
CERTAIN NUTRIENT RELATIONSHIPS INVOLVED 

IN THE SUPPLEMENTATION OF DIETS 

FOR SWINE AND RATS

By

R o n a l d  Edward  B l o s s

AN ABSTRACT

S u b m i t t e d  t o  t h e  S c h o o l  f o r  A d v a n c e d  G r a d u a t e  S t u d i e s  
o f  M i c h i g a n  S t a t e  U n i v e r s i t y  o f  A g r i c u l t u r e  and  A p p l i e d  S c i e n c e  

I n  p a r t i a l  f u l f i l l m e n t  o f  t h e  r e q u i r e m e n t s  
f o r  t h e  d e g r e e  o f

DOCTOR OF PHILOSOPHY

D e p a r t m e n t  o f  A n i m a l  H u s b a n d r y

Y e a r I 9 6 0

A p p ro v e d



ABSTRACT

PART I .  SUPPLEMENTATION OF A CORN-MEAT AND 
BONE SCRAP RATION FOR WEANLING PIG S

I n  r e c e n t  y e a r s  c o n s i d e r a b l e  e v i d e n c e  h a s  a c c u m u l a t e d  

t o  i n d i c a t e  t h a t  m e a t  and  b o n e  s c r a p s  a r e  a n  u n s a t i s f a c t o r y  

s o l e  s o u r c e  o f  s u p p l e m e n t a l  p r o t e i n  i n  c o r n  b a s e d  d i e t s  f o r  

g r o w i n g  s w i n e .  The c h e m i c a l  a n a l y s i s  o f  v a r i o u s  f e e d  I n g r e d ­

i e n t s  i n  sw in e  r a t i o n s  r e v e a l e d  t h e  f a c t  t h a t  m e a t  an d  b o n e  

s c r a p s  a r e  q u i t e  v a r i a b l e  I n  t h e i r  c o n t e n t  o f  t h e  a m in o  a c i d  

t r y p t o p h a n ,  s u g g e s t i n g  t h a t  t h i s  a m in o  a c i d  m i g h t  be  r e s p o n ­

s i b l e  f o r  t h e  p o o r  r e s u l t s  o f t e n  n o t e d .

A c o r n - m e a t  and  b o n e  s c r a p  d i e t  s u p p l e m e n t e d  w i t h  

m i n e r a l s  and  v i t a m i n s  was f o u n d  t o  b e  i n a d e q u a t e  f o r  t h e  

g r o w t h  o f  w e a n l i n g  p i g s  i n  d r y l o t  i n  two s e p a r a t e  t r i a l s .

The a d d i t i o n  o f  O.O6/0 o f  D L - t r y p t o p h a n  t o  t h e  a b o v e  d i e t  

a l l o w e d  g r o w t h  t o  p r o c e e d  a t  t h e  same r a t e  a s  t h a t  o b s e r v e d  

w i t h  a  c o r n - s o y b e a n  o i l  m e a l  d i e t  -  t h e  p o s i t i v e  c o n t r o l .

On t h e  b a s i s  o f  t h i s  s t u d y  i t  a p p e a r s  t h a t  f o r  g r o w i n g  p i g s  

30 t o  70 p o u n d s  i n  w e i g h t ,  t h e  r e q u i r e m e n t  f o r  t r y p t o p h a n  

l i e s  c l o s e  t o  0 . 13% w i t h  a  d i e t  c o n t a i n i n g  1 Qfo p r o t e i n  and  

75>% t o t a l  d i g e s t i b l e  n u t r i e n t s .  The a n t i b i o t i c  A u r e o m y c i n  

w hen  i n c l u d e d  i n  a t r y p t o p h a n  d e f i c i e n t  d i e t  had  no  s i g n i f i ­

c a n t  e f f e c t  on r a t e  o f  g r o w t h .

R o n a ld  S .  B l o s s



ABSTRACT C o n t i n u e d

PART I I .  SUPPLEMENTATION OF A BABY PIG 
DIET WITH A VITAMIN B3.3 CONCENTRATE 

AND ISONICOTINIC ACID HYDRAZIDE

The a n t i - t u b e r c u l a r  com pound ,  i s o n i c o t i n i c  a c i d  h y d r a -  

z i d e ,  had b e e n  shown t o  s t i m u l a t e  b o t h  a p p e t i t e  an d  w e i g h t  

g a i n s  I n  t u b e r c u l a r  p a t i e n t s .  I f  t h i s  e f f e c t  h e l d  t r u e  f o r  

p i g s  i t  w o u ld  h a v e  c o n s i d e r a b l e  s i g n i f i c a n c e  i n  t h e  p r o d u c ­

t i o n  o f  p o r k .  S i n c e  i t s  d i s c o v e r y  i n  1 9 l |8 ,  v i t a m i n  B-j^ had  

b e e n  shown t o  s t i m u l a t e  t h e  g r o w t h  o f  r a t s ,  c h i c k s  and  h o g s .  

I t  r e m a i n e d  t o  be  d e t e r m i n e d  i f  t h e  b a b y  p i g  w o u ld  show a  

s i m i l a r  r e s p o n s e .

A " s y n t h e t i c  m i l k "  com posed  o f  " v i t a m i n - f r e e " c a s e i n ,  

C e r e l o s e ,  l a r d ,  m i n e r a l s  and  v i t a m i n s  s u p p o r t e d  e x c e l l e n t  

g r o w t h  and f e e d  e f f i c i e n c y  i n  b a b y  p i g s  d u r i n g  a 26 d a y  

t r i a l .  The i n c l u s i o n  o f  a " v i t a m i n  c o n c e n t r a t e "  i n  t h i s

m i l k  a t  a l e v e l  o f  0.06> m l .  p e r  100 gm. o f  d r y  m a t t e r  had no  

e f f e c t  on t h e  p i g s .  I s o n i c o t i n i c  a c i d  h y d r a z i d e  o r  A u r e o -  

m y c i n  h y d r o c h l o r i d e  i n c l u d e d  I n  t h e  " s y n t h e t i c  m i l k "  a t  5 mg. 

p e r  100 gm. o f  d r y  m a t t e r  had no  e f f e c t  on t h e  p e r f o r m a n c e  

o f  t h e  p i g s .  No t o x i c  s i d e  e f f e c t s  f r o m  t h e  i s o n i c o t i n i c  

a c i d  h y d r a z i d e  w e r e  n o t e d .

Ronald. E .  B l o s s



ABSTRACT Continued

PART I I I .  SOME INTERRELATIONSHIPS OF PANTOTHENIC 
ACID, METHIONINE AND PROTEIN IN THE RAT

R e s e a r c h  work w i t h  g r o w in g  r a t s  had s u g g e s t e d  t h a t  p r o ­

t e i n  o r  m e t h i o n i n e  h a s  a s p a r i n g  e f f e c t  on t h e  need  f o r  p a n t o ­

t h e n i c  a c i d .  S i n c e  t h e r e  i s  good e v i d e n c e  t o  i n d i c a t e  t h a t  

v i t a m i n  B-^2 I n t e r r e l a t e d  i n  t h e  m e t a b o l i s m  o f  b o t h  p a n t o ­

t h e n i c  a c i d  and m e t h i o n i n e  i t  a p p e a r e d  t h a t  t h i s  p o i n t  s h o u ld  

be  c h e c k e d  u s i n g  d i e t s  c o n t a i n i n g  a known and a d e q u a t e  amount  

o f  v i t a m i n

W e a n l in g  r a t s  w ere  f e d  a p a n t o t h e n i c  a c i d  d e f i c i e n t  

p u r i f i e d  d i e t  composed o f  a s o y b e a n  p r o t e i n  p r e p a r a t i o n ,  DL- 

m e t h i o n i n e ,  C e r e l o s e ,  l a r d ,  v i t a m i n s  and m i n e r a l s  and c o n t a i n ­

i n g  18% o f  p r o t e i n .  A n im a ls  r e c e i v i n g  t h i s  d i e t  e x h i b i t e d  

r e l a t i v e l y  p o o r  g ro w th  w i t h  no m o r t a l i t y  d u r i n g  a 35 d a y  t r i a l .  

I n c r e a s i n g  t h e  l e v e l  o f  p r o t e i n  i n  t h e  d i e t  t o  28$  a p p e a r e d  

t o  d e p r e s s  g r o w t h .  The a d d i t i o n  o f  s u p p l e m e n t a r y  amounts  

o f  D L - m e t h i o n i n e  t o  e i t h e r  o f  t h e  b a s a l  d i e t s  a l s o  r e d u c e d  

g r o w t h .  S u p p l e m e n t a t i o n  o f  t h e  l o w  and h i g h  p r o t e i n  b a s a l  

d i e t s  w i t h  a s u b o p t i m a l  l e v e l  o f  p a n t o t h e n i c  a c i d  r e s u l t e d  

i n  a s i g n i f i c a n t  im provem ent  i n  w e i g h t  g a i n s  and a d e f i n i t e  

im provem ent  i n  f e e d  u t i l i z a t i o n .  A d ding  b o t h  p a n t o t h e n i c  

a c i d  and D L - m e t h i o n i n e  t o  t h e  b a s a l  d i e t s  showed no f u r t h e r  

im provem ent  i n  g r o w th  o v e r  t h a t  a c h i e v e d  w i t h  p a n t o t h e n i c  

a c i d  a l o n e .

Under t h e  c o n d i t i o n s  o f  t h i s  t r i a l  n e i t h e r  p r o t e i n  n o r

m e t h i o n i n e  i n  e x c e s s  o f  t h e  r a t * s  r e q u i r e m e n t s  sp a r e d  t h e  n eed

f o r  p a n t o t h e n i c  a c i d 0 , , -̂1* Ronald  E.  B l o s s
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PART I .  SUPPLEMENTATION OF A GORN-MSAT 

AND BONE SCRAP RATION FOR WEANLING PIGS

INTRODUCTION

F o r  many y e a r s  p r o t e i n  b y - p r o d u c t s  o f  t h e  a n im a l  p a c k ­

i n g  p l a n t  i n d u s t r y  have  b e e n  an i m p o r t a n t  p a r t  o f  m ost  s iv ine  

r a t i o n s .  E a r l y  s t u d i e s  d e m o n s t r a t e d  t h a t  t a n k a g e  or meat  

s c r a p  a i d e d  in. b a l a n c i n g  t h e  n u t r i t i o n a l  d e f i c i e n c i e s  o f  

c o r n  f o r  g r o w in g  s w i n e .  T h ese  p r o d u c t s  p r o v i d e d ,  i n  a d d i ­

t i o n  t o  e s s e n t i a l  am ino a c i d s ,  s i g n i f i c a n t  q u a n t i t i e s  o f  

e s s e n t i a l  m i n e r a l s  and v i t a m i n s  so  t h a t  e a r l y  s t u d i e s  com­

p a r i n g  v a r i o u s  p r o t e i n  s u p p l e m e n t s  were  c o m p l i c a t e d  w i t h  

f a c t o r s  o t h e r  t h a n  p r o t e i n  q u a l i t y  or am ino a c i d  b a l a n c e .

S i n c e  t h e  e a r l y  1 9 4 0 t h e r e  h a s  d e v e l o p e d  a b e l i e f  

among m ost  a n im a l  and p o u l t r y  n u t r i t i o n i s t s  t h a t  meat s c r a p s  

and t a n k a g e s  h ave  n o t  p r o d u ced  t h e  u n i f o r m l y  good r e s u l t s  

p r e v i o u s l y  o b t a i n e d .  R o b i s o n  ( 1 9 4 3 )  r e p o r t e d  t h a t  i n  n i n e  

e x p e r i m e n t s  c o n d u c te d  w i t h  s w in e  up t o  1 9 2 0 ,  p i g s  f e d  c o r n  

and t a n k a g e  i n  d r y - l o t  made an a v e r a g e  d a i l y  g a i n  o f  1 . 3 0  

pounds  and r e q u i r e d  309 pounds  o f  f e e d  p e r  100 pounds g a i n .  

I n  16 s i m i l a r  e x p e r i m e n t s  c o n d u c t e d  l a t e r ,  t h e  a v e r a g e  d a i l y  

g a i n  was o n l y  1 . 0 2  pounds and 4 1 0  pounds  o f  f e e d  w e re  c o n ­

sumed p e r  100 pounds g a i n .  I t  i s  a g e n e r a l l y  a c c e p t e d  v i e w  

t h a t  t h e  r e a s o n  f o r  t h i s  r e d u c t i o n  i n  p e r fo r m a n c e  t h r o u g h



2
t h e  y e a r s  i s  due  t o  t h e  f a c t  t h a t  t h e  p a c k i n g  p l a n t  b y ­

p r o d u c t s  now c o n t a i n  l e s s e r  am ounts  o f  h e a r t s ,  l i v e r s ,  k i d ­

n e y s ,  b e e f  t r i m m i n g s ,  and g l a n d u l a r  m a t e r i a l s ,  a l l  o f  w h ic h  

s u p p l y  good q u a l i t y  p r o t e i n .

The a n a l y s i s  o f  v a r i o u s  f e e d  i n g r e d i e n t s  i n  sw in e  

r a t i o n s  i n d i c a t e d  t h a t  meat and bone  s c r a p  was v a r i a b l e  i n  

i t s  c o n t e n t  o f  t h e  am ino a c i d  t r y p t o p h a n .  Very o f t e n  i t  was  

found  t h a t  s a m p le s  o f  meat  and bone s c r a p  c o n t a i n e d  i n s u f f i ­

c i e n t  t r y p t o p h a n  t o  m eet  t h e  n e e d s  o f  t h e  g r o w in g  p i g  i f  

u sed  a s  t h e  o n l y  p r o t e i n  su p p le m e n t  i n  a c o r n  b a s e d  r a t i o n .  

I t  may be t h a t  th e  p o o r  r e s u l t s  so m e t im e s  o b t a i n e d  w i t h  a 

c o r n - m e a t  s c r a p  r a t i o n  c o u ld  be  e x p l a i n e d  on t h e  b a s i s  o f  a 

t r y p t o p h a n  d e f i c i e n c y .
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REVIEW OP LITERATURE

As e a r l y  a s  1935 A lrnqu is t  et_ a l . ( 1 9 3 5 )  found t h a t  meat  

s c r a p ,  when u s e d  a s  a p r o t e i n  su p p le m e n t  In c h i c k  r a t i o n s ,  

g a v e  u n s a t i s f a c t o r y  r e s u l t s .  T h ese  w o r k e r s  s t a t e d  t h a t  t h e  

c y s t i n e  and t r y p t o p h a n  c o n t e n t  o f  t h i s  a n im a l  p r o t e i n  c o n c e n ­

t r a t e  c o u ld  n o t  be  used  t o  p r e d i c t  i t s  n u t r i t i v e  v a l u e .  

K r a y b i l l  and W i l d e r  (191+7) c a r r i e d  o u t  i n v e s t i g a t i o n s  w i t h  

r a t s  w h ic h  i n d i c a t e d  t h a t  some sa m p le s  o f  meat s c r a p  may be  

d e f i c i e n t  in  m e t h i o n i n e  and t r y p t o p h a n .  U s i n g  s w i n e - t y p e  

r a t i o n s  K r a y b i l l  (191+7) f e d  d i f f e r e n t  s a m p le s  o f  meat s c r a p  

t o  r a t s  and c o n c lu d e d  t h a t  th e  g ro w th  r e s p o n s e  was r e l a t e d  

t o  t h e  t r y p t o p h a n  c o n t e n t  o f  t h e  m eat s c r a p ,  h o w e v e r ,  t h i s  

was n o t  fo u n d  t o  be t r u e  w i t h  c h i c k s .  March et_ a l . (191+9) 

i n v e s t i g a t e d  f o u r  m arket  sa m p le s  o f  meat m ea l  on t h e  b a s i s  

o f  a p r o t e i n  q u a l i t y  i n d e x ,  amino a c i d  a s s a y s ,  and c h i c k  

b i o l o g i c a l  t e s t s .  A c c o r d i n g  t o  t h e  r e s u l t s  o f  a l l  t h r e e  

m eth o d s  t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  n u t r i t i v e  

v a l u e  o f  t h e  meat m e a l s .  The r e l a t i v e l y  low  n u t r i t i v e  v a l u e  

o f  t h e  meat m ea l  p r o t e i n ,  when compared w i t h  f i s h  m e a l ,  was  

c o n s i d e r e d  t o  b e  p a r t l y  t h e  r e s u l t  o f  d e f i c i e n c i e s  o f  t r y p t o ­

phan  or  m e t h i o n i n e  or  a c o m b i n a t i o n  o f  t h e s e  amino a c i d s .  

L a t e r  March _et a l . ( 1 9 5 0 )  f e d  meat s c r a p  a s  t h e  o n l y  s o u r c e  

o f  a n i m a l  p r o t e i n  t o  c h i c k s  and o b s e r v e d  no gro w th  r e s p o n s e  

when t h e  d i e t s  w ere  s u p p le m e n te d  w i t h  e i t h e r  m e t h i o n i n e  or
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t r y p t o p h a n *  The a d d i t i o n  o f  l y s i n e  d i d  r e s u l t  i n  im proved  

g r o w t h ,  and a d d i n g  m e t h i o n i n e  i n  c o n j u n c t i o n  w i t h  t h e  l y s i n e  

r e s u l t e d  in. an  a d d i t i v e  r e s p o n s e ,

B e e s o n  ejb a l  * ( 19i+9) u s i n g  a t r y p t o p h a n  d e f i c i e n t  p u r i ­

f i e d  r a t i o n  showed t h a t  t r y p t o p h a n  was an e s s e n t i a l  amino  

a c i d  f o r  t h e  w e a n l i n g  p i g .  The l a c k  o f  t r y p t o p h a n  i n  t h e  

d i e t  o f  t h e  p i g  r e s u l t e d  i n  a d e c r e a s e  i n  f e e d  e f f i c i e n c y  

and f e e d  c o n s u m p t i o n  and a l s o  c a u sed  w e i g h t  l o s s .  S u b s e ­

q u e n t l y  S h e l t o n  £ t  a l . ( 1 9 5 1 )  o b s e r v e d  t h a t  a l e v e l  o f  0.2% 

D L - t r y p t o p h a n ,  when added t o  a t r y p t o p h a n  d e f i c i e n t  p u r i f i e d  

d i e t  c o n t a i n i n g  2L|..5% p r o t e i n  and a d e q u a t e  n i a c i n ,  s u p p o r t e d  

maximum g r o w th  under  t h e  c o n d i t i o n s  o f  t h e  e x p e r i m e n t .  A 

l e v e l  o f  . 1 % D L - t r y p t o p h a n  added t o  t h e  b a s a l  d i e t  p ro v ed  t o  

b e  i n a d e q u a t e .

I n  s t u d i e s  w i t h  c h i c k e n s  W i l k e n i n g  and S c h w e i g e r t  ( 19h7) 

c o n c lu d e d  t h a t  D - t r y p t o p h a n  i s  u t i l i z e d  t o  an e x t e n t  o f  from  

17% t o  IpO/o. The p e r c e n t a g e  o f  u t i l i z a t i o n  a p p ea r e d  t o  b e  

s l i g h t l y  h i g h e r  a t  l o w e r  l e v e l s  o f  t h e  t e s t  compound. K r a t -  

z e r  £ t  a l . ( 1 9 5 1 )  found t h a t  D - t r y p t o p h a n  was a p p r o x i m a t e l y  

30$ a s  a c t i v e  a s  L - t r y p t o p h a n  i n  p r o m o t in g  g ro w th  o f  young  

t u r k e y  p o u l t s .  U t i l i z i n g  b a b y  p i g s  and e m p lo y in g  a s y n t h e t i c  

m i l k  d e f i c i e n t  i n  t r y p t o p h a n  Reber  ejfc a l .  ( 1 9 5 1 )  s t u d i e d  t h e  

u t i l i z a t i o n  o f  D - t r y p t o p h a n  b y  a n i t r o g e n  b a l a n c e  t e c h n i q u e .  

On t h e  b a s i s  o f  t h e i r  f i n d i n g s  i t  was c o n c lu d e d  t h a t  l i t t l e  

i f  an y  use  was made o f  t h e  D - i s o m e r  o f  t r y p t o p h a n  i n  prom o­

t i n g  N r e t e n t i o n  on a d i e t  d e f i c i e n t  in  t h i s  amino a c i d .  

Thompson e t̂ a l . ( 1 9 5 2 )  c o n d u c te d  s i m i l a r  s t u d i e s  and c o n -
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v e r s e l y  c o n c l u d e d  t h a t  p a r t i a l  u t i l i z a t i o n  o f  D - t r y p t o p h a n  

was e f f e c t e d  b u t  t h e y  were  u n a b le  t o  a s s i g n  a v a l u e  t o  t h e  

d e g r e e  o f  u t i l i z a t i o n ,

Luecke ejb a l . (191+7) and Pow ick  e_t a l . ( 1 9 ^ 8 )  demon­

s t r a t e d  t h e  i m p o r t a n c e  o f  t h e  n i a c i n - t r y p t o p h a n  r e l a t i o n s h i p  

i n  sw in e  r e c e i v i n g  d i e t s  h i g h  i n  corn*  The l a t t e r  a u t h o r s  

c o n c l u d e d  t h a t  n i c o t i n i c  a c i d  d id  n o t  a p p ea r  t o  be  c o m p l e t e l y  

e f f e c t i v e  a s  a s u b s t i t u t e  f o r  t r y p t o p h a n ,  b u t  t r y p t o p h a n  

a p p e a r e d  t o  b e ,  i n  l a r g e  m easure  a t  l e a s t ,  a s a t i s f a c t o r y  

s u b s t i t u t e  f o r  n i c o t i n i c  a c i d ,

Gunha and c o w o r k e r s  ( 1 9 i | 9 ) r e p o r t e d  a s p a r i n g  a c t i o n  

upon t h e  m e t h i o n i n e  n e e d s  o f  th e  p i g  when a cru de  APF s u p p l e ­

ment ( c o n t a i n i n g  an a n t i b i o t i c )  was added t o  a c o r n - p e a n u t  

m ea l  b a s a l  r a t i o n .  U s i n g  b a t t e r y  r e a r e d  c h i c k s  f e d  p r a c t i c a l  

t y p e  r a t i o n s  s u b o p t i m a l  i n  l y s i n e  and t r y p t o p h a n  J o n e s  and 

Combs ( 1 9 5 1 )  o b s e r v e d  t h a t  A u reom ycin  s u p p l e m e n t a t i o n  a p p e a r e d  

t o  s p a r e  t h e  d i e t a r y  r e q u i r e m e n t  f o r  t r y p t o p h a n  b u t  n o t  f o r  

l y s i n e *  A n o th e r  s t u d y  s u g g e s t i n g  a s p a r i n g  e f f e c t  o f  an a n ­

t i b i o t i c  on an amino a c i d  was r e p o r t e d  b y  W i l d e r  £ t  a l *  ( 1 9 5 1 ) *  

The a d d i t i o n  o f  e i t h e r  0 . 2 $  D L - t r y p t o p h a n  or 0 * 25 $  o f  a 

B i 2 “a n t i b i o t i c  s u p p le m e n t  ( L e d e r l e f s )  t o  a c o r n - m e a t  s c r a p  

r a t i o n  s t i m u l a t e d  t h e  g ro w th  o f  r a t s  t o  a b o u t  th e  same 

e x t e n t  b u t  a c o m b i n a t i o n  o f  t h e s e  compounds d i d  n o t  p r o d u c e  

an  a d d i t i v e  e f f e c t .

I t  h a s  b e e n  shown q u i t e  c l e a r l y  by  Grau (1 9 l l8 )  and 

Grau and Kamei ( 1 9 5 0 )  t h a t  t h e  l y s i n e  r e q u i r e m e n t  o f  t h e  

c h i c k  v a r i e s  more or  l e s s  d i r e c t l y  w i t h  the  p r o t e i n  l e v e l
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o f  t h e  d i e t .  K r a t z e r  erb a l .  (19l|-9) and B ir d  (195>0) showed  

t h a t  t h i s  r e l a t i o n s h i p  h e l d  t r u e  f o r  t u r k e y s .  B r i n e g a r

e t  a l .  ( 1 9 ^ 0 ) ,  w o r k i n g  w i t h  w e a n l i n g  p i g s  showed t h a t  t h e

l y s i n e  r e q u i r e m e n t  w as  0.5>$ and 1 . 2 $  o f  t h e  r a t i o n  when t h e

r a t i o n  c o n t a i n e d  1 0 . 6 $  and 22$  o f  p r o t e i n  r e s p e c t i v e l y .  The

same t y p e  o f  r e l a t i o n s h i p  h a s  b e e n  shown t o  e x i s t  w i t h  c h i c k s  

f o r  m e t h i o n i n e  (G-rau and Kameif 1 9 5 0 ;  A l m q u i s t ,  1914-9) and f o r  

a r g i n i n e  ( A l m q u i s t  e t  a l . , 1 9 5 0 ) «  A c c o r d i n g  t o  A lra q u is t  

( 1 9 5 2 )  i t  seem s a l m o s t  c e r t a i n  t h a t  t h e s e  f i n d i n g s  w i l l  

a p p l y  t o  a l l  i n d i s p e n s i b l e  am ino a c i d s .  I n  v i e w  o f  t h e s e  

r e s u l t s ,  t h e r e f o r e ,  i t  would  seem  l o g i c a l  t o  assum e t h a t  

am ino a c i d  a l l o w a n c e s  s h o u l d  be  s t a t e d  i n  r e f e r e n c e  t o  a  

c e r t a i n  p r o t e i n  l e v e l .
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EXPERIMENTAL PROCEDURE

T h i s  i n v e s t i g a t i o n  c o n s i s t e d  o f  two e x p e r i m e n t s .  I n  

t h e  f i r s t  t r i a l  t h i r t y - s i x  w e a n l i n g  Duroc  p i g s  a b o u t  e i g h t  

w e e k s  o f  ag e  and a v e r a g i n g  a p p r o x i m a t e l y  t h i r t y - t h r e e  pounds  

i n  w e i g h t  w e re  ra n d o m ly  a l l o t t e d  i n t o  s i x  d r y l o t  p e n s  o f  s i x  

p i g s  e a c h .  A l l o t m e n t  was b a s e d  on I n i t i a l  w e i g h t  and s e x ,  

and t h e  t e s t  p e r i o d  was o f  s i x  w eek s  d u r a t i o n .  The a n i m a l s  

were  k e p t  In  a d j o i n i n g  c o n c r e t e - f l o o r e d  p e n s  bedd ed  w i t h  

wood s h a v i n g s  and w ere  s e l f - f e d  a mixed ground f e e d .  A l l  

p i g s  w ere  w e ig h e d  i n d i v i d u a l l y  a t  t h e  s t a r t  o f  t h e  t e s t  and 

t h e r e a f t e r  a t  tw o  w eek  I n t e r v a l s .  Feed  p l a c e d  i n  t h e  s e l f -  

f e e d e r s  was w e ig h e d  and r e c o r d e d  and f e e d  w e i g h  b a c k s  f o l l o w ­

ed t h e  w e i g h i n g  o f  t h e  p i g s .  Water  was a v a i l a b l e  t o  t h e  p i g s  

a t  a l l  t i m e s  from  a u t o m a t i c  w a t e r e r s .  The p e n s  were  c l e a n e d  

d a i l y .

In t h e  secon d  t r i a l  t h i r t y - t w o  w e a n l i n g  Duroc and C h es­

t e r  W hite  p i g s ,  a p p r o x i m a t e l y  s i x  w eek s  o f  a g e ,  w ere  r a n d o m ly  

a l l o t t e d  I n t o  f o u r  d r y l o t  p e n s  o f  e i g h t  p i g s  e a c h .  A l l o t ­

ment was b a s e d  on i n i t i a l  w e i g h t  and s e x ,  and t h e  t e s t  p e r i o d  

was o f  e i g h t  w e e k s  d u r a t i o n .  These  p i g s  w ere  h o u se d  and 

h a n d le d  i n  a manner s i m i l a r  t o  t h e  p i g s  i n  t h e  f i r s t  t r i a l .

D i e t s  A, B and C, a s  shown I n  t a b l e  1 ,  u sed  i n  t h e  f i r s t  

t r i a l ,  w e re  f o r m u l a t e d  t o  c o n t a i n ,  In  so  f a r  a s  p o s s i b l e ,  

s i m i l a r  q u a n t i t i e s  o f  e n e r g y ,  t o t a l  c ru d e  p r o t e i n  and
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TABLE 1 

COMPOSITION OF BASAL DIETS

I n g r e d i e n t
A

D i e t s  
B C D
% % %

G ro u n d  c o r n 7 8 .5 7 5 . 8 7 3 . 0 7 9 . 7

Meat  & b o n e  s c r a p  (50/£)^ 2 0 . 0 1 1 . 0 - 2 0 . 0

S o y b e a n  o i l  m e a l  (1+1]%) - 1 1 . 0 21+.0 -

L i m e s t o n e 0.1+ O.lf 0 . 5 -

D i c a l c i u m  p h o s p h a t e o . 5 1 . 0 1 . 5 -

I o d i z e d  s a l t o . 5 0 . 7 0 . 9 0 . 2

T r a c e  m i n e r a l 0 . 1 0 . 1 0 . 1 0 . 1
o

T r y p t o p h a n 0 . 0 9 0 . 1 3 0 . 1 6 0 .08

A l l  d i e t s  w e r e  s u p p l e m e n t e d  w i t h  c a l c i u m ,  p a n t o t h e n a t e ,  
n i a c i n ,  r i b o f l a v i n  and  v i t a m i n  B^p ( M e r c k ! s APF S u p p l e m e n t  
# 3 )  i n  a m o u n t s  o f  10 m g , ,  15 rag , ,  2 mg * and 6 . 2 5  m eg .  r e ­
s p e c t i v e l y  p e r  pound o f  d i e t .  V i t a m i n s  A and D w e r e  a d d e d  
a t  l e v e l s  t o  p r o v i d e  2 0 0 0  I . U .  and  200 ITSP u n i t s  r e s p e c t i v e l y  
p e r  pound o f  f e e d .

The m e a t  and b o n e  s c r a p  u s e d  i n  d i e t  D was a  c o m p o s i t e  o f  
f o u r  d i f f e r e n t  b r a n d s  i n  e q u a l  a m o u n t s .

^As d e t e r m i n e d  m i c r o b i o l o g i c a l l y . K u i k e n  e t  a l . (191+7).
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v i t a m i n s .  The l e v e l s  o f  c ru d e  p r o t e i n ,  m i n e r a l s  and v i t a m i n s  

w ere  d e s i g n e d  t o  m eet  or e x c e e d  t h e  am ounts  recommended by  

Hughes e_t a l ♦ ( 1 9 ^ 0 )  f o r  t h e  s i z e  o f  p i g s  u s e d .

D i e t  A, w h ic h  s e r v e d  a s  t h e  n e g a t i v e  c o n t r o l  d i e t  f e d  

g roup  1 ,  c o n t a i n e d  a r e g u l a r  c o m m e r c ia l  s o u r c e  o f  meat  and 

b on e  s c r a p  a s  t h e  o n l y  form  o f  s u p p l e m e n t a l  p r o t e i n .  Three  

d i f f e r e n t  l e v e l s  o f  D L - t r y p t o p h a n ,  n am e ly  0 .02% , 0 . 0 6 #  and 

0 . 1 2 # ,  were  added t o  d i e t  A t o  form  t h e  e x p e r i m e n t a l  d i e t s  

f o r  g r o u p s  2 ,  3 and l\. r e s p e c t i v e l y  and t h i s  i s  p r e s e n t e d  i n  

t a b l e  2 .  The t r y p t o p h a n ,  a s  w e l l  a s  s u p p l e m e n t a l  v i t a m i n s  

and a n t i b i o t i c ,  w e re  added i n  a p r e m ix  form a t  t h e  t im e  o f  

m i x i n g  th e  d i e t s .  In d i e t  B ,  f e d  group t h e  s u p p l e m e n t a l  

p r o t e i n  was p r o v i d e d  by e q u a l  p a r t s  o f  meat and bone  s c r a p  

and so y b e a n  o i l  m ea l  t o  d e t e r m i n e  i f  t h i s  amount o f  s o y b e a n  

o i l  m ea l  would  improve t h e  amino a c i d  b a l a n c e  o f  t h e  m eat  

and bone s c r a p ,  s i n c e  s o y b e a n  o i l  m ea l  i s  c o n s i d e r e d  t o  be a 

good s o u r c e  o f  t r y p t o p h a n .  A l l  o f  t h e  s u p p l e m e n t a l  p r o t e i n  

i n  d i e t  C was p r o v i d e d  by  soyb ean  o i l  m eal  and group 6 f e d  

t h i s  d i e t  s e r v e d  a s  th e  p o s i t i v e  c o n t r o l .

In  t h e  s e co n d  t r i a l  d i e t  D, a s  shown In t a b l e  1 ,  s e r v e d  

a s  t h e  b a s a l  d i e t .  On t h e  b a s i s  o f  c h e m i c a l  d e t e r m i n a t i o n s  

made o f  d i e t  A i n  t h e  f i r s t  t r i a l ,  i t  was d e c i d e d  t h a t  

s u p p l e m e n t a l  a d d i t i o n s  o f  c a l c i u m  and p h o s p h o r u s  were  u n n e c e s ­

s a r y  i n  t h i s  t y p e  o f  d i e t  and c o n s e q u e n t l y  were  n o t  i n c l u d e d .  

The meat and bone  s c r a p  used  i n  d i e t  D was a c o m p o s i t e  o f
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TABLE 2

TRIAL 1 -  SUMMARY OF RESULTS 
OF TRYPTOPHAN SUPPLEMENTATION 

OF MEAT AMD BONE SCRAP

( 6  p i g s  i n  e a c h  l o t  on t r i a l s  l a s t i n g  6 w e e k s )

G-roup
D i e t  and  

s u p p l e m e n t

A v e r a g e  
i n i t i a l  
we i g h t

A v e r a g e
d a i l y
g a i n

A v e r a g e  
d a I l y  
f e e d

F e e d  p e r  
l b .  g a i n

l b s  . l b s . l b s . l b s  .

1 A 32 0 . 3 9 1 . 7 1* .3 1

2 A + 0.02%
D L - t r y p t  o p h a n

32 0.1*6

CO•1—1 3 . 9 1

3 A + 0 • 0&% 
D L - t r y p t o p h a n

33 1 . 0 3 * 3 . 6 3.1+9

1+ A + 0.12% 
D L - t r y p t o p h a n

31+ 1 . 0 9 * 3 . 7 3 . 3 7

5 B 33 0 . 9 6 * 3 . 1 3.21)-

6 C 33 0 . 9 6 * 2 . 9 3 . 0 3

D i f f e r e n c e  i n  d a i l y  g a i n  h i g h l y  s i g n i f i c a n t  (P*=^0.01)  
o v e r  g r o u p  1 ,
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f o u r  d i f f e r e n t  b r a n d s  p u r c h a s e d  on t h e  open  m a r k e t ,  n a m e ly  

S w i f t ,  H y g r a d e ,  W i l s o n  and Armour* As shown i n  t a b l e  3 ,  

g roup  7 s e r v e d  a s  t h e  negative control and r e c e i v e d  d i e t  D.  

Two levels of DL-tryptophan, 0.0l+% and 0*06%, w e re  added t o  

d i e t  D t o  form  t h e  e x p e r i m e n t a l  d i e t s  f o r  g r o u p s  8 and 9 

r e s p e c t i v e l y .  Group 10 was f e d  d i e t  D s u p p le m e n te d  w i t h  

10 mg. o f  c r y s t a l l i n e  A u reo m ycin  HC1 p e r  pound o f  f e e d .

The g a i n s  w ere  t e s t e d  f o r  s i g n i f i c a n c e  b y  t h e  method  

o f  S n e d e c o r  (191+8).

A l l  d i e t s  used  i n  T r i a l s  1 and 2 w ere  a n a l y z e d  f o r  

v a r i o u s  n u t r i e n t s  a s  shown i n  t a b l e s  1+ and 5* The crude  

p r o t e i n ,  c a l c i u m  and p h o s p h o r u s  d e t e r m i n a t i o n s  were  c a r r i e d  

o u t  by  t h e  A .O .A .G .  methods (1950). Methods em ployed  f o r  

t h e  determination o f  v i t a m i n s  i n  t h e  f e e d s  w e re :  r i b o f l a v i n ,

S n e l l  and S t r o n g  ( 1 9 3 9 ) ;  n i a c i n ,  K r e h l  e_t a l . (191+3); and  

p a n t o t h e n i c  a c i d ,  Sk eggs  and W righ t  (191-1-1+) and B u s k i r k  

et a l . (191+8). Tryptoph an  in the neat and bone s c r a p s  and  

t h e  m ixed f e e d s  was d e t e r m i n e d  by m i c r o b i o l o g i c a l  a s s a y  a f t e r  

a l k a l i n e  h y d r o l y s i s  u s i n g  t h e  method o f  K uiken  e t  a l . (191+7) • 

The n i n e  o t h e r  am ino a c i d s  r e q u i r e d  by t h e  g r o w in g  p i g  were  

d e t e r m i n e d  by  m i c r o b i o l o g i c a l  a s s a y  a f t e r  a c i d  h y d r o l y s i s  

a c c o r d i n g  t o  t h e  m eth ods  s u g g e s t e d  b y  H en d erso n  and S n e l l  

( 191+8 ) .
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TABLE 3

TRIAL 2 -  SUMMARY OP RESULTS 
OP TRYPTOPHAN AND AUREOMYCIN SUPPLEMENTATION 

OP MEAT AND BONE SCRAP

( 6  p i g s  I n  e a c h  l o t  on t r i a l s  l a s t i n g  8 w e e k s )

G ro u p
D i e t  a n d  

s u p p l e m e n t

A v e r a g e  
i n i t i a l  
we i g h t

A v e r a g e
d a i l y
g a i n

A v e r a g e
d a i l y
f e e d

F e e d  p e r  
l b  . ga  i n

l b s  . l b  s . l b s . l b s  .

7 D 27 0 . 2 9 1 . 8 6 . 1 6

8 D + 0 . O lifo  

D L - t r y p t o p h a n
26 2 . 6 U • 02

9 D + 0 , 0  6 fo 

D L - t r y p t o p h a n
27 0 . 9 3 iH:" 3 . 3 3 . 5 ?

10 D + A u r e o m y c l n 1 26 0.31+ 1 . 6 1+ .6 8

1 C r y s t  a l l i n e  A u r e o m y c ln  HC1 a d d e d  a t  r a t e  o f  10 mg. p e r  
pound  o f  f e e d .

D i f f e r e n c e  i n  d a i l y  g a i n  s i g n i f i c a n t  ( P c 0 . 0 5 )  o v e r  
g r o u p  1 .

D i f f e r e n c e  i n  d a i l y  g a i n  h i g h l y  s i g n i f i c a n t  ( P ’̂ O . O l )  
o v e r  g r o u p  1 .
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TABLE if

TRIAL 1 -  RESULTS OP FEED ANALYSIS

Group

% ........
JO '  " " T  '

■ ■ - 1 -
7° %

Cru de  n r o t e i n 1 7 . 0 0 1 7 .9 k 1 7 . 1 9 1 7 . 1 3 1 3 . 0 6 1 7 . 5 6

C a l c i u m 1 . 6 0 1 • 61| 2 . 0 1 1 . 9 3 1 . 7 7 0 . 7 1

P h o s p h o r u s  

Amino A c i d s

1 . 0 8 1 . 1 1 1 . 2 9 1 . 2 6 1 . 1 8 0 . 7 1

T r y p t o p h a n .0 9 .1 2 .1 5 . 2 0 .1 3 . 1 6

M e t h i o n i n e .2 6 .27 .27 .2 7 .2 5 . 2 5

Lys i n e .9 1 .9 8 . 9 6 .9 9 1 . 0 8 1 . 0 2

A r g i n i n e 1 . 0 8 1 . 2 2 1 . 1 2 1 . 1 0 1 . 2 6 1 . 2 6

H i s t i d i n e .U-2 .k3 .3 8 . I f l • If 9 . 5 2

T h r e o n i n e . 6 2 .6 2 .6 1 • 61 . 7 0 • 7if

L e u c i n e 1 . 3 1 1 .3 k 1 . 2 9 1 . 3 0 1 . 3 6 1 .U 2

P h e n y l a l a n i n e .6 5 .6 8 .6 6 .6 5 .7 5 . 8 2

V a l i n e .9 7 1 . 0 1 .9 8 .9 8 1 . 0 6 1 . 0 9

I s o l e u c i n e .6 9 .67 . 6 6 .6 6 .3 1 . 9 3

V i t a m i n s m g / l b  . m g / l b . m g / l b . m g / l b . m g / l b . m g / l b ,

R i b o f l a v i n 2 . 5 8 3 . 0 5 2 . 9 1 2 . 3 6 2 . 7 0 2 . 3 3

N i a c i n 3 0 . 2 8 3 0 . 2 9 2 9 . 3 6 3 1 . 1 0 2 7 . 5 1 2 6 . 3 5

P a n t ,  A c id 1 3 . 9 2 I l f .  77 Ilf . 9 5 13.1f0 1U.09 1 5 . 1 6
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TABLE 5

TRIAL 2 -  RESULTS OP FEED ANALYSIS

Group
7 8 9 10
Vo % 9//° %

Crude p r o t e i n 1 7 .8 8 1 7 . 6 3 1 7 . 6 9 1 7 . 5 0

C a lc iu m 1 . 9 5 1 .3U l .Q b 1 . 9 1

P h o sp h o r u s 1 .2 6 1 .2 0 1 . 1 9 1 .2 3

Amino A c i d s

T r y p to p h a n .0 8 .1 1 .1 2 .0 8

M e t h i o n in e . 26 .2 6 . 26 . 26

L y s i n e • 7b . 7 3 . 7 2 .7 5

A r g i n i n e 1 . 2 5 1 .2 0 1 .2 0 1 .2 1

H i s t i d  in© .3 6 .5 2 . 1+6 .1+9

T h r e o n in e . 7 0 .69 .65 .6 7

L e u c in e i . 3b 1.3b 1 . 3 5 1 . 3 1

P h e n y l a l a n i n e .6 7 .6 7 .6 7 .6 6

V a l i n e .9 6 .9 5 .81+ . 8 3

I s o l e u c i n e .7 6 .7 6 . 7 2 .7 2

V i t a m i n s m g / lb  . m g / lb  , m g / l b , m g / lb  #

R i b o f l a v i n 3 .0 6 3 . 0 7 2 . 7 9 2 . 9 9

N i a c i n 2 3 . 3 0 2 7 . 1 0 21+ .7 3 2 6 . 8 5

P a n t .  A c id 1 3 . 7 7 1 3 . 7 3 1 1 . 824. 11+. 38
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RESULTS

TRIAL 1
Growth

The a v e r a g e  d a i l y  g a i n s  o f  t h e  p i g s  i n  t h e  v a r i o u s  

g r o u p s  o f  t h i s  t e s t  a r e  shown i n  summary form  i n  t a b l e  2 . 

I n d i v i d u a l  w e i g h t  o f  t h e  p i g s  d u r i n g  th e  c o u r s e  o f  t h e  t e s t  

a r e  p r e s e n t e d  i n  t a b l e  6 . The a d d i t i o n  o f  D L - t r y p t o p h a n  a t  

t h r e e  d i f f e r e n t  l e v e l s  t o  b a s a l  d i e t  A r e s u l t e d  i n  im proved  

g r o w t h .  A t  t h e  0 . 0 $  added l e v e l  o f  D L - t r y p t o p h a n  g r o w th  

r a t e  was im proved a b o u t  18% o v e r  t h e  c o n t r o l  g r o u p .  I n ­

c r e a s i n g  t h e  l e v e l  o f  added D L - t r y p t o p h a n  t o  0.06% r e s u l t e d

i n  f u r t h e r  im provem ent  i n  r a t e  o f  grow th  a m o u n t in g  t o  

a p p r o x i m a t e l y  161$ o v e r  t h e  c o n t r o l  g r o u p .  When t h e  l e v e l  

o f  D L - t r y p t o p h a n  was f u r t h e r  i n c r e a s e d  t o  0 . 1 2 $  no f u r t h e r  

I n c r e a s e  In  g ro w th  o v e r  t h e  0*06% l e v e l  was o b s e r v e d .

Group 5* r e c e i v i n g  d i e t  B, showed e s s e n t i a l l y  t h e  same 

r a t e  o f  g ro w th  a s  t h a t  o b t a i n e d  In  g r o u p s  3 and Ij_. L i k e w i s e ,  

t h e  p i g s  i n  group 6 r e c e i v i n g  d i e t  C grew a t  a b o u t  t h e  same

r a t e  a s  d id  t h o s e  i n  g r o u p s  3 > J-l- and 5 #

When p i g  w e i g h t  g a i n s  f o r  e a c h  group  w e r e  s u b j e c t e d  t o  

an a n a l y s i s  o f  v a r i a n c e  i t  was found t h a t  t h e  d i f f e r e n c e  In  

g a i n s  made by  g r o u p s  3 > 5 and 6 o v e r  grou p  1 were  h i g h l y

s i g n i f i c a n t  (P * = 0 . 0 1 ) .

The d i v e r g e n c e  i n  g r o w th  among g r o u p s  was  e v i d e n t  a t
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TABLE 6

TRIAL 1 -  INDIVIDUAL WEIGHTS OP PIGS 
IN POUNDS BY PERIODS

GROUP 1 

Pip; No* Sex^- 0
Days on 
" 111."

T e s t
28 1+2 .

T o t a l  g a i n  
p e r  pig.

1+6 F 32 38 k3 k8 16

1 7 - 5 F 35- ko k2 1+5 11

1 2 - 5 F 36 39 5-2 1+8 12

1 5 -6 F 29 35- k l 1+5 16

00 B 32 36 hb 57 25

w+ B 29 32 39 1+8 19

A v e ra g e 3 2 .0 3 6 . 5 l a .  8 1+8.5 1 6 . 5

GROUP 2

18 F 33 38 5.1 53 20

k9 F 30 35 39 5-9 19

15-7 F 26 29 33 39 13

5-5 B 3k 37 5-2 Mi- 10

12-2 B 38 5-8 58 72 3k

k l B 36 k l lj-7 56 20

A v e r a g e 32.5 3 8 .0 *1-3.3 52 .2 19.3
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TABLE 6 -  C o n t i n u e d

GROUP 3 

P ig  No. S ex 1 0
Days on

H+
T e s t T o t a l  g a i n  

. P.er P.ig .

16 F 33 k3 59 79 1+6

2k F 35 k8 66 89 5k

87 F 36 1+5 63 81+ kQ

1 5 - 1 B 26 33 1+5 61+ 38

1 6 -1 B 31 37 US 62 31

1 8 -2 B 37 i+8 5 6 79 k2

A v e r a g e 3 3 . 0 14-2.3 5 5 . 7 7 6 . 2 k 3 .2

GROUP I|

2 -1 0 F 32 k l 60 79 k l
2-11 F 32 ko 55 77 k5

19 F 37 51 68 8^ k l

3 - H F 36 5 i 77 99 63

32 B 37 ^8 61 5k 27

57 B 30 39 5k 76 kb
A v e ra g e 3b • o k5 • o 6 2 .5 79 .3 k5 .8
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TABLE 6 -  C o n t i n u e d

GROUP 5  

Pip, N o ,
1

Sex 0
Days on 
. l i t

T e s t- g g - .1+2
T o t a l  g a i n
. p e r  jp_ig . .

15 F 30 ItO 1+9 68 38

26 F 36 1+9 67 71+ 38

88 F 32 it 6 66 88 5 6

13 B 28 36 Uk 1+6 18

1 2 - 1+ B 36 it 6 61 78 1+2

12 B 3k it7 63 85 51

A v e r a g e 3 2 . 7 l+it-*o 5 8 . 3 7 3 . 2 i+o.5

GROUP 6

1 2 -9 F 36 1+8 66 85 1+9

1 6 -it F 28 31+ 1+6 63 35

17 F 37 51+ 80 101+ 67

55 F 30 hb 51+ 61 31

1 7 - 7 F 32 kk 1+7 5o 18

1 7 - 3 B 33 1+6 60 76 1+3

A v e r a g e 3 2 . 7 1+5 .0 5 3 . 8 7 3 . 2 1+0.5

1 p = f e m a l e ,  B — b a r r o w
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t h e  t im e  o f  t h e  f i r s t  II4. day  w e i g h  p e r i o d  and c o n t i n u e d  f o r  

t h e  r e m a in d e r  o f  t h e  t r i a l *  Groups 1 and 2 showed p oor  

g r o w t h  and a t  t h e  end o f  t h e  e x p e r i m e n t  w ere  u n i f o r m l y  s m a l l ,  

b u t  e x h i b i t e d  no o t h e r  outward s i g n s  o f  a t r y p t o p h a n  d e f i c i ­

en cy *

Feed C onsum ption  

The a v e r a g e  d a i l y  f e e d  c o n s u m p t io n  p e r  p i g  f o r  e a c h  

grou p  i s  shown i n  t a b l e  2 .  T o t a l  f e e d  c o n s u m p t io n  p e r  group  

by  p e r i o d s  can  be  found in  t a b l e  7« I t  i s  e v i d e n t  fro m  

t a b l e  2 t h a t  f e e d  c o n s u m p t io n  f o r  g r o u p s  1 and 2 was s i g ­

n i f i c a n t l y  l e s s  t h a n  f o r  any  o f  t h e  o t h e r  g r o u p s  and i n  t h i s  

r e s p e c t  shows some c o r r e l a t i o n  w i t h  g r o w th  r a t e s *  I n  exam­

i n i n g  t a b l e  7 i t  i s  o f  I n t e r e s t  t o  n o t e  t h a t  g r o u p s  1 and 2 

a c t u a l l y  consumed l e s s  f e e d  d u r i n g  t h e  s e c o n d  ll .̂ d a y  p e r i o d ,  

d e s p i t e  a g r e a t e r  b o d y  w e i g h t ,  than  t h e y  d i d  d u r i n g  t h e  f i r s t  

1L|_ day  p e r i o d .  I t  i s  q u i t e  p o s s i b l e  t h a t  t h i s  r e d u c t i o n  i n  

f e e d  I n t a k e  r e f l e c t s  an a d j u s t m e n t  In  body  m e t a b o l i s m  t o  

co m p e n sa te  f o r  an i n a d e q u a t e  s u p p l y  o f  t r y p t o p h a n  i n  t h e  

d i e t ,  and t h i s  i s  bo rn  o u t  t o  some e x t e n t  by t h e  f a c t  t h a t  

b o t h  o f  t h e s e  g r o u p s  showed b e t t e r  f e e d  u t i l i z a t i o n  d u r i n g  

t h e  se c o n d  p e r i o d  t h a n  t h e y  d i d  d u r i n g  t h e  f i r s t  p e r i o d .

Feed w a s t a g e  was m in im a l  i n  a l l  g ro u p s  and c o u ld  n o t  

be c o n s i d e r e d  a s  an i n t e r f e r i n g  f a c t o r  i n  t h e  i n t e r p r e t a t i o n  

o f  t h e  f e e d  f i g u r e s .
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TABLE ?

TRIAL 1 -  PEED CONSUMPTION

G roup
114-

Days on T e s t  
28 k2

T o t a l

l b . l b . l b . l b .

1 l ! |2 122 163 lj-27

2 1 1 * 128 132 1+51+

3 215 282 1^06 903

h 216 312 i |00 928

5 189 258 314-1 788

6 191+ 235 307 736
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F eed  E f f i c i e n c y

Feed  consumed p e r  pound o f  g a i n  f i g u r e s  f o r  e a c h  grou p  

a r e  p r e s e n t e d  i n  t a b l e  2 .  For  t h e  f i r s t  f o u r  g r o u p s  r e ­

c e i v i n g  d i e t  A, i t  i s  e v i d e n t  t h a t  a s  t h e  l e v e l  o f  t r y p t o ­

phan  i n  t h e  d i e t  was i n c r e a s e d  f e e d  u t i l i z a t i o n  was im proved*  

W h i le  t h e s e  d i f f e r e n c e s  a p p e a r  f a i r l y  l a r g e  t h e y  w ould  no  

d o u b t  h a ve  b e e n  much g r e a t e r  had th e  p i g s  i n  g r o u p s  1 and 2 

b e e n  f e d  o u t  t o  t h e  same f i n a l  w e i g h t  a s  t h o s e  i n  g r o u p s  3 

and I4.* A c o m p a r i s o n  o f  f e e d  e f f i c i e n c e s  among p i g s  or  

g r o u p s  o f  p i g s  o f  d i f f e r i n g  w e i g h t s  i s  n o t  a v a l i d  o n e .

In  com p a r in g  f e e d  e f f i c i e n c i e s  among g r o u p s  5 and 

6 i t  w i l l  be  n o t e d  t h a t  e a c h  s u c c e e d i n g  group showed a some­

what b e t t e r  f i g u r e  t h a n  t h e  p r e c e d i n g  group* I t  d o e s  n o t  

a p p e a r  t h a t  t h e s e  d i f f e r e n c e s  can be r e a d i l y  e x p l a i n e d  on 

t h e  b a s i s  o f  amino a c i d  b a l a n c e  or e n e r g y  c o n t e n t s  o f  t h e  

d i e t s *  T h i s  w i l l  be d i s c u s s e d  In  more d e t a i l  In  a n o t h e r  

s e c t i o n  o f  t h e  t h e s i s .

Feed A n a l y s i s

The r e s u l t s  o f  c h e m i c a l  a n a l y s i s  and m i c r o b i o l o g i c a l  

a s s a y  f o r  v a r i o u s  n u t r i e n t s  a s  c o n t a i n e d  In t h e s e  d i e t s  a r e  

shown i n  t a b l e  I4.* Crude p r o t e i n  v a l u e s  a r e  f a i r l y  c l o s e  t o  

t h e  c a l c u l a t e d  l e v e l s  and f a l l  w i t h i n  t h e  norm al  e x p e c t a n c y  

r a n g e .  The v a l u e s  r e p o r t e d  f o r  c a l c i u m  and p h o sp h o r u s  f o r  

d i e t s  A and B ( g r o u p s  1 - 5 )  a r e  w e l l  i n  e x c e s s  o f  t h e  p i g rs  

r e q u i r e m e n t s  f o r  t h e s e  m i n e r a l s  and may e x p l a i n  In p a r t  t h e
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somewhat p o o r e r  f e e d  e f f i c i e n c y  o b t a i n e d  i n  t h o s e  g r o u p s  r e ­

c e i v i n g  d i e t s  A or  B a s  compared w i t h  group  6 r e c e i v i n g  

d i e t  C w h ic h  c o n t a i n e d  c a l c i u m  and p h o s p h o r u s  a t  l e v e l s  

c l o s e  t o  t h e  p i g ! s r e q u i r e m e n t .  R e p o r t e d  v a l u e s  f o r  r i b o ­

f l a v i n ,  n i a c i n  and p a n t o t h e n i c  a c i d  f o r  a l l  d i e t s  a r e  w e l l  

i n  e x c e s s  o f  t h e  p i g f s r e q u i r e m e n t s  and c o n s e q u e n t l y  w ere  

n o t  l i m i t i n g  f a c t o r s .  V a l u e s  f o r  t h e  t e n  e s s e n t i a l  amino  

a c i d s  r e q u i r e d  by  t h e  p i g  a r e  shown f o r  e a c h  o f  t h e  d i e t s  

e m p l o y e d .  I t  s h o u ld  be p o i n t e d  o u t  t h a t  i n  t h e  p r o c e d u r e  

f o r  d e t e r m i n i n g  t r y p t o p h a n  r a c e m i z a t i o n  o f  t h i s  amino a c i d  

o c c u r r e d  a s  a r e s u l t  o f  a l k a l i n e  h y d r o l y s i s  o f  t h e  f e e d .

Thus t h e  a s s a y e d  v a l u e  was o n l y  o n e - h a l f  o f  t h e  t o t a l  t r y p ­

t o p h a n  s i n c e  t h e  t e s t  o r g a n i s m  c o u ld  u t i l i z e  o n l y  t h e  L - f o r m ,  

T h i s  a s s a y e d  v a l u e  was t h e n  d o u b le d  In  o r d e r  t o  o b t a i n  t h e  

t o t a l  t r y p t o p h a n  c o n t e n t  o f  t h e  d i e t  w h ic h  I s  t h e  r e p o r t e d  

f i g u r e .  The t r y p t o p h a n  v a l u e s  r e p o r t e d  f o r  g r o u p s  2 ,  3 and 

Ij. i n c l u d e  a l l  o f  t h e  added D L - t r y p t o p h a n  and show good  

a g r e e m e n t  w i t h  c a l c u l a t e d  v a l u e s  b a s e d  on t h e  a s s a y e d  v a l u e  

o f  0 . 0 9 ^  t r y p t o p h a n  i n  d i e t  A p l u s  t h e  added a m o u n ts .  The 

meat and bone s c r a p  used  i n  t h i s  t r i a l  was fo u n d  t o  c o n t a i n  

0 , 26 /£ t r y p t o p h a n .
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TRIAL 2

Growth

A v e r a g e  d a i l y  g a i n s  f o r  t h e  p i g s  i n  e a c h  group  a r e  

shown i n  summary fo rm  i n  t a b l e  3 .  I n d i v i d u a l  w e i g h t s  o f  t h e  

p i g s  d u r i n g  th e  c o u r s e  o f  t h e  t e s t  a r e  p r e s e n t e d  i n  t a b l e  8 . 

A g a i n  i n  t h i s  t r i a l  a s  i n  t h e  f i r s t  t r i a l  t h e  a d d i t i o n  o f  

D L - t r y p t o p h a n  t o  t h e  b a s a l  d i e t  r e s u l t e d  I n  an im provem ent  

I n  r a t e  o f  g r o w t h .  The p i g s  i n  group 8 grew a b o u t  t w i c e  a s  

f a s t  a s  t h o s e  i n  g r o u p  7 a s  a r e s u l t  o f  t h e  a d d i t i o n  o f  

0*0l\% D L - t r y p t o p h a n  t o  d i e t  D .  When t h e  l e v e l  o f  D L - t r y p t o -  

phan added t o  d i e t  D was i n c r e a s e d  t o  0*06% t h e  g r o w t h  o f  t h e  

p i g s  was  f u r t h e r  im proved w i t h  t h e  r e s u l t  t h a t  t h e y  e x h i b i t e d  

a g r o w th  r a t e  a b o u t  t h r e e  t i m e s  a s  f a s t  a s  t h e  c o n t r o l  g r o u p .

The a d d i t i o n  o f  A u re o m y c in  HC1 t o  d i e t  D a t  a l e v e l  o f  

10  mg. p e r  pound o f  d i e t  r e s u l t e d  i n  a v e r y  s l i g h t  im p r o v e ­

ment i n  g r o w th  w h ic h  was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .

An a n a l y s i s  o f  v a r i a n c e  c o n d u c t e d  on t h e  w e i g h t  g a i n s  

showed t h a t  t h e  d i f f e r e n c e  i n  g a i n  b e t w e e n  g r o u p s  7 and 8 

was s i g n i f i c a n t  (P «=-0 .05)  and b e t w e e n  g r o u p s  7 and 9 was  

h i g h l y  s i g n i f i c a n t  ( F = 0 . 0 1 ) .

In g e n e r a l  t h e  g r o w th  r a t e s  o f  the individual pigs 
w i t h i n  t h e  g r o u p s  w e re  n o t  as u n i f o r m  a s  t h o s e  in  t h e  f i r s t  

t r i a l .  P a r t  o f  t h i s  may have  been due t o  an e n t e r i t i s  w h ic h  

was i n  e v i d e n c e  i n  a l l  g r o u p s  t o  some d e g r e e .
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TABLE 8

TRIAL 2 -  INDIVIDUAL WEIGHTS OP PIGS 
IN POUNDS BY PERIODS

GROUP 7
Days on T e s t T o t a l  g a i n

P i g  N o . Sex 0 Ik 28 1+2 56 p e r  p i g

2 1 - 7 F 23 17 15 X

1 8 - 9 F 2k 25 25 26 29 5

1 6 - 9 F 27 30 33 38 4 5 18

1 6 - 3 B 25 28 30 3k 36 11

1 6 - 2 B 29 3k i+o 1+3 1+8 19

1 5 - 8 F 26 27 29 32 31+ 8

1 3 - 8 F 33 39 51 61+ 77 kk
1 0 - 2 B 2k 27 27 30 33 9

A v e r a g e 2 6 . 9 3 0 .0 3 3 . 6 3 8 . 1 1+3.1 1 6 . 3

GROUP 8

1 7 - 6 F 22 23 2 5 1

1 9 - 1 0 F 2k 33 k2 58 75 51

1 3 - 6 F 25 30 35 1+7 55 30

1 3 - 3 B 26 28 31 36 1+2 16

lk -2 B 27 35 14+ 59 78 51

1 0 -3 F 28 31 36 1*1+ 5 3 25

1 5 - 6 F 25 29 1+1 55 66 k l

1I4.-1 B 33 I|1| 5 8 2

A v e r a g e 2 5 . 8 3 1 .0 3 8 .2 1+9 .8 6 1 . 5 3 5 . 7



TABLE 8 -  C o n t i n u e d 25

GROUP 9 

P i g  Wo. Sex 0
Days  on T e s t- .2 y .„  . ... .  .

56
T o t a l  g a i n  

p e r  p i g  _ _
1

2 1 -8 F 23 22 23

1 9 - 6 P 25 37 k$ 59 66 k l
1 6 - 6 P 31 k3 55 71 78 k l
2 1 - 2 B 2k3

1 8 —ip B 26 33 35 5 0 63 37

1 7 - 2 B 28 k2 58 81 9lp 66

15--k P 23 28 38 57 75 5 2

lIp-2 B 31 k l 61 79 101 70

A v e r a g e
i

 ̂
i

OJ 
|i

3 8 . 3 ^ 8 . 7 6 6 . 2 7 9 . 5 5 2 . 2

GROUP 10

1 8 - 5 P 25 26 26 26 31 6

1 9 - 8 F 25 31 35 14-2 k7 22

1 9 - 3 B 23 26 27 29 30 7

2 1 - 1 B 25 22 2 2 1

1 8 -1 B 26 33 36 k l k& 20

1 5 - 5 P 2k 28 30 32 37 13

1 5 - 7 P 30^

ilj--3 B 33 39 h-9 63 79 If.6

A v e r a g e 2 6 . 0 3 0 . 5 3 3 . 8 3 8 . 8 ^ 5 . 0 1 9 . 0

P i g s  rem oved on 2 9 t h  d a y  o f  t e s t  f o r  a u t o p s y .  A l l  d a t a  
e x c l u d e d  from  a v e r a g e s .

2 P i g  d i e d  Ij-lst day o f  t e s t .  A l l  d a t a  a d j u s t e d  f o r  r e m o v a l .
8 P i g  d i e d  1 0 t h  day  o f  t e s t .  A l l  d a t a  a d j u s t e d  f o r  r e m o v a l .
1+ P i g  d i e d  3 t h  d a y  o f  t e s t .  A l l  d a t a  a d j u s t e d  f o r  r e m o v a l .
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Feed  Consum ption  

The a v e r  a t- _ e o a  2. l y  f e e d  c o n s u m p t io n  p e r  p i g  f o r  e a c h  

g ro u p  i s  shown, i n  t a b l e  3* T o t a l  f e e d  c o n s u m p t i o n  p e r  group  

by p e r i o d s  can  be  found  i n  t a b l e  9* B o th  l e v e l s  o f  added  

t r y p t o p h a n  im proved  f e e d  c o n s u m p t io n  o v e r  t h e  c o n t r o l  g r o u p ,  

w i t h  t h e  0 m06fo l e v e l  o f  D L - t r y p t o p h a n  s h o w in g  t h e  h i g h e r  

f e e d  c o n s u m p t i o n  f i g u r e .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  

g r o u p  10 r e c e i v i n g  A u reo m y cin  in  t h e i r  d i e t  consumed l e s s  

f e e d  t h a n  d i d  g r ou p  7 , t h e  c o n t r o l  g r o u p .

F eed  w a s t a g e  w a s  m in im a l  in  a l l  g r o u p s  w i t h  t h e  r e s u l t  

t h a t  f e e d  c o n s u m p t io n  v a l u e s  a r e  f a i r l y  a c c u r a t e .  A l l  f e e d  

d a t a  w ere  a d j u s t e d  f o r  p i g s  t h a t  d i e d  or w ere  removed fro m  

t e s t .  The g ro w th  r a t e  o f  t h e  i n d i v i d u a l  p i g  i n v o l v e d  was  

used  a s  t h e  c r i t e r i a  t o  e s t i m a t e  how much f e e d  sh o u ld  be  

c h a r g e d  t o  t h a t  p i g  d u r i n g  t h e  t im e  on e x p e r i m e n t  and t h i s  

amount was t h e n  s u b t r a c t e d  f r o m  t h e  t o t a l  f e e d  c o n s u m p t io n  

f o r  t h a t  g r o u p .

F eed  E f f i c i e n c y  

The f i g u r e s  p e r t a i n i n g  t o  f e e d  consumed p e r  pound o f  

g a i n  f o r  e a c h  group  a r e  shown i n  summary form  i n  t a b l e  3 .

The a d d i t i o n  o f  0 .0 L $  and 0 . 0 6 ^  D L - t r y p t o p h a n  t o  t h e  b a s a l  

d i e t  r e s u l t e d  i n  a c o n s i d e r a b l e  im provem ent  i n  f e e d  e f f i c i ­

e n c y  w i t h  t h e  h i g h e r  l e v e l  g i v i n g  t h e  g r e a t e s t  im p r o v em e n t .  

A d d in g  A u reo m y cin  t o  th e  b a s a l  d i e t  a l s o  r e s u l t e d  in  a s u b ­

s t a n t i a l  im provem ent  in  f e e d  u t i l i z a t i o n .
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TABLE 9 

TRIAL 2 -  FEED CONSUMPTION

Group Days on T e s t  T o t a l
IE  28 E2 5 S

lb  » l b .

7 118  138

8 llj.2 182

9 187 2^9

10 11  ̂ 110

l b . l b . l b .

15k 181  5 9 1

219 318  861

317 357 1 1 1 0

139 170  53E
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F eed  A n a l y s i s

Feed a n a l y s i s  d a t a  a r e  shown i n  t a b l e  5*  The r e p o r t e d  

v a l u e s  f o r  cru d e  p r o t e i n  f o r  a l l  d i e t s  a g r e e  r a t h e r  c l o s e l y  

w i t h  t h e  l e v e l s  c a l c u l a t e d  on t h e  b a s i s  o f  f o r m u l a t i o n .  

C a lc iu m  and p h o s p h o r u s  l e v e l s  a r e  a p p r o x i m a t e l y  t w i c e  t h e  

p i g ' s  r e q u i r e m e n t  f o r  t h e s e  e l e m e n t s  and i t  i s  now w e l l  

known t h a t  t h e s e  e x c e s s i v e  l e v e l s  can  r e d u c e  b o t h  t h e  r a t e  

o f  g r o w th  and f e e d  e f f i c i e n c y  o f  g r o w in g  p i g s .  The v a l u e s  

r e p o r t e d  f o r  r i b o f l a v i n ,  n i a c i n  and p a n t o t h e n i c  a c i d  f o r  a l l  

d i e t s  a r e  w e l l  i n  e x c e s s  o f  th e  p i g ! s r e q u i r e m e n t s  and c o n ­

s e q u e n t l y  w ere  n o t  l i m i t i n g  f a c t o r s .  V a l u e s  f o r  t h e  t e n  

e s s e n t i a l  am ino a c i d s  r e q u i r e d  b y  t h e  p i g  a r e  shown f o r  

e a c h  o f  t h e  d i e t s  f e d  t h e  f o u r  g r o u p s .  I n f o r m a t i o n  r e g a r d ­

i n g  t r y p t o p h a n  v a l u e s  i s  t h e  same a s  p r e v i o u s l y  m e n t io n e d  

un d er  t h e  Feed A n a l y s i s  R e s u l t s  f o r  T r i a l  1 .

The name o f  t h e  brand  o f  meat and bone  s c r a p  w i t h  t h e  

amount o f  t r y p t o p h a n  fo u n d  i s  a s  f o l l o w s :  Armour, 0.2l|.%,

Hy-G-rade, 0 . 2 1 $ ,  S w i f t ,  0.18% and W i l s o n  0.25%* An e q u a l  

m i x t u r e  c o m p o s i t e  o f  t h e s e  f o u r  s o u r c e s  o f  m eat  s c r a p  w as  

c a l c u l a t e d  t o  c o n t a i n  0 , 23% t r y p t o p h a n *

D i s e a s e  and M o r t a l i t y

A f t e r  two w e e k s  on e x p e r i m e n t  i t  became a p p a r e n t  t h a t  

a l l  g r o u p s  had a t  l e a s t  one or  two p i g s  w h ic h  w e re  n o t  g r o w ­

i n g  n o r m a l l y .  In  an a t t e m p t  t o  d e t e r m i n e  t h e  o r i g i n  o f  t h e  

t r o u b l e  on© p o o r - d o i n g  p i g  f ro m  e a c h  gro u p  was s a c r i f i c e d
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and a u t o p s i e d  b y  t h e  A n im al  P a t h o l o g y  D e p a r t m e n t .  The d i a g ­

n o s i s  i n  e a c h  c a s e  was e n t e r i t i s ,  h o w e v e r ,  t h e  c a u s e  was  

u n d e t e r m i n e d .  T h ree  o f  t h e  f o u r  p i g s  w e re  fo u n d  t o  be  

l i t t e r r n a t e s  f r o m  a n i n e  p i g  l i t t e r  t h a t  was e x c e p t i o n a l l y  

l a r g e  and h e a l t h y  a t  b i r t h .

One c a s e  o f  i n t u s s u s c e p t i o n  o f  t h e  c o l o n  w i t h  r e ­

s u l t i n g  p e r i t o n i t i s  and d e a t h  o c c u r r e d  i n  e a c h  o f  g r o u p s  

8 , 9 and 1 0 .  P o s t  mortem e x a m i n a t i o n  f a i l e d  t o  r e v e a l  t h e  

c a u s e  f o r  t h i s  c o n d i t i o n .

A f t e r  a b o u t  f i v e  w e e k s  on e x p e r i m e n t  two o f  t h e  p i g s  

i n  g r o u p  9 showed e v i d e n c e s  o f  a m i ld  d e r m a t i t i c  c o n d i t i o n  

and b y  t h e  e i g h t h  w eek  f o u r  o f  t h e  s i x  p i g s  r e m a i n i n g  i n  

t h i s  gro u p  w ere  s o  a f f e c t e d .  A t  no t i m e  d u r i n g  t h e  c o u r s e  

o f  t h e  e x p e r i m e n t  d i d  a n y  o f  t h e  o t h e r  t h r e e  g r o u p s  show 

e v i d e n c e  o f  t h i s  d i s e a s e .  I t  i s  a l m o s t  c e r t a i n  t h a t  t h i s  

d i s e a s e  was t h e  same a s  h a s  s i n c e  b e e n  d e s c r i b e d  b y  Kernkamp 

and P e r r i n  ( 1 9 5 3 )  and who term ed t h e  syndrome p a r a k e r a t o s i s *
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DISCUSSION OP RESULTS

At t h e  p r e s e n t  s t a g e  o f  our  k n o w le d g e  o f  s w in e  n u t r i t i o n  

i t  a p p e a r s  t h a t  no c l a s s  o f  n u t r i e n t s  i s  more i m p o r t a n t  t h a n  

p r o t e i n s  or  more s p e c i f i c a l l y  t h e i r  c o m p o n e n t s ,  t h e  am ino  

a c i d s .  U n t i l  s u c h  t i m e  a s  t h e  amino a c i d  r e q u i r e m e n t s  o f  

s w in e  and t h e  am ino  a c i d  c o m p o s i t i o n  o f  f e e d  i n g r e d i e n t s  

used  t o  s u p p l y  t h e s e  n e e d s  a r e  t h o r o u g h l y  known and u n d e r ­

s t o o d  t h e  f o r m u l a t i o n  o f  s a t i s f a c t o r y  s w in e  d i e t s  n e c e s s a r i l y  

i n v o l v e s  c o n s i d e r a b l e  g u e s s  w o r k .

The t r y p t o p h a n  v a l u e s  f o r  t h e  f i v e  d i f f e r e n t  s a m p le s  o f  

m eat and b o n e  s c r a p  used  i n  t h i s  t e s t  a r e  o f  i n t e r e s t  n o t  

o n l y  b e c a u s e  o f  t h e i r  v a r i a t i o n  b u t  a l s o  b e c a u s e  t h e y  a r e  

l o w e r  t h a n  t h e  v a l u e s  p r e s e n t e d  i n  m ost  amino a c i d  t a b l e s  

f r o m  v a r i o u s  s o u r c e s .  Amino a c i d  t a b l e s  p r e p a r e d  b y  A l m q u i s t  

( 1 9 5 b ) $ B l o c k  and W e i s s  ( 1 9 5 6 ) ,  S i e v e r t  and F a i r b a n k s  ( 1 9 5 3 )  

and B ir d  et  ̂ a l , (195^4-) a l l  a s s i g n  %0% meat and b o n e  s c r a p  a 

v a l u e  o f  0 . 3 5 ^  t r y p t o p h a n .  On t h e  o t h e r  h a n d ,  M o r r is o n  

( 1 9 5 7 )  i n  h i s  t a b l e s  on  t h e  amino a c i d  c o n t e n t  o f  f e e d  i n ­

g r e d i e n t s  g i v e s  m eat and bone s c r a p  a v a l u e  o f  0 %20% t r y p t o ­

p h a n ,  w h ic h  i s  a c t u a l l y  i n  c l o s e r  a g r e e m e n t  w i t h  t h e  r e s u l t s  

r e p o r t e d  h e r e i n .

P e r h a p s  one o f  t h e  g r e a t e s t  l i m i t a t i o n s  t o  t h e  use  o f  

m eat s c r a p s  a s  t h e  o n l y  s o u r c e  o f  s u p p l e m e n t a l  p r o t e i n  i n  a
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c o r n  b a s e d  r a t i o n  f o r  sw in o  i s  i t s  v a r i a b l e  t r y p t o p h a n  c o n ­

t e n t ,  F o l l o w i n g  i s  a l i s t  o f  t r y p t o p h a n  v a l u e s  r e p o r t e d  f o r  

s a m p le s  o f  m eat  m e a l s ,  m eat  s c r a p s  or  meat and b o n e  s c r a p s :

T r y p t o p h a n  
i n  c r u d e  
p r o t e i n

Crude
P r o t e i n S o u r c e

% $

1 .1 2 5 6 .8 A l m q u i s t  e t  a l . ( 1 9 3 5 )

0 .6 2 5 6 . 2 tt

1 .3 0 5 8 . 2 it

0 .7 0 - B l o c k  and B o w l in g  ( 191+3)

0 .7 0 - K r a t z e r  ( 1 9 1 4 0

O .8I4. - W i l d e r  e t  a l .  (19lj-8)

0 . 6 2 5 0 . 8 March e t  a l .  ( 19^4-9)

0 . i | 4 i | 9 . 7 tt

0 . 5 6 5 7 . 1 t»

0 . 514. U 9 .7 tt

0 .I4.1 5 1 . 7 M arch et^ a l .  ( 1 9 5 0 )

0 . 6 0 1 - H e n so n  el* a l .  ( 1 9 5 1 0

i B a s e d  on  r e p o r t e d  v a l u e  o f  0 , 3 0 $  t r y p t o p h a n  and a ssu m e d  
c r u d e  p r o t e i n  c o n t e n t  o f  5 0 $  i n  s a m p l e .

A ssu m in g  a c r u d e  p r o t e i n  c o n t e n t  o f  5 0 $  i n  t h e  s a m p le s  o f  

m eat  and bone  s c r a p  u sed  i n  t h i s  t r i a l  t h e i r  t r y p t o p h a n  

c o n t e n t  b a s e d  on t h e  c r u d e  p r o t e i n  would b e :  T r i a l  1 -  0 . 5 2 $ ;

T r i a l  2 -  Armour, 0.1j.8$; H y g r a d e ,  0 , 14-8$ ;  S w i f t ,  0 , 3 6 $ ;
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W i l s o n ,  0 .50% , and t h e  c o m p o s i t e  o f  t h e  f o u r  b r a n d s  u s e d ,  

O.lj.6%. Obv i o u s l y ,  some o f  t h e  v a r i a t i o n s  among t h e  r e p o r t e d  

v a l u e s  may be due  t o  d i f f e r e n c e s  i n  t h e  a s s a y  p r o c e d u r e s  

u s e d ,  h o w e v e r ,  i t  s h o u ld  be  n o t e d  t h a t  c o n s i d e r a b l e  v a r i a ­

t i o n  o c c u r r e d  w i t h i n  any  one s e r i e s  o f  a s s a y s  p er fo r m ed  i n  a 

p a r t i c u l a r  l a b o r a t o r y .  Of c o n s i d e r a b l e  i n t e r e s t  and p e r h a p s  

s i g n i f i c a n c e  i s  t h e  f a c t  t h a t  th e  t r y p t o p h a n  v a l u e s  r e p o r t e d  

i n  t h e  a b o v e  l i s t  show a g e n e r a l  downward t r e n d  fro m  t h e  

f i r s t  r e f e r e n c e  i n  1935  t o  t h o s e  r e p o r t e d  f o r  t h e  1 9 5 0 ! s .

I t  seem s q u i t e  l i k e l y  t h a t  t h i s  t r e n d  p a r a l l e l s  t h e  g e n e r a l  

r e d u c t i o n  i n  q u a l i t y  o f  meat  and bone  s c r a p  t h a t  h a s  o c c u r r e d  

a s  t h e  r e s u l t  o f  i n c l u d i n g  l e s s e r  am ounts  o f  h e a r t s ,  l i v e r s ,  

k i d n e y s ,  b e e f  t r i m m i n g s  and g l a n d u l a r  m a t e r i a l s .

I n  v i e w  o f  t h i s  t r e n d  tow ard a l o w e r  t r y p t o p h a n  c o n t e n t  

o f  t h e  meat m e a l s  i t  wou ld  a p p e a r  t h a t  t h e  a v e r a g e  v a l u e  o f  

0.35% t r y p t o p h a n  f o r  meat and bone  s c r a p  a s  shown In m ost  

am ino  a c i d  t a b l e s  i s  t o o  h i g h  and s h o u ld  be r e v i s e d  downward 

on t h e  b a s i s  o f  more r e c e n t  i n f o r m a t i o n .

The r e s u l t s  o b t a i n e d  in  ' t h e s e  t r i a l s  i n d i c a t e  t h a t  t h e  

c o r n - m e a t  and bone s c r a p  d i e t s  em ployed  w ere  d e f i c i e n t  i n  

t r y p t o p h a n  f o r  g r o w in g  p i g s .  In a s i m i l a r  t y p e  s t u d y  

T e r r i l l ,  e_t a l . ( I951l)  u s i n g  a c o m p o s i t e  b l e n d  o f  f o u r  

s a m p le s  o f  meat and bone s c r a p  a s  t h e  s u p p l e m e n t a l  p r o t e i n  

i n  a c o r n  b a s e d  d i e t ,  im proved t h e  g r o w th  o f  p i g s  s i g n i f i c a n t  

l y  b y  t h e  a d d i t i o n  o f  0.1% D L - t r y p t o p h a n .  I t  i s  u n f o r t u n a t e  

t h a t  t h e s e  a u t h o r s  d i d  n o t  p r e s e n t  a t r y p t o p h a n  a s s a y  v a l u e
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f o r  t h e  b a s a l  d i e t  s i n c e  t h e  r e p o r t e d  g r o w th  and f e e d  

e f f i c i e n c y  o f  t h e  b a s a l  f e d  group  w ere  c l e a r l y  s u p e r i o r  t o  

t h o s e  r e p o r t e d  h e r e i n ,  s u g g e s t i n g  t h e  p o s s i b i l i t y  o f  a h i g h e r  

t r y p t o p h a n  c o n t e n t .  In  t h i s  I l l i n o i s  work t h e  i n c l u s i o n  o f  

a n  a n t i b i o t i c  i n  t h e  d i e t  may have  b e e n  r e s p o n s i b l e ,  a t  l e a s t  

i n  p a r t ,  f o r  th e  s u p e r i o r  p e r f o r m a n c e .  On t h e  b a s i s  o f  

s t u d i e s  i n v o l v i n g  t h e  am ino  a c i d  s u p p l e m e n t a t i o n  o f  a c o r n -  

m eat s c r a p  d i e t  f o r  g r o w in g  p i g s  H enson e t  a l . ( 1 9 5U) c o n ­

c l u d e d  t h a t  t r y p t o p h a n  i s  p r o b a b l y  t h e  m ost  l i m i t i n g  am ino  

a c i d  i n  t h i s  t y p e  r a t i o n .

S i n c e  t h e  d e g r e e  o f  u t i l i z a t i o n  o f  D - t r y p t o p h a n  b y  t h e  

p i g  i s  unknown a t  t h i s  t im e  and s i n c e  o n l y  a l i m i t e d  number  

o f  t r y p t o p h a n  l e v e l s  w ere  t e s t e d  i t  i s  i m p o s s i b l e  t o  s t a t e  

an  e x a c t  t r y p t o p h a n  r e q u i r e m e n t  f o r  t h i s  a n im a l  on t h e  b a s i s  

o f  t h e  i n f o r m a t i o n  p r e s e n t e d .  I n  s p i t e  o f  t h e s e  l i m i t a t i o n s ,  

i t  w o u ld  a p p e a r  t h a t  t h e s e  d a t a  w a r r a n t  an a p p r o x i m a t i o n  o f  

t h e  g r o w in g  p i g * s  r e q u i r e m e n t  f o r  t h i s  amino a c i d .  I n  T r i a l  

1 ,  g r o u p  5  r e c e i v i n g  an 1 8 . 1$  p r o t e i n  d i e t  c o n t a i n i n g  0 . 13$  

o f  n a t u r a l l y  o c c u r r i n g  t r y p t o p h a n ,  e x h i b i t e d  a g r o w th  r a t e  

e q u a l  t o  t h a t  shown f o r  g r o u p  6 w here  th e  l e v e l  o f  n a t u r a l l y  

o c c u r r i n g  t r y p t o p h a n  In  a d i e t  c o n t a i n i n g  1 7 . 6 $  p r o t e i n  was  

0 . 1 6 $ .  I f  t h e  a s s u m p t i o n  i s  made t h a t  no a p p r e c i a b l e  amount  

o f  t h e  D- form  o f  t r y p t o p h a n  i s  u t i l i z e d  t h e n  a l e v e l  o f  

0 . 12$  L - t r y p t o p h a n  i n  t h e  1 7 . 2$  p r o t e i n  d i e t  f e d  gro u p  3 

was s u f f i c i e n t  t o  a l l o w  f o r  norm al  g r o w t h .  A l e v e l  o f  0 . 1 0 $  

L - t r y p t o p h a n  i n  d i e t s  c o n t a i n i n g  1 7 . 9 $  and 1 7 * 6 $  p r o t e i n
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( g r o u p s  2 and 8 r e s p e c t i v e l y )  a p p ea r e d  t o  be I n a d e q u a t e  f r o m  

t h e  s t a n d p o i n t  o f  g r o w t h .  Thus on t h e  b a s i s  o f  t h i s  work  

I t  a p p e a r s  t h a t  f o r  g r o w in g  p i g s  30  t o  70  pounds i n  w e i g h t  

t h e  r e q u i r e m e n t  f o r  t r y p t o p h a n  l i e s  c l o s e  t o  0 . 13$  w i t h  a 

d i e t  c o n t a i n i n g  18$  p r o t e i n  and 75$  t o t a l  d i g e s t i b l e  n u t r i ­

e n t s .

I n  e a r l y  s t u d i e s  w i t h  w e a n l i n g  p i g s  S h e l t o n ,  et_ a l .  

( 1 9 5 1 )  o b s e r v e d  t h a t  0 . 2 $  o f  D L - t r y p t o p h a n  p e r m i t t e d  more 

r a p i d  g r o w th  t h a n  0 . 1% l e v e l  when added t o  a d e f i c i e n t  d i e t *  

B e c k e r  e_t a l . (195U b)  e s t i m a t e d  t h e  t r y p t o p h a n  r e q u i r e m e n t  

o f  t h e  20  pound p i g  a t  0 . 15$  i n  & d i e t  c o n t a i n i n g  12$  o f  

p r o t e i n .  U t i l i z i n g  g r o w in g  p i g s  fro m  1+0 t o  100 p ou nd s  

B e c k e r  e t  a l . ( 1951+a) o b t a i n e d  s a t i s f a c t o r y  p e r fo r m a n c e  w i t h  

d i e t s  c o n t a i n i n g  0 . 1 3 $  t r y p t o p h a n  and 1 i+% o f  p r o t e i n .  On 

t h e  o t h e r  h a n d ,  i n  s t u d i e s  c o n c e r n e d  w i t h  t h e  n u t r i t i v e  

d e f i c i e n c y  o f  a c o r n - f i s h  m ea l  d i e t  f o r  t h e  w e a n l i n g  p i g  

B e c k e r  e_t a l . ( 1 9 5 5 d ) showed t h a t  0 . 1 0 $  t r y p t o p h a n  i n  a 

d i e t  c o n t a i n i n g  1 7 *5$  p r o t e i n  was i n a d e q u a t e  f o r  n o r m a l  p e r ­

f o r m a n c e .  The a d d i t i o n  o f  0.05% D L - t r y p t o p h a n  i n c r e a s e d  

g r o w th  r a t e  t o  t h a t  o b t a i n e d  on a c o r n - s o y b e a n  o i l  m ea l  d i e t  

w h ic h  c o n t a i n e d  0 . 17$  t r y p t o p h a n  and 18$  o f  p r o t e i n .

In  an  a t t e m p t  t o  d e t e r m i n e  more a c c u r a t e l y  t h e  q u a n t i ­

t a t i v e  t r y p t o p h a n  r e q u i r e m e n t  o f  t h e  w e a n l i n g  p i g  B e c k e r  

e t  a l . ( 1 9 5 5 c )  s u p p le m e n te d  d i e t s  c o n t a i n i n g  p r o t e i n  l e v e l s  

o f  15.1+$ and 1 9 . 6 $  w i t h  graded  l e v e l s  o f  L - t r y p t o p h a n .  

A c c o r d i n g  t o  t h e  a u t h o r s ,  t h e  d i e t s  c o n t a i n e d  by  a s s a y
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0 . 0 7 5 $  o f  t r y p t o p h a n ,  a l t h o u g h  no m e n t i o n  i s  made o f  t h e  t y p e  

o f  a s s a y  u s e d .  The g r o w th  r e s u l t s  i n d i c a t e d  t h a t  t h e  p i g  

r e q u i r e d  no more t h a n  0 . 1 1 5 $  o f  L - t r y p t o p h a n  i n  a d i e t  c o n ­

t a i n i n g  15 • 3$ p r o t e i n .  T h i s  t r y p t o p h a n  l e v e l  c o n s t i t u t e d  

0 . 75/0 o f  t h e  d i e t a r y  p r o t e i n  a s  compared w i t h  a v a l u e  o f  

0 . 7 2$  o f  t h e  d i e t a r y  p r o t e i n  f o r  t h e  e s t i m a t e d  r e q u i r e m e n t  

s u g g e s t e d  on t h e  b a s i s  o f  t h e  t r i a l  r e p o r t e d  h e r e i n .  Thus  

i t  w ou ld  a p p e a r  t h a t  t h e  t r y p t o p h a n  r e q u i r e m e n t  o f  t h e  

g r o w in g  p i g ,  a s  r e p o r t e d  b y  t h e  I l l i n o i s  w o r k e r s ,  a g r e e s  

r a t h e r  c l o s e l y  w i t h  our  own, r e c o g n i z i n g  t h e  p o s s i b l e  l i m i ­

t a t i o n  t o  e x p r e s s i n g  and com paring  an  amino a c i d  r e q u i r e m e n t  

a s  p e r c e n t  o f  d i e t a r y  p r o t e i n ,

G-rau and Kamei ( 1 9 5 0 )  r e p o r t e d  t h a t  as  th e  p r o t e i n  

l e v e l  o f  t h e  c h i c k ’ s d i e t  was i n c r e a s e d ,  t h e  l y s i n e  and 

m e t h i o n i n e  p l u s  c y s t i n e  r e q u i r e m e n t s  a l s o  i n c r e a s e d  b u t  a t  

a s l o w e r  r a t e .  I n  195^ Salmon was a b l e  t o  show t h a t  t h e  

t r y p t o p h a n  r e q u i r e m e n t  o f  t h e  r a t  was n o t  a c o n s t a n t  v a l u e ,  

b u t  i n c r e a s e d  a s  t h e  l e v e l  o f  d i e t a r y  n i t r o g e n  i n c r e a s e d ,  

a l t h o u g h  t h e  r e l a t i o n s h i p  d i d  n o t  a p p e a r  t o  be a l i n e a r  o n e .  

On t h e  b a s i s  o f  s t u d i e s  d e s i g n e d  t o  d e t e r m i n e  t h e  i s o l e u c i n e  

r e q u i r e m e n t  o f  t h e  w e a n l i n g  p i g  a t  two d i f f e r e n t  l e v e l s  o f  

p r o t e i n  B e c k e r  ejb a l . ( 1 9 5 7 )  c o n c lu d e d  t h a t  a s  t h e  l e v e l  o f  

p r o t e i n  i n  t h e  d i e t  was i n c r e a s e d  t h e  I s o l e u c i n e  r e q u i r e m e n t  

was a l s o  i n c r e a s e d  b u t  a t  a s l o w e r  r a t e .  At a p r o t e i n  l e v e l  

o f  1 3 . 35$ t h e  i s o l e u c i n e  r e q u i r e m e n t  w as  t h e  d i e t a r y

p r o t e i n  w h i l e  a t  a p r o t e i n  l e v e l  o f  2 6 . 70 $ t h e  i s o l e u c i n e
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r e q u i r e m e n t  was o n l y  2 . 1 $  o f  t h e  d i e t a r y  p r o t e i n *  In  a 

s i m i l a r  t y p e  e x p e r i m e n t  McWard e_t a l  * ( 1 9 5 9 )  foun d  t h a t  t h e  

l y s i n e  r e q u i r e m e n t  o f  w e a n l i n g  p i g s  v a r i e d  w i t h  t h e  l e v e l  o f  

p r o t e i n  f e d .  At 12,3% p r o t e i n  t h e  p i g  r e q u i r e d  0 ,7 1 ^  l y s i n e  

o r  5 . 55 /̂  o f  d i e t a r y  p r o t e i n ;  and a t  21*7% p r o t e i n  t h e  l y s i n e  

n eed  was 0 . 95 /̂  o f  t h e  d i e t  or  o f  t h e  d i e t a r y  p r o t e i n *

W h i le  i t  a p p e a r s  l i k e l y  t h a t  l e v e l  o f  p r o t e i n  a f f e c t s  t h e  

t r y p t o p h a n  r e q u i r e m e n t  o f  t h e  p i g  t h i s  p o i n t  h a s  n o t  b e e n  

s a t i s f a c t o r i l y  an sw ered  t o  d a t e .  I n  a s t u d y  r e p o r t e d  b y  

B e c k e r  e_t a l  * ( 1 9 5 5 c )  In  w h ic h  two d i f f e r e n t  p r o t e i n  l e v e l s  

w ere  s u p p le m e n t e d  w i t h  graded  l e v e l s  o f  L - t r y p t o p h a n  t h e  

r e s u l t s  d i d  n o t  seem  t o  conform  w i t h  t h e  Id e a  t h a t  t h e  t r y p ­

t o p h a n  r e q u i r e m e n t  o f  t h e  p i g  i s  h i g h e r  w i t h  a h i g h e r  p r o t e i n  

d i e t *  The a u t h o r s  p o i n t  o u t ,  h o w e v e r ,  t h a t  " th e  l e v e l  o f  

a v a i l a b l e  p r o t e i n  v a r i e d  l e s s  th a n  a n t i c i p a t e d "  s i n c e  t h e  

c o m m e r c ia l  z e i n  used  t o  i n c r e a s e  t h e  p r o t e i n  l e v e l  was o n l y  

Ljlj..8?o d i g e s t i b l e *  T h us ,  i n  e f f e c t ,  th e  r a n g e  o f  a v a i l a b l e  

p r o t e i n  was so  s m a l l  a s  t o  s e r i o u s l y  l i m i t  t h e  r e s u l t s .  I t  

w ould  a p p e a r  t h a t  a f a i r l y  w id e  rang© i n  p r o t e i n  l e v e l s  

w ould  have  t o  be em p loyed  t o  a d e q u a t e l y  d e t e r m i n e  w h e t h e r  

l e v e l  o f  p r o t e i n  i n f l u e n c e s  t h e  t r y p t o p h a n  r e q u i r e m e n t *

W hether  t h e  p i g  i s  c a p a b l e  o f  u t i l i z i n g  t h e  D - i s o m e r  

o f  t r y p t o p h a n ,  and i f  s o ,  t o  what d e g r e e  I s  s t i l l  open t o  

q u e s t i o n ,  b a s e d  on c o n f l i c t i n g  r e p o r t s  fro m  s e v e r a l  l a b o r a ­

t o r i e s  c o u p l e d  w i t h  t h e  l a c k  o f  s u f f i c i e n t l y  c r i t i c a l  s t u d i e s .  

As a l r e a d y  p o i n t e d  o u t  Reber  ê t a l *  ( 1 9 5 1 )  c o n c lu d e d  t h a t  t h e
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p i g  made l i t t l e  or no u s e  o f  D - t r y p t o p h a n  w h i l e  Thompson e t  

a-l« ( 1 9 5 2 ) c o n v e r s e l y  c o n c l u d e d  t h a t  p a r t i a l  u t i l i z a t i o n  o f  

t h e  D - i s o m e r  was e f f e c t e d .  Q u i t e  d i f f e r e n t  r e s u l t s  w ere  r e ­

p o r t e d  b y  B e c k e r  ejt a l ,  ( 1 9 5 5 b )  i n  w h ic h  th e  p r e s e n c e  o f  t h e  

D - i s o m e r  o f  t r y p t o p h a n  i n  a r a c e m i c  m i x t u r e  a p p e a r e d  t o  im ­

p a i r  t h e  u t i l i z a t i o n  o f  L - t r y p t o p h a n ,  In  c o n t r a s t  w i t h  t h e s e  

r e s u l t s  B e c k e r  ejt a l , ( 1 9 5 5 c )  found  no t e n d e n c y  f o r  DL- 

t r y p t o p h a n  t o  d e p r e s s  g r o w t h .  On t h e  b a s i s  o f  t h i s  s t u d y  

t h e s e  w o r k e r s  c o n c lu d e d  t h a t  t h e  p i g  c a n  u t i l i z e  a c o n s i d ­

e r a b l e  s h a r e  o f  t h e  D - i s o m e r  o f  t r y p t o p h a n  when i t  i s  f e d  i n  

a r a c e m i c  m i x t u r e .  The r e s u l t s  r e p o r t e d  h e r e i n  a r e  su c h  a s  

t o  p r e c l u d e  t h e  p o s s i b i l i t y  o f  s t a t i n g  how much i f  any  o f  t h e  

D - i s o m e r  o f  t r y p t o p h a n  was u t i l i z e d  by  t h e  p i g .

A t  t h i s  p o i n t  i t  may be w e l l  t o  m e n t i o n  t h a t  t h e  u se  

o f  c r y s t a l l i n e  amino a c i d s  i n  d e t e r m i n i n g  t h e  r e q u i r e m e n t  

o f  an a n i m a l  may be s u b j e c t  t o  s e r i o u s  l i m i t a t i o n s .  Amino  

a c i d s  i n  c r y s t a l l i n e  form  may be more d i g e s t i b l e  t h a n  t h e  

n a t u r a l l y  o c c u r r i n g  amino a c i d s  i n  f e e d s t u f f s .  T h u s ,  t h e  

u s e  o f  a c r y s t a l l i n e  amino a c i d  m ight  r e s u l t  i n  u n d e r - e s t i ­

m a t i o n  o f  t h e  r e q u i r e m e n t  when n a t u r a l  f e e d s  a r e  u s e d .  F or  

e x a m p l e ,  B r i n e g a r  e t  a l . ( 1 9 5 0 )  r e p o r t e d  t h a t  l y s i n e  fro m  

c e r t a i n  n a t u r a l  s o u r c e s  i s  o n l y  33 t o  90^ d i g e s t i b l e *  On 

t h e  o t h e r  ha n d ,  c r y s t a l l i n e  amino a c i d s  may be more r a p i d l y  

a b s o r b e d ,  and h e n c e  un d ergo  c a t a b o l i s m  b e f o r e  t h e  t o t a l  i n ­

g e s t e d  am ino  a c i d s  a r e  a v a i l a b l e  f o r  s y n t h e s i s  i n t o  t i s s u e  

p r o t e i n .  T h i s  m i g h t  r e s u l t  i n  an o v e r - e s t i m a t i o n  o f  t h e
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minimum r e q u i r e m e n t .

T h e o r e t i c a l l y  t h e  c a l o r i c  d e n s i t y  o f  t h e  d i e t  s h o u l d  

i n f l u e n c e  t h e  amino a c i d  r e q u i r e m e n t .  As t h e  c a l o r i c  d e n s i t y  

d e c r e a s e s ,  t h e  d i e t  i s  consumed i n  i n c r e a s i n g  q u a n t i t i e s ,  s o  

t h a t  t h e  amino a c i d s  r e q u i r e d  i n  t h e  d i e t  would  a l s o  d e c r e a s e .  

A l l  o t h e r  f a c t o r s  b e i n g  e q u a l  t h e  amino a c i d  n e e d s  s h o u l d  be  

a c o n s t a n t  p e r c e n t  o f  th e  a v a i l a b l e  e n e r g y .  M i t c h e l l  and 

H a m i l t o n  ( 1 9 3 5 )  d e m o n s t r a t e d  w i t h  r a t s  t h a t  an  upward a d j u s t ­

ment o f  t h e  p r o t e i n  l e v e l ,  t o  m a i n t a i n  t h e  p r o p e r  r e l a t i o n  

t o  t o t a l  e n e r g y ,  w as  n e c e s s a r y  t o  r e a l i z e  t h e  f u l l  b e n e f i t  

o f  i n c r e a s e d  e n e r g y  i n  t h e  d i e t .  D o n a ld s o n  e t  a l . ( 1 9 5 5 )  

and Sunde ( 1 9 5 6 ) ,  among o t h e r s ,  have a l s o  d e m o n s t r a t e d  t h i s  

w i t h  c h i c k s .  The r e l a t i o n s h i p  b e t w e e n  e n e r g y  and p r o t e i n  

must n e c e s s a r i l y  a p p l y  t o  a s i m i l a r  t y p e  r e l a t i o n s h i p  b e ­

t w e e n  e n e r g y  and am ino a c i d s .  R o s e n b e r g  and C u l i k  ( 1 9 5 5 )  

hav e  b e e n  a b l e  t o  show t h a t  t h e  l y s i n e  r e q u i r e m e n t  o f  t h e  

g r o w i n g  r a t  i s  a f u n c t i o n  o f  th e  p r o d u c t i v e  e n e r g y  o f  t h e  

d i e t .  A s i m i l a r  r e l a t i o n s h i p  i n  g r o w in g  p i g s  i s  s u g g e s t e d  

by t h e  work o f  A b e r n a t h y  e t  a l .  ( 1 9 5 3 ) .  In  t h i s  s t u d y  a 

h i g h l y  s i g n i f i c a n t  d e p r e s s i o n  i n  r a t e  o f  g a i n  r e s u l t e d  when  

L - l y s i n e  was added a t  a l e v e l  o f  0 . 1 $  o f  t h e  r a t i o n .  As t h e  

c a l o r i c  d e n s i t y  o f  t h e  r a t i o n  was i n c r e a s e d  t h i s  i n h i b i t o r y  

e f f e c t  a p p e a r e d  t o  be r e d u c e d .  U s in g  v a l u e s  a s  s e t  f o r t h  

by  B e e s o n  e_t a l . ( 1 9 5 3 )  t h e  TDN c o n t e n t  o f  t h e  d i e t  em p lo y ed  

b y  B e c k e r  e t  a l . ( 1 9 5 5 c )  i n  s u g g e s t i n g  the  t r y p t o p h a n  r e ­

q u ir e m e n t  o f  t h e  p i g  a t  0.115% ( p r o t e i n  15#3%) c a l c u l a t e s
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t o  be  v e r y  c l o s e  t o  75%* U s in g  t h e s e  same v a l u e s  t h e  d i e t s  

used  i n  t h e  s t u d y  r e p o r t e d  h e r e i n  a l s o  c o n t a i n e d  75% TDTT.

The s i m i l a r i t y  o f  t h e  d i e t s  i n  t h i s  r e g a r d  may be f u r t h e r  

r e a s o n  f o r  t h e  s i m i l a r i t y  o f  r e s u l t s  a c h i e v e d  a t  t h e s e  

s t a t i o n s  and l e n d s  f u r t h e r  s u p p o r t  t o  t h e  p r o p o s e d  t r y p t o ­

phan  r e q u i r e m e n t  o f  t h e  p i g  a s  m e n t io n e d  a b o v e .

The i n c l u s i o n  o f  t h e  a n t i b i o t i c  A u reo m y cin  HC1 a t  a 

l e v e l  o f  10 mg. p e r  pound o f  f e e d  i n  a d i e t  shown t o  be  

d e f i c i e n t  i n  t r y p t o p h a n  r e s u l t e d  in  o n l y  a s l i g h t  im p r o v e ­

ment i n  g r o w th  b u t  a r a t h e r  s i g n i f i c a n t  im provem ent  i n  f e e d  

u t i l i z a t i o n  ( g r o u p  1 0 ,  t r i a l  2 ) .  I f  one d e f i n e s  a s p a r i n g  

e f f e c t  a s  t h e  a b i l i t y  o f  an  a n t i b i o t i c  t o  im prove  gro w th  on 

a t r y p t o p h a n  d e f i c i e n t  d i e t ,  t h e n  i t  seem s q u e s t i o n a b l e  t h a t  

t h e  r e s u l t s  p r e s e n t e d  h e r e  d e m o n s t r a t e  t h i s .  H ow ev er ,  s i n c e  

a s p a r i n g  e f f e c t  m ig h t  a l s o  b e  e v i d e n c e d  b y  improved u t i l i ­

z a t i o n  o f  f e e d  t h e n  t h e s e  d a t a  m ight  s u g g e s t  a s p a r i n g  e f f e c t  

o f  an a n t i b i o t i c  on t h e  t r y p t o p h a n  r e q u i r e m e n t  o f  t h e  p i g .  

Braude e_t a l .  ( 1 9 5 3 ) *  i n  a r e v i e w  o f  t h e  l i t e r a t u r e  c o n c e r n ­

i n g  t h e  u s e  o f  a n t i b i o t i c s  i n  sw in e  n u t r i t i o n ,  c o n c lu d e d  

t h a t  p i g s  f e d  a r a t i o n  w i t h  b e t t e r  o v e r - a l l  n u t r i e n t  b a l a n c e  

w i l l  r e s p o n d  l e s s  t o  a n t i b i o t i c  s u p p l e m e n t a t i o n  t h a n  w i t h  a 

p o o r e r  r a t i o n .  I n  1 951  J o n e s  and Combs r e p o r t e d  t h a t  a n t i ­

b i o t i c s  e x e r t  a t r y p t o p h a n  s p a r i n g  a c t i o n  I n  t h e  c h i c k .  

L i k e w i s e ,  S a u b e r l i c h  (19SU-) h a s  s u g g e s t e d  t h e  o c c u r r e n c e  o f  

a t r y p t o p h a n - s p a r i n g  a c t i o n  b y  a n t i b i o t i c s  i n  t h e  r a t .  I n  

a s t u d y  d e s i g n e d  t o  compare two d i f f e r e n t  s o u r c e s  o f  s u p p l e ­
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m e n t a l  p r o t e i n  upon t h e  r e s p o n s e  o f  p i g s  t o  a n t i b i o t i c s ,  

( B e c k e r  e t  a l » 1 9 5 5 d ) t h e  r e s u l t s  s u g g e s t  t h a t  c h l o r t e t r a -  

c y c l i n e  h a s  a s p a r i n g  e f f e c t  on t h e  t r y p t o p h a n  r e q u i r e m e n t  

o f  t h e  p i g *  I n  a d d i t i o n ,  a m i x t u r e  o f  a n t i b i o t i c s  ( c h l o r -  

t e t r a c y c l i n e , p e n i c i l l i n  and s t r e p t o m y c i n )  a p p ea r e d  t o  e x e r t  

a n  e v e n  g r e a t e r  s p a r i n g  a c t i o n ,  t h a n  t h e  s i n g l e  a n t i b i o t i c .

In  a s u b s e q u e n t  e x p e r i m e n t  o f  more c r i t i c a l  d e s i g n  B e c k e r  

e t  a l . ( 1 9 5 5 c )  r e p o r t e d  t h a t  t h e r e  was no s i g n i f i c a n t  e f f e c t  

o f  a n t i b i o t i c s  on t h e  t r y p t o p h a n  r e q u i r e m e n t  o f  t h e  p i g ,  

a l t h o u g h  th e  a n t i b i o t i c s  d id  i n c r e a s e  b od y  w e i g h t  g a i n s  and 

f e e d  e f f i c i e n c y  when added t o  r a t i o n s  e i t h e r  lo w  or  h i g h  i n  

t r y p t o p h a n .  A p o i n t  o f  i n t e r e s t  i n  t h i s  e x p e r i m e n t  i s  t h a t  

on t h e  v a r i o u s  l e v e l s  o f  s u p p l e m e n t a r y  t r y p t o p h a n  t h e  im­

p r o v e m e n t  I n  f e e d  e f f i c i e n c y  produ ced  by  a n t i b i o t i c s  d e ­

c r e a s e d  a s  t h e  l e v e l  o f  t r y p t o p h a n  i n c r e a s e d .  A s i m i l a r  

l a c k  o f  i n t e r a c t i o n  b e t w e e n  d i e t a r y  a n t i b i o t i c s  and an amino  

a c i d  r e q u i r e m e n t  o f  t h e  p i g  h a s  b e e n  r e p o r t e d  by B e c k e r  e t  

a l . ( 1 9 5 5 a ) .  In  t h i s  s t u d y  when a m ix t u r e  o f  t h r e e  a n t i b i ­

o t i c s  was added t o  a d i e t ,  g r o w th  r a t e  was c o n s i d e r a b l y  

im proved In b o t h  t h e  b a s a l  and m e t h i o n i n e  s u p p le m e n te d  

g r o u p s *  No s i g n i f i c a n t  i n t e r a c t i o n  o f  a n t i b i o t i c s  w i t h  

m e t h i o n i n e  r e q u i r e m e n t  was n o t e d  a l t h o u g h  t h e  a b s o l u t e  i n ­

c r e a s e  i n  d a i l y  w e i g h t  g a i n s  t e n d e d  t o  d e c r e a s e  w i t h  i n c r e a s  

i n g  l e v e l s  o f  m e t h i o n i n e .  In t h e  p r e s e n c e  o f  t h e  a n t i b i o t i c  

m i x t u r e  b e s t  gro w th  ( 1 . 2 1  l b s .  g a i n  p e r  d a y )  was o b t a i n e d  

w i t h  a t o t a l  o f  0 .i+2% s u l f u r  amino a c i d s  i n  t h e  r a t i o n ,  t h e
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same v a l u e  a s  was  o b t a i n e d  i n  t h e  a b s e n c e  o f  a n t i b i o t i c s .

S e v e r a l  f a c t o r s  t h a t  may i n f l u e n c e  t h e  t r y p t o p h a n  r e ­

q u i r e m e n t  o f  t h e  p i g ,  when e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  

d i e t ,  h a v e  a l r e a d y  b e e n  d i s c u s s e d .  P e r h a p s  o t h e r  f a c t o r s  

a s  y e t  u n t e s t e d  may h a v e  c o n s i d e r a b l e  i n f l u e n c e  on  t h e  p i g r s 

r e q u i r e m e n t  f o r  am i n o  a c i d s .  F o r  e x a m p l e ,  i s  t h e  p i g ! s r e ­

q u i r e m e n t  f o r  a n  a m i n o  a c i d  a  f u n c t i o n  o f  b o d y  s i z e  o r  a g e  

o r  a  c o m b i n a t i o n  o f  b o t h ?  Do d i f f e r e n t  b r e e d s  o r  s t r a i n s  o f  

b r e e d s  v a r y  i n  t h e i r  r e q u i r e m e n t  f o r  a m i n o  a c i d s ?  Does  t h e  

i n h e r e n t  g r o w t h  p o t e n t i a l  o f  a p i g  a f f e c t  i t s  a m i n o  a c i d  

r e q u i r e m e n t ?  Does  e n v i r o n m e n t a l  t e m p e r a t u r e  i n d i r e c t l y  i n ­

f l u e n c e  t h e  a m i n o  a c i d  n e e d s  o f  t h e  p i g  b y  a f f e c t i n g  c a l o r i c  

i n t a k e ?  C e r t a i n l y  t h e  e s t a b l i s h m e n t  o f  t h e  p i g f s r e q u i r e ­

m e n t  f o r  a n y  p a r t i c u l a r  a m i n o  a c i d  i s  n o t  a  s i m p l e  and  

u n c o m p l i c a t e d  p r o b l e m .

R e c e n t l y  B e c k e r  (1959) h a s  s u m m a r i z e d  i n  t a b u l a r  f o r m  

t h e  a m i n o  a c i d  r e q u i r e m e n t  o f  t h e  w e a n l i n g  p i g  b a s e d  on t h e  

b e s t  i n f o r m a t i o n  a v a i l a b l e .  F o r  c o m p a r a t i v e  p u r p o s e s  p a r t  

o f  t h i s  t a b l e  a l o n g  w i t h  t h e  a m i n o  a c i d  a s s a y  r e s u l t s  o b ­

t a i n e d  i n  t h e  t r i a l  r e p o r t e d  h e r e i n  i s  shown i n  t a b l e  1 0 .

An e x a m i n a t i o n  o f  t h i s  t a b l e  wou l d  i n d i c a t e  t h a t  w i t h  o n l y  a  

f ew e x c e p t i o n s  t h e  d i e t s  f e d  w e r e  a d e q u a t e  i n  a l l  a m in o  a c i d s  

e x c e p t  t r y p t o p h a n .  The v a l u e s  shown f o r  m e t h i o n i n e  a p p e a r  

t o  be  s u b o p t i m a l  o r  b o r d e r l i n e  e v e n  i f  Lj.0% o f  t h e  m e t h i o n i n e  

r e q u i r e m e n t  was  s u p p l i e d  b y  c y s t i n e .  The v a l u e s  r e p o r t e d  

f o r  m e t h i o n i n e  a g r e e  q u i t e  c l o s e l y  w i t h  t h e  c a l c u l a t e d
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TABLE 10

A COMPARISON OF AMINO ACID REQUIREMENTS OF SWINE 
WITH THE AMINO ACID CONTENT OF EXPERIMENTAL DIETS 

EXPRESSED AS PERCENT OF DIET

Amino A c i d R eq u irem en ts '* ' D i e t I.
aT “ B C

T r y p t o p h a n . 1 3 .0 9 . 1 3 . 1 6 . 0 8
_  2 -

M e t h i o n i n e -5k . 2 7 . 2 5 .2 5 . 2 6

L y s i n e . 8 8 . 9 6 1 . 0 8 1 , 0 2 -7k
A r g i n i n e . 2 8 1 . 1 3 1 . 2 6 1 . 2 6 1 . 2 1

H i s t i d i n e .21+ .1+2 .1+9 . 5 2 .1+6

T h re  o n i n e -k9 • 62 . 7 0 -7k . 6 8

L e u c i n e -7k 1 . 3 1 1 . 3 6 1.1+2 1 . 3 3

P h e n y l a l a n i n e . 5 9 .6 6 . 7 5 . 8 2 .6 7

V a l i n e . 5 0 .9 9 1 . 0 6 1 . 0 9 .8 9

I s o l e u c i n e .5 7 .6 7 .8 1 .9 3 .71+

P r o t e i n  c o n t e n t
o f  d i e t ,  % 1 8 . 0 1 7 . 3 1 8 . 1 1 7 . 6 1 7 . 7

■*" B e c k e r  ( 1 9 5 9 )

^ C y s t i n e  c a n  s a t i s f y  1+0$ o f  t h e  t o t a l  need  f o r  m e t h i o n i n e ,

3 W ith  e x c e p t i o n  o f  t r y p t o p h a n ,  v a l u e s  p r e s e n t e d  r e p r e s e n t  
a v e r a g e  o f  d i e t s  f e d  g r o u p s  1 ,  2 ,  3 and 1+.

k W ith  e x c e p t i o n  o f  t r y p t o p h a n ,  v a l u e s  p r e s e n t e d  r e p r e s e n t  
a v e r a g e  o f  d i e t s  f e d  g r o u p s  7* 8 ,  9 and 1 0 ,
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v a l u e s  f o r  t h e s e  d i e t s  b a s e d  on m e t h i o n i n e  v a l u e s  g i v e n  Tor  

t h e  i n g r e d i e n t s  ( B i r d  _et a l . , 195U) • C y s t i n e  c o n t e n t  was  

c a l c u l a t e d  a t  0 . 2 0 . 2 55> 0 . 2 ?% and 0 . 2 5 5  Bor d i e t s  A, B,

C and D r e s p e c t i v e l y .  Even a ss u m in g  f u l l  u t i l i z a t i o n  o f  t h e  

c y s t i n e  t o  m eet  t h e  r e q u i r e m e n t s  f o r  m e t h i o n i n e  t h e  t o t a l  

amount o f  s u l f u r  b e a r i n g  amino a c i d s  d o e s  n o t  q u i t e  m eet  th e  

r e q u i r e m e n t  o f  0.514/O. There i s ,  h o w e v e r ,  c o n s i d e r a b l e  e v i ­

d e n c e  t o  s u g g e s t  t h a t  th e  m e t h i o n i n e  r e q u i r e m e n t  o f  t h e  p i g  

was met b y  t h e  v a l u e s  g i v e n  a b o v e .  C atron  et_ a l . ( 1 9 5 3 )  

fo u n d  t h a t  c o r n - s o y b e a n  o i l  m ea l  d i e t s  f o r m u l a t e d  t o  y i e l d  

e i t h e r  12 or lli% p r o t e i n  were  n o t  improved by  s u p p l e m e n t a r y  

m e t h i o n i n e .  I n  a g r e e m e n t  w i t h  t h e s e  f i n d i n g s  B e c k e r  e t  a l . 

1 95 ^ a )  fo u n d  t h a t  a c o r n - s o y b e a n  o i l  m ea l  r a t i o n  c o n t a i n i n g  

1 Ip5 o f  p r o t e i n  and 0 . 2 3 5  o f  m e t h i o n i n e  s u p p o r t e d  s a t i s f a c t o r y  

g r o w th  o f  w e a n l i n g  p i g s .  I t  seems l o g i c a l  t o  assum e t h a t  i f  

s u f f i c i e n t  m e t h i o n i n e  and c y s t i n e  a r e  s u p p l i e d  i n  a l i \ f o  p r o ­

t e i n  r a t i o n  composed o f  c o r n  and s o y b e a n  o i l  m ea l  t h e n  

p r o p o r t i o n a t e l y  l a r g e r  am ounts  o f  t h e s e  amino a c i d s  s h o u l d  

a l s o  be  s u p p l i e d  i n  a s i m i l a r l y  composed r a t i o n  c o n t a i n i n g  

lS/o p r o t e i n ,  s i n c e  so y b e a n  o i l  meal  c o n t a i n s  o v e r  f o u r  

t i m e s  a s  much m e t h i o n i n e  and c y s t i n e  as  d o e s  c o r n .  B e c k e r  

e t  a l . ( 1 9 5 5 a )  s t a t e  t h a t  ’’Prom t h e  p r a c t i c a l  v i e w p o i n t ,  t h e  

s t u d i e s  p r e s e n t e d  h e r e  t e n d  t o  e m p h a s iz e  t h e  l a c k  o f  need  

f o r  s u p p l e m e n t a r y  m e t h i o n i n e  i n  p r a c t i c a l  r a t i o n s ” f o r  s w i n e .  

L i k e w i s e  S e w e l l  and Keen ( 1 9 5 8 )  c o n c lu d e d  t h a t  f a i l u r e  t o  

o b t a i n  a r e s p o n s e  i n  p i g s  t o  m e t h i o n i n e  s u p p l e m e n t a t i o n  on
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r a t i o n s  w h ic h  c o n t a i n e d  h i g h  p r o t e i n  o i l  m e a l s ,  g e n e r a l l y  

r e c o g n i z e d  t o  be l i m i t i n g  i n  m e t h i o n i n e  c o n t e n t ,  i n d i c a t e s  

t h a t  t h e r e  i s  l i t t l e  need  f o r  m e t h i o n i n e  s u p p l e m e n t a t i o n  o f  

p r a c t i c a l  s w in e  r a t i o n s .

I n  t a b l e  10 t h e  v a l u e s  shown f o r  l y s i n e  app ea r  t o  be  

a d e q u a t e  i n  a l l  d i e t s  e x c e p t  D. W h i le  i t  i s  q u i t e  p r o b a b l e  

t h a t  t h e  l y s i n e  c o n t e n t  o f  t h i s  d i e t  was s u b o p t i m a l  t h e  

g r o w t h  r e s u l t s  s u g g e s t  t h a t  t r y p t o p h a n  was t h e  p r im a r y  l i m i t ­

i n g  amino a c i d .

I t  w i l l  be n o t e d  t h a t  g r o u p s  1 and 2 in  T r i a l  1 ( t a b l e  

2)  and g r o u p s  7 and 10 in  T r i a l  2 ( t a b l e  3) showed r e l a t i v e l y  

p o o r  f e e d  c o n s u m p t i o n .  W h i le  t h e s e  f e e d  c o n su m p t io n  f i g u r e s  

c o r r e l a t e  w i t h  th e  p o o r  r a t e s  o f  g a i n  a p o s s i b l e  m echanism  

f o r  a t  l e a s t  p a r t  o f  t h i s  e f f e c t  has  b e e n  s u g g e s t e d  by  

A l m q u i s t  e t  a l . ( 1 9 ^ 7 ) *  He p o i n t s  o u t  t h a t  when an amino  

a c i d  i s  n o t  s u p p l i e d  i n  s u f f i c i e n t  a m o (m ts ,  t i s s u e  p r o t e i n  

s y n t h e s i s  s l o w s  down w i t h  a r e s u l t a n t  a c c u m u l a t i o n  o f  t h e  

o t h e r  f r e e  amino a c i d s  In t h e  c i r c u l a t i o n  t o  be removed by  

c a t a b o l i s m  or  e x c r e t i o n .  Such an a c c u m u l a t i o n  may r e s u l t  In  

d e p r e s s e d  a p p e t i t e  w h ic h  s e r v e d  t o  f u r t h e r  c u r t a i l  p r o t e i n  

d i g e  s t i o n .

As p r e v i o u s l y  m e n t io n e d  under t h e  R e s u l t s  f o r  T r i a l  1 

t h e  d i f f e r e n c e s  i n  f e e d  e f f i c i e n c y  shown f o r  g r o u p s  1|, 5 and 

6 c a n n o t  r e a d i l y  be e x p l a i n e d  on t h e  b a s i s  o f  amino a c i d  

b a l a n c e  or e n e r g y  c o n t e n t s  o f  th e  d i e t s .  The c a l c i u m  and  

p o s s i b l y  p h o s p h o r u s  c o n t e n t s  o f  t h e s e  d i e t s  a s  shown i n
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t a b l e  1| may be  o f  s i g n i f i c a n c e  i n  t h i s  r e g a r d *  G r o u p s  1|,

5 and 6 r e c e i v e d  d i e t s  c o n t a i n i n g  3 . 1 9 *  2 . 9 5  and  1 , 5 2% o f  

c o m b i n e d  c a l c i u m  and p h o s p h o r u s  r e s p e c t i v e l y .  W h i l e  t h e  

r e l a t i o n s h i p  i s  n o t  e n t i r e l y  c l e a r  b e c a u s e  o f  t h e  s i m i l a r ­

i t y  o f  g r o w t h  i n  t h e s e  g r o u p s  t h e  m o s t  p l a u s i b l e  e x p l a n a t i o n  

i s  t h a t  a s  t h e  l e v e l  o f  m i n e r a l s  was  I n c r e a s e d  i n  t h e  d i e t  

a m i n e r a l  I m b a l a n c e  o f  some t y p e ,  p o s s i b l y  a c a l c i u m - z i n c  

r e l a t i o n s h i p ,  had  a n  a d v e r s e  e f f e c t  on f e e d  u t i l i z a t i o n .  

B e c a u s e  o f  t h e  h i g h  l e v e l s  o f  c a l c i u m  c o n t a i n e d  i n  t h e  

d i e t s  f e d  g r o u p s  1| and  5 i t  i s  p e r h a p s  s u r p r i s i n g  t h a t  n o n e  

o f  t h e  p i g s  showed e v i d e n c e s  o f  a s k i n  d i s e a s e  known a s  

p a r a k e r a t o s i s  w h i c h  h a s  b e e n  shown b y  a number  o f  w o r k e r s  

t o  b e  c a u s e d ,  a t  l e a s t  i n  p a r t ,  b y  e x c e s s i v e  d i e t a r y  c a l ­

c iu m  an d  i n s u f f i c i e n t  z i n c  ( T u c k e r  and  Sa l mon ,  19 55 ;  Lu ec ke  

e t  a l . , 1 9 5 6 ;  S t e v e n s o n  and  E a r l e ,  1 9 5 5 ;  and Lew i s  ed; a l . ,

1 9 5 5 ) .  The M i c h i g a n  w o r k e r s  ( L u e c k e  et_ a l . , 1 9 5 5 )  r e p o r t e d

t h a t  m ea t  and b o n e  s c r a p  c o n t a i n  c o n s i d e r a b l y  more z i n c  t h a n  

a n u m b er  o f  o t h e r  f e e d s t u f f s  w h i c h  w e r e  a n a l y z e d .  T h i s  may 

i n  p a r t  e x p l a i n  why t h e  p i g s  i n  g r o u p s  Lj_ and  5 f a i l e d  t o

d e v e l o p  p a r a k e r a t o s i s .  H o w e v e r ,  f o u r  o u t  o f  s i x  p i g s  i n

g r o u p  9* T r i a l  2 showed e v i d e n c e s  o f  t h i s  d i s e a s e .  The d i e t  

f e d  t h i s  l a t t e r  g r o u p  c o n t a i n e d  e s s e n t i a l l y  t h e  same l e v e l  

o f  c a l c i u m  a s  t h e  d i e t s  f e d  g r o u p s  5  and 5 and  t h e  same 

am o u n t  o f  m e a t  and  b o n e  s c r a p  a s  c o n t a i n e d  i n  t h e  d i e t  f e d  

g r o u p  5* At  t h i s  t i m e  t h e  r e a s o n  f o r  t h e  d i f f e r e n c e  i n  t h e
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i n c i d e n c e  o f  p a r a k e r a t o s i s  b e t w e e n  t h e s e  g r o u p s  sh o w in g  

e s s e n t i a l l y  t h e  same r a t e s  o f  g a i n  and  c o n s u m i n g  s i m i l a r  

d i e t s  i s  n o t  a p p a r e n t .
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SUMMARY

1# A co rn -r a ea t  and b on e  s c r a p  d i e t  s u p p le m e n te d  w i t h  
m i n e r a l s  and v i t a m i n s  was found t o  be  i n a d e q u a t e  
f o r  t h e  g r o w th  o f  w e a n l i n g  p i g s  f e d  in  d r y l o t .

2 0 The a d d i t i o n  o f  0 . 0 6  p e r c e n t  o f  D L - t r y p t o p h a n  t o  
t h e  a b ov e  r a t i o n  a l l o w e d  g ro w th  t o  p r o c e e d  a t  t h e  
same r a t e  a s  t h a t  o b s e r v e d  on a c o r n - s o y b e a n  o i l  
m ea l  d i e t .

3 .  When h a l f  o f  t h e  meat and bone s c r a p  p r o t e i n  was  
r e p l a c e d  w i t h  s o y b e a n  o i l  m eal  p r o t e i n  g ro w th  
e q u a l e d  t h a t  o b t a i n e d  i n  t h e  c o r n - s o y b e a n  o i l  m ea l  
g r o u p .

ip. On t h e  b a s i s  o f  t h i s  s t u d y  i t  a p p e a r s  t h a t  f o r  
g r o w in g  p i g s  30 t o  70 pounds i n  w e i g h t ,  t h e  r e ­
q u ir e m e n t  f o r  t r y p t o p h a n  l i e s  c l o s e  t o  0 . 1 3  p e r ­
c e n t  w i t h  a d i e t  c o n t a i n i n g  13% p r o t e i n  and 7̂ >% 
t o t a l  d i g e s t i b l e  n u t r i e n t s .

3 .  The i n c l u s i o n  o f  t h e  a n t i b i o t i c  Aureom ycin  h y d r o ­
c h l o r i d e  a t  a l e v e l  o f  10 mg. p e r  pound o f  f e e d  i n  
a d i e t  shown t o  be d e f i c i e n t  i n  t r y p t o p h a n  had no  
s i g n i f i c a n t  e f f e c t  on r a t e  o f  growth  o f  p i g s  b u t  
d id  im prove  f e e d  e f f i c i e n c y .
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PART II. SUPPLEMENTATION OP A EABY PIG DIPT 
WITH A VITAMIN B-, ̂  CONCENTRATE AND 

ISONICOTINIC ACID HYDRAZIDE

INTRODUCTION

One of the significant factors limiting swine production 
is the high rate of pig mortality that occurs during the 
suckling period . It has long been generally believed that 
approximately one third of the pigs farrowed In the United 
States die before they are weaned. A part of these losses 
can undoubtedly be attributed to infectious diseases or 
parsitism aggravated in all probability by faulty nutrition.
It follows that knowledge in the area of baby pig nutrition 
and management Is fundamental to the reduction of these 
early losses.

With the discovery that certain antibiotics were capable 
of increasing the growth rate of animals an entirely new 
vista In experimental nutrition was opened. As a result 
many Investigators Initiated studies, to determine If other 
antibacterial agents possessed growth stimulating properties. 
In general the response of growing sx̂ ine to the antibiotics 
has been somewhat greater than that observed with chickens 
or other farm livestock and generally the younger the pig the 
greater the response. For these reasons the young pig appears 
to be an excellent subject for the evaluation of promising
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g r o w t h  p r o m o t i n g  a n t i b a c t e r i a l  a g e n t s .

E a r l y  i n  19^2 r e p o r t s  a p p e a r e d  i n  t h e  l i t e r a t u r e  d e ­

s c r i b i n g  a new a n t i - t u b e r c u l a r  d ru g  f o r  man c a l l e d  i s o n i c o -  

t i n i c  a c i d  h y d r a z i d e .  The f a c t  t h a t  many t u b e r c u l a r  p a t i e n t s  

t r e a t e d  w i t h  t h i s  compound showed r e m a r k a b le  w e i g h t  g a i n s ,  

prom pted  t h e  i d e a  t h a t  t h i s  compound m ig h t  l i k e w i s e  e x e r t  a 

b e n e f i c i a l  e f f e c t  on t h e  g r o w t h  o f  p i g s  s i m i l a r  t o  t h a t  o b ­

t a i n e d  w i t h  a n t i b i o t i c s .

S i n c e  t h e  d i s c o v e r y  o f  v i t a m i n  c o n s i d e r a b l e  a t t e n ­

t i o n  h a s  b e e n  g i v e n  t o  t h e  s e a r c h  f o r  s t i l l  u n i d e n t i f i e d  

a n i m a l  g r o w t h  f a c t o r s .  The p r e s e n c e  o f  an u n i d e n t i f i e d  

g r o w th  f a c t o r  i n  d i s t i l l e r s 1 d r i e d  s o l u b l e s  h a s  b e e n  i n d i ­

c a t e d  by  num erous s t u d i e s  w i t h  b o t h  c h i c k e n s  and r a t s  s i n c e  

t h i s  p r o d u c t  was i n t r o d u c e d  a s  a f e e d  i n g r e d i e n t  i n  1939*  

A t t e m p t s  t o  i d e n t i f y  and p u r i f y  t h i s  a c t i v e  component r e s u l ­

t e d  i n  1924-8 i n  t h e  i s o l a t i o n  o f  a h i g h l y  p u r i f i e d  f r a c t i o n  

t e n t a t i v e l y  named v i t a m i n  W h i le  t h i s  " v i t a m i n

c o n c e n t r a t e "  had b e e n  shown t o  p o s s e s s  a c t i v i t y  f o r  t h e  

g r o w i n g  r a t ,  c h i c k  and w e a n l i n g  p i g  d t  r em a in e d  t o  b e  d e t e r ­

mined i f  t h e  b a b y  p i g  would  show a s i m i l a r  r e s p o n s e .
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REVIEW OP LITERATURE

I n  19 4̂-8 Novak and Hauge r e p o r t e d  a g r o w t h  f a c t o r  f o r  

r a t s  i n  d i s t i l l e r s ' d r i e d  s o l u b l e s .  T h i s  f a c t o r  w h ic h  was  

o b t a i n e d  i n  a h i g h l y  p u r i f i e d  s t a t e  was r e p o r t e d  t o  be  d i s ­

t i n c t  f r o m  a l l  o t h e r  known f a c t o r s  and was  d e s i g n a t e d  

v i t a m i n

S y n o ld  _et a l .  (1914-3) w ere  t h e  f i r s t  t o  r e p o r t  t h a t  

d r i e d  d i s t i l l e r s 1 s o l u b l e s  c o n t a i n  an u n i d e n t i f i e d  g r o w th  

f a c t o r  f o r  c h i c k e n s .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  u n i d e n ­

t i f i e d  g r o w th  f a c t o r  i n  d i s t i l l e r s *  d r i e d  s o l u b l e s  was t h e  

same a s  t h a t  c o n t a i n e d  in  c o m m e r c ia l  c a s e i n  a s  w e l l  a s  o t h e r  

g r o w t h  f a c t o r s  fou n d  i n  d r i e d  sk im  m i l k ,  h o w e v e r ,  t h e s e  

s o l u b l e s  d i d  n o t  a p p e a r  t o  c o n t a i n  a l l  t h e  n e c e s s a r y  gro w th  

f a c t o r s  fo u n d  i n  m eat  and bone  s c r a p s .  S i m i l a r l y ,  r e p o r t s  

p u b l i s h e d  by H i l l  et_ a l . ( I 9I4I4-) and N e l s o n  _et a l .  ( 19I4I4.) 

p r o v i d e d  a d d i t i o n a l  e v i d e n c e  t h a t  d r i e d  d i s t i l l e r s *  s o l u b l e s  

p ro m o te  g r o w t h  beyond  t h a t  e x p e c t e d  from  t h e i r  known  

n u t r i e n t  c o n t e n t .  I n  somewhat more r e f i n e d  s t u d i e s  w i t h  

c h i c k e n s ,  d e s i g n e d  t o  f u r t h e r  e v a l u a t e  and compare t h e  

g r o w t h  f a c t o r  i n  d i s t i l l e r s '  d r i e d  s o l u b l e s ,  Novak and c o ­

w o r k e r s  (1914-7) p r e s e n t e d  e v i d e n c e  t h a t  t h e  f a c t o r  or f a c t o r s  

i n  s o l u b l e s  i s  d i s t i n c t  from  v i t a m i n  A, v i t a m i n  D, t h i a m i n ,  

r i b o f l a v i n ,  p y r i d o x i n e ,  p a n t o t h e n i c  a c i d ,  n i a c i n ,  c h o l i n e ,  

b i o t i n ,  f o l i c  a c i d ,  para  amino b e n z o i c  a c i d ,  2 - m e t h y l -
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n a p h t h o q u i n o n e  and i n o s i t o l .  T h e i r  r e s u l t s  i n d i c a t e d  t h a t  

b o t h  d i s t i l l e r s *  d r i e d  s o l u b l e s  and c o n d e n s e d  f i s h  s o l u b l e s  

c o n t a i n  a n  u n i d e n t i f i e d  g ro w th  f a c t o r  or  f a c t o r s  w h ic h  i s  

n e c e s s a r y  f o r  c h i c k s .  F u r t h e r  s t u d i e s  d i r e c t e d  tow ard  

p u r i f y i n g  and i d e n t i f y i n g  t h i s  f a c t o r  w ere  r e p o r t e d  by  

Novak and Hauge i n  t h e  f o l l o w i n g  y e a r  ( 19i+8b) • They r e p o r t e d  

t h a t  t h e  f a c t o r  was s t a b l e  t o  h e a t ,  a c i d  and a l k a l i  and 

s o l u b l e  i n  e t h e r ,  e t h a n o l  and w a t e r  a t  w i d e l y  d i f f e r e n t  pH 

v a l u e s .  U s i n g  t h e  r a t  a s  t h e  t e s t  a n im a l  t h e y  p r e s e n t e d  

e v i d e n c e  w h ic h  i n d i c a t e d  t h a t  t h e  f a c t o r  was d i s t i n c t  fro m  

a l l  known v i t a m i n s  a s  w e l l  a s  a number o f  o t h e r  p o s t u l a t e d  

g r o w t h  f a c t o r s .  A d d i t i o n a l  work r e p o r t e d  by t h e s e  same 

i n v e s t i g a t o r s  (Novak and Hauge 1 9 i |8 a )  i n d i c a t e d  t h a t  t h e y  

had b e e n  s u c c e s s f u l  i n  p r e p a r i n g  a h i g h l y  p u r i f i e d  b u t  n o n ­

c r y s t a l l i n e  e x t r a c t  fro m  d i s t i l l e r s *  d r i e d  s o l u b l e s .  A f t e r  

c o n c e n t r a t i n g  t h e  f a c t o r  t h e y  d e t e r m in e d  s o l u b i l i t y ,  a d s o r p ­

t i o n  on v a r i o u s  a d s o r b e n t s ,  and th e  p o t e n c y  or  a s s a y  v a l u e  

w i t h  r a t s .  The y e l l o w  amorphous compound w h ic h  was o b t a i n e d  

p rom oted  r a t  g ro w th  a t  a l e v e l  a s  low a s  2 m eg.  p e r  r a t  p e r  

d a y  i n d i c a t i n g  i t s  v i t a m i n - l i k e  n a t u r e .  The f a c t o r  was  

t e n t a t i v e l y  c a l l e d  v i t a m i n  In  t h e  f o l l o w i n g  y e a r

A u s t i n  and B o r u f f  (191+9) d e m o n s t r a t e d  t h a t  v i t a m i n  B-^  

c o u l d  b e  e x t r a c t e d  from  d i s t i l l e r s *  d r i e d  s o l u b l e s  w i t h  

m e t h a n o l ,  and t h a t  an a c t i v e  f r a c t i o n  c o u ld  be e x t r a c t e d  

f r o m  t h e  m e t h a n o l  e x t r a c t  w i t h  c h l o r o f o r m .  The c o n c e n t r a t e
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o b t a i n e d  by  t h i s  s i m p l i f i e d  p u r i f i c a t i o n  p r o c e d u r e  was r e ­

p o r t e d  t o  g i v e  a g r o w th  r e s p o n s e  i n  c h i c k s .

U s i n g  p i g s  a s  t h e  t e s t  a n i m a l s  Cunha e_t a l .  ( 1 9 5 0 )  r e ­

p o r t e d  t h a t  a v i t a m i n  c o n c e n t r a t e  p r e p a r e d  i n  t h e  l a b o r a ­

t o r i e s  o f  Hiram W alker  and Sons  was e f f e c t i v e  in  p r o m o t in g  

g r o w t h .  The b a s a l  d i e t  employed was composed e s s e n t i a l l y  o f  

c o r n ,  p e a n u t  m e a l ,  m i n e r a l s  and v i t a m i n s  A, D p l u s  s e v e n  

B - v i t a m i n s .  I n  t h e  f i r s t  e x p e r i m e n t  w i t h  w e a n l i n g  p i g s  no  

r e s p o n s e  fro m  t h e  B ^  c o n c e n t r a t e  was o b s e r v e d  d u r i n g  t h e  

f i r s t  16 d a y s  o f  t h e  t r i a l  b u t  d u r i n g  t h e  f o l l o w i n g  1+6 d a y s  

t h e  Bq^ s u p p le m e n t e d  p i g s  g a i n e d  25% f a s t e r  t h a n  t h e  c o n t r o l s .  

I n  a s e c o n d  e x p e r i m e n t  s i m i l a r  r e s u l t s  were  o b t a i n e d  w i t h  th e  

e x c e p t i o n  t h a t  no r e s p o n s e  was o b s e r v e d  from  th e  B ^  f o r  a  

p e r i o d  o f  Ip5 d a y s .

Soon  a f t e r  i t s  i s o l a t i o n  in  191+8 v i t a m i n  B ^  was shown  

t o  a c c o u n t  f o r  much o f  t h e  a c t i v i t y  o f  t h e  a n i m a l  p r o t e i n  

f a c t o r ,  and th e  a d d i t i o n - o f  t h e  v i t a m i n  t o  d i e t s  from  o n l y  

v e g e t a b l e  s o u r c e s  enhan ced  t h e i r  v a l u e  f o r  p i g s  and p o u l t r y .  

The v a l u e  o f  v i t a m i n  B  ̂ a l l  v e g e t a b l e  d i e t s  l e d  t o  a 

s e a r c h  f o r  s u i t a b l e  s o u r c e s  o f  the  v i t a m i n ,  and t h e y  w ere  

fo u n d  i n  t h e  r e s i d u e s  fro m  t h e  i n d u s t r i a l  p r e p a r a t i o n  o f  

a n t i b i o t i c s ,  e s p e c i a l l y  a u r e o m y c in  and s t r e p t o m y c i n .  The 

c r u d e  r e s i d u e s  fro m  S t r e p t o m y c e s  a u r e o f a c i e n s  p ro v e d  b e t t e r  

f o r  p o u l t r y  t h a n  an e q u i v a l e n t  q u a n t i t y  o f  p u re  v i t a m i n  B-^  

a s  r e p o r t e d  b y  S t o k s t a d  et_ a l . i n  191+9 • S u b s e q u e n t l y  

S t o k s t a d  and J u k e s  ( 1 9 5 0 )  showed t h a t  t h e  s u p e r i o r i t y  was due
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t o  t h e  p r e s e n c e  i n  t h e  r e s i d u e s  o f  t r a c e s  o f  a u r e o m y c in  and  

t h a t  a u r e o m y c i n  i t s e l f  prom oted  t h e  g r o w th  o f  c h i c k s .  J u k es  

Q-l• ( 1950a)  showed t h a t  a d d i t i o n s  o f  c r y s t a l l i n e  a u r e o m y c in  

t o  a v i t a m i n  B]_2 - c o n t a i n i n g  r a t i o n  p r o d u ced  t h e  same t y p e  o f  

e x t r a  w e i g h t  g a i n s  i n  p i g s  t h a t  had b e e n  o b s e r v e d  in  c h i c k s .

In  a s i m i l a r  t y p e  e x p e r i m e n t  Luecke ejt a l .  ( 1 9 5 0 ) ,  u s i n g  

c r y s t a l l i n e  s t r e p t o m y c i n ,  d e m o n s t r a t e d  t h a t  t h i s  g r o w th  

s t i m u l a t i n g  e f f e c t  i n  s w in e  was n o t  s p e c i f i c  f o r  a u r e o m y c in *

In  1 9 5 0  N e sh e im  and J o h n so n  r e p o r t e d  t h a t  s t r e p t o m y c i n  

prom oted  t h e  g r o w t h  o f  young p i g s  r e c e i v i n g  a s e m i - s y n t h e t i c  

m i l k  c o n t a i n i n g  a l p h a - p r o t e i n  d e r i v e d  from  so y b ea n  o i l  m e a l .  

S u b s e q u e n t  work u s i n g  a l p h a - p r o t e i n  b a s e d  ’’s y n t h e t i c  m i l k s 11 

f o r  b ab y  p i g s  h a s  c o n f i r m e d  t h a t  a n t i b i o t i c s  im prove  t h e  

p e r f o r m a n c e  o f  p i g s  f e d  t h i s  d i e t ,  and under  m ost  c o n d i t i o n s  

a u r e o m y c in  and t e r r a m y c i n  proved  s u p e r i o r  t o  o t h e r  a n t i b i o t i c s  

w h i c h  were  t e s t e d  (W a h ls tr o m  e_t a l . , 1950;  Noland _et a l . ,

1 9 5 1 ;  W a h ls trom  e_t a l . , 1 9 5 2 ) .

U s i n g  a c a s e i n  ’’s y n t h e t i c  m i l k ” d i e t ,  N e sh e im  ejt a l . 

( 1 9 5 0 )  r e p o r t e d  no s t a t i s t i c a l l y  s i g n i f i c a n t  r e s p o n s e  f ro m  

t h e  a d d i t i o n  o f  a u r e o m y c i n ,  s t r e p t o m y c i n  or  p e n i c i l l i n  when  

t h e  b a b y  p i g s  w e re  p a i r  f e d .  In  a n o t h e r  t e s t ,  h o w e v e r ,

S h e f f y  ejt a l .  ( 1 9 5 2 )  u s i n g  v i t a m i n - f r e e  c a s e i n  a s  t h e  s o u r c e  

o f  p r o t e i n  i n  a ’’s e m i - s y n t h e t i c  m i l k ” f e d  ad l i b i t u m ,  

d e m o n s t r a t e d  a g r o w th  r e s p o n s e  from  b o t h  a u r e o m y c in  and 

s t r e p t o m y c i n .
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T h is  p r o p e r t y  o f  g r o w th  s t i m u l a t i o n  r e s u l t i n g  f r o m  t h e  

a d d i t i o n  o f  s m a l l  q u a n t i t i e s  o f  a n o n - n u t r i e n t  compound t o  

a n i m a l  f e e d s  i s  n o t  c o n f i n e d  t o  t h e  a n t i b i o t i c s  or a n t i ­

b a c t e r i a l  s u b s t a n c e s  o f  b i o l o g i c a l  o r i g i n .  As e a r l y  a s  19ij-6 

Moore e t  a l . r e p o r t e d  t h a t  s u l f a s u x i d i n e  s t i m u l a t e d  t h e  

g r o w t h  o f  c h i c k s  on p u r i f i e d  d i e t s .  R e s u l t s  o b t a i n e d  b y  

G rum bles  erb a l , ( 1 9 ^ 3 )  s u g g e s t e d  t h a t  s u l f a q u i n o x a l i n e  

im proved  t h e  g r o w th  o f  c h i c k s .  S e v e r a l  r e p o r t s  c o v e r i n g  

c h i c k e n s  ( B i r d  ejt a l . , 191-f.Q)  ̂ p i g s  ( C a r p e n t e r ,  1 9 5 1 ;  B e c k e r  

e t  a l , , 19^2)  and c a l v e s  ( G r a f  and H oldaw ay,  1 9 5 2 )  have  

shown t h a t  c e r t a i n  a r s o n i c  a c i d s  a r e  c a p a b l e  o f  s t i m u l a t i n g  

t h e  g r o w t h  o f  a n i m a l s .  C h e m i c a l l y ,  t h e s e  v a r i o u s  compounds  

h ave  l i t t l e  i n  common and b e c a u s e  o f  t h i s  pronou nced  l a c k  o f  

c h e m i c a l  s i m i l a r i t y  t h e i r  e f f e c t  on g ro w th  can s c a r c e l y  b e  

a s c r i b e d  t o  t h e i r  d i r e c t  u t i l i z a t i o n  i n  t h e  g ro w th  p r o c e s s e s .  

I t  seem s more l i k e l y  t h a t  t h e i r  s i m i l a r  e f f e c t  on gro w th  i s  

somehow m e d ia t e d  t h r o u g h  t h e i r  common a n t i b a c t e r i a l  e f f e c t  

on t h e  i n t e s t i n a l  f l o r a .  Thus i t  would seem p l a u s i b l e  t o  

a ssum e t h a t  o t h e r  compounds w i t h  a n t i - b a c t e r i a l  p r o p e r t i e s  

m ig h t  p o s s e s s  g r o w t h  s t i m u l a t i n g  p r o p e r t i e s .

E a r l y  i n  1 95 2  t h e r e  a p p ea r e d  i n  t h e  m e d i c a l  l i t e r a t u r e  

s e v e r a l  r e p o r t s  ( B o s w o r t h  ejb a l . , 19 5 2 ;  S e l i k o f f  and R o b i t z e k ,  

1 9 5 2 ;  R o b i t z e k  and S e l i k o f f ,  1 9 5 2 ;  E lm en d o r f  e t  a l . , 1 9 5 2 )  

r e g a r d i n g  c l i n i c a l  t r i a l s  w i t h  a new and p r o m i s i n g  o r a l  a n t i -  

t u b e r c u l a r  d r u g - i s o n i c o t i n i c  a c i d  h y d r a z i d e .  I n  e a ch  r e p o r t
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I t  was n o t e d  among t h e  f i n d i n g s  t h a t  s h o r t l y  a f t e r  t h e  a d m in ­

i s t r a t i o n  o f  t h e  d r u g  t o  p a t i e n t s  w i t h  a d v a n ced  c a s e s  o f  

t u b e r c u l o s i s  t h e r e  was an im provem ent  i n  a p p e t i t e  f o l l o w e d  

b y  a r e m a r k a b l e  g a i n  i n  w e i g h t *  S e l i k o f f  and R o b i t z e k  ( 1 9 5 2 )  

g a v e  c o n s i d e r a b l e  e m p h a s i s  t o  t h i s  p o i n t  i n  t h e i r  r e p o r t  

c o v e r i n g  t h e  t r e a t m e n t  o f  9 2  p a t i e n t s .  I n  t h i s  r e g a r d  t h e y  

sum m arized t h e i r  r e s u l t s  b y  s t a t i n g  t h a t :  " A p p e t i t e  i n c r e a s e

and r e s t o r e d  s e n s e  o f  w e l l - b e i n g  w ere  m atched and ov ersh a d o w ed  

by  w e i g h t  g a i n s  w h i c h  v a r i e d  up t o  61|_ pounds  and a v e r a g e d  

18 pounds a t  an a v e r a g e  o f  n i n e  w eek s  o f  t r e a t m e n t . "
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EXPERIMENTAL PROCEDURE

T w e lv e  f o u r -  and f i v e - d a y  o l d  Duroc b a b y  p i g s  w h ic h  had 

r e c e i v e d  c o l o s t r u m  from  t h e i r  dams,  were  used  i n  t h i s  e x ­

p e r i m e n t .  T h e s e  p i g s  w e r e  a l l o t t e d  a s  e q u a l l y  a s  p o s s i b l e  

among f o u r  g r o u p s  on t h e  b a s i s  o f  i n i t i a l  w e i g h t ,  l i t t e r  

and s e x .  Each group  o f  t h r e e  p i g s  was h ou sed  i n  a w i r e  

b o t t o m e d  c a g e  w h ic h  was p l a c e d  i n  a h e a t e d  and w e l l  v e n t i ­

l a t e d  room , A h e a t  lamp was p r o v i d e d  f o r  e a c h  c a g e  f o r  t h e  

f i r s t  f o u r  d a y s  o f  t h e  e x p e r i m e n t .  The c a g e s  w ere  s c r u b b e d  

and f l u s h e d  d a i l y  t o  m a i n t a i n  s a n i t a t i o n .  A l l  g r o u p s  w ere  

f e d  a s y n t h e t i c  m i l k  f o u r  t i m e s  d a i l y  ( 8  A .M . ,  1 P .M . ,

5 P.M.  and 9 P . M . )  i n  amounts  s u f f i c i e n t  t o  p r o v i d e  an ad 

l i b i t u m  f e e d i n g  p r o g r a m .  For  th e  f i r s t  s i x  d a y s  o f  t h e  e x ­

p e r i m e n t  t h e  r e f r i g e r a t e d  m i l k  was warmed t o  room t e m p e r a t u r e  

p r i o r  t o  f e e d i n g  b u t  t h e r e a f t e r ,  and f o r  the  r e m a in d e r  o f  t h e  

e x p e r i m e n t ,  t h e  m i l k  was f e d  a t  th e  r e f r i g e r a t e d  t e m p e r a t u r e .  

The m i l k  was o f f e r e d  i n  a s h a l l o w  m e t a l  t r o u g h  from  w h ic h  

t h e  p i g s  l e a r n e d  t o  d r i n k  x ^ i th in  t h e  f i r s t  day  o f  t h e  e x p e r i ­

ment .

The c o m p o s i t i o n  o f  t h e  s y n t h e t i c  m i l k  em ployed  a s  t h e  

b a s a l  d i e t  i s  shown i n  t a b l e s  1 ,  2 and 3 .  T h i s  m i l k  was  

p r e p a r e d  f r e s h  e a c h  w eek  i n  t h e  f o l l o w i n g  manner: A

m ea su r ed  amount o f  t a p  w a t e r  was p l a c e d  i n  a 30 l i t e r  m i l k  

c a n  and b r o u g h t  t o  a t e m p e r a t u r e  o f  3 0 °C .  Sodium b i c a r b o n a t e
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TABLE 1 .  COMPOSITION OP BASAL DIET1

I n g r e d i e n t  %

C a s e i n ,  Labco V i t a m i n - F r e e 30

C e r e l o s e 5k
Lard 10

M in e r a l  MIx^ 6

V i t a m i n s ^ +

 ̂ An e m u l s i o n  c o n t a i n i n g  \T%> s o l i d s  was p r e p a r e d  
and t h e n  h o m o g e n i z e d ,

-  See t a b l e  3*

 ̂ See  t a b l e  Ij..
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TABLE 2 .  COMPOSITION OP MINERAL MIXTURE1

I n g r e d i e n t G-rams

Na CL 59k.
k 2hpo^ 1 2 8 8 .

CaHPO^ 1 6 9 0 .

Ga l a c t a t e l l i O f .

MgS0^-7H20 1 7 7 .

P eS 0 ^ -7 H 20 9 6 . 5 0

KI 3 . 0 0

Mn30^*H20 5 . 0 0

Zn C l2 1 . 0 0

CuS0^-5H 20 1 . 0 0

CoG12 .6H20 o.5o

5 0 0 0 . 0 0

S i m i l a r  t o  m i x t u r e  d e s c r i b e d  b y  J o h n so n  
e t  a l .  (191^.8).
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TABLE 3 .  VITAMINS ADDED PER LITER OP MILK

T h ia m in  h y d r o c h l o r i d e 1 . 0 mg.

R i b o f l a v i n 2 . 0 mg.

N i a c i n lp.0 mg.

C a lc iu m  p a n t o t h e n a t e 1 2 . 0 mg.

P y r id o x in ©  h y d r o c h l o r i d e 2 . 0 mg.

I n o s i t o l 14-0.0 mg.

C h o l i n e ipOO.O mg.

B i o t i n 1 6 . 0 m eg .

A s c o r b i c  a c i d 1 6 . 0 m eg.

F o l i c  a c i d

o•CO meg.

V i t a m in  B-j^ 1+.36 meg.

V i t a m i n  A 2 3 3 3 . I . U .

V i t a m i n  D 2 3 3 . I . U .

A l p h a - T o c o p h e r o l 1 . 1 7 mg.

2 - M e t h y l  1 —Ip n a p h t h o q u in o n e 0 . 3 3 mg.
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e q u a l  t o  lp.75?o o f  t h e  w a t e r  w e i g h t  was t h e n  a d d e d .  W h i le  

t h i s  s o l u t i o n  was a g i t a t e d  by  an a u t o m a t i c  s t i r r e r  t h e  c a s e i n  

was s l o w l y  a d d e d ,  fo l lox ^ ed  b y  t h e  c e r e l o s e .  The f a t  s o l u b l e  

v i t a m i n s  w e r e  added t o  t h e  m e l t e d  l a r d  and t h e n  t h e s e  com­

p o n e n t s  w ere  i n c o r p o r a t e d  i n  t h e  m i x t u r e .  Hot w a t e r  was  

added t o  t h e  m i n e r a l  m i x t u r e  and t h i s  was t h e n  s t i r r e d  i n  a 

W aring  B l e n d e r  p r i o r  t o  a d d in g  t o  t h e  c a n .  The r e m a i n i n g  

v i t a m i n s  w ere  t h e n  mixed i n  and t h e  e n t i r e  e m u l s i o n  was t h e n  

h o m o g e n i z e d .  To t h i s  m i l k  t h e  v a r i o u s  e x p e r i m e n t a l  compo­

n e n t s  a s  shown in. t a b l e  Ip, w ere  added and mixed and t h e  r e ­

s u l t i n g  m i l k s  were  t h e n  p l a c e d  i n  l a r g e  g l a s s  b o t t l e s  and 

r e f r i g e r a t e d .

The p i g s  w e r e  w e ig h e d  I n d i v i d u a l l y  a t  t h e  s t a r t  o f  t h e  

t e s t  and t h e r e a f t e r  a t  i n t e r v a l s  o f  t h r e e  or  f o u r  d a y s  a s  

sho im  i n  t a b l e  6 .  A r e c o r d  o f  m i lk  c o n s u m p t io n  f o r  e a c h  

g r o u p  w as  m a i n t a i n e d  and t h e  p i g s  w ere  c l o s e l y  o b s e r v e d  f o r  

a n y  a b n orm al  c o n d i t i o n s  d u r i n g  t h e  26  day  e x p e r i m e n t a l  

p e r i o d .

The p i g  w e i g h t  g a i n s  x%rere t e s t e d  f o r  s i g n i f i c a n c e  by  

t h e  method o f  S n e d e c o r  ( I 9 l p 6 ) .
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TABLE ij.. DESIGN OP EXPERIMENT

Group D i e t a r y  T r e a t m e n t

1 B a s a l

2 B a s a l
p e r

+ 5
1 0 0

mg* A u r e o m y c i n  h y d r o c h l o r i d e  
gm. o f  d r y  m a t t e r

3 B a s a l
p e r

+ 0 
1 0 0

. 0 5  ml* v i t a m i n  B-j~ c o n c e n t r a t e ^  
gm. o f  d r y  m a t t e r

B a s a l
p e r

+ 5
1 0 0

mg.  i s o n i c o t i n i c  a c i d  h y d r a z i d e  
gm. d r y  m a t t e r

n
S u p p l i e d  b y  R .  A . R a s m u s s e n ,  H ira m  W a lk er  and  
S o n s ,  I n c .
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RESULTS

The o v e r a l l  r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  shown i n  

summary fo rm  i n  t a b l e  5* An e x a m i n a t i o n  o f  t h i s  t a b l e  i n ­

d i c a t e s  t h a t  p e r h a p s  t h e  m ost  o u t s t a n d i n g  a s p e c t  i s  t h e  

u n i f o r m i t y  o f  p e r fo r m a n c e  among t h e  g r o u p s .  The s i m i l a r i t y  

o f  g a i n s ,  f o o d  c o n s u m p t io n  and fo o d  u t i l i z a t i o n  i n d i c a t e s  

t h a t  t h e r e  w ere  no d i f f e r e n c e s  r e s u l t i n g  from  t h e  v a r i o u s  

e x p e r i m e n t a l  t r e a t m e n t s .

An a n a l y s i s  o f  v a r i a n c e  c o n d u c t e d  w i t h  t h e  w e i g h t  g a i n s  

o f  t h e  p i g s  i n d i c a t e d  t h e  v a r i a t i o n  w i t h i n  th e  g r o u p s  f a r  

e x c e e d e d  t h e  v a r i a t i o n  b e t w e e n  g r o u p s  a s  e v i d e n c e d  by an  

F v a l u e  o f  0 . 0 1 2  ( t a b l e  6 ) .  The a v e r a g e  d a i l y  g a i n s  o f  t h e  

p i g s  can be  c o n s i d e r e d  v e r y  good and e s p e c i a l l y  s o  in  v i e w  

o f  t h e  n e c e s s a r y  a d j u s t m e n t  t o  a new d i e t ,  a new method o f  

f o o d  i n t a k e  and a t o t a l l y  d i f f e r e n t  e n v i r o n m e n t ,  a f t e r  w ean­

i n g .  I t  would  ap p ea r  t h a t  t h e s e  g a i n s  a r e  e v i d e n c e  o f  the  

n u t r i t i o n a l  a d e q u a c y  o f  t h e  s y n t h e t i c  m i l k  e m p lo y e d .  The 

a v e r a g e  d a i l y  g a i n s  o f  th e  p i g s  i n  e a c h  group  d u r i n g  t h e  

c o u r s e  o f  t h e  e x p e r i m e n t  a r e  shown i n  t a b l e  7 .  I t  i s  o f  i n ­

t e r e s t  t o  n o t e  t h a t  f o r  t h r e e  o f  t h e  f o u r  g r o u p s  w e i g h t  g a i n s  

made d u r i n g  t h e  f i r s t  t h r e e  d a y s  o f  the  e x p e r i m e n t  e x c e e d e d  

t h e  g a i n s  made d u r i n g  th e  f o l l o w i n g  t h r e e  d a y s .  A p r o b a b l e  

e x p l a n a t i o n  f o r  t h e s e  r e s u l t s  i s  t h a t  foo d  f i l l  r a t h e r  th a n
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TABLE 5 .  SUMMARY OP RESULTS 

( 3  p i g s  p e r  group on t e s t  26 d a y s )

G-roup 1 2 3 k

T r e a t m e n t Non©
A u r e o ­
m y c i n

V i t .

b 13 INH2

A v e . i n i t i a l  a g e / p i g ,  d a y s k-3 1^.7 A4-.3 k.7
A v e .  i n i t i a l  w t . / p i g ,  l b s . i | .  6 k-3 ^ . 2 k*k
A ve* f i n a l  w t . / p i g ,  l b s . 2 3 . 2 2 2 . 9 2 2 . 2 2 2 . 6

A v e .  d a i l y  g a i n / p i g ,  l b s . 0 . 7 2 0 . 7 2 0 . 6 9 0 . 7 0

A v e .  d a i l y  m i l k  c o n s . / p i g ,  
l i t e r s 2 . 0 no • o 2 . 0 1 . 9

A v e .  d a i l y  DM  ̂ c o n s . / p i g ,  l b . . 7 5 .7 5 . 7 3 . 7 3

DM c o n s . / l b .  g a i n 1.0k 1 . 0 6 1 . 0 5 1 . 0 3

1 Dry M a t t e r

2 I s o n i c o t i n i c  a c i d  h y d r a z i d e



TABLE 6 .  ANALYSIS OP VARIANCE OP WEIGHT GAINS

Source of Variation
Degrees

of
Freedom

Sum of 
Squares

Mean
Square

T o t a l 11 1 9 1 . 6 3

B e t w e e n  means 3 .8 6 .2 9

W i t h i n  e r r o r 8 1 9 0 . 7 7 2 3 . 8 5
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t a b l e  7 . AVERAGE DAILY GAIN IN POUNDS PER PIG 

DURING COURSE OF EXPERIMENT

Interval
Days

i

Group 

2 3 b

3 0.71 0 .5 2 0.71 0 .6 2

3 0.35 0.67 0 .14-7 0.1)3

it. o . 5 i 0.5b 0 .3 2 0.39

k 0.55 0 .U8 0.57 0.53

h 0 .8 2 0 .8 6 0.79 0 .8 1

b 0 .8 1 0.714- 0 .6 3 0.75

b 1 .1 6 1 . 11). 1.30 1 .28
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increase in t issu e  mass accounted for a part of these gains. 

In general a l l  groups showed a similar steady increase in  

d aily  gains as the te s t  progressed.

As indicated above both food consumption and food u t i l i ­
zation were remarkably similar among the groups. The food 

e ff ic ie n c y  values are excellen t giving evidence of the high 
degree of d ig e s t ib i l i t y  and nutritional balance of the d ie t .

The pigs in a l l  groups appeared quite normal during the 
course of the t e s t .  A mild and Intermittent type of diarrhea 
was in evidence during the f i r s t  few days of the te s t  but 
th is  condition then subsided and the droppings assumed a 
firm consistency for the remainder of the experimental 

period.
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DISCUSSION OP RESULTS

The l a c k  o f  r e s p o n s e  t o  A u reom ycin  i n  t h i s  t r i a l  i s  p e r ­

h a p s  n o t  t o o  s u r p r i s i n g  when one c o n s i d e r s  b o t h  t h e  c o n d i t i o n s  

under  w h ic h  t h i s  t e s t  was c o n d u c t e d  a l o n g  w i t h  d a t a  a v a i l a b l e  

r e g a r d i n g  t h e  mode o f  a c t i o n  o f  a n t i b i o t i c s *

I t  i s  f i r s t  o f  a l l  n e c e s s a r y  t o  e s t a b l i s h  s e v e r a l  f a c t s  

r e g a r d i n g  t h e  a r e a  i n  w h i c h  t h e  p i g  c a g e s  were  h o u se d  a s  

w e l l  a s  t h e  c a g e s  t h e m s e l v e s *  At t h e  t im e  t h i s  t e s t  was  i n ­

i t i a t e d  t h e  room In w h ic h  t h e  t r i a l  was c o n d u c t e d  was n e w ly  

c o m p l e t e d  and had n o t  h o u se d  p i g s  p r i o r  t o  t h i s  t i m e .  L i k e ­

w i s e  t h e  c a g e s  were  n e w l y  c o n s t r u c t e d  and were  p r o v i d e d  w i t h  

w i r e  s c r e e n e d  f l o o r s  w h ic h  te n d e d  t o  r e m a in  r e l a t i v e l y  c l e a n  

o f  b o t h  u r i n e  and f e c e s .  As a l r e a d y  p o i n t e d  o u t  t h e  f l o o r s  

o f  t h e s e  c a g e s  w ere  sc r u b b e d  and f l u s h e d  d a i l y .  The m e t a l  

f e e d i n g  t r o u g h s  w e re  a l s o  c l e a n e d  d a i l y .  S u p p l i e s  o f  m i l k  

w e r e  r e f r i g e r a t e d  b e t w e e n  f e e d i n g s  i n  o r d e r  t o  keep  a n y  

b a c t e r i a l  g r o w th  a t  a minimum.

C o a t e s  e £  a l ♦ ( 1 9 5 1  and 1 9 5 2 )  i n  w e l l  c o n t r o l l e d  e x p e r i ­

m en ts  o b s e r v e d  t h a t  c h i c k s  r e a r e d  i n  an  o ld  e n v ir o n m e n t  

showed a marked g r o w th  r e s p o n s e  t o  a n t i b i o t i c s  w h i l e  su ch  an 

e f f e c t  was n o t  s e e n  when t h e y  w ere  r e a r e d  In new q u a r t e r s  or  

i n  a c l e a n  e n v i r o n m e n t .  M o reov er ,  i n  t h e  c l e a n  e n v i r o n m e n t ,  

t h e  g r o w t h  o f  t h e  c h i c k s  on th e  c o n t r o l  or  u n su p p le m e n te d  

d i e t  was a s  g o o d ,  o r  b e t t e r  t h a n ,  t h a t  o f  th e  b i r d s  i n  t h e
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o l d  e n v i r o n m e n t  r e c e i v i n g  t h e  a n t i b i o t i c  s u p p le m e n t e d  f e e d *  

T h e se  o b s e r v a t i o n s  w e r e  c o n f i r m e d  i n  o t h e r  s t u d i e s  c o n d u c t e d  

b y  B i r d  e_t a l . ( 1 9 5 2 )  and H i l l  ejb a l » ( 1 9 5 2 ) .  The r e s u l t s  

o f  t h e s e  s t u d i e s  s u g g e s t e d  t h a t  t h e  g r o w th  p r o m o t i n g  a c t i o n  

o f  a n t i b i o t i c s  a p p e a r s  t o  be a s s o c i a t e d  w i t h  t h e  c o n t r o l  o f  

d e l e t e r i o u s  m i c r o o r g a n i s m s  i n  t h e  a n i m a l ’ s e n v ir o n m e n t*  

F u r t h e r  e v i d e n c e  i n  s u p p o r t  o f  t h i s  t h e o r y  h a s  b e e n  shown  

by  a n t i b i o t i c  s t u d i e s  w i t h  a n i m a l s  r a i s e d  under  g e r m - f r e e  

c o n d i t i o n s  ( Luckey e t  a l * , 1 95 6  and F o r b e s  e t  a l *, 1 9 5 8 )  and 

a c o m p a r i s o n  o f  g e r m - f r e e  c h i c k s  w i t h  t h o s e  e x p e r i m e n t a l l y  

i n f e c t e d  ( P o r b e s  and P a rk ,  1 9 5 9 ) *  I n  a n o t h e r  s t u d y  A n d e r s o n  

e t  a l * ( 1 9 5 6 ) w ere  a b l e  t o  d e m o n s t r a t e  t h a t  f e e d i n g  a h i g h  

l e v e l  o f  a m ixed e n t e r o c o c c i  c u l t u r e  r e t a r d e d  th e  g r o w th  o f  

c h i c k s  and t h a t  t h i s  g r o w t h  r e t a r d a t i o n  c o u ld  be p r e v e n t e d  

b y  i n c l u d i n g  A u re o m y c in  i n  t h e  d i e t .  In v i e w  o f  t h e  a b o v e  

d a t a  I t  i s  n o t  s u r p r i s i n g  t h a t  no r e s p o n s e  t o  A u reom y cin  w as  

n o t e d  i n  t h e  t r i a l  r e p o r t e d  h e r e i n .

I t  I s  q u i t e  c l e a r  t h a t  t h e  p i g s  i n  t h i s  t r i a l  showed  

no r e s p o n s e  t o  t h e  v i t a m i n  B-^3 c o n c e n t r a t e  u s e d .  One p o s s i b l e  

e x p l a n a t i o n  f o r  t h i s  l a c k  o f  r e s p o n s e  i s  b a s e d  on t h e  f a c t  

t h a t  a " v i t a m i n - f r e e "  c a s e i n  was used a s  t h e  s o u r c e  o f  p r o ­

t e i n  i n  t h e  m i l k .  In  t h e i r  v i t a m i n  B-^  s t u d i e s  w i t h  r a t s  

Novak and Hauge ( 1 9 ^ 8 b ) found t h a t  n e i t h e r  c a s e i n  e x t r a c t e d  

w i t h  e t h a n o l  n o r  c o m m e r c ia l  " v i t a m i n - f r e e "  c a s e i n  was s a t i s ­

f a c t o r y  a s  a s o u r c e  o f  p r o t e i n  b e c a u s e  o f  t h e  p r e s e n c e  o f
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t h i s  f a c t o r .  I n  o r d e r  t o  o b t a i n  a r e s p o n s e  from  t h e i r  v i t a ­

min B -^  c o n c e n t r a t e  i t  was n e c e s s a r y  t o  em p loy  i n  t h e  d i e t  

a c a s e i n  w h ic h  had b e e n  r i g o r o u s l y  t r e a t e d  b y  a s e r i e s  o f  

e x t r a c t i o n  p r o c e d u r e s .

I t  i s  a l s o  e n t i r e l y  p o s s i b l e  t h a t  t h e  p i g Ts s t o r a g e  o f  

t h i s  f a c t o r  a c c o u n t e d  f o r  t h e  l a c k  o f  r e s p o n s e  t o  t h e  B-j^ 

c o n c e n t r a t e .  In  two s e p a r a t e  t r i a l s  w i t h  w e a n l i n g  p i g s  

Cunha ejb a l . ( 1 9 5 0 )  o b s e r v e d  no g ro w th  r e s p o n s e  from  a 

v i t a m i n  c o n c e n t r a t e  d u r i n g  t h e  f i r s t  16  and 1̂ 5 d ay s  o f

t h e s e  t e s t s *  T h ese  r e s u l t s  would  s u g g e s t  t h a t  t h e  p i g  i s  

c a p a b l e  o f  s t o r i n g  t h i s  f a c t o r .  S i n c e  t h e  t r i a l  r e p o r t e d  

h e r e i n  r a n  f o r  a p e r i o d  o f  26 d a y s  i t  i s  c o n c e i v a b l e  t h a t  

t h e  p i g ' s  s t o r a g e  o f  v i t a m i n  B-, » was s u f f i c i e n t  t o  s u p p o r t  

n o r m a l  g r o w t h .  E v i d e n c e  t h a t  t h i s  f a c t o r  can be s t o r e d  by  

r a t s  h a s  b e e n  r e p o r t e d  b y  Manna and Ha uge ( 1 9 5 3 ) .

The q u e s t i o n  m ig h t  l o g i c a l l y  b e  r a i s e d  a s  t o  w h e t h e r  th e  

amount o f  v i t a m i n  B c o n c e n t r a t e  u sed  was s u f f i c i e n t  t o
13

e l l i c i t  a r e s p o n s e .  Cunha and c o w o r k e r s  ( 1 9 5 0 )  u s i n g  a 

s i m i l a r l y  p r e p a r e d  c o n c e n t r a t e  fro m  the  same l a b o r a t o r y  

(H iram  W alker  3c S o n s )  i n c o r p o r a t e d  3 ml * o f  t h i s  c o n c e n t r a t e  

p e r  100 p ou nd s  o f  f e e d .  C a l c u l a t e d  on a d r y  m a t t e r  b a s i s  

t h e  amount o f  v i t a m i n  B ^j  c o n c e n t r a t e  used i n  t h e  t e s t  r e ­

p o r t e d  h e r e i n  was a l m o s t  s e v e n  t i m e s  g r e a t e r  than  t h e  amount  

used  b y  t h e  a b o v e  m e n t io n e d  i n v e s t i g a t o r s .  From t h i s  l i m i t e d  

i n f o r m a t i o n  i t  would  a p p e a r  t h a t  t h e  amount o f  a c t i v e  m a t e r i a l  

u s e d  was n o t  a l i m i t i n g  f a c t o r .
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A lthou gh ,  s e v e r a l  y e a r s  have  e l a p s e d  s i n c e  t h e  r e p o r t e d  

d i s c o v e r y  o f  v i t a m i n  B ^  and d e s p i t e  a c o n s i d e r a b l e  amount  

o f  i n v e s t i g a t i o n  w i t h  r e g a r d  t o  t h i s  f a c t o r  t h e r e  s t i l l  r e ­

m a in s  c o n s i d e r a b l e  c o n f u s i o n  a s  t o  i t s  s i g n i f i c a n c e  i n  

a n i m a l  n u t r i t i o n  a s  w e l l  a s  i t s  r e l a t i o n s h i p  t o  o r o t i c  a c i d *  

T h ere  h a v e  b e e n  d a t a  t o  s u g g e s t  t h a t  v i t a m i n  B-^ and o r o t i c  

a c i d  a r e  r e l a t e d .  Manna and Hauge (19f>3) a d van ced  th e  i d e a  

t h a t  o r o t i c  a c i d  may b e  a d e c o m p o s i t i o n  p r o d u c t  o f  v i t a m i n  

b 13* On t h e  o t h e r  hand R asm ussen  et_ a l . (195^1-) w e re  u n a b l e  

t o  f i n d  a d i r e c t  r e l a t i o n s h i p  b e t w e e n  o r o t i c  a c i d  and v i t a ­

min B13  and c o n c lu d e d  t h a t  th e  two a r e  d i f f e r e n t  n u t r i t i o n a l  

e n t i t i e s .  More r e c e n t l y  O t t  e t  a l . (195>8) w ere  u n a b l e  t o  

o b s e r v e  a s i g n i f i c a n t  grow th  p r o m o t in g  e f f e c t  i n  c h i c k s  r e ­

c e i v i n g  " v i t a m i n  B-^y c o n c e n t r a t e s  p r e p a r e d  f ro m  d i s t i l l e r s 1 

s o l u b l e s  b y  t h e  method o f  Novak and Hauge ( I 9 i4-8a )  or a  

" v i t a m i n  B ^ y  c o n c e n t r a t e  p r e p a r e d  i n  t h e  Hiram W alker  and 

Sons* l a b o r a t o r y .

The r e s u l t s ,  or  r a t h e r  l a c k  o f  r e s u l t s ,  o b t a i n e d  i n  t h i s  

t e s t  w i t h  i s o n i c o t i n i c  a c i d  h y d r a z i d e  ( INH) a g r e e s  w i t h  now 

p u b l i s h e d  i n f o r m a t i o n  r e g a r d i n g  t h e  i n e f f e c t i v e n e s s  o f  t h i s  

compound w i t h  r e g a r d  t o  im p r o v in g  a p p e t i t e  and w e i g h t  g a i n  

i n  n o n - t u b e r c u l a r  humans* Mudie ej; a l .  (I95>i|) foun d  t h a t  

n o r m a l  h e a l t h y  i n d i v i d u a l s  r e c e i v i n g  INH f o r  an e i g h t  week  

p e r i o d  showed w e i g h t  g a i n s  s i m i l a r  t o  a n o n - t r e a t e d  group*

A somewhat d i f f e r e n t  a p p r o a c h  t o  t h i s  same p r o b le m  was made
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b y  H o l l a n d e r  ( 1 9 5 5 ) *  T h i s  w o r k e r  u sed  p a t i e n t s  who w e re  n o t  

s u f f e r i n g  fro m  t u b e r c u l o s i s  and w h o se  w e i g h t  had b e e n  c o n ­

s t a n t  f o r  a p e r i o d  o f  w e e k s ,  b u t  w h o se  a p p e t i t e s  were  p o o r  

or f a i r .  He o b s e r v e d  no a p p e t i t e  s t i m u l a t i n g  p r o p e r t i e s  

f ro m  t h e  a d m i n i s t r a t i o n  o f  300  mg. o f  i s o n i c o t i n i c  a c i d  h y ­

d r a z i d e  d a i l y .  I t  i s  t h e r e f o r e  p r o b a b l e  t h a t  t h e  e f f e c t  on  

a p p e t i t e  and w e i g h t  g a i n  i n  humans a s  r e p o r t e d  b y  R o b i t z e k  

and S e l i k o f f  ( 1 9 5 2 )  and o t h e r s  was s e c o n d a r y  t o  t h e  s u p p r e s ­

s i o n  o f  t h e  e f f e c t s  o f  t u b e r c u l o s i s  and n o t  an i n d e p e n d e n t  

e f f e c t  o f  t h e  i s o n i c o t i n i c  a c i d  h y d r a z i d e  on t h e  a p p e t i t e .

B ased  on t h e  a v e r a g e  w e i g h t s  o f  t h e  p i g s  and t h e i r  

a v e r a g e  d a i l y  c o n s u m p t io n  o f  d r y  m a t t e r  t h e  a v e r a g e  d a i l y  

I n t a k e  o f  i s o n i c o t i n i c  a c i d  h y d r a z i d e  c a l c u l a t e d  t o  be 3 

mg. p e r  k g .  o f  body  w e i g h t *  I n  s t u d i e s  w i t h  I n f e c t e d  m ice  

t h e  minimum e f f e c t i v e  d a i l y  d o s e  was found  t o  be 2 mg. o f  

INH p e r  k g .  o f  body  w e i g h t  ( B e r s t e i n  et_ a l . , 1 9 5 2 ) .  I n  INH 

s t u d i e s  w i t h  t u b e r c u l a r  humans d a i l y  o r a l  d o s a g e  l e v e l s  o f  

ij. mg. p e r  k g .  o f  body  w e i g h t  ( S e l i k o f f  ejt a l . , 1 9 52b)  and 3 

t o  6 mg. p e r  k g .  o f  b od y  w e i g h t  ( P i t t s  e t  a l . , 1 9 5 3 )  w ere  

fou n d  t o  be  e f f e c t i v e .  On t h e  b a s i s  o f  t h i s  i n f o r m a t i o n  t h e  

amount o f  I s o n i c o t i n i c  a c i d  h y d r a z i d e  used  i n  t h i s  t r i a l  

s h o u l d  h a v e  b e e n  a d e q u a t e .

S e l i k o f f  eib a l .  ( 1 9 5 2 a )  n o t e d  c e r t a i n  t o x i c  e f f e c t s  i n  

p a t i e n t s  r e c e i v i n g  INH i n c l u d i n g  c o n s t i p a t i o n  and i n v o l u n t a r y  

t w i t c h i n g .  N e i t h e r  o f  t h e s e  symptoms n o r  o t h e r  v i s i b l e
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un tow ard  e f f e c t s  w e re  o b s e r v e d  I n  any  o f  t h e  p i g s  r e c e i v i n g  

INH d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t .



sra m R Y

A "synthetic milk" composed of "vitamin- 
free" casein, cerelose , lard, minerals and 
vitamins supported excellen t growth and 
feed e ff ic ien cy  in baby p igs.

The addition of Aureomycin hydrochloride 
to the above milk at a lev e l of 5 wg» per 
100 gm. of dry matter had no e ffe c t  on 
rate of growth, consumption of milk or 
feed u t i l iz a t io n .

The inclusion of a vitamin B-j- concentrate 
in th is  milk at a le v e l of 0 . 0$ ml. per 
100 gm. of dry matter likewise had no e ffe c t  
on the p igs .

Ison icotin ic  acid hydrazide included in the 
"synthetic milk" at $ mg. per 100 gm. of dry 
matter had no e f fe c t  on the performance of 
the pigs and no toxic side e ffe c ts  were noted.



7k

PART I I I *  SOME INTERRELATIONSHIPS OF PANTOTHENIC ACID, 

METHIONINE AND PROTEIN IN THE RAT

INTRODUCTION

That t h e  d i e t a r y  r e q u i r e m e n t  f o r  a s i n g l e  n u t r i e n t  can  

be r a t h e r  v a r i a b l e  and d e p e n d e n t  upon t h e  c h a r a c t e r  and q u a l ­

i t y  o f  t h e  a c c o m p a n y in g  n u t r i e n t s  i s  b e c o m in g  i n c r e a s i n g l y  

e v i d e n t .  Such i n t e r p l a y  o f  n u t r i e n t s  i s  c l a s s i c a l l y  exem ­

p l i f i e d  by  t h e  s p a r i n g  a c t i o n  o f  f a t  on t h i a m i n  and t h e  

i n c r e a s e d  d i e t a r y  r i b o f l a v i n  r e q u i r e m e n t  f o r  t h e  r a t  on 

h i g h  f a t  r a t i o n s .

I t  I s  w e l l  known t h a t  p a n t o t h e n i c  a c i d  i s  a d i e t a r y  

e s s e n t i a l  f o r  t h e  r a t .  As a r e s u l t  o f  numerous I n v e s t i g a t i o n s  

d u r i n g  t h e  e a r l y  19^ 0 f s ,  i t  became g e n e r a l l y  a c c e p t e d  t h a t  

t h e  r e q u i r e m e n t  o f  the  g r o w in g  r a t  f o r  t h i s  v i t a m i n  was a t  

o r  c l o s e  t o  100  m eg .  p e r  d a y .  S u b s e q u e n t l y  i t  became e v i d e n t ,  

h o w e v e r ,  t h a t  t h e  p r o t e i n  l e v e l  o f  t h e  d i e t  c o u ld  have a 

p r o f o u n d  I n f l u e n c e  on t h e  r a t ’ s n eed  f o r  p a n t o t h e n i c  a c i d .  

F u r t h e r  s t u d y  s u g g e s t e d  t h a t  i t  was t h e  amino a c i d  m e t h i o n i n e  

w h ic h  was r e s p o n s i b l e  f o r  t h i s  s p a r i n g  e f f e c t  on t h e  need  f o r  

p a n t o t h e n i c  a c i d .  In t h e  s t u d i e s  c o n c e r n e d  w i t h  t h e s e  i n t e r ­

r e l a t i o n s h i p s  c a s e i n  or b l o o d  f i b r i n  was used  a s  th e  p r o t e i n  

s o u r c e  and l i k e l y  c o n t r i b u t e d  t o  a v a r i a b l e  and p e r h a p s  i n -
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a d e q u a t e  s o u r c e  o f  v i t a m i n  B^2  i n t h e  d i e t s *

T h ere  i s  good e v i d e n c e  t o  s u g g e s t  t h a t  v i t a m i n  B . ^  i s  

i n t e r r e l a t e d  i n  t h e  m e t a b o l i s m  o f  b o t h  p a n t o t h e n i c  a c i d  and 

m e t h i o n i n e  -  a p o i n t  n o t  m e n t io n e d  i n  p r e v i o u s  i n v e s t i g a t i o n s  

c o n c e r n e d  w i t h  t h e  r e l a t i o n s h i p  o f  p a n t o t h e n i c  a c i d  and 

p r o t e i n  or m e t h i o n i n e .  In l i g h t  o f  t h i s  I n f o r m a t i o n  i t  

a p p e a r e d  d e s i r a b l e  t o  r e - e x a m i n e  t h i s  l a t t e r  r e l a t i o n s h i p  

u s i n g  s o y b e a n  p r o t e i n  b a sed  d i e t s  c o n t a i n i n g  a known and 

a d e q u a t e  amount o f  v i t a m i n  B ^ *
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REVIEW OP LITERATURE

In 19^0 Unna reported the pantothenic acid requirement 
of the growing rat to be 80 meg* per day. This same in v e s t i­

gator in  conjunction with coworkers (Unna and Sampson, I9I4.O; 
Unna and Richards, 19^2) conducted additional studies along 
th is  lin e  and found the daily requirement of the growing rat 

for pantothenic acid to be between 80 and 100 meg* Numerous 
other investigators including Emerson and Evans (1914-1), 

Elvehjem e_t a l ,  (I9i}-1), Henderson e_t al* ( I 9I4.2 ), Bacon and 

Jenkins (1914-3) and Slanetz (I9lf3) reported confirmation of 
the findings of Unna and coworkers with the resu lt that the 
value of 100 meg* per day or 1 mg. per 100 gm. of ration  

became generally accepted as the amount needed by the young 

growing rat (Brown and Sturtevant, 191̂ -9)* I t  i s  perhaps of 
considerable significance that in each of the above cited  

reports casein was used as the sole source of protein in the 
d ie t ,  and furthermore, in seven of the eight reports the 

le v e l  of casein in the d iet was either 18 or 20$. The simi­

la r i ty  of the d ie ts  in these respects may well account for  

the s im ilar ity  of r e su lts .
The above mentioned studies involving the pantothenic 

acid requirement of the rat were conducted u t i l iz in g  d iets  

containing a high proportion of carbohydrate with minimal
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le v e ls  of protein and fa t .  On these high carbohydrate d ie ts  

i t  has been shown that pantothenic acid d efic ien t rats grow 

poorly and usually survive only one to three months (M ills  
et a l . , 1914-0; Salmon and Engel, 19ij-0; Unna, I9I4-O). Wright, 

Skeggs and Sprague ( 19l}-5) found that rats receiving lib era l  
protein d ie ts  were le s s  susceptible to the deficiency syn­
drome induced by feeding succinylsulfathiazole in highly  

purified d ie t s .  Such animals had higher hepatic stores of 
pantothenic acid than control rats receiving the usual amount 
of protein in the d ie t .  As a resu lt of increasing the casein  
le v e l  in a pantothenic acid defic ien t d iet from 2I4. to 61$ 

Nelson and Evans (1914-5) were able to demonstrate improved 
growth and l iv a b i l i t y  in young r a ts .  In the following year 

Wright and Skeggs ( I 9I4-6 ) reported that in rats fed ad_ libitum  

the feca l elimination of the B-vitamins studied c lose ly  paral­
le led  the le v e l of dietary protein. In equalized feeding the 
fe c a l elimination of pantothenic acid was d irectly  propor­
tion a l to the protein (casein) content of the d ie t .  These 
resu lts  prompted several hypotheses regarding the actual 
mechanism(s) involved. The superiority of the high protein  

d ie t  in these studies could have been due to the decreased 
le v e l  of dietary carbohydrate since there is  considerable 
evidence that pantothenic acid is involved in carbohydrate 

metabolism (Williams, 19*4-3) . Traces of pantothenic acid or 
other factors in the casein might have accounted for the
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improved resu lts  or the amino acid content of the casein in 

some way spared the need for th is  vitamin* In la ter  studies  

Nelson ejb a l  * (191+7) confirmed that growth and survival o f  

rats fed pantothenic acid d efic ien t d ie ts  were improved when 

the casein content was increased from 21+ to 6lj$>. That more 

vitamin was actually  available to the rat on the higher pro­
te in  d ie ts  was indicated by a higher urinary excretion o f  

pantothenic acid on d ie ts  containing 61+$ casein* The resu lts  

were interpreted as indicating a sparing action of high 
protein d ie ts  on the pantothenic acid requirement, either by 

decreasing the need for the vitamin or by producing a limited  

biosynthesis from one or more of the amino acids. An analysis  
of the purified casein used in the d iets  indicated that i t s  

pantothenic acid content was not su ff ic ien t  to fu l ly  account 
for the protective action of the high protein d ie t s .  As 

further proof that the pantothenic acid residues in the 

washed casein were not entirely  responsible for these resu lts  

the same authors (Nelson and Evans, 191+7) used washed beef 
blood f ib r in , which was even lower in i t s  pantothenic acid 

content than casein, as the protein component of the d ie t .  
Despite an accentuation of a pantothenic acid deficiency  

produced by substituting th is f ib r in  for casein at the 25$ 

le v e l ,  doubling the f ib r in  lev e l resulted in s ig n if ica n tly  

better growth and survival. The pantothenic acid require­
ment of the pig has a lso  been shown by Luecke and coworkers 

( 1 9 5 2 ) to be sim ilarly  dependent on the lev e l of protein
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in the diet*

Further studies by Nelson and Evans (19^9) were directed  
toward determining i f  amino acids were responsible for the 

pantothenic acid sparing action of high protein d iets*
Levels of the single amino acids - DL-methionine, L-cystine, 
L-tryptophan, L -h istid ine, L-glutamic acid and glycine -  
equivalent to 10% to 30% casein were added to a pantothenic 

acid d e fic ien t  d iet containing 2l\% casein. The data showed 

that methionine had a marked sparing action, improving both 
growth and survival of the d efic ien t r a ts .  Ludovici e_t al* 

( 1 9 5 1 ) in a similar type experiment were unable to confirm 
these findings of Nelson and Evans. U tiliz in g  le v e ls  of 

2*7% and 1*U% DL-methionine in a basal d iet containing 
2*3% vitamin-free casein there appeared to be no e f fe c t  from 
methionine on the growth of e ither pantothenic acid d efic ien t  

rats or normal controls. However, these workers were able 

to demonstrate that the methionine exerted a s ign ifican t  

sparing action upon the pantothenic acid requirement for 
antibody production. In their work neither Nelson and 

Evans, (1914-9) nor Ludovici et a l .  (19^1) mentions the possible  

influence of vitamin on their r e su lt s .  None of the d ie ts

used contained added vitamin B̂ 2 Per se since casein was
used as the protein source i t  is  l ik e ly  that some was

provided•
Yacowitz et a l . (19^1) in studies with chicks found
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that vitamin spared the pantothenic requirement for
growth, survival and the prevention of dermatosis. Further 

indication that vitamin and pantothenic acid are related  

in the chick was reported by Evans et a l . (1951)* These 
authors observed that in the absence of su ff ic ie n t  vitamin 

pantothenic acid accumulated in the l iv er  indicating  
that the vitamin B.^ aids in the transfer of pantothenic acid 
from the l iv e r  for use elsewhere in the body.

There i s  ample evidence to suggest that methionine and 
vitamin B ^  are interrelated in metabolism. Patton e_t a l . 
( 191+6 ) noted that supplementation of a corn-soybean d iet  

with methionine produced an extra growth response in chicks. 
When sardine meal was added to the ration at a lev e l of 2$>, 
no additional growth response to methionine was obtained 

even though the sardine meal did not supply su ff ic ien t  
methionine to account for the e ffec t  in terms of th is  supple­
ment. In studies with rats Gyorgy and Rose ( 1 9 5 0 )  found 

that vitamin B̂ 2 exerted a lipotropic e ffect  in animals re­
ceiving a low protein - low fat ration limited In i t s  cho- 
line-methionine content. A partia l c la r if ica t io n  of th is  
in terrelationsh ip  was reported by Jukes _et a l . (1950).
These authors concluded that their  resu lts  gave clear Indi- 
cation that vitamin ic ien t chicks, in contrast to

normal chicks, are unable to transform homocystine into  

methionine, and consequently, that vitamin B-^ somehow
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involved in th is  transformation, A sim ilar conclusion was 

reached by Oginsky (1950)*
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EXPERIMENT A. L PROCEDURE

F i f t y - s i x  w e a n l i n g  male r a t s  o f  S p r a g u e - D a w le y  s t r a i n  

a v e r a g i n g  a p p r o x i m a t e l y  ij.0 gm. i n  w e i g h t  were  p l a c e d  on a 

p a n t o t h e n i c  a c i d  d e p l e t i o n  d i e t  f o r  a p e r i o d  o f  t e n  d a y s  

p r i o r  t o  t h e  s t a r t  o f  t h e  t e s t .  T h i s  p r o c e d u r e  was d e s i g n e d  

t o  s e r v e  a t w o - f o l d  p u r p o s e ,  i n c l u d i n g  t h e  d e p l e t i o n  o f  "body 

s t o r e s  o f  p a n t o t h e n i c  a c i d  a s  w e l l  a s  a means o f  a l l o t t i n g  

t h e  a n i m a l s  a t  t h e  s t a r t  o f  t h e  t e s t  on t h e  b a s i s  o f  b o t h  

o r i g i n a l  w e i g h t  and p e r c e n t a g e  g a i n  f o r  t h e  p e r i o d  r a t h e r  

t h a n  t h e  s i n g l e  c r i t e r i a  o f  o r i g i n a l  w e i g h t .

The r a t s  w ere  i n d i v i d u a l l y  caged  and a t  t h e  s t a r t  o f  

t h e  t e s t ,  In o r d e r  t o  a v o i d  or  e q u a l i z e  a p o s s i b l e  p o s i t i o n  

e f f e c t ,  t h e  a n i m a l s  w i t h i n  a group  w ere  a s s i g n e d  t o  v a r i o u s  

l e v e l s  i n  t h e  c a g e  r a c k  so  t h a t  a l l  g r o u p s  w ere  e s s e n t i a l l y  

e q u a l  i n  t h i s  r e s p e c t .  Feed and w a t e r  w ere  p r o v i d e d  ad 

l i b i t u r n  and a r e c o r d  o f  f e e d  c o n s u m p t io n  w as  m a i n t a i n e d .  

W e ig h t s  o f  t h e  i n d i v i d u a l  r a t s  w ere  t a k e n  a t  w e e k l y  i n t e r ­

v a l s  a t  w h ic h  t i m e s  f e e d  w e i g h b a c k s  were made.

The i n g r e d i e n t s  and p e r c e n t a g e  c o m p o s i t i o n  o f  t h e  b a s a l  

d i e t s  used  i n  t h i s  s t u d y  are  shown i n  t a b l e  1 0 S i n c e  one o f  

t h e  o b j e c t i v e s  o f  t h i s  e x p e r i m e n t  was t o  d e t e r m i n e  i f  p r o ­

t e i n  had a s p a r i n g  e f f e c t  on t h e  p a n t o t h e n i c  a c i d  r e q u i r e m e n t  

o f  t h e  r a t  i t  seemed a d v i s a b l e  t o  e q u a l i z e  t h e  p a n t o t h e n i c
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TABLE 1 . COMPOSITION OP BASAL DIETS

I n g r e d  i e n t D i e t

A B
% fo

Sodium P r o t e i n a t e ^ 2 1 . 0 3 2 . 6

C e r e l o s e 69.71; 5 8 . 0

Lard^ k .o k»0
3

M in e r a l  Mix 5 . 0 5 . 0

V i t a m i n s ^ ’ 5 + +

D L - M e t h io n in e 0 . 2 6 o.l+o

 ̂ O b t a in e d  from  The A r c h e r - D a n i e l s - M i d l a n d  C o . , M i n n e a p o l i s

2 S w i f t T n i n g

3 See  t a b l e  2 .

^ C a lc iu m  p a n t o t h e n a t e  was added t o  d i e t  A in  t h e  amount  
o f  0 . 7 6  mg. p e r  1 0 0 0  grams o f  mixed d i e t  i n  o r d e r  t o  
e q u a l i z e  t h e  p a n t o t h e n i c  a c i d  c o n t e n t  o f  b o t h  d i e t s .

^ See t a b l e  3«
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TABLE 2 .  COMPOSITION OP MINERAL MIXTURE1

I n g r e d i e n t Grams

NaCl 59U.O

k 2hpo4 1 2 8 8 . 0

CaHPO^ 1 6 9 0 .0

Ca l a c t a t e 111(1; .  0

Mg S0 ^ .7 H 2 0 1 7 7 . 0

P eS 0 ^ .? H 20 9 6 . 5

KI 3 . 0

MnSO^.H 0 5 . 0

Zn Cl 1 . 0
2

cu so^ . s h 2 o 1 . 0

Co C1 2 . 6H2 0 0 . 5

5 o o o . o

1 S i m i l a r  t o  m i x t u r e  d e s c r i b e d  b y  Johnson e_t a l  ♦ ( 1 9 ^ 8 ) .
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TABLE 3 .  VITAMIN MIXTURE

A m o u n t / I 000
V i t a m i n gm. o f  d i e t

T h iam in  h y d r o c h l o r i d e 5-0 mg.

R i b o f l a v i n 1 0 .0 mg.

N i a c i n 2 0 . 0 mg.

P y r i d o x i n e  h y d r o c h l o r i d e 5.0 mg.

I n o s i t o l lj.0 0 .0 mg.

C h o l i n e  c h l o r i d e 1 0 0 0 .0 mg.

F o l i c  a c i d 0 .2 mg.

P a r a - a m in o  b e n z o i c  a c i d 1 0 . 0 mg.

B i o t i n 0 .2 mg.

V i t a m i n  B-^ o.oC\J meg

V i t a m i n  A 1 0 , 0 1 0 . I.U

V it a m in  D 1 , 5 0 0 . I.U
A l p h a - t o c o p h e r o l 0 . 1 gm.

2 - M e t h y l  1 —ip n a p h t h o q u in o n e 2.5 mg.



86

a c i d  c o n t e n t  o f  b o t h  b a s a l  d i e t s .  I t  w i l l  be  n o t e d  In  t a b l e

Ij. t h a t  t h e s e  d i e t s  w ere  c a l c u l a t e d  t o  p r o v i d e  i d e n t i c a l

q u a n t i t i e s  o f  p a n t o t h e n i c  a c i d .  The l e v e l  o f  0 . 1 9  rig* o f  

p a n t o t h e n i c  a c i d  p e r  100  grams o f  d i e t  s h o u ld  have  b e e n  w e l l  

b e l o w  t h e  r a t ’ s r e q u i r e m e n t  f o r  t h i s  v i t a m i n  a s  a l r e a d y  

c i t e d  i n  t h e  l i t e r a t u r e  r e v i e w .

T a b le  shows t h a t  t h e  sod ium  p r o t e i n a t e  p r o v i d e d  0 . 2 1 $

and 0 . 33$  o f  m e t h i o n i n e  i n  d i e t s  A and B r e s p e c t i v e l y .  A

l e v e l  o f  0.1+7$ t o t a l  m e t h i o n i n e  was c o n t a i n e d  in  d i e t  A 

t h r o u g h  t h e  a d d i t i o n  o f  s y n t h e t i c  D L - m e t h i o n i n e .  T h i s  l e v e l  

o f  m e t h i o n i n e  was  d e s i g n e d  t o  j u s t  m eet  t h e  g r o w in g  r a t 1s 

r e q u i r e m e n t  b a s e d  on t h e  work o f  Womack and R ose  (191+1).

S i n c e  s t u d i e s  w i t h  c h i c k e n s  had shown t h a t  t h e i r  m e t h i o n i n e  

r e q u i r e m e n t  was a p p r o x i m a t e l y  a c o n s t a n t  p e r c e n t a g e  o f  t h e  

p r o t e i n  l e v e l  ( A l m q u i s t  191+9, Grau and Kamei 1 9 5 0 )  t h i s  c o n ­

c e p t  was a p p l i e d  i n  a r r i v i n g  a t  t h e  r a t Ts r e q u i r e m e n t  f o r  

m e t h i o n i n e  in  d i e t  B. I t  c a n  be n o t e d  t h a t  b o t h  d i e t s  A and 

B c o n t a i n e d  t h e  same amount o f  m e t h i o n i n e  when e x p r e s s e d  a s  

p e r c e n t  o f  p r o t e i n .

The d e s i g n  o f  t h e  e x p e r i m e n t  i s  shown i n  t a b l e  5« 

A d d i t i o n s  o f  D L - m e t h io n in e  w ere  a g a i n  made on th e  same b a s i s  

a s  i n d i c a t e d  a b o v e .  A l l  d i e t s  c o n t a i n i n g  t h e  added  m e t h i o n i n e  

w e re  c a l c u l a t e d  t o  p r o v i d e  3 *32$  o f  m e t h i o n i n e  e x p r e s s e d  a s  

o e r c e n t  o f  p r o t e i n .  The amount o f  p a n t o t h e n i c  a c i d  added  

t o g e t h e r  w i t h  t h e  amount c o n t a i n e d  i n  t h e  b a s a l  d i e t s  was
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TABLE [j_. CALCULATED NUTRIENT LEVELS

A

Die  t

B

P r o t e i n , H CD • 2 8 .

M e t h i o n i n e , .2 1 . 3 3

D L - m e t h i o n i n e  a d d e d ,  % . 26 . 1 + 0

T o t a l  m e t h i o n i n e ,  % • lj-7 .7 3

M e t h i o n i n e  a s  % o f  p r o t e i n ,  % 2 . 6 0 2 .6 0

P a n t o t h e n i c  a c i d ,  m g/100  gm. 8

<\J 
1—1 • .19

P a n t o t h e n i c  a c i d  a d d e d ,  
mg/ 1 0 0  gm. .07 -

T o t a l  p a n t o t h e n i c  a c i d ,  
mg/ 1 0 0  gm. .19 .1 9

Does n o t  i n c l u d e  n i t r o g e n  from  added m e t h i o n i n e ,

^ B a se d  on m e t h i o n i n e  c o n t e n t  o f  1.02% in  sod iu m  
p r o t e i n a t e  ( S c h u l t z e  1 9 5 0 ) .

3 Based  on 5 . 7 2  mg. p a n t o t h e n i c  a c i d  p e r  k i l o g r a m  
of  so d iu m  p r o t e i n a t e .



88

TABLE 5 .  DESIGN OP EXPERIMENT

Group B a s a l  D i e t Su pp lem ent

1 A, l o w  p r o t e i n none

2 A, t» tr 0.129?° D L - m e t h io n in e

3 A, tt rt 0 .2 1  mg. o f  p a n t o t h e n i c  
a c i d / l O O  gm. d i e t

kr A, T1 n combined group  2 + group  
t r e a t m e n t s

3

5 B , h i g h p r o t e i n none

6 B, rt it 0.2% D L - m e t h io n in e

7 B, rr n 0 . 2 1  mg. o f  p a n t o t h e n i c  
a c id / l O O  gm. d i e t

8 B, rt rt combined group 6 + group  
t r e a t m e n t s

7
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c a l c u l a t e d  t o  p r o v i d e  O.Lj mg.  o f  p a n t o t h e n i c  a c i d  p e r  100 

g r a m s  o f  d i e t  -  a l e v e l  c o n s i d e r e d  t o  b e  w e l l  b e l o w  t h e  

g r o w i n g  r a t ' s  r e q u i r e m e n t .

A l l  d i e t s  w ere  p r e n a r e d  j u s t  p r i o r  t o  th e  s t a r t  o f  t h e  

e x p e r i m e n t ,  s t o r e d  in  c o v e r e d  g l a s s  j a r s  and r e f r i g e r a t e d  

u n t i l  u s e d .

The r a t  w e i g h t  g a i n s  w e r e  t e s t e d  f o r  s i g n i f i c a n c e  by  

t h e  method o f  S n e d e c o r  ( 1 9 l | 6 ) .
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RESULTS

The r e s u l t s  o f  t h i s  s t u d y  a r e  shown i n  summary form  i n  

t a b l e s  6 and 8 .  I t  i s  e v i d e n t  t h a t  t h e  a d d i t i o n s  o f  DL- 

m e t h i o n i n e  t o  e i t h e r  o f  th e  b a s a l  d i e t s  d i d  n o t  improve  

g r o w t h .  I f  a n y t h i n g  t h e r e  i s  some s u g g e s t i o n  o f  im p a ir e d  

g r o w th  s i n c e  g r o u p s  2 ,  and 6 ( b u t  n o t  group 3) showed  

s l i g h t l y  p o o r e r  gro w th  than, t h e i r  r e s p e c t i v e  r e f e r e n c e  

g r o u p s  1 ,  3 and 5* In e a c h  c a s e  w here  p a n t o t h e n i c  a c i d  was  

added t o  t h e  d i e t  ( g r o u p s  3> 7 and 9 )  t h e r e  was a marked

and h i g h l y  s i g n i f i c a n t  im provem ent  I n  w e i g h t  g a i n s  o v e r  th e  

c o n t r o l s .  Of p a r t i c u l a r  i n t e r e s t  i s  t h e  f a c t  t h a t  g r o u p s  

5 ,  3 ,  7 and 8 r e c e i v i n g  t h e  h i g h e r  p r o t e i n  l e v e l  i n  t h e i r  

d i e t s  showed p o o r e r  w e i g h t  g a i n s  t h a n  t h e i r  r e s p e c t i v e  c o u n t e r ­

p a r t  g r o u p s  1 ,  2 ,  3 and Ij. r e c e i v i n g  t h e  l o w e r  p r o t e i n  l e v e l .

The l a t t e r  g r o u p s  o u t g a i n e d  t h e  f o r m e r  b y  an a v e r a g e  o f  20% %

An e x a m i n a t i o n  o f  t a b l e  7 c l e a r l y  I n d i c a t e s  t h a t  t h o s e  

g r o u p s  r e c e i v i n g  s u p p l e m e n t a l  a d d i t i o n s  o f  p a n t o t h e n i c  a c i d  

t o  t h e i r  d i e t s  showed a g r o w th  r e s p o n s e  t h e  f i r s t  w eek  o f  t h e  

t e s t  and c o n s i s t e n t l y  o u t g a i n e d  t h e  u n su p p le m en ted  g r o u p s  

t h r o u g h o u t  t h e  f i v e  w e ek  e x p e r i m e n t a l  p e r i o d .  D u r in g  t h e  

f i f t h  and f i n a l  p e r i o d  a l l  g r o u p s  c o n t i n u e d  t o  show w e i g h t  

g a i n s  a l t h o u g h  g r o u p s  5 and 6 e x h i b i t e d  s m a l l  g a i n s  w h ic h  

m ig h t  s u g g e s t  t h a t  body  s t o r e s  o f  p a n t o t h e n i c  a c i d  w ere  a l ­

m ost  d e p l e t e d .
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TABLE 6 .  SUMMARY OF RESULTS 

(7  r a t s  p e r  group  on t r i a l s  l a s t i n g  5 w e e k s )

Group
I n i t i a l 1

wt *
P i n a l 1

w t .
w t . 1
g a i n

Peed
Consump­

t i o n
Gm. f e e d  p e r  

gm. g a i n

gm* gm. gm. gm.

1 7 2 . 9 1 3 0 . 0 5 7 . 1 305 5 . 3 4

2 7 4 . 1 1 2 9 . 7 5 5 . 6 289 5 . 2 0

3 7 2 . 9 3 9 2 . 4 1 1 9 . 5 * 453 3 . 7 9

i+ 7 4 . 6 1 7 8 . 3 1 0 3 . 7 * 383 3 . 6 9

5 7 4 . 3 1 2 5 . 3 5 l . o 276 5 . 4 1

6 7 3 . 1 1 1 8 . 6 4 5 . 5 313 6 . 8 8

7 7 4 . 7 1 6 5 . 7 9 1 . 0 * 376 4 . 1 3

8 7 3 . 3 1 6 5 . 7 9 2 . 4 * 328 3 . 5 5

 ̂ A v e r a g e  f i g u r e s  p e r  r a t *

D i f f e r e n c e  i n  g a i n  h i g h l y  s i g n i f i c a n t  ( P c O . O l )  
o v e r  g r o u p s  1 ,  2 ,  5 and 6*
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TABLE 7 . AVERAGE GAINS PER RAT BY PERIOD

GROUP
PERIOD1

1 2 3 k 5

gm. gm. gm. gm. gm.
1 1 9 .  b 8 . 1 1 2 . 2 5 . 8 1 1 . 6

2 1 7 . 6 7 . 3 1 2 . 3 8 . 8 9 . 6

3 2 1 . 5 2 2 . 5 2 3 . 8 21+.6 2 7 . 1

k 1 9 . 3 1 6 . 2 2 3 . 3 2 2 . 7 2 2 . 2

5 1 5 . 7 1 1 . 3 8*6 9 . 7 5 . 7

6 1 7 . 5 6 . 8

OJ•oiH 8 . 3 2 . 7

7 2 1 . 6 111. 6 16.1+ 2 1 . 3 1 7 . 1

8 2 3 . 1 1 8 .6

1-I•oCM 1 6 . 9 1 3 . 7

1 E a c h  p e r i o d  o f  7 d a y s  d u r a t i o n .
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I n  e a c h  c a s e  where  p a n t o t h e n i c  a c i d  was added t o  t h e  

b a s a l  d i e t s  t h e r e  was an im provem ent  i n  b o t h  f e e d  c o n s u m p t io n  

and f e e d  u t i l i z a t i o n .  I n  group 2 t h e  a d d i t i o n  o f  m e t h i o n i n e  

a p p e a r e d  t o  d e p r e s s  f e e d  c o n s u m p t io n  b u t  Improved t h e  u t i l i ­

z a t i o n  o f  f e e d ,  when compared w i t h  th e  c o n t r o l  group* A 

c o m p a r i s o n  o f  g r o u p s  5 and 6 shows t h a t  t h e  l a t t e r ,  r e c e i v ­

i n g  s u p p l e m e n t a l  m e t h i o n i n e ,  showed improved f e e d  c o n s u m p t io n  

b u t  a p o o r e r  f e e d  e f f i c i e n c y  v a l u e .  I n  com p arin g  g r o u p s  Ip 

and 8 w i t h  g r o u p s  3 and 7 i t  i s  a p p a r e n t  t h a t  t h e  a d d i t i o n  

o f  m e t h i o n i n e  r e s u l t e d  i n  a r e d u c t i o n  i n  f e e d  c o n s u m p t io n  

and an im provem ent  in  f e e d  e f f i c i e n c y .  T h ese  r e s u l t s  t en d  

t o  c o n f i r m  t h e  same e f f e c t  shown by  group  2 and r a i s e  a 

q u e s t i o n  a s  t o  t h e  v a l i d i t y  o f  f e e d  r e s u l t s  shown f o r  g ro u p  6 0

None o f  t h e  r a t s  i n  a n y  o f  t h e  g r o u p s  shewed e v i d e n c e  o f  

s p e c t a c l e  a l o p e c i a ,  s c a l i n g  o f  th e  s k i n  or  d e r m a t i t i s  ( F o l l i s ,  

1 9 4 8 )  w h ic h  m ig h t  be  i n d i c a t i v e  o f  a p a n t o t h e n i c  a c i d  d e f i c ­

i e n c y *  There  was no m o r t a l i t y  d u r i n g  t h e  35 day  e x p e r i m e n t a l  

p e r i o d .
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DISCUSSION OP RESULTS

The r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y  do  n o t  i n d i c a t e  a 

s p a r i n g  a c t i o n  o f  e i t h e r  p r o t e i n  or m e t h i o n i n e  on t h e  p a n ­

t o t h e n i c  a c i d  r e q u i r e m e n t  o f  th e  g r o w in g  r a t .  T h ese  f i n d i n g s  

a r e  i n  c o n t r a s t  t o  t h o s e  o f  N e l s o n  e_t a l . (191+7), N e l s o n  and 

Evans (191+7),  N e l s o n  and Evans (1 94 -9 ) ,  D i n n i n g  elb a l .  ( 1 9 5 4 )  

and K a u n i t z  e t  a l . ( 1 9 5 5 ) ,  t u t  a r e  i n  a c c o r d  w i t h  the  r e p o r t  

o f  L u d o v i c i  ejb a l .  ( 1 9 5 1 ) *

On t h e  b a s i s  o f  t h e  d a t a  o b t a i n e d  i t  I s  e v i d e n t  t h a t  b o t h  

b a s a l  d i e t s ,  c o n t a i n i n g  18% and 28% p r o t e i n ,  w ere  d e f i c i e n t  

In  p a n t o t h e n i c  a c i d .  That  t h e s e  d i e t s  w ere  n o t  s e v e r e l y  

l i m i t i n g  in  p a n t o t h e n i c  a c i d  i s  e v i d e n c e d  by  t h e  f a c t  t h a t  

t h e  r a t s  c o n t i n u e d  t o  show some gro w th  and no m o r t a l i t y  

o c c u r r e d *  The b a s a l  d i e t s  w ere  c a l c u l a t e d  t o  c o n t a i n  0 . 1 9  

mg. o f  p a n t o t h e n i c  a c i d  p e r  100 grams o f  d i e t ,  a v a l u e  w h ic h  

w h i l e  w e l l  b e l o w  t h e  r e p o r t e d  r e q u i r e m e n t  o f  t h e  g r o w in g  r a t  

i s  w e l l  ab o v e  t h e  amount c o n t a i n e d  In  d i e t s  used  b y  t h e  a b o v e  

m e n t io n e d  i n v e s t i g a t o r s .  N e l s o n  e_t a l » ( 1 9 4 7 )  r e p o r t e d  t h a t  

t h e  a l c o h o l  e x t r a c t e d  c a s e i n s  a s  used  i n  t h e i r  e x p e r i m e n t a l  

d i e t s  w ere  found  t o  c o n t a i n  by  a n a l y s i s  1 . 5 ,  1*8 and 2 . 8  meg.  

o f  p a n t o t h e n i c  a c i d  p e r  gram. Thus i n  d i e t s  c o n t a i n i n g  24% 

c a s e i n  t h e  p a n t o t h e n i c  a c i d  l e v e l  c o u ld  n o t  have  e x c e e d e d

0 . 0 7  mg. p e r  100 grams o f  d i e t  and i n  some i n s t a n c e s  may h a v e
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b e e n  o n l y  o n e - h a l f  t h i s  v a l u e *  I t  i s  c o n c e i v a b l e  t h a t  i n  

o r d e r  t o  d e m o n s t r a t e  t h e  s p a r i n g  e f f e c t  o f  p r o t e i n  or  m e t h i o ­

n i n e  on t h e  p a n t o t h e n i c  a c i d  r e q u i r e m e n t  o f  t h e  r a t  i t  i s  

n e c e s s a r y  t o  em p lo y  d i e t s  more s e v e r e l y  l i m i t i n g  In  t h i s  

v i t a m i n  t h a n  t h o s e  u s e d  i n  t h i s  s tu d y *  The r e p o r t  b y  N e l s o n  

and Evans  (191+7) p a r t i a l l y  s u p p o r t s  t h i s  c o n t e n t i o n .  By  

u t i l i z i n g  w a t e r  w ashed  b e e f  b l o o d  f i b r i n  i n  p l a c e  o f  c a s e i n  

t h e s e  w o r k e r s  w ere  a b l e  t o  d e v i s e  a d i e t  c o n s i d e r a b l y  more  

d e f i c i e n t  i n  i t s  p a n t o t h e n i c  a c i d  c o n t e n t .  I n  a c o m p a r i s o n  

o f  d i e t s  c o n t a i n i n g  21+% and 1+8% o f  c a s e i n  or  f i b r i n  t h e y  ob­

s e r v e d  t h a t  t h e  d i f f e r e n c e s  i n  grow th  and s u r v i v a l  were  more 

marked b e t w e e n  f i b r i n  l e v e l s  t h a n  t h e y  w ere  b e t w e e n  c a s e i n  

l e v e l s  -  s u g g e s t i n g  t h a t  t h e  g r e a t e r  t h e  d e f i c i e n c y  o f  p a n t o ­

t h e n i c  a c i d  t h e  more d r a m a t i c  t h e  r e s p o n s e  t o  a h i g h e r  p r o t e i n  

l e v e l .

F a i l u r e  t o  o b s e r v e  a g r o w th  r e s p o n s e  from  t h e  m e t h i o n i n e  

or  h i g h e r  p r o t e i n  l e v e l  may a l s o  be p a r t i a l l y  a t t r i b u t a b l e  

t o  t h e  s h o r t  d u r a t i o n  o f  t h i s  e x p e r i m e n t *  N e l s o n  and Evans  

(191+5) and N e l s o n  and c o w o r k e r s  (191+7) r e p o r t e d  t h a t  t h e  pan­

t o t h e n i c  a c i d  s p a r i n g  e f f e c t  from  a h i g h  c a s e i n  d i e t  became  

more p r o n o u n c ed  a s  t h e  e x p e r i m e n t a l  p e r i o d  was e x te n d e d  beyond  

60 d a y s .  I n  a n o t h e r  s t u d y  N e l s o n  and Evans (191+7) w ere  a b l e  

t o  show t h a t  t h e  g r e a t e r  t h e  d e f i c i e n c y  o f  p a n t o t h e n i c  a c i d  

i n  t h e  d i e t  t h e  s h o r t e r  t h e  p e r i o d  o f  t im e  r e q u i r e d  t o  

d e m o n s t r a t e  a s p a r i n g  e f f e c t  from  a h i g h  p r o t e i n  l e v e l *



97

S i m i l a r  d a t a  on t h e  t i m e  r e q u i r e d  f o r  t h e  s p a r i n g  a c t i o n  o f  

m e t h i o n i n e  t o  become a p p a r e n t  were  n o t  p r e s e n t e d  by N e l s o n  

and E v an s  (191+9) or  D i n n i n g  ejb a l . ( 1 9 5 4 ) *  L u d o v i c i  et_ a l  * 

( 1 9 5 1 )  r e p o r t e d  a l a c k  o f  gro w th  r e s p o n s e  t o  m e t h i o n i n e  In  a 

p a n t o t h e n i c  a c i d  d e f i c i e n t  d i e t  i n  t r i a l s  c o n d u c te d  f o r  a 

p e r i o d  o f  s e v e n  w e ek s  -  a l e n g t h  o f  t im e  s i m i l a r  t o  t h e  45  

d a y s  used  i n  t h e  t r i a l  r e p o r t e d  h e r e i n .

The q u e s t i o n  m ig h t  l o g i c a l l y  be r a i s e d  a s  t o  w h e t h e r  the  

m e t h i o n i n e  c o n t e n t  o f  t h e  b a s a l  r a t i o n s  was In  e x c e s s  o f  t h e  

r a t 1s r e q u i r e m e n t *  I f  t h i s  w ere  t h e  c a s e  th e n  i t  I s  c o n c e i v ­

a b l e  t h a t  t h e  e x c e s s  m e t h i o n i n e  e x e r t e d  a p a n t o t h e n i c  a c i d  

s p a r i n g  e f f e c t  t o  an e x t e n t  t h a t  i t  p r e v e n t e d  t h e  d e v e lo p m e n t  

o f  a d e f i c i e n c y  i n  t h e  b a s a l  f e d  g r o u p s .  T h is  m ig h t  a l s o  

a c c o u n t  f o r  t h e  l a c k  o f  r e s p o n s e  t o  s u p p l e m e n t a l  m e t h i o n i n e *

As a l r e a d y  c i t e d ,  t h e  work o f  Womack and Rose  (1 9 4 1 )  

i n d i c a t e d  t h e  m e t h i o n i n e  r e q u i r e m e n t  o f  t h e  g r o w in g  r a t  t o  b e  

a p p r o x i m a t e l y  0.50% i n  t h e  p r e s e n c e  o f  a d e q u a t e  c y s t i n e  and 

i n  a d i e t  c o n t a i n i n g  18% p r o t e i n .  B a s a l  d i e t  A was c a l c u ­

l a t e d  t o  c o n t a i n  0.47% m e t h i o n i n e  and i t  was assumed t h a t  

t h e  c y s t i n e  c o n t e n t  was  a d e q u a t e .  The d a t a  o f  W r e t l i n g  and 

R o se  ( 1 9 5 0 )  i n d i c a t e  t h a t  t h e  young  r a t  r e q u i r e s  2 . 0  grams  

o f  m e t h i o n i n e  p e r  16 grams o f  n i t r o g e n  In  a d i e t  c o n t a i n i n g  

a d e q u a t e  c y s t i n e  and p r e s u m a b ly  a d e q u a t e  v i t a m i n  &j.2 s u P p l ie<3 

i n  t h e  fo rm  o f  a l i v e r  e x t r a c t .  Thus i n  d i e t s  c o n t a i n i n g  18% 

and 28% p r o t e i n ,  a s  used  i n  t h i s  s t u d y ,  t h e  m e t h i o n i n e  n e e d s
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w o u ld  "be met b y  0 . 3 6 $  and 0 * 5 6 $  r e s p e c t i v e l y .  I f  t h e  a ssum p­

t i o n  i s  made t h a t  t h e  above  d a t a  on m e t h i o n i n e  r e q u i r e m e n t s  

a r e  c o r r e c t  t h e n  d i e t s  A and B would have  s u p p l i e d  m e t h i o n i n e  

i n  e x c e s s  o f  t h e  r a t  ’ s r e q u i r e m e n t  o f  0 . 1 2 $  and 0 . 1 7 $  r e s p e c ­

t i v e l y .

I n  a s t u d y  c o n d u c t e d  b y  D i n n i n g  e t  a l . ( 1 9 5 ^ )  a b a s a l  

d i e t  r e p o r t e d l y  d e v o i d  o f  p a n t o t h e n i c  a c i d  was s u p p le m e n te d  

w i t h  p a n t o t h e n i c  a c i d ,  g raded  l e v e l s  o f  D L - m e t h io n in e  and 

c o m b i n a t i o n s  o f  t h e s e  t w o .  The 1 6 . 2 $  p r o t e i n  b a s a l  d i e t  was  

r e p o r t e d  t o  c o n t a i n  0 . 2 7 $  m e t h i o n i n e  w h i c h  wou ld  be  somewhat  

l e s s  t h a n  t h e  r a t ’ s r e q u i r e m e n t  o f  0 .3 3 $ >  b a s e d  on 2 . 0  grams  

o f  m e t h i o n i n e  p e r  16  grams o f  n i t r o g e n .  When 0 . 1 $  o f  DL- 

m e t h i o n i n e  was  added t o  t h e  d i e t ,  f o r  a t o t a l  o f  0 . 3 7 $  

m e t h i o n i n e ,  g r o w t h  and s u r v i v a l  o f  t h e  r a t s  was im proved t o  

a d e g r e e  c o m p a ra b le  w i t h  t h a t  a c h i e v e d  when t h e  r a t ’ s r e q u i r e ­

ment  f o r  p a n t o t h e n i c  a c i d  w as  m e t .  The a d d i t i o n  o f  0.14-3$ 

D L - m e t h i o n i n e  f u r t h e r  im proved  gro w th  and p r e v e n t e d  m o r t a l i t y .  

Prom t h e  a b o v e  d a t a  i t  seem s l i k e l y  t h a t  t h e  m e t h i o n i n e  c o n ­

t e n t  o f  b a s a l  d i e t s  A and B w as  i n  e x c e s s  o f  t h e  r a t ’ s r e q u i r e ­

ment and t o  t h i s  e x t e n t  e x e r t e d  some p a n t o t h e n i c  a c i d  s p a r i n g  

e f f e c t  and was a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  l a c k  

o f  r e s p o n s e  t o  s u p p l e m e n t s  o f  t h i s  amino a c i d .

As a l r e a d y  c i t e d ,  t h e r e  i s  good e v i d e n c e  t o  s u g g e s t  t h a t  

v i t a m i n  B^2 ka s  a s p a r i n g  e f f e c t  on b o t h  t h e  p a n t o t h e n i c  

a c i d  ( Y a c o w i t z  ejb a l . , 1 9 5 1 ;  Evans e t  a l . , 1 9 5 1 )  and m e t h i o -
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nine (Patton et aJ .̂, 191̂ 6; G-yorgy and Rose, 1950; Jukes et 

al^ , 1950) requirements of several species . At th is  writing  

i t  appears possib le that the vitamin B.^ added to the basal 

d ie ts  may have contributed to some sparing action on either  

or both the pantothenic acid and methionine and thus in­
fluenced the reported relationship between these la t te r  two 

nutrien ts . Unfortunately the design of th is  te s t  was such 
as to preclude the p o s s ib i l i ty  of assessing the e f fe c t  of 
vitamin on the r e su lt s .  The work of Dinning £t a l .

(I95!l-) indicates that in d iets  devoid of vitamin B-^ the 
sparing e f fe c t  of methionine on the pantothenic acid require­
ment of the growing rat can be shown.

Of particular in terest i s  the fact that there was an
apparent s lig h t  growth depression resulting from the additions 
of DL-methionine. This can probably best be explained on

the basis that the addition of methionine to a d iet already

adequate in th is amino acid has a tendency to depress growth 

in the rat (Kade and Sheperd, 19il-8; Brown and A llison , I9I4-B• 

Russell et a l . , 1914-9; and Wretlind and Rose, 1950). While 
the above investigators u t il ized  methionine le v e ls  in excess 

of those used in the experiment reported herein the degree 

of growth retardation which they observed was of a much 

greater magnitude.
Those groups receiving the higher protein lev e l (d iet B) 

exhibited poorer growth than the correspondingly treated
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groups receiving the lower protein le v e l (d iet  A). The 

reason or reasons for th is  rather surprising e f fe c t  are not 
known. I t  i s  conceivable that th is  resu lt i s  related to the 

above discussion on the inhibitory e f fe c ts  of excess methio­
nine. According to the calculations for methionine require­
ments and contents of the basal d iets  as set forth above, 
d iet  B provided 0.17% methionine in excess of the rat*s re ­
quirement while d ie t  A provided an excess of 0.11% methionine. 
Thus i t  can be seen that the higher protein d iet B contained 

a greater excess of methionine than did d iet A. The experi­
mental d iets  fed groups 6 and 8 contained a to ta l  of 0*93% 

methionine or 0.37% methionine in excess of requirements 
while groups 2 and received d ie ts  containing 0 . 60% methio­
nine or an excess of 0.2lt%. This small but perhaps important 

excess of methionine in the d ie t  may have created an amino 

acid imbalance capable of depressing growth to the degree 

observed *
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SUMMARY

1. Weanling rats fed a pantothenic acid d efic ien t purified  
d ie t  composed of a soybean protein preparation, DE- 
methionine, Cerelose, lard, vitamins and minerals and 
containing 18$ of protein exhibited r e la t iv e ly  poor 
growth with no mortality during a 35 day tr ia l*

2. Increasing the lev e l of protein in the d iet to 28$ 
appeared to depress growth and feed u t i l iz a t io n  thus 
giving no evidence that the extra protein spared the 
growing r a t !s requirement for pantothenic acid .

3* The supplementation of both the high and low protein
containing d iets  with a suboptimal le v e l of pantothenic 
acid resulted in a s ign ifican t Improvement in weight 
gains and a d ef in ite  improvement in feed u t i l iz a t io n ,

1̂ . The addition of DL-methionine to both the 18$ and 28$ 
protein d ie ts  appeared to depress rate of growth and 
gave no evidence that th is  amino acid spared the need 
for pantothenic acid .

5* The inclusion of both pantothenic acid and DL-methionine 
in the 18$ and 28$ protein d iets  did not improve growth 
over that achieved with pantothenic acid alone, however, 
there was some improvement in the u t i l iz a t io n  of feed 
apparently attributable to the added methionine.
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