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A B S T R A C T

T he e f fe c ts  of v i t a m in  A upon  a  m e th io n in e  d e f ic ie n c y  w e re  

s tu d ie d .  D o se s  of b e t a - c a r o t e n e  f r o m  50 to  100 m i c r o g r a m s  p e r  day  

im p r o v e d  fe e d  e f f ic ie n c y  an d  w e ig h t  ga in  c o r r e c t e d  to a  c o m m o n  food 

c o n su m p t io n .  A m e th io n in e  d e f ic ie n c y  s ig n i f ic a n t ly  d e c r e a s e d  p l a s m a  

m e th io n in e  and  in o r g a n ic  s u l f a te ,  an d  r e d u c e d  n i t r o g e n  and  a m in o  

a c id  r e t e n t i o n s .  E l e v a te d  le v e l s  of d i e t a r y  v i t a m in  A , 5000 o r  

1 0 ,0 0 0  m i c r o g r a m s  p e r  k i l o g r a m  of d ie t ,  im p r o v e d  a m in o  a c id  

r e t e n t io n s  a lm o s t  to  n o r m a l  l e v e l s ,  b u t  d e c r e a s e d  n i t r o g e n  r e t e n t io n ,  

in d ic a t in g  en d o g en o u s  p r o te in  d e s t r u c t i o n  and  i n c r e a s e d  a m in o  a c id  

d e g ra d a t io n .  T he  p l a s m a  s u l fa te  c o n c e n t r a t io n  w as  i n c r e a s e d ,  

in d ic a t in g  i n c r e a s e d  o x id a t io n  of s u l f u r - c o n ta in in g  a m in o  a c id s  o r  

h y d r o ly s i s  of s u l f a te d  m u c o p o ly s a c c h a r id e s .  T h e s e  r e s u l t s  s u p p o r te d  

th e  h y p o th e s i s  of J .  T . D ing le , th a t  v i t a m in  A s t im u la t e s  the  r e l e a s e  

of h y d ro ly t ic  e n z y m e s  f r o m  th e  ly s o s o m e s  of t i s s u e  c e l l s .

ix



IN T R O D U C TIO N

A lthough  v i ta m in  A h a s  b e e n  r e c o g n iz e d  as  a  r e q u i r e d  n u t r i e n t  

s in c e  1913, i t s  b io c h e m ic a l  r o l e ,  o th e r  th a n  in  the  v i s u a l  p r o c e s s ,  

h a s  r e m a i n e d  a  m y s t e r y .  I t s  c h ie f  know n fu n c tio n  i s  th e  m a in te n a n c e  

of c e r t a i n  e p i th e l i a l  s t r u c t u r e s , b o n e s ,  an d  te e th .  The o b s e r v e d  

e f fe c ts  of v i t a m in  A a r e  r e l a t e d  to  the  a m o u n t  a d m in i s t e r e d .  Too 

l i t t l e  v i t a m in  A c a u s e s  n o r m a l  e p i th e l iu m  to  be r e p l a c e d  by 

k e r a t i n i z e d  c e l l s  and  d e c r e a s e d  p r o l i f e r a t i o n  of c a r t i l a g e  c e l l s .  An 

e x c e s s  of v i t a m in  A c a u s e s  m u c o u s  s e c r e t i o n  f r o m  a th ic k e n e d  

e p i th e l iu m  and  a c c e l e r a t e d  bone g ro w th  r e s u l t i n g  in  n u m e r o u s  f r a c ­

t u r e s  ( F e l l  and  M ellan b y  1952, 1953).

T h r e e  h y p o th e s e s  h a v e  b e e n  p r e s e n t e d  r e l a t in g  v i ta m in  A to 

th e s e  s y m p to m s .  V a ra n d a n i ,  W olf, and  J o h n so n  (I960) p r o p o s e d  th a t  

v i t a m in  A w as  in v o lv e d  in  th e  a c t iv a t io n  of in o rg a n ic  s u l fa te  in  the  

p ro d u c t io n  of s u l f a te d  m u c o p o ly s a c c h a r id e s .  B a la k h o v s k y  and  

D ro z d o v a  (1957) p r o p o s e d  th a t  v i t a m in  A h in d e r s  k e r a t i n i z a t i o n  by 

b lo c k in g  th e  c o p p e r - c a ta ly z e d  o x id a t io n  of c y s te in e  to  c y s t in e .  T h is  

e f fe c t  Would in v o lv e  b o th  the  fo ld ing  of i n t r a c e l l u l a r  p r o te in s  and  the 

b lo c k in g  of s u l fa te  p ro d u c t io n  by  in h ib i t in g  the  in i t i a l  o x id a t io n  s te p .  

T he  t h i r d  h y p o th e s i s  is  th a t  v i ta m in  A fu n c t io n s  in  th e  h y d ro ly s is  of 

p r o te in s  and  p r o t e in - p o l y s a c c h a r i d e  c o m p le x e s  e i th e r  as  an  enzym e



a c t i v a to r  (M c E ll ig o t  1962) o r  a s  an  e n z y m e  r e l e a s e r  a l t e r i n g  the  

p e r m e a b i l i t y  of th e  ly s o s o m a l  m e m b r a n e  (D ing le  1963, L u cy  and  

D ing le  1962).

A ll  t h r e e  of th e s e  h y p o th ese s  r e l a t e  v i ta m in  A to s u l f u r  m e ta b o l i s m ,  

e i t h e r  in  p r o te in s  o r  p o ly s a c c h a r id e s .  B e c a u s e  m e th io n in e  and  c y s te in e  

a r e  th e  m a j o r  s o u r c e s  of s u l f u r ,  the  e f fe c ts  of v i t a m in  A upon a  

d e f ic ie n c y  of th e s e  a m in o  a c id s  w as  of i n t e r e s t .

T he r o le  of m e th io n in e  in  m e ta b o l i s m  is  th re e fo ld :  (i) i n c o r p o r a ­

t io n  in to  p r o t e i n s ,  (ii) c o n v e r s io n  to c y s te in e  and  s u b s e q u e n t  o x id a t io n  

to s u l f a t e ,  and  (iii)  d o n a t io n  of m e th y l  g ro u p s .  R e t a r d a t io n  of g ro w th ,  

a n e m ia ,  and  l i v e r  n e c r o s i s  a r e  th e  m a j o r  in d ic a t io n s  of a  m e th io n in e  

d e f ic ie n c y .  O th e r  in d ic a t io n s  of a  d e f ic ie n c y  w il l  b e  d i s c u s s e d  l a t e r .

T h is  t h e s i s  r e p o r t s  th e  r e s u l t s  of fo u r  e x p e r im e n t s  u n d e r ta k e n  

to  s tu d y  th e  i n t e r r e l a t i o n s h i p  b e tw e e n  s u l f u r  am in o  a c id  m e ta b o l i s m  

an d  v i ta m in  A o r  c a r o t e n e .



E X P E R IM E N T  ONE

I n t r o d u c t io n

P r e v io u s  w o rk  by  K e m m e r e r  and S am o n d s  (unp u b lish ed )  

in d ic a te d  th a t  o p t im u m  g ro w th  and  fe e d  e ff ic iency  of c h ic k e n s  w e r e  

d e p e n d e n t  on the  le v e l  of m e th io n in e  and  c y s te in e  in  th e  d ie t  an d  th e  

d a i ly  c o n su m p t io n  of v i ta m in  A , s u p p l ie d  a s  b e t a - c a r o t e n e .  At low 

le v e l s  of m e th io n in e  g ro w th  w as  im p r o v e d  by doubling  th e  d a i ly  

c a r o te n e  d o se .

E x p e r im e n ta l  D e s ig n

W hen c h a r a c t e r i z i n g  a  r e s p o n s e  to  two o r  m o r e  in d e p e n d e n t  

v a r i a b l e s , a  c o n v e n ie n t  m e th o d  i s  the  R e s p o n s e  S u r f a c e  D e s ig n  

(Box 1954, H a d e r  e t  a l  1957). In  th is  d e s ig n ,  c a r e f u l ly  s e l e c t e d  c o m b in a ­

t io n s  of th e  t r e a t m e n t s  a r e  t e s t e d ,  th e  r e s p o n s e  m e a s u r e d ,  and  a  

fu n c t io n a l  r e l a t i o n s h ip  p o s tu la te d  of the  fo rm :

Y = ffX^) , i  = 1, 2, . . . , k  . (1)

U n fo r tu n a te ly  th e  t r u e  fu n c t io n a l  r e l a t io n s h ip  i s  unknow n and  s o m e  

a p p r o x im a t io n  i s  r e q u i r e d  in  i t s  p la c e .  F o r  a  p r o b le m  d e a l in g  w ith  the  

r e s p o n s e  to  only  tw o v a r i a b l e s  e q u a t io n  (1) t a k e s  th e  f o r m  of th e  s e c o n d -  

o r d e r  p o ly n o m ia l ,
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• (2)

T h is  fu n c t io n a l  r e l a t i o n s h ip  m a y b e  v i s u a l i z e d  a s  a  t h r e e - d i m e n s i o n a l  

s u r f a c e  g e n e r a te d  in  th e  s p a c e  h a v in g  th e  c o o r d in a te s  X p  X ^, an d  Y» 

T he  f i r s t  t h r e e  t e r m s  r e p r e s e n t  a  p la n e ,  w h ile  th e  r e m a in in g  t e r m s  

add  th e  c h a r a c t e r i s t i c s  of a  q u a d r a t i c  s u r f a c e .

V a r io u s  e x p e r im e n t a l  d e s ig n s  h a v e  b e e n  p r o p o s e d  to  fa c i l i ta te  th e  

e s t i m a t i o n  of th e  i-n  e q u a t io n  (2) an d  th e r e b y  p lo t  th e  s u r f a c e ,

e x a m in e  i t s  s h a p e ,  an d  e v a lu a te  th e  s ig n i f ic a n c e  of the  c o n t r ib u t io n s  

of e a c h  of th e  v a r i a b l e s  and  t h e i r  i n t e r a c t io n .  T he  m o s t  a d v a n ta g e o u s  

of th e s e  i s  th e  c e n t r a l  c o m p o s i te  r o ta t a b le  d e s ig n  (B ox an d  H u n te r  1954) 

in  w h ich  th e  c o m b in a t io n s  of th e  le v e l s  of X j  and  X^ a r e  s e l e c t e d  in  

su c h  a  w ay  a s  to  lo c a te  th e m  -on th e  c i r c u m f e r e n c e  of a  c i r c l e  in  th e  

X i X 2 p la n e .  T he  d e s ig n  i n s u r e s  th a t  th e  r e l i a b i l i t y  of th e  e s t i m a te d  

r e s p o n s e  a t  any p o in t  (X^, X^) w il l  d ep en d  on ly  upon i t s  d i s ta n c e  f r o m  

th e  c e n t e r  of th e  c i r c l e  and  no t  upon  i t s  d i r e c t io n  f r o m  th e  c e n t e r .

W ith  two v a r i a b l e s  the  d e s ig n  f u r n i s h e s  e ig h t  su c h  c o m b in a t io n s  of 

le v e l s  of X j  an d  X 2 . T he  c e n t e r  p o in t  is  r e p l i c a t e d  f iv e  t im e s  as  an  

e s t i m a t e  of e x p e r im e n t a l  e r r o r .  T he  e n t i r e  d e s ig n  m a y b e  r e p l i c a t e d  

s e v e r a l  t i m e s  to  i n c r e a s e  o v e r - a l l  p r e c i s i o n .

T he  s o lu t io n  of the  c o m p l ic a te d  s e t  of l e a s t - s q u a r e s  e q u a t io n s  

m a y  b e  e x t r e m e l y  t e d io u s , b u t  is  g r e a t ly  s im p l i f ie d  by  th e  ju d ic io u s  

s e le c t io n  of the  t r e a t m e n t  c o m b in a t io n s .



E x p e r im e n ta l  P r o c e d u r e

T r e a t m e n t  c o m b in a t io n s  w e r e  c h o se n  in  su c h  a  w ay th a t  the  

m e th io n in e  and  c y s te in e  c o n c e n t r a t io n  v a r i e d  f r o m  .525%  (the  m in im u m  

o b ta in a b le  u s in g  p u r i f i e d  so y  b e a n  p ro te in )  to 1. 325%, co d ed  to the  

m e a n ,  0, by  th e  e q u a t io n

c o n c e n t r a t io n  = . 9 + . 2829 , (3)

w h e re  X j  is  th e  co d ed  v a lu e  fo r  m e th io n in e .  T he  d a ily  c a r o te n e  d o se  

r a n g e d  f r o m  z e r o  to  100 m i c r o g r a m s  a c c o rd in g  to the  e q u a t io n

c o n c e n t r a t io n  = 50 + 35. 36 X£ , (4)

w h e r e  X£ i s  the  co d ed  v a lu e  fo r  c a r o t e n e .  T r e a t m e n t  l e v e l s  w e r e  

d e t e r m in e d  by  s u b s t i tu t in g  th e  co d ed  v a lu e s  + 1 .4 1 4 ,  1 1 ,  an d  z e r o  in to  

th e  above  e q u a t io n s .  T he  c o n v e r s io n  of th e s e  co d ed  v a lu e s  to th e  a c tu a l  

e x p e r im e n t a l  l e v e l s  i s  r e c o r d e d  in  T a b le  1. The t r e a t m e n t  n u m b e r s  

an d  th e  c o m b in a t io n s  of a d m i n i s t e r e d  t r e a t m e n t  l e v e l s  a r e  r e c o r d e d  in
t

T a b le  2.

The e ig h t  s t a r - p o i n t  t r e a t m e n t s , 1 to  8, and  th e  f iv e  c e n t e r - p o in t  

t r e a t m e n t s ,  9 to  13, w e r e  r a n d o m ly  a s s ig n e d  to  c a g e s  in  e a c h  of t h r e e  

c o n t r o l le d  e n v i ro n m e n t  b a t t e r i e s .  E ig h t  o n e -d a y -o ld  V a n t r e s s  x  A r b e r  

A c r e  c h ic k s  w e r e  ra n d o n ly  a s s ig n e d  to  e a c h  cag e  an d  w e r e  fed  th e  b a s a l  

d ie t  ad  l ib id u m  fo r  f o u r t e e n  d a y s ,  th e n  fed  the  X j  d ie ts  f o r  tw e n ty - fo u r
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T a b le  1. T r e a t m e n t  L e v e ls  D e te r m in e d  f r o m  C oded  V a lu es

^ ^ \ ^ o d e d  V a lu es  
V a r ia b le - 1 .4 1 4 -1 0 +1 + 1 .4 1 4

X p  M eth io n in e  % .5 0 0 . 6171
• '4k  

.9 0 0 1. 1829 1 .300

X 2 » C a r o te n e ,
m i c r o g r a m s  p e r  
d ay

0 14. 64 50. 0 85. 36 1 0 0 .0

T a b le  2„ T r e a t m e n t  N u m b e r s  and  C oded  V a lu es

C oded  V a lu es  
T r  e a t m e n t ' ' " - ^ ^

N u m b e r
X 2 , M eth io n in e Xg, C a r o te n e

1 -1 -1

2 0 - 1 .4 1 4

3 1 -1

4 1 .4 1 4 0

5 1 1

6 0 1 .4 1 4

7 -1 1

8 - 1 .4 1 4 0

9 th ro u g h  13 0 0
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d a y s .  T he  X 2  c a r o te n e  c a p s u le s  w e r e  a d m i n i s t e r e d  d a i ly .  The b a t t e r i e s  

w e r e  m a in ta in e d  a t  9 0 ° F .  f o r  the  f i r s t  te n  d a y s ,  th e n  a t  r o o m  t e m p e r a t u r e  

f o r  th e  r e m a i n d e r  of th e  e x p e r im e n t .  W eig h t  g a in  an d  food  c o n su m p t io n  

fo r  e a c h  g ro u p  w as  r e c o r d e d  w eek ly .  A t th e  end  of the  tw en ty - fo u r  day  

p e r io d  th e  b i r d s  w e r e  s a c r i f i c e d  by e x sa n g u in a t io n  and  t h e i r  l i v e r s  w e r e  

r e m o v e d  and  f r o z e n  in  d ry  i c e .  S to r e d  l i v e r  v i ta m in  A w a s  d e te r m in e d  

by a  m o d if ic a t io n  of th e  m e th o d  of D ugan , F r i g e r i o ,  an d  S i e b e r t  (1964).

R e s p o n s e  s u r f a c e s  w e r e  e x a m in e d  f o r  w e ig h t  g a in ,  food c o n s u m p ­

t io n ,  and  w e ig h t  ga in  c o r r e c t e d  f o r  food  c o n su m p t io n  by  c o v a r ia n c e  

a n a ly s i s .

D ie t  P r e p a r a t i o n

T he  d ie t  c h o s e n  f o r  th is  e x p e r im e n t ,  an d  as  a  b a s a l  d ie t  fo r  

s u b s e q u e n t  e x p e r i m e n t s , c o n ta in e d  3 6 .5 %  c e r e l o s e ,  40. 0% ADM 

p r o t e in ,  3% s o lk a  f lo e ,  8% c o r n  o i l ,  4% v i t a m in  p r e m i x  ( f r e e  of v i ta m in  

A ), 8% m i n e r a l  m ix ,  and  .5 %  of c h o lin e  c h lo r id e  (25%). T h is  d ie t  w as  

c a lc u la te d  by  c o m p u te r  to  su p p ly  32. 8% p r o t e in ,  8. 2% fa t ,  3. 04% f ib e r ,  

1 0 7 6 .9  c a l o r i e s  of p ro d u c t iv e  e n e r g y  p e r  pound , o r  1 3 38 .6  c a l o r i e s  of 

m e ta b o l i z a b le  e n e r g y  p e r  pound , s u f f ic ie n t  a m o u n ts  of a l l  m i n e r a l s  and  

v i ta m in s  (ex c lu d in g  v i ta m in  A), and  . 525% m e th io n in e  p lu s  c y s te in e .  

F u r t h e r  in f o r m a t io n  c o n c e rn in g  d ie t  c o m p o s i t io n  i s  r e c o r d e d  in  T a b le s  

9 an d  10, A ppend ix  A . M ic r o k je ld a h l  a n a ly s i s  of th is  d ie t  in d ic a te d  a  

p r o t e in  c o n te n t  of 28% of d ry  w e ig h t ,  and  a m in o  a c id  a n a ly s i s  in d ic a te d  

a  m e t h i o n in e - p lu s - c y s t e in e  c o n te n t  of . 54%.



C a p su le  P r e p a r a t i o n

B e t a - c a r o t e n e  w as  r e c r y s t a l i z e d  f r o m  c h lo r o f o r m  by  ad d i t io n  of 

m e th a n o l  and  w a s h e d  s e v e r a l  t im e s  w ith  m e th a n o l .  B ec a u se  of the  

d if f icu l ty  e n c o u n te r e d  in  d is s o lv in g  the  c a r o te n e  d i r e c t ly  in  c o r n  o il ,  

one g r a m  w as  f i r s t  d i s s o lv e d  in  a m in im u m  of c h lo r o f o r m .  T he 

d i s s o lv e d  c a r o te n e  w as  ad d ed  to  a p p r o x im a te ly  200 m i l l i l i t e r s  of c o r n  

o il  an d  th e  m ix tu r e  w as  h e a te d  to  d r iv e  off a s  m u c h  of th e  c h lo r o f o r m  

a s  p o s s ib le .  T he  so lu t io n  w as  c o o led  and  one g r a m  of a lp h a - to c o p h e r o l  

w as  a d d ed  a s  an  a n t io x id e n t .  A f te r  d i lu t in g  to  one l i t e r ,  th is  so lu t io n  

w as  u s e d  to  p r e p a r e  so lu t io n s  of th e  d e s i r e d  c o n c e n t r a t io n s .  O ne-  

te n th  m i l l i l i t e r  of th e  v a r io u s  c a r o te n e  s o lu t io n s  w as  ad d ed  by  s y r in g e  

to  n u m b e r  tw o g e la t in  c a p s u le s .  T h e s e  c a p s u le s  w e r e  s t o r e d  a t  

- 3 ° C .  u n t i l  t im e  of a d m in i s t r a t i o n .

L iv e r  A n a ly s is

E ig h t  l i v e r s  f r o m  e a c h  t r e a t m e n t  g ro u p  w e r e  h o m o g e n iz e d  in  a  

W a r in g  B le n d o r  an d  a  p o o le d  s a m p le  w as  u s e d  f o r  th e  a n a ly s i s .  T e n  

to  f i f te e n  g r a m s  of th e  l i v e r  h o m o g e n a te  w e r e  m ix e d  w ith  a p p r o x im a te ly  

tw en ty  g r a m s  of a n h y d ro u s  s o d iu m  s u lfa te  to  r e m o v e  e x c e s s  m o i s t u r e ,  

and  w e r e  e x t r a c t e d  w ith  o n e - h u n d r e d  m i l l i l i t e r s  of c h lo r o f o r m  fo r  one  

h o u r .  A f te r  f i l t e r i n g ,  a  t h i r t y  m i l l i l i t e r  s a m p le  w as  e v a p o r a te d  to 

d r y n e s s  in  s u c c e s s i v e  te n  m i l l i l i t e r  a l iq u o i ts  and  r e d i s s o l v e d  in  one 

m i l l i l i t e r  of c h lo r o f o r m .  T he  s o lu t io n  w as  r e a c t e d  w ith  f iv e  m i l l i l i t e r s



of a  2:1 m ix tu r e  of t r i f l o u r o a c e t i c  a c id  and  c h lo r o f o r m ,  and  th e  r e s u l t i n g  

b lu e  c o lo r  w as  r e a d  a t  620 m i l l i m i c r o n s .  T he  c o n c e n t r a t io n  of v i ta m in  

A  w as  d e t e r m in e d  by  c o m p a r i s o n  w ith  a  s t a n d a r d  c u r v e .

R e s u l t s

W eig h t  g a in ,  food  c o n s u m p t io n ,  and  l i v e r  v i t a m in  A s to r a g e  a r e  

r e c o r d e d  in  T ab le  3. C o m p u te r  a n a ly s i s  of th e  w e ig h t  g a in  d a ta  

p ro d u c e d  the  eq ua tion :

Y = 430. 06 + 4. OX} + 64. 6X2 -  8. S X j2 - 44. 6X 2 2 + 1. 8 X 1X 2 (5)

w h ich  g e n e r a t e d  th e  s u r f a c e  r e p r e s e n t e d  b y  th e  c o n to u r  p a t t e r n  show n 

in  F i g u r e  1. C o m p a r i s o n  of th e  r e g r e s s i o n  c o e f f ic ie n ts  w ith  t h e i r  

s t a n d a r d  e r r o r s  in d ic a te d  th a t  th e  l i n e a r  an d  q u a d r a t ic  r e s p o n s e  to  

v i t a m in  A an d  th e  q u a d r a t ic  r e s p o n s e  to  m e th io n in e  w e r e  s ig n i f ic a n t  

(A n a ly s is  of V a r ia n c e ,  A ppend ix  B , T a b le  11)„ A n a ly s is  of th e  food  

c o n s u m p t io n  d a ta  p ro d u c e d  th e  e q u a t io n

Y = 6 8 1 .0  + 4 .  64 X j + 89. 7X^ -  l l . S X j 2 - 88, 7X22 - 9. iX ^X g (6)

w h ich  g e n e r a te d  a  s u r f a c e  s i m i l a r  in  sh ap e  to  th a t  g e n e r a t e d  by  w e ig h t  

g a in  ( F ig u r e  2) as  w ou ld  be  e x p e c te d  w ith  a  c o r r e l a t i o n  b e tw e e n  w e ig h t  

g a in  and  food c o n su m p t io n  of .9 2 8  (A nalysis  of V a r ia n c e ,  A p p en d ix  B , 

T a b le  12). B e c a u s e  food  c o n su m p t io n  w as  no t  h e ld  c o n s ta n t  f r o m



T ab le  3. M ean V a lu es  of S e v e r a l  C h ick  C h a r a c t e r i s t i c s  fo r  C o m b in a tio n s  of D ie ta r y  M eth ion ine  
and  C a ro te n e

T r e a tm e n t G ro w th

gm

T o ta l  F o o d  
Cons u m p ti  on 

p e r  C hick  
gm

C o r r e c t e d
G ro w th

gm

F  e ed  
E f f ic ien c y

%

V ita m in  A S to rag e
Met + 
Cys %

C a r o te n e ,
yUg/day

/c g / g m yuig/liver

0 .6 4 2 14 .64 3 3 6 .4 6 0 9 .0 337. 0 6 7 .5 .5 1 4 .3 2

0 .9 2 5 0 .0 0 2 2 5 .4 3 8 2 .9 3 2 9 .6 6 7 .4 .8 2 5 .2 7

1 .208 14 .6 4 3 3 1 .0 5 3 0 .7 368. 7 7 6 .2 .4 1 3 .4 3

1 .325 50. 00 4 1 4 .3 642. 2 400. 0 7 5 .4 .5 5 5 .7 0

1 .208 8 5 .3 6 4 4 5 .0 6 9 4 .9 4 0 6 .7 7 4 .8 1.41 12 .67

0 .9 2 5 100 .00 4 3 4 .6 632. 3 4 2 4 .8 7 5 .5 1. 19 12 .43

0 .6 4 2 85. 36 443. 3 7 2 4 .6 3 9 1 .4 7 1 .0 1 .00 11 .36

0 .5 2 5 5 0 .0 0 3 8 8 .9 6 9 9 .7 3 4 8 .4 64. 7 .6 9 6. 63

0 .9 2 5 50. 00 441. 7 690. 7 4 0 5 .3 7 7 .2 .6 2 6. 55

0 .9 2 5 5 0 .0 0 4 1 2 .4 6 5 5 .0 3 9 0 .5 6 8 .4 .7 0 7 .0 5

0 .9 2 5 50. 00 4 1 7 .9 670. 2 3 9 0 .8 7 3 .7 .5 9 6 .2 6

0 .9 2 5 50. 00 440. 1 694. 7 4 0 1 .8 7 4 .0 .7 1 7 .3 0

0 .9 2 5 5 0 .0 0 440. 7 7 2 2 .7 3 8 9 .7 7 1 .5 .4 8 4 .9 5

o
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t r e a t m e n t  to  t r e a t m e n t ,  the  w e ig h t  g a in s  w e r e  c o r r e c t e d  by  c o v a r ia n c e  

a n a ly s i s  to a  m e a n  to ta l  food  c o n su m p t io n  of 4888 g r a m s ^  C o r r e c t e d  

w e ig h t  g a in s  a r e  r e c o r d e d  in  T a b le  3„ An F  t e s t  of th e  u n a d ju s te d  

w e ig h t  g a in  d a ta  gave  a  h ig h ly  s ig n i f ic a n t  F  v a lu e  of 2 6 .4  w ith  15 

and  40 d e g r e e s  of f r e e d o m  (A ppendix  B , T a b le  14). The s a m e  a n a ly s i s  

p e r f o r m e d  on th e  c o r r e c t e d  d a ta  gave  an  F  v a lu e  of 18. 55 w ith  15 and  

29 d e g r e e s  of f r e e d o m ,,  w h ich  w as  s t i l l  h ig h ly  s ig n i f ic a n t .  The e q u a t io n  

d e s c r ib in g  th e  r e s p o n s e  of w e ig h t  g a in  c o r r e c t e d  fo r  food  c o n su m p t io n  

to  th e  v a r i a b l e s  w as

2 2
Y = 395. 7 + 15. 0X! + 2 8 .4 X 2 - lO .TXj -  9. 2X2 - 4. l X j X 2 (7)

w h ich  g e n e r a te d  th e  s u r f a c e  show n in  F i g u r e  3. In  e q u a t io n  (7) the  

l i n e a r  an d  q u a d r a t ic  fu n c t io n s  of b o th  v a r i a b l e s  and  th e  i n t e r a c t io n  b e tw e e n  

th e  two w e r e  s ig n i f ic a n t  (A n a ly s is  of V a r ia n c e ,  A ppend ix  B, T a b le  13). 

C o r r e c t i n g  w e ig h t  g a in  d a ta  f o r  food  c o n su m p t io n  r o t a t e d  th e  a x e s  of th e  

s u r f a c e ,  c h an g e d  i t s  s h a p e ,  a n d  m o v e d  i t s  m a x im u m  p o in t .  E x a m in a t io n  

of th e  c o n to u r  d i a g r a m  fo r  the  c o r r e c t e d  d a ta  show ed  th a t , th e  c o r r e c t e d  

w e ig h t  g a in  a t  low le v e l s  of m e th io n in e  an d  h ig h  le v e l s  of v i t a m in  A 

e q u a le d  th a t  a t  n o r m a l  m e th io n in e  an d  n o r m a l  v i t a m in  A, in d ic a t in g  a  

p a r t i a l  c o m p e n s a t io n  fo r  a  m e th io n in e  d e f ic ie n c y  by i n c r e a s e d  b e t a -  

c a r o te n e  c o n su m p t io n .

B lo c k  e f fe c ts  ( v a r i a t io n  c a u s e d  b y  r a i s i n g  th e  c h ic k e n s  in  t h r e e  

d i f f e r e n t  b a t t e r i e s )  w e r e  n o n - .s ig n if ic a n t  b u t  B lo ck  x  T r e a t m e n t
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i n t e r a c t io n s  w e r e  s ig n i f ic a n t ,  ind ica ting  th a t  the  t r e a t m e n t s  d id  no t 

p e r f o r m  u n i fo r m ly  f r o m  b a t t e r y  to  b a t t e r y .  G e n e ra t io n  of r e s p o n s e  

s u r f a c e s  fo r  the  d a ta  f r o m  e a c h  in d iv id u a l  b a t t e r y  p ro d u c e d  s u r f a c e s  of 

s i m i l a r  s h a p e ,  bu t  w ith  t h e i r  m a x im a  a t  d i f f e r e n t  p o s i t io n s .  V a lu es  of 

th e s e  m a x im a ,  h o w e v e r ,  w e r e  s i m i l a r .

F e e d  e f f ic ie n c y ,  c a lc u la te d  as  g r a m s  of c h ic k e n  p ro d u c e d  p e r  

' g r a m  of food  c o n su m e d ,  w as  d e t e r m in e d  fo r  e a c h  t r e a t m e n t .  T h e s e  

e f f i c i e n c ie s ,  r e c o r d e d  in  T a b le  3, r a n g e d  f r o m  64% to 75%, the  lo w e s t  

v a lu e s  o c c u r in g  in  m e th io n in e  and  v i ta m in  A d e f ic ie n t  g ro u p s  and  the 

h ig h e s t  o c c u r in g  in  g ro u p s  r e c e iv in g  an  above  n o r m a l  l e v e l  of 

m e th io n in e .  F e e d  e f f ic ie n c y  d ep en d e d  m o r e  upon the  a m o u n t  of 

m e th io n in e  in  the  d ie t  th a n  upon the  a m o u n t  of c a r o te n e  c o n su m e d .

L iv e r  v i ta m in  A s to r a g e  fo r  a l l  t r e a t m e n t  g ro u p s  w as  m u c h  lo w e r  

th a n  th a t  fo r  c o n t r o l  c h ic k e n s  fed  s t a b i l i z e d  v i ta m in  A. T he  c o n t r o l  

c h ic k e n s  s t o r e d  an  a v e r a g e  5 5 .4 8  m i c r o g r a m s  p e r  g r a m  of l i v e r  w h ile  

th e  t r e a t m e n t  v a lu e s  r a n g e d  f r o m  .4 1  to  2 .0 3  m i c r o g r a m s  p e r  g r a m .

T he  h ig h e s t  v a lu e  o c c u r r e d  in  the  g ro u p s  r e c e iv in g  a  l a r g e  d o se  of 

c a r o te n e  and  a  low le v e l  of m e th io n in e ,  w h ile  the  lo w e s t  v a lu e  o c c u r e d  

in  th e  g ro u p  r e c e iv in g  a  s m a l l  d o se  of c a r o te n e  and  a h igh  le v e l  of
i

m e th io n in e .  R an d o m  e r r o r ,  h o w e v e r ,  w as  so  h igh  th a t  the  an a ly s is  of 

v a r i a n c e  (A ppendix  B , T a b le  15) in d ic a te d  a  n o n - s ig n i f i c a n t  F  v a lu e  of 

1 .6 2  w ith  15 and  30 d e g r e e s  of f r e e d o m ,  ev en  th o u g h  th e  t r e a t m e n t
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a v e r a g e s  of the  th r e e  r e p l i c a t io n s  a p p e a r e d  to  g e n e r a te  a s e c o n d - o r d e r  

r e s p o n s e  s u r f a c e .



E X P E R IM E N T  TWO

In tro d u c t io n

In  th e  p re v io u s  e x p e r im e n t  the  g ro w th  r e s p o n s e  to  m e th io n in e  

and  v i t a m in  A w as  s tu d ie d  o v e r  a  p e r io d  of tw e n ty - fo u r  days. In  the  

fo llow ing  e x p e r im e n t  m o r e  in f o r m a t io n  w as  d e s i r e d  a b o u t  th e  change  

in  f e e d  e f f ic ie n c y  and  th e  ch an g e  in  r a n d o m  v a r i a t i o n  as  g ro w th  

p r o c e e d s  w h en  fe e d in g  a  p u r i f i e d  d ie t  co n ta in in g  a  m in im u m  a m o u n t  

of m e th io n in e .

E x p e r im e n ta l  P r o c e d u r e

E ig h t  o n e - d a y - o ld  H u b b a rd  c h ick s  w e r e  r a n d o m ly  a s s ig n e d  to  

e a c h  of two t r e a t m e n t  g r o u p s .  T he  f i r s t  g ro u p  r e c e iv e d  th e  b a s a l  d ie t  

u s e d  in  th e  p re v io u s  e x p e r im e n t  w ith  0 .4 %  ad d ed  D L  m e th io n in e  w h ich  

w as  e q u iv a le n t  to  th e  o p t im u m  le v e l  found  in  the  r e s p o n s e  s u r f a c e  

a n a ly s i s .  The s e c o n d  g ro u p  r e c e i v e d  th e  b a s a l  d ie t  w ith  no  ad d ed  

m e th io n in e .  To b o th  d ie ts  1750 m i c r o g r a m s  of b e ta  c a r o t e n e  w e r e  

a d d ed  p e r  k i l o g r a m  of d ie t  m a k in g  th e  d a i ly  in ta k e  of c a r o te n e  (b a se d  

on th e  a v e r a g e  d a i ly  c o n su m p t io n  of th e  p r e v io u s  e x p e r im e n t )  e q u iv a le n t  

to  th e  o p t im u m  d a i ly  d o se  d e te r m in e d  in  th a t  e x p e r im e n t .  The  c a r o te n e  

w as  ad d ed  a s  a  700 m i c r o g r a m  p e r  g r a m  s o lu t io n  in  c o r n  o i l .  T h is

17
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s o lu t io n ,  w ith  a lp h a ^ to c o p h e ro l  ad d ed  a s  an  an t i  o x id an t ,  w as  s t o r e d  a t  

3 °C . u n t i l  i t  w as  a d d ed  to  th e  d ie t s .  R e s id u a l  food  w as  s t o r e d  a t  3 °C . 

to  r e t a r d  o x id a tio n  of th e  c a r o t e n e .  T he  d ie ts  w e r e  fe d  ad  l i b id u m , and  

food  c o n su m p t io n  w as  r e c o r d e d  w e ek ly .  The in d iv id u a l  c h ic k e n s  w e r e  

w e ig h ed  on T u e s d a y  an d  F r i d a y  of e a c h  w eek  fo r  a  p e r io d  of e ig h t  

w e e k s .

R e s u l t s

T he g ro w th  c u r v e s  of the  two t r e a t m e n t s  a r e  p lo t te d  in  F ig u r e  4 

(A n a ly s is  of V a r ia n c e  of D a ta  f r o m  th e  52nd Day i s  r e c o r d e d  in  

A ppend ix  B , T ab le  16). F o r  th e  f i r s t  t h r e e  w e ek s  the  g ro w th  c u r v e s  

w e r e  v e r y  s i m i l a r .  A i t e r  t h r e e  w e ek s  the  g ro w th  r a t e  w a s  r e d u c e d  

30% in  th e  d e f ic ie n t  g ro u p ,  and  in  th e  f in a l  w e ek s  of th e  e x p e r im e n t  i t  

w as  r e d u c e d  80%. F o r  th e  f i r s t  s ix  w e ek s  b o th  g ro u p s  c o n s u m e d  the  

s a m e  a m o u n t  of food  p e r  w e ek ,  b u t  a f t e r  th a t  th e  w e ek ly  c o n su m p t io n  

of the  d e f ic ie n t  g ro u p  f e l l  s h a r p ly .  F o r  th e  f i r s t  t h r e e  w e e k s  the  

m e th io n in e -d e f ic ie n t  g ro u p  sh o w ed  no s ig n i f ic a n t  d i f f e r e n c e  in  fe e d  

e f f ic ie n c y  c o m p a r e d  to th e  n o r m a l  g ro u p .  A f te r  th e  t h i r d  w eek  th e  

m e th io n in e  d e f ic ie n t  g ro u p  d e m o n s t r a t e d  p o o r e r  u t i l i z a t io n .  The o v e r ­

a l l  e f f ic ie n c y  fo r  th e  n o r m a l  g ro u p  in  th e  e ig h t  w e ek  p e r io d  w as  60. 3% 

c o m p a r e d  to 43. 6% f o r  the  d e f ic ie n t  g ro u p .
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T i m e  ( w e e k s )

>wth ( g r a m s )  of N o r m a l  and  M eth ion ine  D e f ic ien t  
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E X P E R IM E N T  T H R E E  

In t r o d u c t io n

In  th e  r e s p o n s e  s u r f a c e  a n a ly s i s ,  l i v e r  v i t a m in  A s to r a g e  h a d  

b e e n  m u c h  l e s s  th a n  e x p e c te d ,  a s s u m in g  a t  l e a s t  60% c o n v e r s io n  of b e ta  

c a r o te n e  to  v i t a m in  A an d  s u b s e q u e n t  s to r a g e  of r e s i d u a l  v i t a m in  A,

A n e x p e r im e n t  w as  d e s ig n e d  to  s tu d y  l i v e r  s t o r a g e  a t  doub le  and  

q u a d ru p le  th e  o p t im u m  le v e l  of c a r o te n e  d e t e r m in e d  in  th e  r e s p o n s e  

s u r f a c e  a n a ly s i s .  A lso ,  c h a n g e s  in  l i v e r  s to r a g e  a s  g ro w th  procejeded 

w e r e  s tu d ie d .

E x p e r im e n ta l  P r o c e d u r e

T w elv e  o n e - d a y - o ld  H u b b a rd  c h ic k s  w e r e  a s s ig n e d  to e a c h  of two 

g ro u p s .  Two d ie ts  w e r e  p r e p a r e d ,  b o th  c o m p o s e d  of the  b a s a l  d ie t  w ith  

.4 %  ad d ed  D L  m e th io n in e .  B e ta  c a r o te n e  in  c o r n  o i l  w as  a d d ed  to  th e  

d ie ts  to  su p p ly  3 ,5 0 0  an d  7 ,0 0 0  m i c r o g r a m s  of c a r o t e n e ,  r e s p e c t iv e ly ,  

p e r  k i l o g r a m  of d ie t .  T he  c a r o te n e  s o lu t io n  w as  p r e p a r e d  an d  a d d ed  

to  th e  d ie ts  a s  in  E x p e r im e n t  Tw o. The d ie ts  w e r e  p r e p a r e d  in  s m a l l  

b a t c h e s ,  s t o r e d  a t  3 °C . and  fe d  ad  l ib id u m . W eek ly  g ro w th  and  food 

c o n su m p t io n  w e r e  r e c o r d e d  an d  th e  fe e d  e f f ic ie n c y  w as  c a lc u la te d .

A f te r  th e  t h i r d  w e ek  and  a t  the  c o n c lu s io n  of e a c h  w e ek  t h e r e a f t e r ,  two

20
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c h ic k e n s  w e r e  s e l e c t e d  a t  r a n d o m  f r o m  e a c h  g ro u p ,  k i l l e d ,  and  t h e i r  

l i v e r s  r e m o v e d .  T he  l i v e r s  w e r e  im m e d ia t e ly  f r o z e n  an d  s t o r e d  f o r  

s u b s e q u e n t  a n a ly s i s  f o r  v i t a m in  A. In d iv id u a l  l i v e r s  w e r e  a n a ly z e d  

r a t h e r  th a n  a  p o o le d  s a m p le .

R e s u l t s

G ro w th ,  food  c o n su m p t io n ,  and  f e e d  e ff ic iency  of b o th  g ro u p s  w e r e  

s i m i l a r  to  th o s e  of the  c o n t r o l  g ro u p  in  E x p e r im e n t  Tw o. No r e d u c t io n  

in  g ro w th  w as  e v id e n t  a t  th e s e  h ig h  c a r o te n e  l e v e l s .  F e e d  e f f ic ie n c ie s  

fo r  th e  two g ro u p s  w e r e ,  r e s p e c t i v e l y ,  53. 3% an d  5 9 .2 %  fo r  an  e ig h t  

w eek  p e r io d ,  w h ich  w e r e  lo w e r  th a n  th e  e f f ic ie n c y  of the  c o n t r o l  g ro u p  

in  E x p e r im e n t  T w o  f o r  th e  s a m e  p e r io d  of t im e .  T he  in d iv id u a l  v a lu e s  

of v i t a m in  A s to r a g e  w e r e  h ig h ly  v a r i a b l e  f r o m  c h ic k e n  to c h ic k e n ,  and  

no c o n c lu s io n s  cou ld  b e  d ra w n  c o n c e rn in g  th e  e f fe c ts  of g ro w th  upon  

s t o r a g e .  A v e ra g e  v i t a m in  A s to r a g e  is  r e c o r d e d  in  T a b le  4. The a m o u n t  

of in g e s t e d  c a r o t e n e ,  h o w e v e r ,  d id  h av e  a  s ig n if ic an t  e f fe c t .  T he  g ro u p s  

w h ic h  r e c e iv e d  fo u r  t im e s  the  n o r m a l  v i t a m in  A d o se  s t o r e d  th r e e  to  t e n  

t im e s  a s  m u c h  v i t a m in  A as  d id  the  g ro u p  w h ich  r e c e iv e d  tw ic e  th e  

n o r m a l  d o s e .
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T ab le  4. M ean  V i ta m in  A S to r a g e  f o r  Two L e v e ls  of D ie ta r y  C a r o te n e  
fo r  S ix  O n e -W e e k  I n t e r v a l s

^ ^ ^ [ i t a m i n  A 
W e ek

m i c r o g r a m s  p e r  g r a m m i c r o g r a m s  p e r  l i v e r
3500 yttg/kg 7000 ^iLg/kg 3500 yltg/kg 7000 ^ag /k g

3 0 .7 1 6 .4 1 8 .6 0 77. 0

4 1 .0 0 4. 15 1 6 .49 75. 33

5 0 .5 8 1 .97 1 1 .79 39, 10

6 0 .3 4 3. 43 5 .0 2 86. 80

7 0 .8 3 3 .0 8 19, 90 71 .0 0

8 1. 11 1. 21 ' 3 5 .4 32. 20



E X P E R IM E N T  FO U R

In t r o d u c t io n

R o d ah l ,  I s s e k u tz ,  an d  S h u m en  (1965) t e s t e d  th e  p r e v io u s ly  m e n ­

t io n e d  h y p o th e s i s  of B a la k h b v s k y  an d  D ro z d o v a  and  o b ta in e d  c o n t r a d i c ­

t o r y  r e s u l t s .  T h e i r  r e s u l t s ,  b a s e d  on m a s s i v e  o v e r d o s e s  of v i t a m in  

A and  s tu d ie s  of u r i n e - s e c r e t e d  s u l f a te ,  in d ic a te d  th a t  v i t a m in  A 

d id  n o t  in h ib i t  o x id a t io n  of S - l a b e l e d  c y s te in e  to  s u l f a te ,  b u t  s e e m e d  

to  h a v e  a  p ro te o ly t i c  e f fe c t ,  i n c r e a s i n g  b re a k d o w n  of body  p r o te in s  o r  

r e m o v a l  of s u l fa te  f r o m  m u c o p o ly s a c c h a r id e s .  T h e s e  r e s u l t s  f a v o r e d  

D in g le 's  h y p o th e s i s  th a t  v i ta m in  A a c te d  as  an  e n z y m e  r e l e a s e r .

Z i m m e r m a n  and  S c o t t  (1965) and  D ean  and  S c o tt  (1966) s tu d ie d  the  

e f fe c ts  of a m in o  a c id  d e f ic ie n c ie s  on th e  p l a s m a  c o n c e n tra t io n s  of f r e e  

a m in o  a c id s .  T h ey  found  th a t  the  c o n c e n t r a t io n  of th e  l im i t e d  d i e t a r y  

am in o  a c id  d ro p p e d  s h a r p ly  w h ile  the  c o n c e n t r a t io n s  of m a n y  o th e r s  

r o s e .  U se  of p l a s m a  f r e e  a m in o  a c id  c o n c e n t r a t io n s  w as  found to  be  a  

good, th o u g h  t im e - c o n s u m in g ,  in d ic a to r  of a m in o  a c id  b a la n c e .

E x p e r im e n ta l  P r o c e d u r e

C h an g es  in  s e r u m  Su lfa te  an d  an  im b a la n c e  of p l a s m a  f r e e  a m in o  

a c id s  w e r e  c h o s e n  as  in d i c a to r s  of th e  s e v e r i t y  of a  m e th io n in e
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defic iencyo  T he  e f fe c ts  of v i t a m in  A on th e s e  in d i c a to r s  w as  e x a m in e d  

b y  c o m b in in g  v i t a m in  A and  m e th io n in e  c o n c e n t r a t io n s  in  d ie t  t r e a t m e n t s .

An e x p e r im e n t  w as  d e s ig n e d  w ith  fo u r  t r e a t m e n t s  and  t h r e e  

r e p l i c a t i o n s ,  a  to t a l  of tw e lv e  g ro u p s ,  w ith  e ig h t  o n e - d a y - o ld  H u b b a rd  

c h ic k s  p e r  g ro u p .  G ro u p  1, th e  c o n t r o l  g to u p ,  w as  fe d  th e  b a s a l  d ie t  

w ith  .4 %  ad d ed  DL m e th io n in e  an d  1000 m i c r o g r a m s  of g e l a t i n - p r o t e c t e d  

v i t a m in  A p e r  k i lo g ram *  G ro u p  2 r e c e i v e d  th e  m e th io n in e  d e f ic ie n t  

b a s a l  d ie t  w ith  no a d d e d  m e th io n in e ,  bu t  w ith  1000 m i c r o g r a m s  of 

v i t a m in  A p e r  k i l o g r a m .  G ro u p s  3 and  4 r e c e i v e d  th e  m e th io n in e  

d e f ic ie n t  b a s a l  d ie t  w ith  5000 and  1 0 ,0 0 0  m i c r o g r a m s  of v i t a m in  A a d d ed  

p e r  k i l o g r a m ,  r e s p e c t iv e ly .  T h e s e  d ie ts  w e r e  fe d  ad  l ib id u m  fo r  f o r ty  

d a y s .  In d iv id u a l  c h ic k e n s  w e r e  w e ig h ed  e v e r y  f if th  day , a n d  g ro u p  fe e d  

c o n s u m p t io n  w as  m e a s u r e d  e v e r y  te n th  day . F r o m  th e  fo u r te e n th  

th ro u g h  th e  tw e n ty - s e v e n th  day  . ?% c h r o m iu m  ox ide  w a s  ad d ed  to  the  

d ie t  a s  a n o n - d ig e s t ib le  m a r k e r .  F e c e s  s a m p le s  w e r e  c o l l e c te d  on th e  

28 th , 29 th , and 30th  day an d  p o o le d  f o r  e a c h  of the  fo u r  t r e a t m e n t  

g ro u p s .  T he  s a m p l e s  w e r e  d r i e d ,  th e n  a n a ly z e d  f o r  K je ld a h l  n i t r o g e n ,  

c h r o m iu m  o x id e ,  and  a m in o  a c id  c o n ten t .

On the  40 th  day  th e  food  t r a y s  w e r e  r e m o v e d  fo r  s e v e n  h o u r s ,  

th e n  r e t u r n e d  fo r  one h o u r  to  i n s u r e  s im u l ta n e o u s  food  in ta k e .  The 

food  t r a y s  w e r e  a g a in  r e m o v e d  f o r  1 1 / 2  h o u r s ,  an d  te n  m i l l i l i t e r  

b lo o d  s a m p le  t a k e n  b y  h e a r t  p u n c tu r e  f r o m  th e  c h ic k e n  in  e a c h  g ro u p  

w h o se  w e ig h t  m o s t  c lo s e ly  a p p r o x im a te d  th e  m e a n  w e ig h t  of th a t
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g ro u p .  B lo o d  p l a s m a  w as  o b ta in e d  f r o m  th e s e  tw e lv e  s a m p l e s  and  w as  

a n a ly z e d  fo r  unbound  s u l fa te  an d  f r e e  a m in o  a c id s .

F e c e s  and  F e e d  A n a ly s is  f o r  N i t ro g e n  and  A m in o  A c id  R e te n t io n

T r i p l i c a t e  s a m p le s  of f e e d  ( th r e e  g r a m s )  and  f e c e s  (o n e - a n d - o n e -  

h a l f  g r a m s )  w e r e  a n a ly z e d  fo r  c h r o m ic  a c id  c o n ten t .  T he  u n d ig e s t ib le  

c h r o m ic  ox ide  in  th e  f e c e s  w as  c o m p a r e d  to  th a t  found  in  th e  fe e d  to  

d e t e r m in e  th e  a m o u n t  of food  e a te n  to  f o r m  one g r a m  of f e c e s .  P e r ­

c e n t  r e t e n t io n  of v a r io u s  d i e t a r y  c o m p o n en ts  w as  d e t e r m in e d  by  a n a ly z ­

ing  b o th  th e  f e e d  an d  fe c e s  fo r  th e s e  c o m p o n e n ts ,  th e n  c o r r e c t i n g  the  

f e c e s  c o n c e n t r a t io n s  fo r  th e  c o n c e n t r a t in g  e f fe c ts  of d ig e s t io n .

To the  w e ig h ed  s a m p le s  of f e e d  an d  f e c e s  te n  m i l l i l i t e r s  of c o n ­

c e n t r a t e d  n i t r i c  a c id  w e r e  ad d ed  and  p e r m i t t e d  to  s ta n d  f o r  tw o days  to  

f a c i l i t a t e  d ig e s t io n  of o rg a n ic  m a t t e r .  T h e n  the  m i x tu r e s  w e r e  b o i le d  

a lm o s t  to d r y n e s s  an d  c o o led .  F i f t e e n  m i l l i l i t e r s  of a d ig e s t io n  m i x tu r e  

c o m p o s e d  of .so d iu m  m o ly b d a te ,  s u l f u r i c  a c id ,  an d  p e r c h l o r i c  a c id  w e r e  

a d d ed  to  e a c h  f l a s k .  T he  s a m p l e s  w e r e  h e a te d  and  d ig e s t e d  f o r  a p p r o x i ­

m a te ly  one h o u r ,  o r  fo r  f i f te e n  m in u te s  a f t e r  th e  c o lo r  ch an g e  f r o m  

g r e e n  to  y e l lo w - o r a n g e .  A f te r  c o o l in g  th e  so lu t io n s  w e r e  d i lu te d  to 

100 m i l l i l i t e r s  and  a l lo w e d  to s ta n d  o v e rn ig h t  to  p e r m i t  s e t t l in g  of 

u n d ig e s te d  m a t e r i a l .  T h e  p e r c e n t  t r a n s m i s s i o n  of a l iq u o i ts  of th e s e  

s o lu t io n s  w a s  m e a s u r e d  a t  444 m i l l i m i c r o n s  and  c o m p a r e d  to  a  s t a n d a r d  

c u r v e  to  d e t e r m in e  c h ro rn a te  c o n c e n t r a t io n .  T he  c h ro rn a te  c o n c e n t r a t io n s
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of th e  fo u r  f e e d  and  th e  fo u r  f e c e s  s a m p le s  a r e  r e c o r d e d  in  T ab le  5.

D ry  m a t t e r  r e t e n t io n ,  c a lc u la te d  f r o m  th e s e  c h ro rn a te  v a lu e s  i s  a l so  

r e c o r d e d  in  T ab le  5.

K je ld a h l  n i t r o g e n  p e r c e n t s  w e r e  d e t e r m in e d  f o r  the  f e e d  and  f e c e s  

s a m p l e s ,  and  th e  n i t r o g e n  r e t e n t io n  v a lu e s  w e r e  c a lc u la ted .  T h e s e  

v a lu e s  a r e  r e c o r d e d  in  T a b le  5.

W eig h ed  s a m p le s  of f e e d  and  f e c e s  w e r e  h y d ro ly z e d  w ith  f o r ty  

m i l l i l i t e r s  of 6N H y d r o c h lo r ic  a c id  fo r  tw e n ty - fo u r  h o u r s  a t  r e f lu x  

t e m p e r a t u r e .  T he  so lu t io n s  w e r e  co o led ,  f i l t e r e d ,  and  e v a p o r a te d  to  

d r y n e s s  u n d e r  v a c u u m . T he  h y d r o l i z e d  a m in o  a c id s  w e r e  d i s s o lv e d  in  

pH 2. 2 a c e ta t e  b u f f e r  and  d i lu te d  to  100 m i l l i l i t e r s .  A p p r o p r i a t e  d i lu t io n s  

of th e s e  so lu t io n s  w e r e  m a d e  and  th e y  w e r e  a n a ly z e d  on th e  B e c k m a n  

A m in o  A c id  A n a ly z e r  a c c o r d in g  to  th e  p r o c e d u r e  u s e d  in  th is  l a b o r a t o r y .

P l a s m a  A n a ly s is

P l a s m a  w as  o b ta in e d  by  c e n t r i fu g a t io n  of the  f r e s h l y  d ra w n  b lo o d  

s a m p l e s  in  h e p a r in i z e d  c e n t r i fu g e  tu b e s .  Six m i l l i l i t e r s  of e a c h  p l a s m a  

s a m p le  w e r e  d e p ro td n iz e d  by  t r e a t m e n t  w ith  e ig h te e n  m i l l i l i t e r s  of 0 .4 %  

u ra n y l  a c e ta t e  an d  c e n t r i fu g a t io n .  The d e p r o te in iz e d  s a m p le s  w e r e  

i m m e d ia t e ly  f r o z e n  f o r  l a t e r  in o r g a n ic  s u l fa te  and  f r e e  a m in o  acid 

a n a ly s i s .

The s u lfa te  in  th e  p l a s m a  w as  p r e c i p i t a t e d  as  b e n z id in e  su l fa te  an d  

th e  b e n z id in e  in  th e  p r e c i p i t a t e  w as  q u a n t i t a te d  p h o to m e t r i c a l ly  by

\
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T a b le  5. W eigh t G a in ,  E f f ic ie n c y ,  P l a s m a  S u l f a te , and  R e te n t io n  
S tu d ie s ,  E x p e r im e n t  4

T r e a t m e n t  N u m b e r

1 2 3 4

W eig h t  g a in ,  g m s 1024 .3 9 1 5 .0 907. 7 897. 3

E f f ic ie n c y  % 62. 02 57. 29 5 7 .9 4 5 7 .9 2

P l a s m a  S u lfa te  
( m g / 100 m l)

6 .8 7 6 .8 3 6 .8 5 6. 86

F e e d  C h ro rn a te  % . 2404 .2 3 9 2 . 2453 .2 4

F e c e s  C h r  o rn a te  % 1 .4 0 4 4 1 .2620 1 .2 3 3 9 1 .3 2

F e e d  N i t r o g e n  % 27. 7 2 8 .3 28. 6 2 4 .2

F e c e s  N i t r o g e n  % 6 8 .8 73.9 7 6 .0 7 4 .4

N i t r o g e n  R e te n t io n  % 5 7 .5 5 0 .5 4 7 .3 43 . 1

D ry  M a t te r  R e te n t io n  % 82. 82 8 1 .0 5 80. 12 8 1 .4 9



r e a c t i o n  w ith  so d iu m  b e ta -n a p h th o q u in o n e  4 - su lfo n a te  a c c o r d in g  to a  

m o d if ic a t io n  of the  m e th o d  of K le e m a n ,  T a b o r s k y ,  an d  E p s t e in  (1956)= 

Two m i l l i l i t e r  a l iq u o i ts  of th e  p l a s m a  s u p e r n a ta n t s  w e r e  t r e a t e d  w ith  

0. 5 m i l l i l i t e r  of g la c i a l  a c e t ic  a c id ,  4. 5 m i l l i l i t e r s  of 1% r e c r y s t a l i z e d  

b e n z id in e  in  e th a n o l  ( p r e p a r e d  f r e s h  e a c h  day), and  a  p in c h  of p o w d e re d  

g la s s  to  a c c e l e r a t e  c r y s t a l i z a t i o n  and  to  f o r m  a  so l id  p e l l e t  d u r in g  

s u b s e q u e n t  c e n t r i fu g a t io n s  = Two s t a n d a r d s  c o n ta in in g  te n  m i c r o g r a m s  

of s u l f a te  an d  two b la n k s  w e r e  a l s o  p r e p a r e d .  The tu b e s  w e r e  s to p p e r e d  

and  p la c e d  in  the  r e f r i g e r a t o r  o v e rn ig h t .  In  th e  m o rn in g  th e y  w e r e  

c e n t r i f u g e d  fo r  tw en ty  m in u te s ,  th e  s u p e r n a ta n t  d ra w n  off by  r e v e r s e -  

t ip p e d  c a p i l l a r y ,  and  the  tu b e s  i n v e r t e d  to  d r a in  fo r  a  s h o r t  t im e .  The 

p r e c i p i t a t e  w as  w a s h e d  c o n s e c u t iv e ly  w ith  one m i l l i l i t e r  of e th a n o l ,  t e n  

m i l l i l i t e r s  of 2:1 e t h a n o l - e t h e r , and  .5  m i l l i l i t e r  e th a n o l  to  r e m o v e  

e x c e s s  b e n z id in e .  O n e -h a l f  m i l l i l i t e r  of 1% so d iu m  b o r a t e  in  . IN  s o d iu m  

h y d ro x id e  w as  ad d ed  to  e a c h  tu b e ,  and  th e y  w e r e  h e a te d  in  a  6 0 °C . w a t e r  

b a th  f o r  f ive  m in u te s .  A f te r  c o o l in g ,  f iv e  m i l l i l i t e r s  of d i s t i l l e d  w a te r  

and  o n e - h a l f  m i l l i l i t e r  of . 1% s o d iu m  b e ta -n a p h th o q u in o n e  4 - su l fo n a te  

in  w a te r  ( p r e p a r e d  f r e s h  da ily )  w e r e  ad d ed ,  the  tu b e s  s h a k e n ,  and  

a l lo w ed  to  s ta n d  f o r  e x a c t ly  f ive  m in u te s .  To c o n c lu d e  th e  r e a c t i o n  one 

m i l l i l i t e r  of a ce to n e  w as  a d d ed ,  and  th e  tu b e s  c e n t r i fu g e d .  T he  s u p e r ­

n a ta n t  w as  t r a n s f e r r e d  to  c o l o r i m e t e r  tu b e s .  T he  r e d - o r a n g e  c o lo r  

w as  r e a d  a t  485 m i l l i m i c r o n s  an d  c o m p a r e d  to  th e  s t a n d a r d s  an d  

b la n k s  to d e t e r m in e  th e  o r ig in a l  su l fa te  c o n c e n t r a t io n s .  T h is  m e th o d
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r e p o r t e d l y  o beys  B e e r ' s  Law  up to  c o n c e n t r a t io n s  of 7. 5 m i l l i g r a m s  of 

s u l fa te  p e r  100 m i l l i l i t e r s  of s o lu t io n ,  an d  h a s  a  r e p r o d u c ib i l i ty  of 

a p p r o x im a te ly  p lu s  o r  m in u s  f iv e  p e r  c e n t  (H e n ry  1964),

P l a s m a  f r e e  a m in o  a c id s  w e r e  d e t e r m in e d  by  e v a p o r a t in g  15 

m i l l i l i t e r s  of th e  d e p r o te in iz e d  p l a s m a  s a m p l e s  to  d r y n e s s  and  

d i s s o lv in g  in  f iv e  m i l l i l i t e r s  of pH 2, 2 a c e ta t e  b u f f e r .  T h e s e  so lu t io n s  

w e r e  a n a ly z e d  on the  B e c k m a n  A m in o  A c id  A n a ly z e r .  T he  c o n c e n t r a t io n s  

of s e v e n te e n  a m in o  a c i d s ,  a s  m i c r o m o le s  an d  m ic r o g r a m s  p e r  m i l l i l i t e r ,  

and  th e  m o l a r  a n d  g r a m  r a t i o s  to  le u c in e ,  t y r o s in e  a n d  m e th io n in e  

w e r e  c a l c u la te d  b y  c o m p u te r .

R e s u l t s

A v e ra g e  w e ig h t  g a in s  an d  e f f ic ie n c ie s  a r e  r e c o r d e d  in  T ab le  5, A 

m e th io n in e  d e f ic ie n c y  c a u s e d  a  s ig n i f ic a n t ly  lo w e r  w e ig h t  g a in  and  

e f f ic ie n c y ,  a s  h a d  b e e n  d e m o n s t r a t e d  in  th e  p r e v io u s  e x p e r im e n t s .  T he 

r e l a t i v e ly  l a r g e  d o se  of v i t a m in  A s e e m e d  to  r e d u c e  g ro w th ,  b u t  no t 

s ig n i f ic a n t ly .  The m o r t a l i t y  r a t e  of th o s e  c h ic k e n s  in  T r e a t m e n t  4, 

r e c e iv in g  1 0 ,0 0 0  m i c r o g r a m s  of v i t a m in  A p e r  k i l o g r a m  of d ie t ,  w as  

m u c h  h ig h e r  th a n  n o r m a l ,  17% v e r s u s  5% fo r  T r e a t m e n t  1, the  c o n t r o l  

g ro u p .  A u to p sy  of s e v e r a l  of th e s e  T r e a t m e n t  4 chijckens r e v e a l e d  

g e n e r a l  t i s s u e  d a m a g e  in c lu d in g  c a p i l l a r y  f r a g i l i t y ,  f r e q u e n t ,  ;

h e m o r r h a g e s ,  s c a r  t i s s u e  in  th e  m u s c l e s ,  an d  a n  e x c e s s  of f lu id  in  the
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c r a n i a l  c a v i ty .  S e v e r a l  i n s t a n c e s  of g a n g re n e  of th e  co lo n  and  e n la r g e d  

l i v e r  w e r e  a l s o  n o te d .

R e s u l t s  of th e  a m in o  a c id  r e t e n t io n  s tu d y  a r e  r e c o r d e d  in  T a b le  6. 

T r e a t m e n t  2, th e  m e th io n in e  d e f ic ie n t  g ro u p  w ith  n o r m a l  v i t a m in  A, 

d e m o n s t r a t e d  a  s ig n i f ic a n t  d ro p  in  r e t e n t io n  of a l l  a m in o  a c id s .

I n c r e a s e d  v i t a m in  A in  T r e a t m e n t s  3 an d  4 im p r o v e d  a m in o  a c id  

r e t e n t io n s  a lm o s t  to  th e  n o r m a l  l e v e l .  D e c r e a s e d  and  i n c r e a s e d  r e t e n t io n  

v a lu e s  w e r e  no t  s e l e c t iv e ;  a l l  s e v e n te e n  am in o  a c id s  fo l lo w ed  th e  s a m e  

t r e n d s .  V a lin e  r e t e n t io n  d e m o n s t r a t e d  th e  l a r g e s t  d ro p  d u r in g  a  

m e th io n in e  d e f ic ie n c y .

A v e ra g e  in o rg a n ic  s u l fa te  c o n c e n t r a t io n s  a r e  r e c o r d e d  in  T a b le  5. 

A na lys is  of v a r i a n c e  of th e s e  v a lu e s  (A ppendix  B , T a b le  18) in d ic a te d  

th a t  t r e a t m e n t  d i f f e r e n c e s  w e r e  no t  s ig n i f ic a n t ly  d i f f e r e n t  a t  the  J05 

le v e l .  D u n c a n 's  M ult ip le  R ange  T e s t  of th e  t r e a t m e n t  m e a n s  in d ic a te d  

th a t  T r e a t m e n t  2 h a d  a  s ig n i f ic a n t ly  lo w e r  s u l fa te  c o n c e n t r a t io n .  I n c r e a s ­

ing  v i t a m in  A a c c o m p a n y in g  a  m e th io n in e  d e f ic ie n c y  i n c r e a s e d  p l a s m a  

s u l fa te  to a p p r o x im a te ly  th e  n o r m a l  l e v e l .  W h e th e r  th is  . 6% d e c r e a s e  

i n  p l a s m a  s u l fa te  c an  be  g iv en  any  b io lo g ic a l  s ig n i f ic a n c e  w as  n o t 

d e te r m in e d .

P l a s m a  a m in o  a c id s ,  a s  m i c r o m o le s  p e r  m i l l i l i t e r  an d  m o la r  

r a t i o  to  l e u c i n e , a r e  r e c o r d e d  in  T a b le s  7 and  8, r e s p e c t iv e ly .

A na lysis  of v a r i a n c e  of th e  tw e lv e  v a lu e s  of e a c h  of th e  s e v e n te e n  a m in o  

a c id s  in d ic a te d  th a t  on ly  m e th io n in e  sh o w ed  a  s ig n i f ic a n t  r e s p o n s e  to  th e
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T a b le  6. P e r  C en t R e te n t io n  of A m in o  A c id s  a s  A ffec ted  by D ie ta r y  
M eth io n in e  an d  V i ta m in  A

\

T r e a t m e n t  N u m b e r

A m in o  A c id 1 2 3 4

L y s in e 9 3 .4 83. 1 9 1 .0 88. 2

H is t id in e 9 4 .5 87.9 93. 1 9 1 .5

A rg in in e 9 5 .7 87. 1 9 3 .2 93. 0

A s p a r t i c  A c id 9 3 .5 84. 7 8 9 .6 8 9 .8

T h re o n in e 8 9 .2 71. 2 8 0 .4 8 1 .5

S e r in e 9 1 .6 76. 2 84. 7 88. 1

G lu ta m ic  A c id 95. 0 8 8 .9 9 3 .0 9 1 .4

P r o l i n e 9 2 .9 78. 8 88. 8 86. 6

G ly c in e 9 1 .3 86. 0 8 8 .6 90. 1

A la n in e 9 1 .8 79. 3

N00 8 6 .8

C y s te in e 9 0 .0 89. 3 9 1 .5 9 4 .3

V a l in e 93. 1 65. 7 8 4 .2 83. 5

M eth io n in e 9 6 .0 82. 2 8 9 .5 8 8 .0

I s o le u c in e 92. 2 7 8 .4 8 2 .4 — =3 ■»

L e u c in e 9 3 .3 82. 2 8 8 .7 8 7 .8

T y r o s in e 9 4 .0 : 85. 3 8 9 .6 8 8 .7

P h e n y la la n in e 94. 7 80. 1 00 8 4 .4

* I s o le u c in e  c h r o m a to g r a p h  p e a k  o b s c u r e d  b y  c o n ta m in a n t s .
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T a b le  7. P l a s m a  A m ino  A c id s ,  M ic r o m o le s  P e r  M i l l i l i t e r

T r e a t m e n t  N u m b e r

A m in o  A c id 1 2 3 4

L y s in e .8 5 2 . 899 1. 277 .8 1 3

H is t id in e .2 2 5 .2 1 6 .2 5 6 . 200

A rg in in e .4 1 6 .4 0 3 .4 7 6 . 377

A s p a r t i c  A c id t r a c e t r a c e t r a c e t r a c e

T h r e o n in e .8 7 8 1 .8 1 4 2 .4 4 4 1 .7 3 2

S e r in e 2. 000 2. 258 3. 062 2 .5 7 8

G lu ta m ic  A c id . 126 . 189 . 138 . 148

P r o l i n e . 720 . 794 .8 8 1 .8 3 4

G ly c in e .9 0 0 .9 8 9 1. 266 1. 158

A la n in e .9 2 6 . 975 1. 128 1 .0 9 6

C y s te in e . 062 . 038 . 045 .0 4 9

V a l in e .6 1 2 .4 9 5 . 669 . 554

M eth io n in e . 191 . 068 . 077 .0 5 8

I s o le u c in e .3 2 4 .3 1 5 . 324 .3 2 2

L e u c in e .4 2 2 .4 1 0 .4 5 1 .3 7 8

T y r o s in e . 281 . 335 . 327 . 254

P h e n y la la n in e . 178 . 184 . 199 . 185
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T a b le  8. P l a s m a  A m ino  A c i d s , M o la r  R a t io s  to  L e u c in e

T r e a t m e n t  N u m b e r

A m in o  A c id  1 2  3 4

L y s in e 2 .0 1 8 2. 193 2. 831 2. 151

H is t id in e 0. 533 0 .5 2 7 0. 568 0 .5 2 9

A rg in in e 1 .0 9 2 0 .9 8 2 1. 055 0 .9 9 7

A s p a r t i c  A c id - - - -

T h r e o n in e 2. 080 4 .4 2 4 5 .4 1 9 4 .5 8 2

S e r in e 4. 739 5 .5 0 7 6 .7 8 9 6 .8 2 0

G lu ta m ic  A c id 0 .2 9 8 0 .4 6 1 0. 306 0 .3 9 1

P r o l i n e 1. 706 1 .9 3 6 1 .9 5 3 2. 206

G ly c in e 2. 133 2 .4 1 2 2. 807 3 .0 6 3

A la n in e 2. 194 2 .3 7 8 2. 501 2 .8 9 9

C y s te in e 0. 147 0 .0 9 3 0 .0 9 9 0. 130

V alin e 1 .4 5 0 1. 207 1 .483 1 .4 6 6

M eth io n in e 0 . 453 0. 166 0 .1 7 1 0. 153

I s o le u c in e 0. 768 0 .7 6 8 0 .7 1 8 0. 852

L e u c in e 1 .0 0 0 1 .0 0 0 1. 000 1. 000

T y r o s in e 0. 666 0 .8 1 7 0 .7 2 5 0. 672

P h e n y la la n in e 0 .4 2 2 0 .4 4 9 0 .4 4 1 0 .4 8 9



t r e a t m e n t s  (A ppend ix  B» T ab le  19). P l a s m a  m e th io n in e  le v e l s  w e r e  

s ig n i f ic a n t ly  lo w e r e d  in  co n ju n c t io n  w ith  a  m e th io n in e  de fic ien cy . 

T h r e o n in e ,  s e r i n e ,  p r o l i n e ,  g ly c in e ,  and  a la n in e  c o n c e n t r a t io n s  w e r e  

i n c r e a s e d  in  a  m e th io n in e  d e f ic ie n c y  s i m i l a r  to the  r e s p o n s e  n o ted  by  

D ean  an d  S co tt  (1966) in  an  a m in o  a c id  d e f ic ie n c y .  S a m p l e - t o - s a m p l e  

v a r i a t i o n  w as  so  h ig h ,  h o w e v e r ,  th a t  th e  a n a ly s i s  of v a r i a n c e  in d ic a te d  

th a t  the  t r e a t m e n t s  h a d  no s ig n i f ic a n t  e f fe c t .  T he  p l a s m a  v a l in e  c o n ­

c e n t r a t i o n  w as  lo w e r  in  c o n ju n c t io n  w ith  a  m e th io n in e  d e f ic ie n c y  w h ich  

w as  in  a g r e e m e n t  w ith  th e  th e o r y  th a t  m e th io n in e  a id s  v a l in e  a b s o r p t io n  

( C h r i s t e n s e n  1963).



CONCLUSIONS

S e v e r a l  c o n c lu s io n s  c an  be  d ra w n  f r o m  th e  p re c e d in g  e x p e r i ­

m e n t s .  F i r s t ,  b e t a - c a r o t e n e  r e p l a c e s  v i t a m in  A in  m a in ta in in g  

g ro w th  in  th e  c h ic k ,  bu t  does  not p ro v id e  enough  v i t a m in  A fo r  

a p p r e c ia b le  l i v e r  s t o r a g e .  S ince  c a r o te n e  is  c o n v e r te d  to  v i t a m in  A 

a s  i t  i s  a b s o r b e d  th ro u g h  the  i n t e s t i n a l  w a l l ,  th e  a b s e n c e  of r e s i d u a l  

v i t a m in  A in  e x c e s s  of th e  a m o u n t  r e q u i r e d  to  s u s t a in  g ro w th  m a y  be 

a t t r i b u t e d  to  the  a b s o r p t io n  m e c h a n i s m .  The p r e s e n c e  of s u f f ic ie n t  

v i t a m in  A in  th e  b lo o d  s t r e a m  m a y  in h ib i t  th e  o x id a t iv e  s p l i t t in g  of 

c a r o te n e .

S eco n d , a  m e th io n in e  d e f ic ie n c y  s ig n i f ic a n t ly  r e d u c e d  p l a s m a  

m e th io n in e  and  i n c r e a s e d  th e  c o n c e n t r a t io n s  of s e v e r a l  o th e r  a m in o  

a c id s ,  a  p a t t e r n  p r e v io u s ly  n o te d  in  d e f ic ie n c ie s  of o th e r  a m in o  a c id s .  

I t  d e c r e a s e d  n i t r o g e n  r e t e n t io n  and  th e  r e t e n t io n  of a l l  a m in o  a c id s ,  

p r o b a b ly  to a v o id  a n ta g o n iz in g  th e  e x is t in g  a m in o  a c id  im b a la n c e .  I t  

sh o u ld  be  n o te d  th a t  th e  r e t e n t io n  (a b s o rp t io n )  of m e th io n in e  d id  n o t  

i n c r e a s e  d u r in g  a  m e th io n in e  d e f ic ie n c y ,  a s  m ig h t  be  e x p e c te d  as  a  

s im p le  m e a n s  of a l le v ia t in g  th e  im b a la n c e .  The r e d u c e d  fe e d  

e f f ic ie n c y  d e m o n s t r a t e d  by  m e th io n in e -d e f ic ie n t  g ro u p s  c an  be  p a r t i a l l y  

e x p la in e d  by  th e  p o o r e r  a b s o r p t io n  of a m in o  a c id s .  T he  r e d u c t io n  in  

p l a s m a  in o r g a n ic  s u l f a t e ,  th e  end  p r o d u c t  of s u l fu r  o x id a t io n ,  is  a l s o

35



36

e x p la in e d  b y  th e  r e d u c t io n  in  m e th io n in e  an d  c y s te in e  r e t e n t io n s  b e c a u s e  

t h e s e  two a m in o  a c id s  a r e  th e  p r i m a r y  s o u r c e  of s u l f u r .

T h i r d ,  i n c r e a s e d  v i t a m in  A in ta k e  in  co n ju n c t io n  w ith  a  m e th io n in e  

d e f ic ie n c y  i n c r e a s e d  th e  a b s o r p t io n  of a m in o  a c id s ,  a l m o s t  to  n o r m a l  

l e v e l s  in  s o m e  in s t a n c e s .  N i t r o g e n  r e t e n t io n ,  h o w e v e r ,  d e c r e a s e d  w ith  

i n c r e a s e d  v i t a m in  A d o s a g e  in d ic a t in g  th a t  th e s e  a b s o r b e d  a m in o  a c id s  

w e r e  n o t  p a r t i c ip a t in g  in  p r o t e in  s y n th e s is ,  b u t  w e r e  b e in g  d e g r a d e d  and  

e x c r e t e d  a s  u r i c  a c id .  T he  d e c r e a s e d  n i t r o g e n  r e t e n t io n  a l s o  in d ic a te d  

th e  d e g r a d a t io n  of en d o g en o u s  p r o te in .

A  s c h e m e  f o r  th e s e  e f fe c ts  of v i t a m in  A, only  p a r t i a l l y  s u b s ta n t i a t e d  

b y  th is  w o rk ,  m ig h t  b e  d e s c r i b e d  as  fo llo w s: i n g e s t e d  v i t a m in  A is  

c a r r i e d  v ia  the  b lo o d  s t r e a m  to  th e  t i s s u e  c e l l s  w h e re  i t  i s  a b s o r b e d .

I t  a l t e r s  th e  p e r m e a b i l i t y  o f th e  l y s o s o m a l  m e m b r a n e s  r e l e a s i n g  

h y d r o ly t ic  e n z y m e s  in to  th e  c e l l  w h ic h  h y d r o ly z e s  e n d o g en o u s  p r o t e in  

to  a m in o  a c id s  w h ich  a r e  e x c r e t e d  in to  the  b lo o d  s t r e a m .  T he  r e l e a s e  

of th e s e  a m in o  a c id s  in to  th e  b lo o d  s t r e a m  of an  a m in o  a c id  defipijent

a n im a l  w ou ld  on ly  a g g r a v a te  th e  im b a la n c e  a l r e a d y  in  e x i s t e n c e ,  and
\ .

t h e r e b y  s t im u la t e  a m in o  a c id  d e g ra d a t io n .  I n c r e a s e d  d e g r a d a t io n  w ould  

lo w e r  the  p l a s m a  l e v e l s ,  a s  w ou ld  p r o t e in  s y n th e s i s  w h ic h  a l s o  w ou ld  b e  

o c c u r r i n g ,  b u t  p ro b a b ly  a t  a  s lo w e r  r a t e  th a n  n o r m a l .  R e l e a s e  of 

m e th io n in e  by  en d o g en o u s  p r o t e in  h y d r o ly s i s  w ou ld  m a k e  m o r e  of i t  

a v a i l a b le  fo r  p r o t e in  sy n th e s is  in  o th e r  c e l l s .  T h u s  w e f in d  a n  i n c r e a s e d
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a b s o r p t io n  and  d e g ra d a t io n  of a m in o  a c id s  a c c o m p a n ie d  b y  a  n e t  lo s s  of 

en d o g en o u s  p r o te in .

V i ta m in  A a l s o  i n c r e a s e d  p l a s m a  s u l f a te .  W h e th e r  th is  w as  

a c c o m p l i s h e d  b y  th e  r e l e a s e  of ly s o s o m a l  e n z y m e s  w h ich  hy d ro ly ze  

s u l f a te d  m u c o p o ly s a c c h a r id e s  o r  s im p ly  by  the  i n c r e a s e d  o x id a t io n  of 

th e  b e t t e r  a b s o r b e d  s u l fu r  - c o n ta in in g  a m in o  a c id s  i s  d i f f ic u l t  to  d e t e r m in e .  

I n c r e a s e d  m o r t a l i t y  an d  e x te n s iv e  t i s s u e  d a m a g e  a t  h ig h  le v e l s  of v i t a m in  

A a l s o  m a y  be  e x p la in e d  b y  th e  r e l e a s e  of h y d ro ly t ic  e n z y m e s  in to  

t i s s u e  c e l l s .

I
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A P P E N D IX  A 

T a b le  9. C o m p o s i t io n  of the  B a s a l  D ie t

%

A s s a y  P r o t e i n  C - 1 * 40. 0

S o lka  F l o e 2 3. 0

3
C e r e lo s e  2001 3 6 .5 '

C o rn  O il* 8. 0

C ho line  C h lo r id e 0. 5

V ita m in  Mix^ 4 .0

M in e r a l  Mix^ 8. 0

* S k id m o re  E n t e r p r i s e s  

2
C e l lu lo s e ,  B ro w n  C om pany  

^ D e x tro s e  s u g a r ,  C o rn  P r o d u c t s  C om pany  

^ M a z o la  C o rn  O il, C o rn  P r o d u c t s  C om pany  

"*25%, V i t r e n  C o r p o r a t io n

^S u p p lies  p e r  k i lo g r a m  of d ie t:  9 6 1 .0  IU , V i ta m in  D 3 , 8.73 ICU 
V ita m in  E ,  . 03 m g  V i ta m in  B 12, 6. 61 m g  V ita m in  K, 12. 00 m g  
R ib o f lav in ,  88. 1 m g N ia c in ,  1 5 .2 4  m g P a n to th e n ic  A c id ,
5 0 .0  m g  S an to q u in ,  4 .0  m g  T h ia m in ,  0 .9 1  m g  F o l i c  A c id ,
1 .8  m g  P y r id o x in ,  and  .0 9  m g  B io tin .

^S upp lies  p e r  k i l o g r a m  of d ie t:  1 .0%  C a lc iu m ,  1. 1% P h o s p h o r u s ,
0 .8 5 %  A v a i la b le  P h o s p h o r u s , 86. 25 pp m  Z in c ,  1 2 4 .0  p p m  
M a n g a n e se ,  .06% M a g n e s iu m , . 225% S o d iu m , . 383% P o t a s s i u m ,  
and  . 08% I r o n .
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A PPENDIX A

T a b le  10. A m ino  A c id  P e r  C en t of D ie t P r o t e i n  and  the  R e q u i r e m e n ts  
fo r  G row ing  C hicks

A m ino  A cid % of P r o t e i n  
in  D ie t

% of P r o t e i n  
R e q u i r e d  by 

G row ing  C h ick s  *

L y s in e 6 .8 0 4 .5 0

H is t id in e 2 .6 0 0 .7 5

A rg in in e 8 .3 1 6 .0 0

T h re o n in e 3 .9 0 3 .0 0

G ly c in e 4. 10 5 .0 0

V aline 5 .5 0 4 .0 0

M eth ion ine 1 .0 0 4 .0 0

C y s te in e 0 .6 0 m a y  su p p ly  up to  
1. 75% of the  4% 
r e q u i r e d  M eth ion ine

I s o le u c in e 6 .5 0 3 .0 0

L e u c in e 7 .5 0 7 .0 0

T y r o s in e 3 .4 0 4 .5 0

P h e n y la la n in e 5 .0 0 8 .0 0

* N u t r i t io n a l  R e s e a r c h  Council, S u b c o m m it te e  on N u tr ie n t  
R e q u i r e m e n t s  of G row ing  C h ic k s , I960
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A PPEN D IX  B

Table I I .  A n a ly s is  of Weight Gain R esp o n se  Surface

B 0 = 430. 6 

B 2 = 4. 027 + 5. 02

B2 = 64. 589 + 5. 02 

B n  = 8. 776 + 5. 39

B 22  = 4 4 • 565  +  5 - 39 

B 12 = 1. 755 + 7. 11

S o u rc e  df SS MS F

F i r s t  o r d e r  t e r m s  2 335. 03 167 .5 2  8 2 .9 3  **

S econd  o r d e r  t e r m s  3 138 .91  46. 30 2 2 .9 2  **

L a c k  of F i t  3 1 9 .3 0  6 .4 3  3. 18 NS

E r r o r  4 8 .0 8  2 .0 2
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APPENDIX B

Table 12. A n a ly s is  of F ood  Consum ption R esp on se  Surface

B o = 681. 0

B 1 = 4. 64 + 11. 78

B 2 = 89. 70 + 11

00

B 11 = -1 1 . 26 + 12. 63

B 2 2  "

00001 79 + 12. 63

B 1 2  = -9 . 12 t 16. 66

S o u rc e  df SS MS F

F i r s t  o r d e r  t e r m s  2 6 4 5 .4 7  3 2 2 .7 4  2 9 .0 7 6  **

S eco n d  o r d e r  t e r m s  3 5 5 1 .7 2  183 .91  16. 568 *

L a c k  of F i t  3 120 .51  40 . 17 3 .6 1 9  NS

E r r o r  4 4 4 .4 0  1 1 .1 0
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APPENDIX B

Table 13. A n a ly s is  of C o rrected  Weight Gain R esp o n se  Surface

B 0 = 395. 7

B 1 = 14 .99 + 2 .6 0

b 2 = 28. 38 + 2 .6 0

B 11 = 10. 72 + 2 .7 9

B 22 = 9. 22 + 2 .7 9

B 12 = 4. 10 + 3 .6 8

S o u rc e  df SS MS F

F i r s t  o r d e r  t e r m s 2 8 2 .4 1 41. 20 7 6 .2 9 6  **

S eco n d  o r d e r  t e r m s 3 1 3 .00 4 .3 3 8 .0 1 9  *

L a c k  of F i t 3 2 .9 1 0 .9 7 1 .8 0 0  NS

E r r o r 4 2. 16 0 .5 4
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APPENDIX B

Table 14. A n a ly s is  of V ariance: A v era g e  W eight Gain, E xp erim en t One

S o u rc e df SS MS F

B lo ck s 2 1 ,9 5 2 .  88 9 7 6 .4 4 0 .9 6 3  NS

T r e a tm e n t s 15 4 0 1 ,0 6 7 .6 1 2 6 ,7 3 7 .8 4 1 26,379 **

E r r o r 40 4 0 ,5 4 3 .6 8 1 ,0 1 3 .5 9 2

T a b le  15. A n a ly s is  of V a r ia n c e :  
E x p e r im e n t  One

L iv e r  V i ta m in  A S to ra g e  (yUg/gm )»

S o u rc e  df SS MS F

B lo ck s  2 0. 53 . 27 NS

T r e a t m e n t s  15 1 1 .38 .7 5 9 1 .6 2 5  NS

E r r o r  30 14. 02 .4 6 7
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A PPEN D IX  B

T ab le  16. A n a ly s is  of V a r ia n c e ,  W eigh t G a in s , 52nd D ay, E x p e r im e n t  
Two

S o u rc e df SS MS F

T r e a t m e n t 1 7 2 2 ,9 5 2 7 2 2 ,9 5 2 61. 60 **

E r r o r 14 1 64 ,326 11 ,7 3 7

T a b le  17. A n a ly s is  of V a r ia n c e  and  D u n can 1 s M ultip le  R ange  T e s t ,  
W eigh t G a in s ,  E x p e r im e n t  F o u r

S o u rc e df SS MS F

B lo ck s 2 173 ,687 8 6 ,8 4 4 1 2 .3 4 6  **

T r e a tm e n t s 3 2 4 5 ,6 6 3 8 1 ,8 8 8 1 1 .6 4 2 **

B lo c k s  x
T r e a t m e n t s

6 9 1 ,5 9 0 1 5 ,265 2. 170 NS

E r r o r 85 5 9 7 ,9 2 3 7 ,0 3 4

D u n c a n 's  M u ltip le  R ange  T e s t :  
T r e a t m e n t  N u m b e r  1 
T r e a t m e n t  M ean  9 7 1 .2

2
875. 1

3
856. 6

4
8 4 1 .3

U n d e r l in e d  m e a n s  do no t d i f f e r  s ig n i f ic a n t ly .
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A PPENDIX B

T a b le  18. A n a ly s is  of V a r ia n c e  and D u n c a n 's  M u ltip le  R an g e  T e s t ,  
P l a s m a  S u lfa te  (m g /1 0 0  m l) ,  E x p e r im e n t  F o u r

S o u rc e df SS MS F

T r e a tm e n t s 3 .0 0 1 8 .0 0 0 6 4. 00 NS

B lo ck s 2 . 0117 . 0058 3 8 .6 7  **

E r r o r 6 . 0009 .0 0 0 1 5

D u n c a n 's  M ultip le  Rang 
T r e a t m e n t  N u m b e r  

' M ean

e T e s t :  
1

6 .8 7
4 3 

6 .8 6  6 .8 5
2

6. 83

U n d e r l in e d  t r e a t m e n t  m e a n s do no t d if fe r  s i g n if ic a n t ly .

T a b le  19. A n a ly s is  of V a r ia n c e ,  P l a s m a  F r e e  M eth ion ine  
( m i c r o m o l e s / m l) ,  E x p e r im e n t  F o u r

S o u rc e df SS MS F

B lo ck s 2 .0 0 1 0 6 5 .0 0 0 5 3 2 0. 98 NS

T r e a tm e n t s 3 .0 3 4 6 4 3 .0 1 1 5 4 8 2 1 .2 3  **

E r r o r 6 .0 3 2 6 1 0 .0 0 0 5 4 4
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