly  

o f  m eth io n in e  a v a i l a b le  f o r  such fu n c t io n s . The r e s u l t s  o f  th e  d e p le t io n
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s tu d y  show t h a t  more th a n  8 m icrograras o f su p p lem en ta l v ita m in  i s  

r e q u ire d  in  th e  m a te rn a l d i e t  t o  p e rm it ad eq u a te  s to r a g e ,  a s  a  s a f e ty  

f a c t o r .

The f ig u r e s  c i t e d  f o r  th e  v ita m in  Bqg requirem ents have n o t

c r e d i te d  th e  b a s a l  d i e t s  w ith  c o n te n t  o f  any  v itam in  The reaso n

i s  t h a t  th e r e  i s  no r e l i a b l e  v ita m in  Bx£ a s s a y  a v a i la b le  f o r  c e r e a l

g r a in s ,  soybean m eal and d r ie d  brew ers*  y e a s t .  These f e e d s tu f f s  a re

b e lie v e d  t o  c o n ta in  u n id e n t i f i e d  grow th f a c t o r s  (Mange, 19BO) which may

causa Microbiological assays to y i e l d  inflated v a lu e s .  I f  the r e s u l t s

o f  a  m ic ro b io lo g ic a l  a ssa y  (p u b lis h e d  by P e e le r ,  la c o w its  and  M o rr is ,

1950) a r e  u sed , b a s a l  d i e t  1 may be  c o n s id e re d  to  c o n ta in  a p p ro x im a te ly  
8.L
-10 m ic ro g ra a s  o f  vitam in  Bqg p e r  k ilo g ra m . B asa l d i e t  2 may b© e s t im a ts d  

t o  c o n ta in  25 micro.grams o f  v ita m in  Big p e r  k ilo g ra m . A ppro x im ate ly  15 

m icrogram s o f  th e  t o t a l  c o n te n t  o f  b a s a l  d i e t  Z h a s  been d e te m in e d  w ith  

c h ic k  a s s a y s ,  and th e re fo r©  i s  b e lie v e d  d e f i n i t e l y  t o  be p r e s e n t .  The 

e x is te n c e  o f  th e  o th e r  8 mlcrograma I s  q u e s t io n a b le .  I t  i s  f e l t  t h a t  

th e  c a lc u la te d  c o n te n t o f  v ita m in  3 j£  i s  much to o  h ig h  where v a lu es  ob­

t a in e d  by m ic ro b io lo g ic a l  a s s a y s  o f  th e se  fe e d  s t u f f s  a r e  em ployed. For 

th a t  re a so n  th e y  have n o t been u sed  in  i n t e r p r e t i n g  th e s e  r e s u l t s .

The re q u ire m e n ts  d e te rm in ed  f o r  t h e  progeny  a r e  b ased  on re­

s u l t s  o b ta in e d  w ith  d i e t  5 which con ta ined , s l i g h t l y  more p r o te in  th a n  

i s  norm ally f e d .  S in ce  a  h ig h  l e v e l  o f  p r o te in  in  th e  d i e t  in c re a se * "  

th e  need  f o r  vitam in  Big f o r  g ro w th , th e  a c tu a l  re q u ire m e n ts  o f  th e  

p rogeny  f o r  vitam in  Bqo ®ay be s l i g h t l y  lo w er th a n  th o s e  d e te rm in e d .

On th e  o th e r  hand norm al l e v e l s  o f  p a n to th e n ic  a c id  (a  v ita m in  which 

h a s  been shown by Y&cowilz, M o rris  and H euser, 1950, to  sp a re  v itam in  

Bl2 f o r  c h ic k s ) ,  m e th io n in e  and c h o lin e  war© fe d  in  th e  p u l l e t  d i e t s
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and in  c h ick  d i e t  5* T h e re fo re , i t  i s  b e l ie v e d  t h a t  any  undue e f f e c t  

o f  th e s e  compound© on th e  v ita m in  re q u ire m e n ts  h a s  been e l im in a te d .

I t  sh o u ld  be  s t a t e d  t h a t  p o s s ib ly  th e  p u l l e t s  W iich were se ­

l e c t e d  f o r  ex p e r im e n ts !  and 2 were r e l a t i v e l y  r e f r a c t o r y  to  a  vitam in  

d e f ic ie n c y .  B ird ,  R ubin , and  G roschke (1947) have  shown t h a t  th e r e  

i s  a  g e n e t ic  r e l a t io n s h ip  t© th e  v ita m in  Bjjg re q u ire m en t o f  th e  ch ic k e n  

w hich p e rm its  some b i r d s  t o  fu n c t io n  s a t i s f a c t o r i l y  on l e v e l s  q u i te  

d e f i c i e n t  f o r  o th e rs*  The t e s t  b i r d s  war® s e le c te d  on th e  b a s i s  of' an 

a v e ra g e  h a t c h a b i l i t y  o f  8 0 .8  p e r c e n t .  Only 1 b i r d  in  each p u l l e t  g roup  

had a  re c o rd  o f  l e s s  th a n  68 p e rc e n t  o v e r a l l  h a t c h a b i l i t y ,  when e x p e r i­

ment 1 was s t a r t e d .  P erh ap s i t  would have been  w is e r  to  p e r a i t  b i r d s  

w ith  re c o rd s  o f  lo w er h a t c h a b i l i t y  d u r in g  th e  p re l im in a ry  p e r io d  to  be  

u sed  in  th e  2 ex p erim en ts*  The re su lt©  o f ex p erim en t 2 s u f f e r  from  

v a r i a b i l i t y  a s  a  r e s u l t  o f  l im i t e d  num bers, and p o s s ib ly  from  s e a so n a l 

e f f e c t s .
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summary

The v ita m in  re q u ire m e n ts  o f  Hew Ham pshire p u l l e t s  and t h e i r  

p rogeny were s tu d ie d , u s in g  a  c e r e a l  g ra in -so y b e a n  m eal ty p e  o f  d i e t .  In  

th e  p u l l e t  s tu d ie s  av e rag e  w e ig h ts , hem oglobin v a lu e s  and m o r ta l i ty  b o re  

no m easu rab le  r e l a t io n s h i p  t o  t h e  l e v e l  o f  v ita m in  in  th e  d i e t .

D uring experim en t 1 , egg p ro d u c tio n  d e c lin e d  in  d i r e c t  r e l a t io n s h ip  to  

d e c re a s in g  l e v e l  o f  v ita m in  Big su p p le m e n ta tio n . The r e s u l t s  of e x p e r i­

ment 2 d em o n stra ted  no c l e a r  r e l  t i o n s h ip  o f  th e  d ie ta r y  l e v e l  o f  

v ita m in  B^g t o  egg p ro d u c tio n . Reason® d is c u s s e d  p re v io u s ly  le a d  th e  

w r i t e r  t o  co n c lu d e  t h a t  any  e f f e c t  o f  v ita m in  b12 on egg p ro d u c tio n  

can n o t be m easured w ith  such t e s t  ra tio n ® . Mo r e l a t io n s h i p  was p roven  

betw een f e r t i l i t y  and th e  l e v e l  o f  v ita m in  B-^ fe d  t o  th e  p u l l e t s .  

H a tc h a b i l i ty  d e c lin e d  s h a rp ly  in  ex p erim en t 1 when no su p p lem en ta l 

v ita m in  m s  fu rn ish ed  in  p u l l e t  d i e t  1 . The r e s u l t s  o f  experim ent 

1 showed t h a t  th e  req u irem en t f o r  h a t c h a b i l i t y  was a d e q u a te ly  met by 

4 micrograms o f  su p p lem en ta l v ita m in  B^g p e r  k ilo g ram  under th e  con­

d i t i o n s  o f  th e  t e s t .  In  ex p erim en t 2 , f lu c tu a t i o n s  in  h a tc h a b il ity  

o c c u rre d  betw een g ro u p s in  such a  m anner t h a t  any r e l a t io n s h ip  o f  

h a t c h a b i l i t y  t o  a lo w er l e v e l  o f  v itam in  was o b sc u re d . R ate o f 

d e p le t io n  s tu d ie s  w ith  h a t c h a b i l i t y  in d ic a te d ,  how ever, t h a t  even 0 

micrograms o f  su p p lem en ta l v ita m in  m ight n o t p e rm it enough s to ra g e  

in  th e  m i l l e t s  * b o d ie s  f o r  s a f e ty .

The v ita m in  a c t i v i t y  o f  eggs was m easured by b o th  m icro ­

b io lo g ic a l  and ch ick  a s s a y s .  I t  was shown, t o  b e a r  a  d i r e c t  r e l a t io n s h i p  

t o  t h e  l e v e l  fe d  th e  p a l l e t .  Mien p u l l e t s  w ere f e d  a  p r a c t i c a l  b re e d in g  

m ash, th e  v ita m in  Bqg a c t i v i t y  o f  th e  a v e ra g e  egg was 1 .5 6 0  mic ro c  rams 

by c h ic k  a s s a y .  When th e y  w ere fe d  a c e r e a l  g ra in -soybean . p r o te in  ty p e
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o f  d i e t  unsuppl^raented 'w ith v ita m in  Bx2 th e  c o n te n t  was U.604 m icrogram s 

o f  v ita m in  a c t i v i t y  by c h ic k  a s s a y . The m ic ro b io lo g ic a l  a s sa y  r e ­

s u l t s  showed o n ly  9 ,5  t o  16*7 p e rc e n t  &s much v ita m in  8 1 2  a c t i v i t y  in  

th e  eg g s a s  d id  th e  ch ic k  a s s a y s .  The r e s u l t s  o f  th e  c h ic k  a s s a y s  i n d i ­

c a te d  t h a t  between SO and 48 p e rc e n t  of th e  v ita m in  fe d  to  th e  p u l l e t s  

was t r a n s m i t te d  to  th e  eg g . The tra n s m is s io n  was more e f f i c i e n t  a t  low 

l e v e l s  of su p p le m e n ta tio n  in  th e  p u l l e t  d i e t .

I n i t i a l  w eigh t o f  p rogeny  was u n a f fe c te d  by  th e  v a r i a t io n s  i n  

t h e  d ie t*  M o r ta l i ty  was c o n s id e ra b ly  h igh er  In  p rogeny o f  th e  p u l l e t  

g ro u p  fe d  th e  unsupplem ented  b a s a l  d i e t  1 d u r in g  th e  f i r s t  experiment*

The e x c e s s iv e  m o r ta l i ty  among p rogeny  co u ld  be av o id ed  by th e  a d d i t io n  

o f  S microgram® o f  v ita m in  t o  p u l l e t  b a s a l  d i e t  1 o r  th e  a d d i t io n  

o f  betw een 9 and 27 m icrogram s o f  v ita m in  Bxg to  ch ick  b a s a l  d i e t  S .

The a f f e c t  on l i v e a b i l i t y  o f  lo w e r l e v e l s  o f  su p p lem en ta l v ita m in  3x2 

i n  th e  m a te rn a l d i e t  i s  unknown.

When th ere  was no su p p lem en ta l v ita m in  3x2 in  bo th  th e  m a te rn a l 

d i e t  1 and th e  c h ic k  d i e t  5 , d eg ree  o f  f e a th e r in g  was poor* When 4 m ic ro -  

gram s o f  su p p lem en ta l v ita m in  Bx2 w ere fed  in  th e  m aternal d i e t  1 , o r  $ 

micrograsts were added t o  t h e  c h ic k  d i e t  S, d eg ree  o f  f e a th e r in g  was s a t i s ­

f a c t o r y .  The e f f e c t  o f  lo w er l e v e l s  o f  supplem ental v ita m in  B1 2  h as  n o t 

b een  s tu d ie d .

Growth o f  progeny was d i r e c t l y  a f fe c te d  by bo th  th e  m aternal 

and c h ic k  d i e t a r y  l e v e l  o f  v ita m in  B ig . F in a l w eigh t o f th e  ch ick  

pl&teaued a t  a  n e a r ly  optimum p o in t  when a  kilogram, o f  th e  m a te rn a l d ie t  

c o n ta in e d  8  micrograms o f  supplem ental v ita m in  Bx2  and a  k ilogram , o f  th e  

c h ic k  d i e t  c o n ta in e d  5 m icrogram s o f  su p p lem en ta l vitam in Bxg* Thus© 

l e v e l s  o f  vitam in  Bx2  a r e  b e l ie v e d  to  mark th e  lo w e r l i m i t s  f o r  b e s t
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grow th  on such  a r a t i o n .  Mien 16 m icrogram s o f  su p p lem en ta l v ita m in  

B^2 wore fe d  t o  th e  p u l l e t s  in s te a d  o f  8 , th e  f i n a l  w e ig h t o f th e  

progeny p la te a u e d  a t  a  s l i g h t l y  h ig h e r  l e v e l .  The p o in t  o f  p l& teau in g  

in v o lv e d  th e  same l e v e l  o f  su p p lem en ta l v ita m in  in  th e  ch ick  d i e t  f o r  

b o th  g ro u p s . C o r r e la t io n  o f  th e  r e s u l t s  o f  th e  egg a s s a y s  by c h ic k s  

and th e  grow th o f  progeny  showed t h a t  v ita m in  fu rn is h e d  by th «  egg 

m s  f a r  more e f f e c t i v e l y  u t i l i s e d  th a n  v ita m in  B is f u rn is h e d  in  th e  

c h ic k  d i e t .  L ess v ita m in  B^g was r e q u ir e d ,  i p i a n t i t a t i v e ly ,  f o r  good 

grow th  of c h ic k s  when m ost o f  i t  was fu rn is h e d  v ia  th e  m a te rn a l d i e t  

th a n  i f  fu rn is h e d  th ro u g h  th e  c h ic k  d i e t .  These re s u lt®  in d ic a te  t h a t  

th e  l e v e l  o f  v ita m in  fe d  t o  th e  da® i s  o f  v i t a l  im p o rtan ce  f o r  th e  

p ro d u c tio n  o f  r a p id ly  grow ing c h ic k s .  Growth In  one s e r i e s  t o  8 weeks 

in d ic a te d  t h a t  th e  l e v e l s  determ ined f o r  s a t i s f a c t o r y  grow th to  4 weeks 

o f  age may a ls o  b e  used  f o r  th e  f i r s t  8 weeks o f  l i f e .

S ix te e n  m icro  grains o f  su p p lem en ta l v itam in  p e r  k ilo g ra m  

p e rm it te d  th e  p u l l e t s  t o  b u i ld  up a r e s e r v e .  E ig h t microgram© of s u p p le ­

m e n ta l vitam in  d id  m a in ta in  h a t c h a b i l i t y  and d id  m a in ta in  growth o f  

progeny  fe d  S micrograms o f th e  v i ta m in . The im m ediate d ro p  in  h a tc h ­

a b i l i t y  o f  eggs and d ro p  in  grow th fo llo w in g  o m iss io n  o f  th e  v ita m in , 

how ever, showed t h a t  such a  l e v e l  d id  n o t  p e rm it b u ild -u p  o f  an ad eq u a te  

r e s e rv e  in  th©  p u l l e t  f o r  em erg en c ie s .
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TABU'S I

C om position  o f  S a l t  Mix and V itam in Mix f o r S a s a l .Diet 4

D ie ta ry  In g re d ie n t %
o f  0 l e t

CaCO$ l.SOOO
K2 HPO4 v 0 .9 0 0 0
Ca*( PO4 X0 l.SOOO
la C l 0 .8800
NsgHFC* 0 .7 5 0 0
MgSC;4*7 %Q 0 . 0 0 0 0
Fe{C6 % 0 7 )o . 8  % 0 0 .1400
KI 0 .0 0 4 0
HnS04.4 HgO 0.0 4 1 0
ZnClg 0 . 0 0 2 0
H5 BO4 0.0009
C0 SO4 . 7  HgO 0 . 0 0 0 1
GUSO4 0 .0015
% p o 4 0 .0 0 5 8

( m illig ram s/lQ G  gram s d i e t )

Thiamin® HC1 1 . 0 0
R ib o f la v in 1 . 0 0
C alc ium  p a n to th e n a te  (d e x tro ) 2 . 0 0
N ia c in  ( n i c o t i n i c  a c id ) 5 .0 0
P yridox in©  HCL o .s o
C h o lin e  c h lo r id e 2 0 0 . 0 0
B io t in 0 . 0 2
F o l i c  a c id o .s o
1 - i n o s i t o l 1 0 0 . 0 0
p-Amino b en zo ic  a c id 0 . 2 0
M enadione 0 .5 0
a lp h s -T o c o p h e ro l a c e t a t e 0*80
V itam in  A* 1800.00*
a lp h a -T o c o p h e ro i a c e t a t e  (mg . )* 0 .5 0

* A d m in is te red  by  d ro p p e r p e r  ch ic k p e r  week in  a d d i t io n
to  t h a t  in c lu d e d  in  th© d i e t .

I n t e r n a t io n a l  u n i t s  p e r  100 grams of  d i e t .


