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INTRODUCTION

The m o r t a l i t y  r a t e  o f  young c a l v e s  i n  G r e a t  
B r i t a i n  i s  e x t r e m e l y  h i g h .  A s t u d y  o f  335 h e r d s  i n  
E n g la n d  and  W ales ( L o v e l l  & H i l l ,  1940) h a s  shown 
t h a t  Sfo o f  f e m a le  c a l v e s  d i e  b e f o r e  r e a c h i n g  s i x  
m onths  o f  a g e .  I n  S c o t l a n d  th e  f i g u r e  may r i s e  t o  a s  
h i g h  as  22fo ( J o r d o n ,  1933) , a l t h o u g h  a  more r e c e n t  
s u r v e y  i n  th e  D u m f r i e s s h i r e  a r e a  p l a c e s  t h e  m o r t a l i t y  
r a t e  a t  7 i° ( H e c to r  & R ow at, 1 9 4 8 ) .  R e p o r t s  f ro m  
I n d i a  ( M i n e t t ,  1946) , New Z e a la n d  (W ard, 1945) and  
A m erica  (A tk e s o n ,  1934; A n g e ls  & C annon , 1936 ; W e a v e r , 
Horwood & S m i le y ,  1949) a l l  i n d i c a t e  t h a t  a  c o m p a ra b le  

: a n d ,  i n d e e d  so m e tim e s  a much h i g h e r  l o s s  o f  l i f e  t a k e s  
: p l a c e  i n  t h e s e  p a r t s  o f  t h e  w o r ld .  T h ese  f i g u r e s  

r e f e r  o n ly  t o  m o r t a l i t y  r a t e s .  The m o r b i d i t y  r a t e s  
m ust be c o n s i d e r a b l y  h i g h e r .

B a c t e r i a l  d i s e a s e s  a r e  c i t e d  by m ost w o rk e rs  
a s  th e  p r im a ry  c a u se  o f  t h e  m o r t a l i t y  and  o n ly  r a r e l y  
i s  m a l n u t r i t i o n  c i t e d  as  a  d i r e c t  or  i n d i r e c t  c a u s e .  
T h a t  f a u l t y  n u t r i t i o n  o f  th e  young c a l f  p l a y s  an  

i i m p o r t a n t  r o l e  i n  m o r t a l i t y  i s  shown h o w e v e r ,  b o t h  
f ro m  l a b o r a t o r y  s t u d i e s  and  f ro m  r e c o r d e d  f i e l d  c a s e s  
o f  d e f i c i e n c y  d i s e a s e s  i n  c a l v e s .  Thus v i t a m i n  A 
d e f i c i e n c y  o f  t h e  c a l f  r e s u l t s  i n  b l i n d n e s s ,  f a i l u r e  to  
g ro w , pneum on ia  and f i n a l l y  d e a t h .  I n  e x p e r i m e n t a l  

; s t u d i e s ,  v i t a m i n  B d e f i c i e n c y  r e s u l t s  i n  m u s c u la r  
d y s t r o p h y  f o l l o w e d  by p r o s t r a t i o n  an d  e v e n t u a l l y  d e a t h  
( B l a x t e r ,  W a t t s  & Wood, 1 9 5 1 ) .  On th e  o t h e r  h a n d ,

: i f  th e  h e a r t  i s  a f f e c t e d  i n  t h i s  d i s e a s e  s u d d e n  d e a t h  
o c c u r s  w i t h  l i t t l e  s i g n  of c l i n i c a l  a b n o r m a l i t y .
S i m i l a r  s i g n s  and  d e a t h s  h a v e  b e e n  r e p o r t e d  i n  p r a c t i c e  
(Y aw ter  & R e c o r d s ,  1 9 4 7 ;  S tam p & B l a x t e r ,  1 9 5 1 ) .  
P h i l l i p s ,  L u n d q u is t  & B oyer (1941) h a v e  c l a im e d  t h a t  
c a l f  m o r t a l i t y  f ro m  s c o u r s  and  pneum onia  c a n  be r e d u c e d  
by f e e d i n g  l a r g e  d o s e s  o f  v i t a m i n s  A, D, t h i a m i n ,  
r i b o f l a v i n ,  n i c o t i n i c  a c i d ,  p a n t o t h e n i c  a c i d  and 
c h o l i n e  t o  c a l v e s  f ro m  b i r t h  t o  f o u r  w eeks o f  a g e .  A 
s i m i l a r  e x p e r im e n t  ( N o r to n ,  E a to n ,  L o o s l i  & S p ie lm a n ,  
1946), h o w e v e r ,  d i d  n o t  c o n f i r m  t h e s e  r e s u l t s .  T h i s



more r e c e n t  e x p e r im e n t  was c a r r i e d  o u t  w i th  a n im a l s  j
j

f ro m  a  w e l l  m anaged u n i v e r s i t y  h e r d ,  and  th e  r e s u l t s  ; 
may i n d i c a t e  t h a t ,  a l t h o u g h  t h e s e  v i t a m i n  d e f i c i e n c i e s  j 
do n o t  o c c u r  i n  a n im a l s  t r e a t e d  w e l l ,  t h e y  may do s o  j
i n  c a l v e s  m a i n t a i n e d  u n d e r  p o o r e r  c o n d i t i o n s .  Of t h e  |

i
m in o r  m i n e r a l  d e f i c i e n c i e s  w h ic h  o c c u r ,  c a l v e s  may d i e  j 
f ro m  c o p p e r  p i n i n g  ( J a m ie s o n  & A l l c r o f t ,  1950) and  | 

m a g n e s iu m  t e t a n y  (D uncan , H uffm an  & R o b in s o n ,  1 9 3 5 ) .  |
j L i t t l e  i s  known r e g a r d i n g  o t h e r  m i n e r a l s ,  t h o u g h  1
!A r c h i b a l d ,  K u c in s k y ,  B rook  & G reem an (1938) h a v e  j
j fo u n d  a  n u t r i t i o n a l  a n a e m ia  i n  p r a c t i c e  w h ic h  re sp o n d e d !  
j t o  i r o n  t r e a t m e n t .  j
1 I
| Of th e  n u t r i t i o n a l  d e f i c i e n c i e s  w h ic h  o c c u r  j
[ i n  f a rm  a n i m a l s ,  i t  i s  w e l l  known t h a t  by f a r  t h e  m ost |
i !
i e c o n o m ic a l ly  i m p o r t a n t  and  w id e s p r e a d  a r e  t h e  d e f i c i e n c ie sI
I o f  p r o t e i n  and e n e r g y .  S uch  d e f i c i e n c i e s  do  n o t  j

t

r e s u l t  i n  t h e  s p e c t a c u l a r  s e r i e s  o f  s i g n s  w h ic h  j
I accom pany m in o r  e l e m e n t  and v i t a m i n  d e f i c i e n c i e s ,  b u t  
:t h e y  a r e  a s s o c i a t e d  w i t h  a  s lo w  d e c l i n e  i n  v i g o u r ,  
j p o s s i b l y  r e n d e r i n g  t h e  a n im a l  more s u s c e p t i b l e  t o  j
:b a c t e r i a l  i n f e c t i o n .  D e s p i t e  t h e i r  c o n s i d e r a b l e  j 
| i m p o r t a n c e ,  th e  d e f i c i e n c i e s  o f  p r o t e i n  and  e n e r g y  a r e  j 
| n o t  w i d e l y  r e c o g n i s e d ,  i n  f a c t  as  f a r  as  t h e  young  c a l f  
| i s  c o n c e r n e d ,  l i t t l e  i s  known r e g a r d i n g  e v e n  i t s  requirsf-
I . *;m ent f o r  t h e s e  n u t r i e n t s .  The e x c e l l e n t  e a r l y  w ork  j 
| o f  S o x h l e t  ( 18 7 8 ) and o f  P i n g e r l i n g  ( 1 9 0 8 , 1912) h a s  
!b e e n  u s e d  as  t h e  b a s i s  f o r  t h e  c o m p u ta t io n  o f  p r o t e i n  
ja n d  e n e rg y  r e q u i r e m e n t s  o f  t h e  c a l f  by a  num ber o f  
|w o r k e r s  d u r in g  t h e  l a s t  50 y e a r s ,  o f t e n  w i t h  w i d e l y  j 
| d i v e r g e n t  r e s u l t s .  .Armsby (1917)  sums up t h e  !
i  I

{ p o s i t i o n  e x c e l l e n t l y . t h e r e  h a s  b e e n  a  p e r s i s t e n t  
{ te n d e n c y  t o  s u b s t i t u t e  f o r  t h e  s tu d y  o f  t h e  p r i n c i p l e s  j 
I o f  n u t r i t i o n  a  s e r i e s  o f  e x e r c i s e s  i n  a p p l i e d  a r i t h m e t i c " .

j To rem edy  t h i s  d e f i c i e n c y  i n  o u r  k n o w le d g e ,  i
j e x p e r im e n t s  on p r o t e i n  and  e n e r g y  m e ta b o l i s m  w ere  I
I c a r r i e d  o u t  w i t h  c a l v e s ,  and t h e  r e s u l t s  a r e  em b o d ied  [
: i n  t h i s  t h e s i s .

The word p r o t e i n  was d e r i v e d  f ro m  th e  G re e k  
j ' p r o t e i o s *  m e a n in g ,  ' o f  p r im a r y  i m p o r t a n c e 1 by M u ld e r  

(18 3 9 )  a f t e r  a  c o n s i d e r a t i o n  o f  t h e  e x p e r im e n t s  o f



M agendie (1 8 1 6 ) who showed t h a t  dogs w hich  were g iv e n  j 
o n ly  n i t r o g e n  f r e e  fo o d s  su ch  as o l i v e  o i l ,  su g a r  or
b u t t e r ,  d ie d  in  a month or l e s s .  He found  t h a t  d ea th
c o u ld  be p re v e n te d  by f e e d in g  p r o te in  c o n ta in in g  j
su b s ta n c e s  (o r  as be term ed i t  -  " a z o tis e d "  f o o d s ) .  i

B o u s s in g a u lt  (1 8 5 7 ) ,  P ro u t (1 8 5 5 ) and L ie b ig  (1 8 4 3 )  
ea ch  c o n s id e r e d  p r o te in  as th e  s i n g l e  p r in c ip le  in  j 
n u t r i t i o n ,  th ereb y  r e l e g a t in g  a l l  o th e r  n u t r ie n t s  to  
m inor r o l e s .  The p r e s e n t  u n d ersta n d in g  o f  th e  
r e la t i o n s h i p s  b etw een  p r o t e in ,  f a t  and ca rb o h y d ra te  and 
o f  th e  i n d i v i d u a l i t y  of th e  p r o te in s  i s  b a sed  on th e  
in s p ir e d  work o f O arl Y o it  and h is  s tu d e n ts  (R ubner, 
A tw a te r , M ttller , S . ,  V o i t ,  Gremer, Lusk and G a th ca r t)  
and o f  h i s  con tem p orary , P f ld g e r .  In  th e  l i g h t  o f  j 

m odern know ledge p r o te in  n u t r i t i o n  i s  now known t o  be | 
a m in o -a c id  n u t r i t i o n .  The c l a s s i c a l  work o f  O sborne! 
and M endel and o f  Rose h as shown th a t  c e r t a in  o f th e  | 
a m in o -a c id s  are ' e s s e n t i a l 1 -  t h a t  i s  th e y  can n ot be 
s y n t h e s is e d  in  th e  body, w hereas o th e r s  are 'n o n - j
e s s e n t i a l * ,  or can  be s y n t h e s is e d  from  o th e r  am ino- 
a c id s  in  th e  b od y. :

The a d u lt  rum inant h as a c o n s id e r a b le  sy n th es iz in g  
m ic r o - f lo r a  in  i t s  rumen and so i t  i s  c o m p a r a tiv e ly  j 
in d ep en d en t o f  an e x t e r n a l  so u r ce  o f  a m in o -a c id s  
p r o v id e d  i t  i s  s u p p lie d  w ith  m in e r a ls ,  ro u g h a g e , a ; 
so u r c e  o f  n itr o g e n  and th o se  v ita m in s  w hich  i t ,  or i t s  
m ic r o - f lo r a  can n ot s y n t h e s i s e .  As e a r ly  as 1891  
Zuntz and Hagemann put forw ard  th e  h y p o th e s is  t h a t  j
m icro -o rg a n ism s o f  th e  rumen m ight s y n t h e s is e  p r o t e in  j
from  n o n -p r o te in  n itr o g e n o u s  compounds, and th a t  
s u b s e q u e n t ly  t h i s  b a c t e r i a l  p r o t e in  m ight be d ig e s t e d  j 
and u t i l i s e d  by th e  h o s t  a n im a l. E x p er im en ts  le a d in g ;  
t o  th e  p r o o f  o f  t h i s  th e o r y  have been  r e v ie w e d  by Krebs 
(1 9 3 7 ) and by McNaught & S m ith  ( 1 9 4 7 ) .  B e fo re  th e  I 
rumen o f  a young c a l f  d e v e lo p s ,  h ow ever , th e  a n im a l is ;  
r a t h e r  u n u su a l. By s p e c ie s  i t  i s  a rum inant b ut i t s !  
rumen i s  n ot f u n c t io n a l  and d ig e s t io n  ta k e s  p la c e  i n  
a manner s im i la r  to  th a t  in  s im p le  stom ached  a n im a ls  

su c h  as th e  d og , r a t  or man. D uring t h i s  pre-ru m in an t  

s t a g e ,  th e  young c a l f  sh o u ld  be j u s t  as d ep en d en t on



a n  e x t e r n a l  s o u r c e  o f  a m in o - a c id s  a s  a r e  t h e s e  a n i m a l s .

The p ro b le m s  d e a l t  w i t h  i n  t h i s  t h e s i s  t h e n ,  
a r e  d i v i s i b l e  i n t o  two c a t e g o r i e s ;  f i r s t l y ,  t h o s e  
c o n c e r n e d  w i t h  t h e  r e q u i r e m e n t  o f  t h e  c a l f  f o r  n i t r o g e n  
f o r  a  p a r t i c u l a r  f u n c t i o n  an d  s e c o n d l y ,  t h e  d e m o n s t r a t io n  
o f  th e  d i f f e r e n c e s  i n  t h e  n u t r i t i v e  v a l u e  b e tw e e n  
p r o t e i n s  t o  m eet t h e s e  r e q u i r e m e n t s .  B a s i c
i n f o r m a t i o n  qn th e  n i t r o g e n  m e ta b o l i s m  o f  t h e  c a l f ,  
su c h  a s  t h e  en d o g en o u s  l o s s e s  and  t h e  l o s s e s  d u r i n g  
s t a r v a t i o n  a r e  n o t  known h o w e v e r ,  and  w ere  t h e r e f o r e  j 
c h a r a c t e r i s e d  b e f o r e  t h e  m a in  p ro b le m s  w ere  u n d e r t a k e n . !  
The t e c h n i q u e  u s e d  t h r o u g h o u t  t h i s  s t u d y  was t h a t  o f  j 
n i t r o g e n  b a l a n c e  u s in g  s i m p l i f i e d  d i e t s .

I n  P a r t  I ,  d e t a i l s  a r e  g i v e n  o f  t h e  c a l v e s  usedj 
! I
and  o f  t h e i r  e x p e r i m e n t a l  t r e a t m e n t .  The m eth o d s  o f

! c h e m ic a l  a n a l y s i s  a r e  a l s o  o u t l i n e d .

P a r t  I I  i s  c o n c e r n e d  w i t h  t h e  n i t r o g e n  j
I i

I m e ta b o l i s m  o f  t h e  c a l f .  To c h a r a c t e r i s e  i t s  b a s i c  j
{ m e ta b o l ism  t h e  f i r s t  e x p e r i m e n t s  d e s c r i b e  l o s s e s  w h ic h  j
{o cc u r  d u r i n g  t o t a l  s t a r v a t i o n  and  d u r i n g  s p e c i f i c
p r o t e i n  s t a r v a t i o n .  From t h e s e  e x p e r i m e n t s ,  an  I
e s t i m a t e  o f  t h e  m a in te n a n c e  r e q u i r e m e n t s  o f  t h e  c a l f  I
f o r  t o t a l  c a l o r i e s  and  f o r  p r o t e i n  i s  m ade . The n e x t  |

{ e x p e r im e n t  i s  c o n c e r n e d  w i t h  f a c t o r s  w h ic h  a f f e c t  t h e  I
d e t e r m i n a t i o n  o f  t h e  q u a l i t y  of a  p r o t e i n .  Some !

{ r e s u l t s  o f  t h i s  e x p e r im e n t  w ere  c o n f i rm e d  u s i n g  w h o le
{m ilk  a s  t h e  d i e t .  The r e s u l t s  o f  t h e s e  two
{ e x p e r im e n ts  i n d i c a t e d  t h a t  w hole  m i lk  was d e f i c i e n t  i n  j
{ t o t a l  c a l o r i e s  com pared  w i t h  p r o t e i n  c a l o r i e s .  j
C o n s e q u e n t l y ,  a n  e x p e r im e n t  was c a r r i e d  o u t  u s i n g  j
g e l a t i n i s e d  s t a r c h  a s  a  s u p p le m e n t  t o  w hole  m i l k .  j
T a k in g  i n t o  c o n s i d e r a t i o n  th e  know ledge  and  e x p e r i e n c e  j

{ a c q u i r e d  i n  th e  p r e v i o u s  e x p e r i m e n t s ,  t h e  l a s t  j
{ e x p e r im e n t  w h ic h  i s  i n c l u d e d  h e r e ,  i s  c o n c e r n e d  w i t h  ■
!th e  d e m o n s t r a t i o n  o f  t h e  d i f f e r e n c e  i n  n u t r i t i v e  v a l u e  j
{betw een g e l a t i n ,  c a s e i n  and t h e  p r o t e i n s  o f  d r i e d  s k im  ;
{m ilk .  The f i n a l  s e c t i o n  com p ares  d a t a  o b t a i n e d  i n
{ a l l  t h e s e  e x p e r i m e n t s .  A f t e r  a  d i s c u s s i o n  o f  t h e

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

o f  n i t r o g e n  c o n t a i n e d  i n  v a r i o u s  f r a c t i o n s ,  an  e s t im a te ;  
o f  t h e  p r o t e i n  r e q u i r e m e n t  o f  t h e  c a l f  i s  c a l c u l a t e d .



PART 1 -  METHODS

A. GHHSEa L TRPATMSNT OP AITB5ALS WITH SPHCIa L

1 .  A n im a ls  j
!

A y r s h i r e  b u l l  c a l v e s  w ere u se d  i n  t h e s e  j
e x p e r i m e n t s . When p o s s i b l e  t h e  a n im a l s  w ere  j
o b t a i n e d  f ro m  th e  H annah D a i r y  R e s e a r c h  I n s t i t u t e  farm ; 
o r  a d j a c e n t  f a r m s ;  o t h e r w i s e  t h e y  w ere c h o s e n  f ro m  j 

Ayr C a t t l e  M ark e t  w here  t h e y  w ere  s e l e c t e d  f o r  b r i g h t : ;  
: n e s s  and  f re e d o m  f ro m  a p p a r e n t  a b n o r m a l i t y .  j

2 .  H o u s in g  j

C a lv e s  w ere h o u s e d  i n  h e a t e d  ro o m s, i n  w h ic h  
t h e  t h e r m o s t a t s  w ere s e t  a t  6 5 ° P .  , Maximum and
minimum t e m p e r a t u r e s  w ere  r e c o r d e d  d a i l y  an d  t h e s e  
showed t h a t  maximum g r a d i e n t s  o f  10°P  o v e r  24 h o u r s  
o c c u r r e d .  j

3 .  G e n e r a l  p r e - e x p e r i m e n t a l  t r e a t m e n t

On a r r i v a l  a t  t h e  I n s t i t u t e ,  t h e  a n im a ls  w ere  j 

i s o l a t e d  when p o s s i b l e  i n  p e n s  l i t t e r e d  w i th  s t r a w .  
They w ere  g i v e n  a  d r i n k  o f  warm w a t e r  and w ere  l a t e r  
g i v e n  25m l. "Welcome" b .  c o l i  a n t i - s e r u m  by s u b c u t :  
ja n e o u s  i n j e c t i o n .  T h is  was t o  e n s u r e  t h a t  th e  
c a l v e s  r e c e i v e d  a n t i b o d i e s  w h e th e r  o r  n o t  t h e y  h ad  
p r e v i o u s l y  b een  g i v e n  c o l o s t r u m .  P o r  t h e  f i r s t  f e e d  
one l i t r e  o f  w hole  m i lk  was g i v e n .  The q u a n t i t y  was 
i n c r e a s e d  s lo w ly  t o  two l i t r e s  p e r  f e e d  t h e  p r o g r e s s i o n  
d e p e n d in g  on th e  c o n d i t i o n  o f  t h e  a n i m a l s .  f e e d i n g  
was c a r r i e d  o u t  tw ic e  d a i l y  m aking  t h e  i n t e r v a l s  
b e tw e e n  m e a ls  a s  n e a r  t o  12 h o u r s  a s  p o s s i b l e .  At a l l  
f e e d i n g  t im e s  t h e  m i lk  was warmed t o  1 0 2° F .  When t h e  
a n im a l s  h a d  r e c e i v e d  w hole m i lk  f o r  one week t h e  
e x p e r i m e n t a l  d i e t  was g r a d u a l l y  i n t r o d u c e d ,  u n t i l  
a f t e r  f o u r  days  t h e  a n im a ls  w ere  r e c e i v i n g  t h e i r  f u l l  
com plem ent f o r  t h e  e x p e r i m e n t .  T h i s  g e n e r a l  p r o c e d :  
:u re  w a s ,  o f  c o u r s e ,  m o d i f i e d  a c c o r d i n g  t o  th e  c o n d i t :  
: i o n  o f  th e  a n im a l .  i f  d i a r r h o e a  o c c u r r e d ,  e x t r a  

w a t e r  was a d d e d ,  so m e tim es  w i t h  s a l t .  I f  s c o u r i n g



was e x t r e m e ,  th e  d i e t  was r e p l a c e d  by w a t e r  and 
P h t h a l y l s u l p h a t h i a z o l e  ( ’T h i a z o l e ’ ) was g i v e n  o r a l l y .  
When t h e  c o n d i t i o n  had  im p ro v ed  t h e  d i e t  was a g a i n  
g r a d u a l l y  r e - i n t r o d u c e d .  M eanw hile  t h e  a n im a ls
w ere  c h an g ed  t o  m e ta b o l i s m  c a g e s ,  w h ic h  a r e  d e s c r i b e d  
b e lo w ,  f o r  t h e  s e p a r a t i o n  and  c o l l e c t i o n  o f  u r i n e  and  
f a e c e s .  A bout f o u r  d ay s  w ere a l lo w e d  f o r  t h e  
a n im a ls  t o  a c c u s to m  t h e m s e lv e s  t o  th e  c a g e s  and  
c o l l e c t i o n  p r o c e d u r e .  C o l l e c t i o n s  o f  u r i n e  and 
f a e c e s  f o r  t h e  d e t e r m i n a t i o n  o f  a  n i t r o g e n  b a l a n c e  
w ere  t h e n  s t a r t e d .  Roughage was s p e c i f i c a l l y  
e x c l u d e d  f ro m  t h e  d i e t s  o f  t h e  a n i m a l s .

4 .  C o m p o s i t io n  o f  d i e t s
n»l iBil I II Wta I II I—<I« .H.WIW ■!!■»■ l"l»M«l.1

The a n im a ls  were g i v e n  d i e t s  r e s e m b l i n g  m i l k .  ; 
The c o m p o s i t i o n  o f  t h e  d i e t s  was a l t e r e d  a c c o r d i n g  t o  
t h e  p a r t i c u l a r  e x p e r i m e n t ,  b u t  th e y  c o n s i s t e d  e s s e n t :  
: i a l l y  o f  f a t  h o m o g e n ise d  i n t o  a. p r o t e i n  s o l u t i o n .
L a rd  was u se d  as  t h e  s o u r c e  o f  f a t , and  d r i e d  sk im  
m i l k  was u s u a l l y  u s e d  as  a  s o u r c e  o f  p r o t e i n .  The 
d r i e d  sk im  m i lk  a l s o  s u p p l i e d  l a c t o s e ,  m i n e r a l s ,  w a t e r  
s o l u b l e  v i t a m i n s  and  a  s m a l l  amount o f  f a t  and  a s s o c :  
s l a t e d  v i t a m i n s .  T a b le  1 g i v e s  t y p i c a l  f i g u r e s  f o r  
t h e  c o m p o s i t i o n  o f  d r i e d  sk im  m i l k  f ro m  w h ic h  t h e  
t h e o r e t i c a l  c o m p o s i t io n  o f  th e  s e m i - s y n t h e t i c  d i e t s  
was c a l c u l a t e d .

TABLE 1

T y p i c a l  f i g u r e s  f o r  t h e  C o m p o s i t io n  o f  D r i e d  S k im -M i lk i

C o m p o s i t io n
d )

. M o is tu r e 3 .8
P r o t e i n 3 3 .5
Pat 1 .1
L a c to s e 5 3 .5
Ash 8 .0

C a lc iu m
P h o sp h o ru s

1 . 3
1 .0



TABIiS 2

M in er a l M ixture u sed  t o  Supplem ent th e  D ie t s  o f

E x p e r im e n ta l C a lv e s
I I ■ m ■ Ml m  !■ nail ■ ■■■ mill j- > i ■ I m II

Macro c o n s t i t u e n t s Q u a n tity
( s O

CaHP04 2h2 0 200

£ 2hpo4 350

CaCl2 100

MgO 40

Ra2HP04 .12H2 0 150

HaCI 80

CaC05 100

C i t r i c  a c id 150

Pe c i t r a t e 20

M icro c o n s t i t u e n t s Q u a n tity
( g . )

MnS04 .4H2 0 0 .5

ZnCl2 0 .5

CuS 0 4 .5H2 D 0 .5

CoCl2 0 .1

K1 1 .0

NaP 0 .5



I f  t h e  p e r c e n t a g e  o f  d r i e d  sk im  m i l k  i n  t h e  
d i e t  was low o r  n i l ,  a d d i t i o n a l  b a la n c e d  m i n e r a l s  
w ere  a d d e d ,  i n c l u d i n g  t h e  e s s e n t i a l  m in o r  e l e m e n t s .  
The com ponen ts  o f  t h e  s u p p le m e n ta r y  m i n e r a l  m ix tu r e  

a r e  g iv e n  i n  T a b le  2 .

I n  T a b le  3 i t s  c o m p o s i t i o n  i s  com pared  w i t h  
t h a t  o f  w ho le  m i l k .

IABLS 3

The M a jo r  r a d i c l e s  s u p p l i e d  by t h e  M in e r a l  M ix tu r e  
com pared  w i t h  t h o s e  s u p p l i e d  by Cow’s M ilk

T y p i c a l  f i g u r e s  
f o r  cow ’s m i lk

M in e r a l  m ix tu r e  
u s e d  i n  t h e  
p r e s e n t  w ork

(mg. / lO Q m l. m ilk ) (mg. i n  1 .3 8  g . )

C a lc iu m 120 1 2 2 .
P h o sp h o ru s 100 1 1 0 .
Sodium 50 5 0 .
P o ta s s iu m 150 1 5 7 .
C h l o r i n e 110 1 1 2 .
M agnesium 12 2 4 .

I t  w i l l  be s e e n  t h a t  th e  c o m p o s i t i o n  o f  t h e  s u p p l e :  
:m e n ta ry  m ix tu r e  was a d j u s t e d  t o  r e s e m b le  t h e  
c o m p o s i t i o n  o f  th e  a s h  o f  m i lk  w i t h  th e  e x c e p t i o n  
t h a t  t h e  m agnesium  c o n t e n t  was d o u b le d  t o  p r e v e n t  
hypom agnesaem ic  t e t a n y  (D u n can , H uffm an  & R o b in s o n ,  
1935) . When d r i e d  sk im  m i l k  was n o t  u se d  i n  t h e  
d i e t  v i t a m i n s  o f  t h e  B com plex  w ere  p r o v id e d  by a  
y e a s t  e x t r a c t ,  p r e p a r e d  a c c o r d i n g  t o  t h e  m ethod o f  
M cOrae, H I S a d r  & S e l l e r s  ( 1 9 4 2 ) .  V i t a m in s  A and  D 
w ere  p r o v id e d  by h o m o g e n is in g  i n t o  t h e  d i e t  e i t h e r  
v e t e r i n a r y  c o d - l i v e r  o i l  o r  t h e  p u re  v i t a m i n s  
d i s s o l v e d  i n  a r a c h i s  o i l ,  (2000 I .U .  v i t a m i n  A and 
200 I .U .  v i t a m i n  D p e r  m l .)

5» P r e p a r a t i o n  o f  d i e t s

The d r i e d  sk im  m i lk  o r  o t h e r  p r o t e i n ,  f a t  an d  

g lu c o s e  w ere  a c c u r a t e l y  w e ig h e d  i n t o  b u c k e t s .  The 

d r i e d  sk im  m i lk  pow der and  g l u c o s e  w ere d i s s o l v e d  w i t h



p

rate used for

separation of urine and fa ec e s .



t h e  a i d  o f  a n  e l e c t r i c  s t i r r e r  i n  c o l d  w a t e r  c o n t a i n e d  
i n  a  c h u r n .  The oh u r n  and  c o n t e n t s  w ere t h e n  
h e a t e d  by im m e rs io n  i n  h o t  w a t e r  and  m a i n t a i n e d  a t  
65°G f o r  15 m in . M eanw hile  th e  f a t  was m e l t e d  by 
p l a c i n g  t h e  b u c k e t  i n  a b o i l i n g  w a t e r - b a t h .  A bout 
h a l f  t h e  volume o f  h o t  r e c o n s t i t u t e d  d r i e d  sk im  m i lk  
was m ixed w i t h  t h e  m e l t e d  f a t  and  v i t a m i n  A an d  3  
s u p p le m e n t .  The c o n s t i t u e n t s  w ere w e l l  m ixed  and  
t h e n  h o m o g e n ise d  a t  a  p r e s s u r e  o f  550 0 -4 0 0 0  l b s . / s q .  
i n .  p r e s s u r e .  The c o n c e n t r a t e d  hom ogena te  was r e 
h o m o g e n ise d  and r e t u r n e d  t o  t h e  o r i g i n a l  c h u r n  c o n :  
s t a i n i n g  t h e  r e m a in d e r  o f  t h e  r e c o n s t i t u t e d  d r i e d  s k im ; 
m i l k .  The b u l k  was t h e n  h o m o g e n ise d  a t  the. same 
p r e s s u r e .  M in e r a l s  w ere ad d ed  and th e  d i e t  made up ;
t o  volume w i t h  c o l d  w a t e r .  The d i e t s  w ere  s t o r e d  i n  
an  im m e rs io n  c o o l e r  m a i n t a i n e d  a t  5 °0  u n t i l  r e q u i r e d  
f o r  u s e .  U nder t h e s e  c o n d i t i o n s  o f  s t o r a g e  i t  was ;
n e c e s s a r y  to  make up d i e t s  tw ic e  w e e k ly .

6 Q-eneral b a l a n c e  t e c h n i q u e

(e O __

A l l  s y n t h e t i c  m i lk s  w ere  e i t h e r  w e ig h e d  o r  
m e a s u re d  a c c u r a t e l y  b e f o r e  f e e d i n g .  A f r e s h  sam p le  j 
o f  m i lk  was t a k e n  f o r  th e  d e t e r m i n a t i o n s  o f  t o t a l  
n i t r o g e n  and  t o t a l  s o l i d s  and  an  a l i q u o t  t h e n  p r e s e r v e d  
w i t h  4 0 $  fo rm a ld e h y d e  f o r  s u b s e q u e n t  d e t e r m i n a t i o n s  o f ;  
f a t  and  m i n e r a l s .

( 2 t i o n

P l a t e  1 shows one o f  t h e  c a g e s  i n  w h ic h  
q u a n t i t a t i v e  u r in e  c o l l e c t i o n s  w ere  made. The 
wooden f ra m e  w as c o v e r e d  w i t h  s h e e t  m e ta l  on t h e  
i n s i d e  f o r  e a s e  o f  c l e a n i n g  and  a l s o  t o  p r e v e n t  th e  
a n im a l  f ro m  chew ing  th e  wood, The f l o o r  o f  t h e  cage  
was e s s e n t i a l l y  o f  h e a v y  gauge  1 " w i r e  n e t t i n g ,  t h r o u ^ i  
w h ic h  t h e  u r in e  p a s s e d  on t o  a  s h e e t  m e ta l  f l o o r  
b e lo w .  The l a t t e r  s l o p e d  to w a rd s  a  h o l e  n e a r  t h e  
f r o n t  o f  th e  cag e  w here  t h e  u r i n e  was c o l l e c t e d  by 
means o f  a  f  u n n e l  an d  W in c h e s t e r  b o t t l e . A p p r o x im a te : 
: l y  5 m l.  g l a c i a l  a c e t i c  a c i d  p e r  l i t r e  o f  u r i n e  w ere  
u se d  as  a  p r e s e r v a t i v e  when n i t r o g e n  d i s t r i b u t i o n s



Animal f i tted with h a r n e s s  and bag for

the  quant i ta t ive c o l l e c t i o n  of- faeces.



w ere t o  be c a r r i e d  o a t .

C o l l e c t i o n  o f  e x c r e t a  f o r  t h e  day s t a r t e d  imm: 
: e d i a t e l y  a f t e r  t h e  m orn ing  f e e d  and  f i n i s h e d  a t  t h e  
same t im e  t h e  f o l l o w i n g  m o rn in g .  U r in e  vo lum es  
w ere m e a su re d  e v e r y  day  and  a n  a l i q u o t  t a k e n  f o r  t h e  
d e t e r m i n a t i o n  o f  t o t a l  n i t r o g e n .  A n o th e r  a l i q u o t  was 
p l a c e d  i n  t h e  r e f r i g e r a t o r  f o r  t h e  n i t r o g e n  f r a c t i o n :  
r a t i o n s  w h ich  w ere  c a r r i e d  o u t  a t  tw o -d a y  i n t e r v a l s .

A f u r t h e r  1 0 $  a l i q u o t  of t h e  t o t a l  u r in e  volum e was 
t a k e n  f o r  t h e  d e t e r m i n a t i o n  o f  m i n e r a l s .

(c )  F a e c e s  c o l l e c t i o n

One o f  t h e  m ain  d i f f i c u l t i e s  i n  c a r r y i n g  o u t  
b a l a n c e  s t u d i e s  w i t h  c a l v e s  was fo u n d  t o  be th e  
q u a n t i t a t i v e  c o l l e c t i o n  o f  f a e c e s ,  e s p e c i a l l y  when 
a l i m e n t a r y  d i s t u r b a n c e s  w ere  p r e s e n t .  P l a t e  2 shows! 
a n  a n im a l  f i t t e d  w i t h  t h e  h a r n e s s  and bag w h ic h  was 
d e s ig n e d  t o  p e r m i t  a q u a n t i t a t i v e  c o l l e c t i o n  o f  f a e c e s .

F a e c e s  bags  w ere  c o n s t r u c t e d  f ro m  l i g h t  w e ig h t  
c a r  i n n e r  t u b e s  c u t  t o  sh a p e  f ro m  a  m e ta l  p a t t e r n .
The b o t to m  o f  t h e  tu b e  was s e a l e d  and f o u r  m e t a l  !D* 
p i e c e s  f a s t e n e d  t o  th e  t o p  by m eans o f  r u b b e r  s t r i p s  
a s  shown i n  P l a t e  2 .  A t f i r s t  r u b b e r  s o l u t i o n  was 
u se d  a s  a n  a d h e s i v e ,  b u t  as  l e a k a g e  d i f f i c u l t i e s  
o c c u r r e d ,  th e  seams 'were l a t e r  v u l c a n i s e d .  The 
w e ig h t  o f  e a c h  bag  was m arked  on a m e t a l  d i s c  a t t a c h e d  
t o  one of t h e  ’I ) ’ p i e c e s .  A h o le  was made a t  t h e  
t o p  o f  th e  bag  and t h e n  bound w i t h  r u b b e r  s o  a s  t o  f i t  
t h e  t a i l  f a i r l y  t i g h t l y  b u t  w i t h o u t  c h a f i n g .

The h a r n e s s  t o  1® ep  t h e  b a g  i n  p o s i t i o n  on t h e  
a n im a l  may a l s o  be s e e n  i n  P l a t e  2 .  I t  was 
c o n s t r u c t e d  f ro m  l i g h t  w eb b in g  and c o n s i s t e d  o f  a  g i r t h  
band  b e h in d  th e  s h o u l d e r s  m a i n t a i n e d  i n  p o s i t i o n  by 
a n o t h e r  band p a s s i n g  o v e r  t h e  c h e s t .  The c h e s t  b and , 
was f i t t e d  w i t h  f o u r  s l i d e s  o f  w eb b in g  t o  e a c h  of 
w h ic h  was a t t a c h e d  a  m e t a l  fD 1 p i e c e .  The b ag  was 
a t t a c h e d  t o  t h e  h a r n e s s  by mean3 o f  s p r i n g  c u r t a i n  w ire 
c o v e r e d  w i t h  r u b b e r  t u b i n g .  Rem oval o f  t h e  bag  
f ro m  th e  h a r n e s s  was f a c i l i t a t e d  by s p r i n g  c l i p s .



When t h e  c a l f  was p r o d u c in g  n o rm a l  f a e c e s  
t h i s  m ethod of c o l l e c t i o n  was s a t i s f a c t o r y .  I f ,  
h o w e v e r ,  t h e  f a e c e s  w ere  v e r y  l i q u i d  l o s s  f ro m  t h e  
hag  c o u ld  he h i g h .  T h is  l o s s  was fo u n d  t o  o c c u r  i n  
tw o w ay s ;  e i t h e r  t h r o u g h  th e  t a i l  h o l e  when t h e  a n im a l  
d e f a e c a t e d ,  o r  b e tw een  th e  hag  and  t h e  h o c k s  o f  t h e  
a n im a l  when i t  was l y i n g  down. The f i r s t  t y p e  o f
l o s s  was e f f e c t i v e l y  s to p p e d  by f i t t i n g  a  t h i n  s h e e t  
o f  r u b b e r  t i g h t l y  o v e r  t h e  t a i l  b e f o r e  t h e  f a e c e s  b ag  
was p l a c e d  i n  p o s i t i o n .  The o n ly  m ethod o f  s t o p p i n g  
l o s s  f ro m  th e  s i d e s  o f  t h e  bag  was t o  change  i t  a t  i 
f r e q u e n t  i n t e r v a l s .

' C o l l e c t i o n s  f o r  t h e  d e t e r m i n a t i o n  o f  n i t r o g e n  i 
b a l a n c e  e n t a i l e d  c h a n g in g  t h e  f a e c e s  bag d a i l y  b e f o r e  : 
t h e  m o rn in g  f e e d .  The b ag  was t h e n  w e ig h e d  and  th e !  
d i f f e r e n c e  b e tw e e n  t h e  empty and  f u l l  bag  was t a k e n  as  
t h e  w e ig h t  o f  f a e c e s  e x c r e t e d .  The c o n t e n t s  w ere  
w e l l  m ixed  and  an  a l i q u o t  w e ig h e d  i n t o  a  g ro u n d  g l a s s  
s t o p p e r e d  j a r .  The same p e r c e n t a g e  a l i q u o t  was 
ad d e d  th e  s e c o n d  d a y .  A n a ly s e s  w ere  c a r r i e d  o u t  
e v e r y  two d a y s  on t h e s e  p o o le d  s a m p le s  w h ic h  w ere  
s t o r e d  i n  th e  r e f r i g e r a t o r  i f  t h e y  w ere  n o t  a n a l y s e d  
i m m e d ia t e ly .  j

n e r a l  n o t e s  !

D u r in g  th e  e x p e r im e n t s  t h e  a n im a ls  w ere 
w e ig h e d  t o  t h e  n e a r e s t  lOOg. e v e r y  two d a y s  b e f o r e  th e !  
m o rn in g  f e e d .

P u l s e  r a t e s  w ere t a k e n  b e f o r e  e a c h  f e e d i n g  j 
t i m e ,  and  g e n e r a l  n o t e s  on t h e  w e l l  b e i n g  o f  t h e  c a l f  j 
w ere  made a t  th e  same t i m e . i

7 . R e s p i r a t o r y  ex ch an g e  d e t e r m i n a t i o n s

Oxygen c o n s u m p t io n  and  c a r b o n  d i o x i d e  p r o d u c t : !  
: i o n  o f  t h e  c a l v e s  w ere  d e t e r m in e d  u s in g  t h e  a p p a r a t u s  | 
an d  t e c h n i q u e  o f  B l a x t e r  & H o w e l ls  ( 1 9 5 1 ) .  B r i e f l y ,  j  

t h e  p ro c e d u re  was as  f o l l o w s
The c a l f  was c o n n e c te d  by means o f  a  r u b b e r  m ask t o  a 

l a r g e  s p i r o m e t e r  o f  maximum volum e 220 l i t r e s .  The 

volume o f  a i r  e x p i r e d  i n  30 m in u te s  was m e a s u re d  and



a n  a l i q u o t  t a k e n  f o r  th e  d e t e r m i n a t i o n  o f  oxygen and 
c a r b o n  d i o x i d e .

B. METHODS OF QHSMQAL ANALYSIS

The m ethods u se d  a r e  g ro u p e d  u n d e r  d eterm in atioos  
: in  m i l k ,  u r in e  and f a e c e s  r e s p e c t i v e l y .  Those j
! m ethods w h ich  a r e  a p p l i c a b l e  t o  a l l ,  v i z : -  d ry  m a tte r , j 
| t o t a l  n i t r o g e n  and m i n e r a l  d e t e r m i n a t i o n s  are  presentecj.
; f i r s t .  U n le s s  o t h e r w i s e  s t a t e d ,  a l l  m e th o d s  w h ich  j
! w ere  u se d  a r e  t o  be  fo u n d  i n  t h e  u s u a l  t e x t  books o f  I: ]
; q u a n t i t a t i v e  a n a l y s i s  ( p e t e r s  & T a n  S l y k e ,  1 9 52; Hawk, \ 
j  O ser & Summerson , 1 9 4 7 ) .  j

| 1 . G -eneral d e t e r m i n a t i o n s  I

( a) D e t e r m i n a t  io n  o f  d r m a t t e r  j

; I

F a e c e s  w ere  d r i e d  t o  c o n s t a n t  w e ig h t  in  an j
| oven  m a i n t a i n e d  a t  100°C . M ilk  was f i r s t  j
| e v a p o r a t e d  on a  w a t e r - b a t h  and  t h e n  d r i e d  t o  c o n s t a n t  j 
j w e ig h t  i n  t h e  o v e n .  j

(b) D e t e r m i n a t i o n  of t o t a l _ a s h  j

I T h i s  was c a r r i e d  o u t  on th e  same sam p le  u se d  j
f o r  t h e  d e t e r m i n a t i o n  o f  d ry  m a t t e r .  O rg a n ic  m a t t e r !

| was f i r s t  b u r n t  o f f  and  t h e n  th e  sam p le  i n c i n e r a t e d  in  j
j a  m u f f l e  f u r n a c e  a t  500°C o v e r n i g h t  o r  u n t i l  t h e  a s h  I 
| was w h i t e . j

| ( c )  D e te r m in a t  i o n _ o f _ t  o t a l _ n i t r o g e n  j

i K j e l d a h l  m e th o d .  j

An a l i q u o t  o f  m i lk ,  u r i n e ,  o r  f a e c e s  j
i c o n t a i n i n g  40 -25  mg. N i t r o g e n  was d i g e s t e d  w i t h  
! c o n c e n t r a t e d  s u l p h u r i c  a c i d  and p o t a s s i u m  s u l p h a t e ,  j 
| u s in g  c o p p e r  s u l p h a t e  and s e l e n iu m  a s  c a t a l y s t s .  The ] 

ammonia was l i b e r a t e d  w i t h  sod ium  h y d r o x id e  and  
d i s t i l l e d  i n t o  b o r i c  a c i d  s o l u t i o n  c o n t a i n i n g  th e  double 

i n d i c a t o r  m e th y l  r e d  and  b r o m - c r e s o l  g r e e n .  I t  was 
t h e n  d i r e c t l y  t i t r a t e d  w i t h  s t a n d a r d  a c i d .



For m ic r o -K je ld a h l d e te r m in a t io n s  th e  same 
r e a g e n ts  were u sed  b u t th e  Markham a p p a ra tu s was u sed  

f o r  th e d i s t i l l a t i o n .

( d)_M iner a l  d e te r m in a t io n s

i . A sh in g  p roced u re

M ilk  and f a e c e s  were ash ed  f o r  th e  d e ter m in a tio n  
o f  c a lc iu m , m agnesium , sodium  and p o ta ss iu m . U rin e  
was a sh ed  f o r  th e  d e te r m in a t io n  o f  p o ta ss iu m , b u t  
c a lc iu m , m agnesium  and sodium  were d eterm in ed  on th e  
o r i g i n a l  m a t e r ia l .  C h lo r id e  and phosphorus w ere
a l s o  d eterm in ed  on th e o r i g i n a l  m a t e r ia l .

O rgan ic m a tte r  was burnt away s lo w ly  a t  low  
tem p era tu re  over  th e  bunsen  and th e  r e s id u e  was th e n  
in c in e r a t e d  o v e r n ig h t  a t  4 5 0 -5 0 0 °C. The a sh  was 
m o is te n e d  w ith  n i t r i c  a c id  and ta k en  t o  d r y n e s s .  I t
was a g a in  ta k e n  to  d r y n e ss  w ith  c o n c e n tr a te d  
h y d r o c h lo r ic  a c id  and d is s o lv e d  in  a m in im al q u a n t ity  
o f  N h y d r o c h lo r ic  a c id .  The s o lu t i o n  was th e n  made 
up t o  50 m l.

i i .  D e te r m in a t io n  o f  C alciu m

M o d ified  method o f  McCrudden (P e te r s  and Van 
S ly k e ,  1 9 3 2 ) .

C alcium  was p r e c ip i t a t e d  as th e  o x a la te  w h i l s t  
h o t from  th e  s o lu t i o n  b u f fe r e d  w ith  ammonium a c e t a t e  
and a c e t i c  a c id .  The p r e c ip i t a t e  was f i l t e r e d  o f f ,  
washed and t i t r a t e d  w ith  s ta n d a r d  perm anganate s o lu t io n .

i i i .  D e te r m in a t io n  o f  M agnesium

M o d ified  method o f  McCrudden. ( P e t e r s  & Van 
S ly k e ,  1 9 3 2 ) .

The f i l t r a t e  from  th e  c a lc iu m  d e te r m in a t io n  
was b u ffe r e d  w ith  sodium  c i t r a t e .  Ammonium p h osp h ate  
and c o n c e n tr a te d  ammonia were added t o  p r e c i p i t a t e  
m agnesium  as th e  magnesium ammonium p h o sp h a te . The 
p r e c ip i t a t e  was w ashed , d r ie d  w ith  a lc o h o l  and e t h e r  

and w eigh ed  as th e  h y d ra te d  s a l t .



i v .  D e t e r m i n a t i o n  of P h o s p h o ru s

M ethod o f  F i s k e  & Subbarow  (Hawk, O se r  an d  

Sum m erson, 1 9 4 7 )•

O rg a n ic  m a t t e r  was d e s t r o y e d  by d i g e s t i o n  w i t h  
s u l p h u r i c  a c i d  and h y d ro g e n  p e r o x i d e .  A cid
m o ly b d a te  s o l u t i o n  was ad d ed  t o  fo rm  p h o sp h o m o ly b d ic  
a c i d  w h ic h  was s u b s e q u e n t l y  d e t e r m in e d  c o l o r i m e t r i c a l l y  

j by t h e  a d d i t i o n  o f  1 ; 2 ;4 - a m in o - n a p h t h o l  s u l p h o n i c  a c i d .

I v .  D e t e r m i n a t i o n  o f  Sodium

B u t l e r  and T u t h i l l ’s m o d i f i c a t i o n  of t h e  B a b e r  
i an d  K o th o f f  m ethod ( P e t e r s  & Van S l y k e ,  1 9 3 2 ) .

I P h o s p h a te  was rem oved  w i t h  l im e  and th e  s o d iu m s
| p r e c i p i t a t e d  as  th e  u r a n y l  s i n e  so d iu m  a c e t a t e  compound, 
i T h i s  was d r i e d  w i t h  a l c o h o l  and  e t h e r  and w e ig h e d .
i
i v i .  D e t e r m i n a t i o n  o f  P o t a s s i u m

| M ethod o f  S i i d e r i s  (1 9 3 7 ,  1 9 4 2 ) .
|
| P o t a s s i u m  was p r e c i p i t a t e d  a s  t h e  c o b a l t i n i t r i t e
| i n  c e n t r i f u g e  t u b e s .  A f t e r  c e n t r i f u g i n g  an d  w a s h in g  ;
! t h e  c o b a l t  i n  th e  p r e c i p i t a t e  was d e t e r m in e d
! c o l o r i m e t r i c a l l y  a s  th e  n i t r o s o - R - s a l t  co m p le x .
; ' i| !
i v i i .  D e t e r m i n a t i o n  o f  C h l o r i d e  !
i ^
1 M ethod o f  V o lh a r d  ( P e t e r s  & Van S ly k e  1 9 3 2 ) .

C h l o r i d e  was p r e c i p i t a t e d  by a  known am ount o f ;
> s i l v e r  n i t r a t e .  The e x c e s s  s i l v e r  n i t r a t e  was b a c k -  |
| t i t r a t e d  w i th  s t a n d a r d  t h i o c y a n a t e  s o l u t i o n  u s i n g  |
? f e r r i c  a lu m  as  i n d i c a t o r .  I} |

I 2 .  M ilk  a n a l y s e s  j
! (a )  D e t e r m i n a t io n _ o f  t o t a l  f a t  I

I
; - \

i .  M ethod o f  W e rn e r -S c h m id t  I
I   1 ■ - I — - II I l» !■ I ■

! A lc o h o l  and  ammonia w ere ad d ed  t o  t h e  m i lk  j
! sam ple  w h ic h  was t h e n  e x t r a c t e d  t h r e e  t im e s  w i t h  a  |
1 5 0 /5 0  m ix tu r e  o f  e t h e r  and  l i g h t  p e t r o le u m .  The !

s o l v e n t  was d i s t i l l e d  o f f  and  t h e  f a t  w e ig h e d .

i i .  M ethod o f  G-erber 

The r o u t i n e  d e t e r m i n a t i o n  was u sed  f o r  cow ’s



w hole  m i lk  o n ly .

5 .  U r in e  a n a l y s e s
(a )  D i s t r i b u t i o n _ o f  n i t r o g e n _ m _ t h e _ u r i n e

i .  D e t e r m i n a t i o n  o f  A l l a n t o i n

M ethod o f  Young & Conway (194 2)
A l l a n t o i n  was h y d r o l y s e d  t o  a l l a n t o i c  a c i d  by 

a l k a l i  w h ic h  was i n  t u r n  h y d r o l y s e d  t o  g l y o x y l i c  a c i d  
by  h e a t i n g  w i t h  a c i d .  A r e d  c o l o u r  was p ro d u c e d  
w i t h  g l y o x y l i c  a c i d  when p h e n y lh y d r a z in e  h y d r o c h l o r i d e ^  
and  p o t a s s iu m  f e r r o e y a n i d e  w ere  a d d e d .

i i .  D e t e r m i n a t i o n  o f  A m in o -N it ro g e n
M ethod o f  A lb a n e s e  & I r b y  ( 1944) .
A c o p p e r -a m in o -U  com plex  was fo rm e d  b e tw e e n  ; 

c o p p e r  i n  a  b u f f e r e d  c o p p e r  p h o s p h a te  s u s p e n s i o n  and  
t h e  a m in o - a c id s  i n  u r i n e .  The s o l u b l e  c o p p e r  
com plex  was f i l t e r e d  o f f ,  and  th e  c o p p e r  i n  th e  
f i l t r a t e  d e te r m in e d  i o d o m e t r i c a l l y .

i i i .  D e t e r m i n a t i o n  o f  C r e a t i n i n e  an d  C r e a t i n e
M ethod o f  . P o l i n  (Hawk, O ss r  & Sum m erson, 1 9 4 7 ) .
C r e a t i n i n e  was d e te r m in e d  by th e  o ra n g e  c o l o u r ;  

p ro d u c e d  w i th  a l k a l i n e  p i c r a t e  ( J a f f e  r e a c t i o n ) ,  and  
t h e  c o l o u r  was r e a d  i n  t h e  S p e k k e r  a b s o r p t i o m e t e r  u s in g  
g r e e n  f i l t e r s .

C r e a t i n e  was f i r s t  h y d r o l y s e d  t o  c r e a t i n i n e  by;
a u t o c l a v i n g  a t  115°C . f o r  20 m in .  j

i v .  D e t e r m i n a t i o n  o f  p r o t e i n

U r in e  was h e a t e d  w i t h  g l a c i a l  a c e t i c  a c i d  t o  j
p r e c i p i t a t e  any p r o t e i n  i n  s o l u t i o n .  The p r e c i p i t a t e  
was f i l t e r e d  o f f  t o g e t h e r  w i t h  any s k i n  and  h a i r  |
d e b r i s .  T h i s  was w ashed  and  t h e  n i t r o g e n  c o n t e n t  
d e t e r m in e d  by K j e d a h l ' s  m e th o d .

v .  D e t e r m i n a t i o n  o f  P u r in e  b a s e s

M o d if ie d  m ethod o f  K rifger  & S c h m id t  (Hawk, !

O se r  & Summerson 1947) •
P u r in e  b a s e s ,  t o g e t h e r  w i th  u r i c  a c i d  w ere  

p r e c i p i t a t e d  by b o i l i n g  th e  u r in e  w i t h  c o p p e r  s u l p h a t e  

and  so d iu m  b i s u l p h i t e .  A f t e r  f i l t e r i n g  and w a s h in g



t h e  p r e c i p i t a t e  i t s  n i t r o g e n  c o n t e n t  was d e t e r m in e d  b y ! 
K j e l d a h l ’s  m e th o d .  U r i c  a c i d  was d e t e r m in e d ,
s e p a r a t e l y  by a  c o l o r i m e t r i c  m ethod  ( s e e  b e l o w ) .

v i .  D e t e r m i n a t i o n  o f  U re a  and Ammonia

M ethod o f  Van S ly k e  & C u l l e n  (Hawk, O ser  & 

Summerson, 1947) .
Ammonia was d e t e r m in e d  by a s p i r a t i o n  f ro m  u r i n e  

| made a l k a l i n e  w i t h  sod ium  c a r b o n a te ,  i n t o  b o r i c  a c i d  
j s o l u t i o n ,  w here  i t  was t i t r a t e d  d i r e c t l y  w i t h  j
! s t a n d a r d  a c i d .  I
j  * j

U re a  was c o n v e r t e d  i n t o  ammonia by i n c u b a t i o n  j 
w i t h  J a c k -B e a n  m eal w h ic h  p r o v id e d  t h e  enzyme u r e a s e ,  j

v i i .  D e t e r m i n a t i o n  o f  U r i c  a c i d

i M o d if ie d  m ethod  o f  B e n e d ic t  & F ra n k s  (Hawk, i

: O se r  & Sum m erson, 1947) . !
The b lu e  c o l o u r  p ro d u c e d  b e tw e e n  u r i c  a c i d  and;

! so d iu m  c y a n id e  + a r s e n o p h o s p h o t u n g s t i c  a c i d  was 
i d e t e r m in e d  q u a n t i t a t i v e l y  i n  t h e  S p e k k e r  a b s o r p t i o m e t e r  
! u s in g  o ran g e  f i l t e r s .  U re a  was ad d e d  t o  t h e  j
I c y a n id e  s o l u t i o n  t o  make i t  more s t a b l e  (K in g ,  1 9 4 6 ) .  j

! (b) j j ) i s  t r i b i t  i o n  o f  S u r p h u r i n  th e  u r i n e  I

! i .  T o t a l  S u l p h u r  j
! M ethod o f  B e n e d ic t  (Hawk, O ser  & Sum m erson,

j  1 9 4 7 ) .  |
The u r in e  was e v a p o r a t e d  and i g n i t e d  w i t h  j

! D e n i s ’ r e a g e n t  ( c o p p e r  n i t r a t e ,  ammonium n i t r a t e  and j
;  i

| so d iu m  c h l o r i d e )  t o  d e s t r o y  o r g a n i c  m a t t e r .  A l l .  j
I s u l p h u r  was o x i d i s e d  t o  s u l p h a t e  w h ic h  was t h e n  ;
] p r e c i p i t a t e d  a s  th e  b a r iu m  s a l t ,  f i l t e r e d ,  w a s h e d ,  |
! 1 
j i g n i t e d  and w e ig h e d .  j

! i i .  I n o r g a n i c  S u l p h u r  j
| M ethod o f  F o l i a  (Hawk, O se r  & Sum m erson, 1947) j.
| B ar iu m  c h l o r i d e  s o l u t i o n  was ad d ed  t o  c o l d  j
I a c i d i f i e d  u r i n e .  The p r e c i p i t a t e d  b a r iu m  s u l p h a t e  j 
; was washed, f i l t e r e d ,  d r i e d  and  w e ig h e d .

■ i i i .  H t h e r e a l  S u lp h u r

M ethod o f  P o l i n  (Hawk, O ser & Sum m erson, 1947) .



The f i l t r a t e  f ro m  t h e  d e t e r m i n a t i o n  o f  i n o r g a n ic  
s u l p h u r  was b o i l e d  g e n t l y  t o  h y d r o ly s e  c o n j u g a t e d  
s u l p h a t e s .  The p r e c i p i t a t e d  b a r iu m  s u l p h a t e  was 
w ashed  and w e ig h ed  as  b e f o r e .

i v .  N e u t r a l  S u l p h u r

T h i s  was o b t a i n e d  by d i f f e r e n c e : -  T o t a l  3  -  
( I n o r g a n i c  3 + B t h e r e a l S )  = n e u t r a l  3 .

( c )  D e t e r m i n a t i o n  o f  T o t a l  g e to n e  B o d ie s  j

M ethod o f  Van S ly k e  ( p e t e r s  & V an S l y k a ,  1932);. 
K e tone  b o d i e s  w h ic h  may be p r e s e n t  i n c l u d e  j 

a c e t o n e ,  a c e t o - a c e t i c  a c i d  and  B h y d r o x y b u t y r i c  a c i d ,  j 
A c e t o - a c e t i c  a c i d  was c o n v e r t e d  t o  a c e to n e  by j
h y d r o l y s i s  and h y d r o x y b u t y r i c  a c i d  was o x i d i s e d  t o  j 
a c e to n e  by  r e f l u x i n g  w i t h  p o t a s s i u m  d i c h r o m a te .  !
A c e to n e  was t h e n  p r e c i p i t a t e d  a s  t h e  b a s i c  m e r c u r i c  j 
s u l p h a t e  compound w h ich  was f i l t e r e d  o f f  and w e ig h e d ,  j 
G-lucose and  o t h e r  i n t e r f e r i n g  compounds w ere  f i r s t  j
rem oved  by p r e c i p i t a t i o n  w i t h  c o p p e r  s u l p h a t e  and  I

i
c a l c iu m  h y d r o x i d e . j

4 .  A n a l y s i s  o f  F a e c e s  
( a ^ _ 3 a m p l in g

The a l i q u o t s  r e p r e s e n t i n g  t h e  e x c r e t i o n  f o r  
two d a y s  w ere  w e l l  m ixed  i n  t h e  g l a s s  c o n t a i n e r  and  
a l l  a n a l y s e s  o t h e r  t h a n  f o r  m i n e r a l  c o n s t i t u e n t s  w ere  
c a r r i e d  o u t  oh th e  w et m a t e r i a l .  W eig h in g  was 
done r a p i d l y  and a c c u r a t e l y  on a s m a l l  f i l t e r  p a p e r ,  j 
o r  by d i f f e r e n c e  f ro m  a  w e ig h in g  b o t t l e  d e p e n d in g  on j 
t h e  c o n s i s t e n c y  o f  th e  p a r t i c u l a r  s a m p le .  j

(b) D e t e r m i n a t i o n _ o f  T o t a l  ' P a t '  j

M o d if ie d  m ethod o f  3 a x o n  ( P e t e r s  & Van S l y k e ,  | 
1932) . |

The sam ple  o f  f a e c e s  was a c i d i f i e d  and h e a t e d  
t o  l i b e r a t e  f a t t y  a c i d s  f ro m  t h e i r  s o a p s .  A lc o h o l  
was t h e n  add ed  and  th e  f a t  and  f a t t y  a c i d s  e x t r a c t e d  
t h r e e  t im e s  w i t h  e q u a l  q u a n t i t i e s  o f  e t h e r  and  l i g h t  
p e t r o l e u m .  The s o l v e n t  was e v a p o r a t e d  o f f  and 
t h e  r e s i d u e  w e ig h e d .



N o te .  T h is  m ethod d o es  n o t  g iv e  a  t r u e  f i g u r e  f o r  
t o t a l  f a t  s i n c e  n e u t r a l  f a t ,  f r e e  f a t t y  a c i d s ,  f r e e  
f a t t y  a c i d s  f ro m  so a p  and  n o n - s a p o n i f i a b l e  r e s i d u e  a r e  
i n c l u d e d .  I t  was n o t  fo u n d  p o s s i b l e  t o  d e te r m in e
t h e s e  f r a c t i o n s  e v e r y  two d a y s  b e c a u s e  o f  t h e  t im e  
t a k e n  by t h e  m eth o d . ;

( C1 ? - a 2 - ^ ° £ a "t i 2n  i i p i d s

M ethod o f  T i d w e l l  & H o l t  ( 1 9 3 6 ) .

N e u t r a l  f a t ,  f r e e  f a t t y  a c i d s  and n o n -  j
s a p o n i f i a b l e  r e s i d u e  w ere d i r e c t l y  e x t r a c t e d  f ro m  t h e  j 
f a e c e s .  F re e  f a t t y  a c i d s  w ere  t i t r a t e d  w i t h  j
s t a n d a r d  a l k a l i ;  n o n - s a p o n i f i a b l e  r e s i d u e  was o b t a i n e d  j 
by  s a p o n i f y i n g  t h e  e x t r a c t  and t h e n  r e - e x t r a c t i n g ;  and ; 
th e  t r u e  n e u t r a l  f a t  was o b t a i n e d  by d i f f e r e n c e .  Soaps! 
w ere  d e t e r m in e d  by a c i d i f y i n g  t h e  r e s i d u e  f ro m  t h e  
f i r s t  e x t r a c t i o n  and t h e n  r e - e x t r a c t i n g .

(d ) De t  e r m i n a t i o n _ o f J S t a r c h

M ethod of, N i e l s e n  (1 9 4 3 ,  194 5 ) .  I

The s t a r c h  p r e s e n t  i n  t h e  f a e c e s  sam p le  was ;
d i s s o l v e d  i n  p e r c h l o r i c  a c i d  and th e  c o l o u r  p r o d u c e d  !

i
b e tw e e n  s t a r c h  and  io d in e  d e t e r m in e d  q u a n t i t a t i v e l y . j

5 . D i g e s t s  a n a l y s i s  |

(a)_ S t e a m _ v o l a t i l e  f a t t y _ a c i d s  |

The sam p le  was made n o rm a l  w i t h  r e s p e c t  t o  |
j

s u l p h u r i c  a c i d  and s te a m  d i s t i l l e d .  500m l. f r a c t i o n s j  
o f  d i s t i l l a t e  w ere c o l l e c t e d  u n t i l  t h e  t i t r a t i o n  was j 
l m l .  o r  l e s s  o f  N /10 a l k a l i .  The r e s u l t s  w ere  ;
e x p r e s s e d  i n  te rm s  o f  N /10 a c i d .  j

I
6 . B lood  a n a l y s i s  j 

(a )  F r a c t i o n a t i o n  o f  se rum  p r o t e i n s

M o d if ie d  m ethod o f  M ajoo r  (1 9 4 6 ,  1 9 4 7 ) .

V a r io u s  f r a c t i o n s  w ere  p r e c i p i t a t e d  by i n c r e a s : ;  
: i n g  th e  c o n c e n t r a t i o n  o f  a n h y d ro u s  sod ium  s u l p h a t e .  
n Y M g l o b u l i n  was p r e c i p i t a t e d  w i t h  a  c o n c e n t r a t i o n  
o f  159 g .  /  l i t r e ;  '• U + jB" g l o b u l i n s  w i t h  a  
c o n c e n t r a t i o n  o f  270 g .  /  l i t r e ;  and  a lb u m in  w i t h  a  
c o n c e n t r a t i o n  above 270 g .  /  l i t r e .



P r e c i p i t a t i o n  and f i l t r a t i o n  was c a r r ie d  o a t in  an  
in c u b a to r  a t  3 7 ° 0 , and th e  n i t r o g e n  c o n te n t  o f  ea ch  
p r e c ip i t a t e  d eterm in ed  by th e  m ic r o -K je ld a h l m ethod .

7 .  Gas a n a ly s i s  
( a) Gxy gen__and_carbon d io x id e

The c o m p o s it io n  o f  a i r  e x p ir e d  by th e  c a lv e s  
was d eterm in ed  u s in g  a  H aldane gas a n a ly s i s  a p p a r a tu s .

(b2  M ethane  and  h y d r o g e n

A known volume (ab ou t 200 l i t r e s )  o f  e x p ir e d  
a i r  was p a ssed  th ro u g h  c o n c e n tr a te d  s u lp h u r ic  a c id  to  
d ry  i t  and th e n  through  so d a - lim e  to  remove r e s p ir a t o iy  
carb on  d io x id e .  The m ethane and h yd rogen  were 
i g n i t e d  a t  700°C to  form  w a ter  and carb on  d io x id e .  
T h ese were ab sorb ed  in  w eigh ed  b o t t l e s  c o n ta in in g  
c o n c e n tr a te d  s u lp h u r ic  a c id  and s o d a - lim e  r e s p e c t iv e ly .  
Prom th e  w a te r  and carbon  d io x id e  produced th e  
q u a n t i t i e s  o f  hyd rogen  and m ethane were c a l c u l a t e d .  j
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I n  o r d e r  t o  i n t e r p r e t  t h e  r e s u l t s  o f  e x p e r im e n t s  
on t h e  e f f e c t  o f  q u a l i t y  o f  p r o t e i n  i n  t h e  d i e t  o f  t h e
c a l f  i t  was n e c e s s a r y  t o  s tu d y  f a c t o r s  a f f e c t i n g  t h e

j n i t r o g e n  m e ta b o l i s m  i n  t h i s  a n i m a l .  As p a r t  o f  t h i s  
| s t u d y ,  a n  e x p e r im e n t  was c a r r i e d  o u t t o  d e te r m in e  t h e  !
| m e ta b o l i s m  o f  n i t r o g e n ,  s u l p h u r ,  m i n e r a l s  and  e n e r g y  
j d u r i n g  s t a r v a t i o n  s i n c e  d u r in g  s t a r v a t i o n  th e  body 
I m a t e r i a l s  a r e  s p e c i f i c a l l y  d raw n  upon t o  m a i n t a i n  t h e  j 
| l i f e  p r o c e s s e s  o f  t h e  b o d y .

A f u r t h e r ,  more p r a c t i c a l  i n t e r e s t  o f  t h i s  j 
j e x p e r im e n t  was i t s  r e l a t i o n  t o  c a l f  d i a r r h o e a .  When aj 
| c a l f  i s  a f f e c t e d  by a c u t e  i n f a n t i l e  d i a r r h o e a  - !,scour5hgrt 
5 t h e r e  i s  a  m arked  f a l l  i n  th e  n u t r i e n t s  w h ic h  a r e  
j  a b s o r b e d  f ro m  i t s  d i g e s t i v e  t r a c t .  T h is  f a l l  i n  the! 
j f o o d  s u p p ly  t o  th e  t i s s u e s  i s  s u f f i c i e n t  t o  c a u s e  s u c h  
j n e g a t i v e  n i t r o g e n  and  e n e r g y  b a l a n c e s  t h a t  i n  s e v e r e  !
I c a s e s  t h e  c a l f  a p p r o a c h e s  a  s t a t e  o f  c o m p le te  i n a n i t i o n ,  
i I n  f a rm  p r a c t i c e  a  common and  e f f e c t i v e  m ethod  o f  j 
| c o n t r o l l i n g  t h i s  ty p e  o f  d i a r r h o e a  i s  t o  s u b s t i t u t e  j 
! b o i l e d  w a te r  f o r  t h e  c a l f fs m i lk  a l l o w a n c e ,  u n t i l  t h e  j
i i

I f a e c e s  become n o rm a l  i n  a p p e a r a n c e  and  t h e n  t o  commence 
| r e  a l i m e n t a t i o n  v e r y  s l o w l y .  S uch  a  m ethod o f  c o n t r o l  
j h a s  t h e  e f f e c t  o f  s u b s t i t u t i n g  c o m p le te  i n a n i t i o n  f o r  j 
j  t h e  p a r t i a l  i n a n i t i o n  w h ic h  r e s u l t s  f ro m  s c o u r i n g .
i j
j Much h a s  b e e n  p u b l i s h e d  on t h e  e f f e c t  o f
| s t a r v a t i o n  i n  m a tu re  a n i m a l s ,  more e s p e c i a l l y  man, ;

b u t  c o m p a r a t i v e l y  l i t t l e  s tu d y  h a s  b e e n  made o f  t h e  j 
j e f f e c t  o f  s t a r v a t i o n  on th e  m e ta b o l i s m  of  t h e  r e a l l y  j 

| young a n i m a l .  I n  t h e  m a tu re  r u m i n a n t ,  e n e r g y  
j m e ta b o l i s m  h a s  b e e n  s t u d i e d  by Braman ( 1 9 2 4 ) , B e n e d ic t  j 

j & R i tz m a n  (1927) and  R i tz m a n  & B e n e d ic t  ( 1 9 3 8 ) ;  w h i l e  I 
e x t e n s i v e  s t u d i e s  o f  t h e  n i t r o g e n  m e ta b o l i s m  of  t h e  
f a s t i n g  s t e e r  o r  cow h ave  b e e n  made by C a r p e n t e r  ( 1 9 2 7 ) ,

; H u t c h i n s o n  & M o r r i s  (1936 a , b )  an d  M o r r i s  an d  Ray (1939)



o f  sh e ep
The en erg y  m e ta b o lism /h a s  been  s tu d ie d  in  d e t a i l  by 
B e n e d ic t  & R itzm an ( 1 9 3 1 ) ,  Brody ( 1 9 3 2 ) ,  R itzm an , 
Washburn & B e n e d ic t  ( 1 9 3 6 ) ,  B la x t e r  (1 9 4 8 ) and M arston  
( 1 9 4 8 ) .  T here i s  t h e r e f o r e  much in fo r m a t io n  a v a i la b le  
on th e  e f f e c t  o f s t a r v a t io n  on th e m ature rum inant 
w h ich  can be u sed  f o r  com p arative  p u r p o se s .

2 .  P la n  o f ex p er im en t

Two c a lv e s  w ere u sed  in  t h i s  ex p er im en t and 
e a c h  was s u b je c te d  t o  two p e r io d s  o f  s t a r v a t io n .  The 
o r i g i n a l  p la n  was to  s  tudy s t a r v a t io n  and r e c o v e r y  in  
ea c h  anima}. when a t  a norm al w e ig h t f o r  i t s  age and 
a l s o  f o l lo w in g  a p er io d  o f  u n d e r n u tr it io n  when i t s  
w e ig h t  w ould be o n ly  5 0 $  o f  th a t  e x p e c te d  from  i t s  a g e .  
The o b je c t  o f  t h i s  d e s ig n  was t w o - f o ld .  F i r s t l y ,  i t  
h a s b een  shown by M arston (1 9 4 8 ) t h a t  the m in im al l e v e l  
o f  en erg y  m eta b o lism  i s  r ea ch ed  more q u ic k ly  when 
a n im a ls  are s ta r v e d  f o l lo w in g  low l e v e l s  o f  fo o d  in ta k e  
th a n  when s ta r v e d  f o l lo w in g  lo n g  p e r io d s  o f o v er  or 
o p tim a l n u t r i t i o n .  S e c o n d ly , s c o u r in g  in  c a lv e s  
te n d s  to  be c h r o n ic  b e fo r e  an a cu te  s ta g e  i s  re a ch e d , 
and th u s , under n u t r i t i o n  f o r  a p er io d  b e fo r e  a lm o st  
co m p le te  in a n it io n ,  i s  common. A s tu d y  o f  in a n i t io n  
f o l lo w in g  u n d e r n u tr it io n  th e r e fo r e  seem ed d e s ir a b le .

D e t a i l s  of th e  c a lv e s  and t h e i r  e x p e r im e n ta l  
tr e a tm en t are g iv e n  in  T a b le  4 .

TABES 4

D e t a i l s  o f  c a lv e s  and t h e i r  e x p e r im e n ta l tr e a tm e n t

O a lf
N2

Body-
wejght

Age a t  
commen:

E x p er im en ta l.
(d a y s)

p e r io d s

(k g .) cement
(d a y s) Norm al in  

o f  d i e t  ( 
T ab le  6)

ta k e
s e e

Reduced in ta k e  o f  
d i e t  ( s e e  T a b le  
6 )

2 SIary
Star: 
vax : io n

Rsco:
very

Prelim:
inary i§ § n

Recov:
©ry

4 3 3 .5 6 12 4 10 12 4 12
5 3 4 .6 6 14 4 12 — — —

U n fo r tu n a te ly  one c a l f  (N25) became i l l  d u r in g  

th e  co u rse  o f  th e  p r e - s t a r v a t io n  p e r io d  f o r  th e  low



p la n e  o f  n u t r i t i o n  and t h i s  s e c t i o n  o f  th e  ex p er im en t  
was abandoned.

The c o m p o s it io n  o f  th e  s e m i- s y n t h e t ic  d i e t  i s  
g iv e n  in  T ab le 5 and th e  amounts g iv e n  t o  e a c h  c a l f  in  
T a b le  6 . D uring p e r io d s  o f  s t a r v a t io n  w a ter  was 
g iv e n  in s t e a d  o f  m ilk , in  q u a n t i t i e s  s u f f i c i e n t  t o  
m a in ta in  u r in e  volume a t  th e  p r e - s t a r v a t io n  l e v e l .

TABUS 5 .

C o m p o sitio n  o f  th e  e x p e r im e n ta l d i e t

C o m p o sitio n  
( g .  /  l i t r e )

D r ied  skim  m ilk 7 7 .6
Lard 3 8 .7
C o d - l iv e r  o i l 3 .3
G lu cose 1 4 .0
M in era ls 1 .3

TAB IB 6 .

Q u a n tity  o f  m ilk  d i e t  g iv e n  t o  e a c h  o f  th e  c a lv e s

C a lf  N2 Amount o f  m ilk  (k g .)  f e d  d a ily  durirg

P r e lim in a r y  and r e c o v e r y  p e r io d s

Normal in ta k e  
o f  d i e t

R educed in ta k e  
o f  d i e t

4 3 .8 3 .0

5 4 .0 3 .2

The f o l lo w in g  a n a ly s e s  w ere c a r r ie d  o u t i -
D ie t

Dry m a tte r , t o t a l  n itr o g e n  and t o t a l  f a t  on 
ea ch  sa m p le .
U r in e

T o ta l  n itr o g e n (d e te r m in e d  d a i l y ) , u r e a ,  
ammonia, c r e a t in e ,  c r e a t i n i n e ,  u r ic  a c id ,  a l l a n t o i n ,  
p u rin e b a s e s ,  p r o t e in ,  t o t a l  a c e to n e  b o d ie s ,  t o t a l  

s u lp h u r , in o r g a n ic  s u lp h u r , e t h e r e a l  su lp h u r  and



n e u t r a l  su lp h u r  (d e term in ed  e v e r y  two d a y s ) ,  c h lo r id e ,  
sod iu m , p o ta ss iu m , c a lc iu m , m agnesium  and phosphorus  
(on  c e r t a in  s a m p le s ) .

F a e c es
T o ta l n i t r o g e n ,  d ry  m a tte r , t o t a l  a s h ,  t o t a l  

f a t  and so a p s  (d e term in ed  e v e r y  two d a y s ) .

R e s p ir a to r y  exchange
D eterm in ed  d u r in g  p e r io d s  o f  s t a r v a t io n  o n ly .

3 .  R e s u l t s
{a) G en era l b eh a v io u r  o f t h e  a n im a ls  d u r in g  f a s t in g  

and_when g iv e n ^ su b -n o r m a l^ q u a n tit ie s^ o f^ m ilk

D u rin g  th e  p r e lim in a r y  p e r io d , when th e  c a lv e s  
w ere g iv e n  q u a n t i t i e s  o f  d i e t  com m ensurate w ith  norm al 
g a in s  i n  body w e ig h t ,  b o th  w ere v er y  l i v e l y  and ten d ed  
t o  be h ig h ly  e x c i t a b l e ,  e s p e c i a l l y  a t  f e e d in g  t im e s .  
They w ou ld  s ta n d  and p la y  w ith  t h e i r  h a r n e s s  or t a i l s  
f o r  q u ite  lo n g  p e r io d s .  D u rin g  th e  f i r s t  tw o days
o f  s t a r v a t io n  t h i s  norm al b eh a v io u r  c o n t in u e d , th e  
e x c i t a b i l i t y  a t f e e d in g  t im e s  s t i l l  p e r s i s t i n g  a lth o u ^ a  
th e y  were g iv e n  n o th in g  but w a te r . l a t e r  th e y  
became l e t h a r g i c ,  b u t c o u ld  h a r d ly  be c a l l e d  w eak.
When th e y  w ere a g a in  g iv e n  norm al q u a n t i t i e s  o f  fo o d  
th e y  r e c o v e r e d  w it h in  a few  d a y s . D u rin g  th e  p e r io d  
when th e  subnorm al q u a n tity  o f f e e d  was g iv e n ,  how ever, 
a c t i v i t y  d e c l in e d  m arkedly and th e  a n im a ls  d e v e lo p e d  a  
c r a v in g  f o r  roughage -  a d ie t a r y  component e x c lu d e d  
from  t h e i r  d i e t s .  When c a l f  4 was s ta r v e d  on th e  
seco n d  o c c a s io n  chew ing o f  th e  w a l ls  o f  th e  m eta b o lism  
cage and h i s  h a r n e ss  in c r e a s e d  and on one o c c a s io n  he 
sw a llo w ed  th e  w hole o f  th e  rubber s tr a p s  s u p p o r t in g  
h i s  f a e c e s  b a g . T h is  ca u sed  no d i s t r e s s  and in  th e  
su b seq u e n t r e c o v e r y  p e r io d  he was n o te d  t o  have b een  
r u m in a tin g  on fra g m en ts  o f  ru b b er . D u r in g  t h i s  
p e r io d  rubber appeared  i n  th e  f a e c e s ,  i n v a l i d a t i n g  th e  
d e te r m in a t io n s  o f  ca rb o h y d ra te  by d if f e r e n c e  m eth o d s .

The b eh a v io u r  o f  th e  an im als  on r e a l im e n ta t io n  
i s  o f  some i n t e r e s t .  R e a lim e n ta t io n  o f  c a l f  4 was
s lo w ;  he was g iv e n  o n ly  h a l f  h is  norm al q u a n t ity  o f





d i e t  on th e  f i r s t  day f o l lo w in g  s t a r v a t io n  and i t  was 
n o te d  t h a t  h i s  u r in a ry  n it r o g e n  rem ained e l e v a t e d .
I t  was th o u g h t th a t  t h i s  m ight he due t o  th e  su b 
norm al f e e d in g ,  s o  c a l f  5 was g iv e n  th e  f u l l  q u a n t ity  
o f  d i e t  im m ed ia te ly  f o l lo w in g  th e  s t a r v a t io n  p e r io d .  
The r e s u l t  was p r o fu se  d ia r r h o e a , w h ich  l a s t e d  f o r  
s e v e r a l  d a y s . The same ty p e  o f  r e a c t io n  in  a m ild  
form  was shown by c a l f  4 d u r in g  th e  seco n d  p e r io d  o f  
r e a l im e n t a t io n  when t w o - th ir d s  o f  th e  norm al a llo w a n ce  
was g iv e n  on th e  day f o l lo w in g  s t a r v a t io n .  Such  
a lim e n ta r y  d is tu r b a n c e s  a f t e r  f a s t i n g  are common in  

man (L u sk , 1931) •

( b)__Bo dywe i  gh t

D u rin g  th e  s t a r v a t io n  p e r io d s ,  th e  c a lv e s  were 
w eig h ed  ev er y  m orning in s t e a d  o f e v e r y  seco n d  m orning. 
The grow th  cu rve o f  c a l f  N£4 i s  shown in  F ig u re  1 
w h ile  T a b le  7 sum m arises th e  d a ta  f o r  b o th  c a l v e s .

TABLE 7 .

Mean d a i ly  g a in s  ( 4 ) or l o s s e s  ( - )  in  w e ig h t by th e  
c a lv e s  c a lc u la t e d  from  r e g r e s s io n  a n n a ly s is  o f  
in d iv id u a l  w e ig h t s *

G-ain or l o s s  o f  w e ig h t  ( g .  /  day)

C a lf
N£

Normal in ta k e  o f  d i e t  
( s e e  T ab le  6)

Low in ta k e  o f  d i e t  
( s e e  T a b le  6)

P r e lim :
in a r y

S ta r v a :
t i o n

Re cov: 
e r y

P r e lim :
in a r y

S ta r v a :
t i o n

R e c o v : 
e r y

4
5

3 0 7 -4 7
302-14

-  685  
- 5 2 5

307*42
306±26

105^52 -  525 1 3 0 -8 2

The w e ig h t o f  c a l f  4 on commencement o f  th e  
seco n d  p er io d  o f s t a r v a t io n  was 38k g. I f  th e  r a t e s  
o f  g a in  in  th e  p r e lim in a r y  p e r io d  are re g a r d ed  a s  
n orm al, th en  t h i s  an im al sh o u ld  have r ea ch ed  t h a t  
w e ig h t  a t  th e  age o f  27 d a y s .  In  a c t u a l  f a c t  the  
c a l f  was 45 d ays o ld  and was t h e r e f o r e  r e ta r d e d  in  

grow th by 18 days in  4 5 . T h is  r e t a r d a t io n  o f  grow th  

due to  u n d e r n u tr it io n  was in  a ccord an ce  w it h  th e  p la n



o f  th e  e x p e r im e n t. There appeared  t o  be r e l a t i v e l y  
l i t t l e  a d a p ta t io n  t o  s t a r v a t io n  a s  judged  by economy 
in  body g a in  f o l lo w in g  i t .  The n o r m a lity  o f  th e
g a in s  in  w e ig h t  o f th e  c a lv e s  when r e c e iv in g  th e  
norm al in ta k e  o f  d i e t  may be judged from  th e  d a ta  
co m p iled  by Brody (1 9 4 5 ) .  In  th e  f i r s t  month a f t e r  
b ir t h  A y r sh ir e  c a lv e s  grow a t  th e  r a t e  o f  about 17  l b .  
a month or 257 g .  /  d a y , w h ereas in  th e  seco n d  month 
th e  grow th r a t e  in c r e a s e s  t o  30 l b .  a month or  450 g .
/  d a y . On t h i s  b a s i s  th e  g a in s  o f  th e  c a lv e s  d u r in g  
th e  ad eq u ate  in ta k e  o f  d i e t  w ere norm al and when th e  
red u ced  in ta k e  o f  d i e t  was g iv e n ,  su b n orm al. In  ea c h  
e a se  th e  l o s s  o f  w e ig h t d u r in g  s t a r v a t io n  was s e v e r e  
and th e r e  appeared  to  be no s i g n i f i c a n t  d i f f e r e n c e  
b etw een  th e  w e ig h t l o s s e s  i n  th e  tw o p e r io d s .  The 
mean d a i ly  l o s s  in  w e ig h t  d u rin g  th r e e  e x p e r im e n ts  was 
th u s  578 ±  53 g .  /  clay.

(c )  The d i g e s t i b i l i t y of  th e  d i e t  and th e  e x c r e t io n  
o f j f a e c e s  d u rin g  s t a r v a t io n .

The d i g e s t i b i l i t y  o f th e  dry m a tte r ,  f a t  and 
t o t a l  n itr o g e n  o f  th e  d i e t  was d eterm in ed  b e fo r e  and 
a f t e r  s t a r v a t io n .  The r e s u l t s  are  shown i n  T a b le  8 .

TAB LB 8
Mean c o e f f i c i e n t s  o f  ap p aren t d i g e s t i b i l i t y  o f  th e  
d i e t s  b e fo r e  and a f t e r  s t a r v a t io n .

O alf
N£

L e v e l o: 
f e e d in g

f  P e r io d A pparent d ig e s t ib i , l i t y  W)
T o t a l  dry 
m a tte r

t o t a l  f a t T o t a l  N

4 Normal Preliminary 9 5 .7 9 8 .8 8 9 .9
R ecovery 9 8 .3 9 7 .5 9 8 .2

4 Low Preliminary 9 6 .7 9 7 .1 9 5 .1
R ecovery 9 4 .8 9 3 .5 9 3 .2

5 Normal Preliminary 9 5 .3 9 5 .2 9 0 .4
R ecovery 9 2 .3 8 8 .7 8 7 .4

Mean o f  3 Preliminary 9 5 .9 9 5 .4 9 1 .8
ex p er im e n ts R ecovery 9 5 .1 9 3 .2 9 3 .0

T here was no s i g n i f i c a n t  change in  th e  ap p aren t  
d i g e s t i b i l i t y  o f  th e  d i e t  f o l lo w in g  th e  f i r s t  
e x p e r im e n ta l s t a r v a t io n  p e r io d . W ith c a l f  N24 on  

th e  norm al l e v e l  of f e e d in g  th e d i g e s t i b i l i t y  o f  th e



d i e t  in c r e a s e d ,  b a t th e  rem a in in g  r e s u l t s  showed a 
d e c l in e  in  d i g e s t i b i l i t y  a s s o c ia t e d  w ith  s l i g h t  
d ia r r h o e a  on re a lim e n t a t  io n .  A com p arison  o f
t h e s e  f ig u r e s  w ith  th e  d i g e s t i b i l i t y  o f w hole m ilk  by 
th e  c a l f  w i l l  be g iv e n  l a t e r  (Page 109) .

F a e c e s  c o n tin u e d  t o  be e x c r e te d  d a r in g  th e  
f a s t i n g  p e r io d s  and th e  amounts c o l l e c t e d  were  
s u r p r is in g ly  l a r g e .  The mean d a i ly  e x c r e t io n  o f  dry 
m a tter  i s  shown in  T ab le  9 .

TABLB 9 .

Mean d a i ly  e x c r e t io n  o f dry m a tter  in  th e  f a e c e s  
d a r in g  s t a r v a t io n  and d a r in g  f e e d i n g .

P e r io d O a lf  4 
norm al 
r a t io n

O a lf  4
red u ced
r a t io n

O a lf 5 
norm al 
r a t io n

Mean

W eight o f  dry m a tte r  in  f a e c e s  ( g .  /d a y )

P r e lim in a r y 2 2 .1 1 3 .3 2 5 .2 2 0 .2
S t a r v a t io n 8 .1 1 3 .7 1 0 .1 1 0 .7
R ecovery 8 .6 2 0 .9 4 1 .9 2 5 .8

The s t a r v a t io n  f a e c e s  te n d e d  t o  be f ir m e r  th a n  
norm al f a e c e s ,  b a t o th e r w ise  lo o k e d  th e  sam e. The 
mean c o m p o s it io n  o f  f a e c e s  d a r in g  f e e d in g  and f a s t i n g  

• i s  shown in  T ab le  1 0 .

TAB IB 1 0 .

Mean c o m p o s it io n  o f f a e c e s  d a r in g  s t a r v a t io n  and 
d u r in g  f e e d in g

N orm al 
f a e c e s

w

S t a r v a t : 
io n  faeces

0 0

Amount o f  dry m a tte r 1 8 .8 3 0 .7
C o m p o sitio n  o f  dry m a tte r :
T o ta l  l i p i d s 3 9 .6 3 9 .6
Soaps 2 5 .0 2 3 .1
N e u tr a l f a t ,  f r e e  f a t t y  a c id s  

and u n s a p o n if ia b le  r e s id u e 1 4 .6 1 6 .5
Ash 2 0 .4 1 9 .9
T o t a l  n i t r o g e n 5 .4 5 .1



TABLES 1 1 .

Mean e x c r e t io n  and i n g e s t i o n  o f N and N b a la n c e

C a lf
N i

L e v e l o! 
f e e d in g

P e r io d L ays N itr o g e n  ( g .  /  day)

In ta k e E x c r e t io n  i n B a la n ce
U rin e F a e c e s

P r e lim in a r y 12 1 6 .5 3 6 .4 6 1 .6 7 + 8 .4 0
S t a r v a t io n 4 N i l 9 .4 1 0 .4 9 - 9 .9 0

4 Norm al R ecovery 4 1 7 .2 0 9 .4 7 0 .4 3 4 7 .3 0
R ecovery 8 1 7 .7 6 7 .8 5 0 .2 5 + 9 .6 6

P r e lim in a r y 12 1 3 .3 5 7 .3 9 0 .6 5 4-5.31
S t a r v a t io n 4 N i l 1 0 .1 9 0 .6 0 -30.79

4 LOW R ecovery 4 1 2 .4 2 8 .8 8 0 .6 0 + 2 .9 4
R ecovery 8 1 3 .8 1 8 .3 1 0 .9 4 + 4 .5 6

P r e lim in a r y 14 1 7 .2 7 7 .3 3 1 .6 5 + 8 .2 9
S t a r v a t io n 4 N i l 7 .1 1 0 .4 9 - 7 .6 0

5 Norm al R ecovery 4 1 5 .5 7 1 0 .3 6 2 .6 2 + 2 .5 9
R eco v ery 8 1 7 .9 1 7 .8 3 2 .2 5 + 7 .8 3



The h ig h e r  p e r c e n ta g e  o f  d ry  m a tter  in  s ta r v in g  
f a e c e s  i s  shown in  t h i s  t a b le  and i t  w i l l  be n o ted  t h a t  
th e  c o m p o s it io n  o f  th e  f a e c a l  dry m a tte r  was comparable 
i n  b o th  p e r io d s .  T h is  s u g g e s t s  th r e e  p o s s i b i l i t i e s ;  
f i r s t l y ,  th a t  th e  s t a r v a t io n  f a e c e s  were i n  f a c t  
u n d ig e s te d  fo o d  r e s id u e s ,  or s e c o n d ly  t h a t  th e y  w ere  
e n t i r e l y  m e ta b o lic  p ro d u cts  s e c r e t e d  in t o  th e  gu t  
d u r in g  s t a r v a t io n .  I t  i s  more l i k e l y ,  h o w ev er , 
t h a t  th e  s t a r v a t io n  f a e c e s  c o n s is t e d  o f  b o th  fo o d  
r e s id u e s  and m e ta b o lic  p ro d u cts  b u t th e  m agnitude o f  
e a c h  ca n n o t be a s s e s s e d  from  th e  p r e s e n t  r e s u l t s .

( d)_ N itr o g e n _ b a la n c e s

T ab le  11 sum m arises th e  n it r o g e n  b a la n c e  
r e s u l t s .  The e x c r e t io n  o f n itr o g e n  in  th e  u r in e  o f  
c a l f  in c r e a s e d  d u rin g  b o th  p e r io d s  o f  s t a r v a t i o n .  
W ith c a l f  N25 th e r e  was no s p e c ta c u la r  change in  
u r in e r y  e x c r e t io n  o f  n i t r o g e n  d u r in g  f a s t i n g .  In  
t h i s  c a l f  h o w ev er , th e  f i r s t  few  days o f  re  a l im e n ta t io n  
were a s s o c ia t e d  w ith  s l i g h t  d ia r r h o e a  and u r in a r y  
n itr o g e n  r o s e  m a rk ed ly . T able 1 2 , b e s id e s  
sum m arisin g  th e r e s u l t s  w ith  c a l v e s ,  in c lu d e s  r e s u l t s  
o b ta in e d  w ith  o th e r  a n im a ls  f o r  co m p a riso n .

TABIE 1 2 .

The l o s s  o f body n itr o g e n  d u r in g  s t a r v a t io n  in  th e  
young c a l f  compared w ith  th a t  o b serv ed  i n  o th e r  an im als

A nim al l o s s  o f  n i t r o g e n  
(mg. /  k g . b o d v -  

w e ig h t  p er day)
R e fe r en c e

Young c a l f 259 P r e se n t  work
Sheep 152 M orris & Ray (1959)
Groat 162 M orris & Ray (1939)
P ig 60 Y o it  (1901)
Gow 90 H u tch in so n  & M orris  

(1936a)
M orris & Ray (1 9 3 9 )

S t e e r 69 C a rp en ter  (1 9 2 7 )

The t a b le  shows th a t  th e  f a s t i n g  n it r o g e n  

c a ta b o lis m  of th e young c a l f  i s  more th a n  tw ic e  a s



TABUS 13

Mean d a i ly  e x c r e t io n  o f  n itr o g e n o u s  m e t a b o l i t i e s  i n  th e  

u r in e .

C a lf  Ng4 
Norm al d i e t

C a lf  N24 
R educed d ie t

C a lf  N i5  
Norm al d i e t

P relim :
in a r y

S tarva:
t i o n

R eeov:
e r y

P relim :
in a r y

Starva:
t i o n

Rec ov : 
e r y

Prelim :
in a r y

S tar:
vation

Recov:
ery

N o, o f  
days a n a l:  
y s e s

8 4 10 6 4 10 10 4 8

C o n s t i t : 
u en t

U rea 4 .6 2 7 .3 4

Amount
/

6 .1 1

e x c r e t
la y )

4 .6 8

3d ( g . n i t  

7 .1 0

ro gen  

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

Ammonia 0 .3 9 3 0 .9 0 4 0 .8 9 3 1 .0 1 7 0 .5 8 2 1 .1 8 3 0 .6 6 2 0 .5 4 6 1.273
T o t a l  urea  

+ ammonia 5 .0 1 8 .2 5 7 .0 0 5 .6 9 7 .6 9 5 .9 2 5 .4 6 5 .5 5 4 .9 6 '

C r e a t in in e 0 .3 6 5 0 .3 7 9 0 .2 8 5 0 .2 3 2 0 .2 3 6 0 .2 2 9 0 .4 6 7 0 .3 7 9 0 .441
C r e a t in e 0 .1 2 4 0 .2 1 4 0 .0 9 8 0 .1 2 5 0 .1 9 7 0 .2 3 2 0 .1 0 8 0 .3 7 7 0.252

U r ic  a c id 0 .0 3 8 0 .0 5 7 0 .0 3 1 0 .0 2 6 0 .0 4 8 0 .0 2 9 0 .0 3 7 0 .0 4 8 0.042

P u rin e
b a se 0 .1 3 1 0 .1 4 8 0 .1 9 3 0 .2 1 6 0 .2 0 6 0 .2 5 2 0 .1 4 6 0 .1 3 8 0 .211

A l la n t  o in 0 .6 0 6 0 .5 2 0 0 .3 7 3 0 .4 7 6 0 .5 6 9 0 .5 8 3 0 .6 0 5 0 .5 0 7 0.645
T o ta l

p u r in e 0 .7 7 5 0 .7 2 5 0 .5 9 7 0 .7 1 8 0 .8 2 3 0 .8 6 4 0 .7 8 8 0 .6 9 3 0 .898

R e s id u a l 0 .7 2 9 0 .1 1 7 0 .2 3 3 1 .0 3 9 1 .2 2 7 2 .1 0 1 0 .4 8 3 0 .1 8 6 1.857
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in t e n s e  a s th e  f a s t i n g  c a ta b o lis m  o f  th e  cow a t  
m a tu r ity  and i s  much g r e a t e r  th a n  the f a s t i n g  
c a ta b o lis m  o f th e  sh e e p  and g o a t w h ich  are s m a ll  
ru m in an ts o f  a p p ro x im a te ly  th e  same body s i z e  a s  th e  
young c a l f .

The f i r s t  fo u r  days o f  r e a l im e n t a t io n  w h ich  
are  sh o r n  s e p a r a t e ly  in  T a b le  11 in d ic a t e  th a t  th e  
u r in a r y  n i t r o g e n  rem ain ed  h ig h  and n itr o g e n  r e t e n t io n s  
c o r r e s p o n d in g ly  low d u rin g  t h i s  p e r io d . P a r t  o f
t h i s  in  two c a s e s  was p ro b a b ly  due t o  th e  s l i g h t  
a lim e n ta r y  d is tu r b a n c e s  w hich  o c c u r r e d . In  th e
rem a in in g  in s t a n c e ,  c a l f  NS4 in  th e f i r s t  p e r io d  o f  
s t a r v a t i o n  no d ia r r h o e a  o ccu rred  and th u s  su ch  an  
e x p la n a t io n  d o es n o t e n t i r e l y  a cco u n t f o r  t h i s  lo w er e d  
n i t r o g e n  b a la n c e .  I t  w ould appear t h e r e f o r e ,  th a t  
e x c e s s iv e  d e a m in a tio n  o f  a m in o -a c id s  f o r  m e e tin g  

i  e n e r g y  demands ta k e s  p reced en ce  over rep la cem en t o f  
I l o s t  t i s s u e  n i tr o g e n  f o l lo w in g  a f a s t .  A l t e r n a t i v e l y ,  

f a s t i n g  may r e s u l t  in  p r e f e r e n t i a l  demands f o r  one 
p a r t ic u la r  a m in o -a c id  in  th e  su b seq u en t p e r io d  o f  

| r e a l im e n t a t io n .

(<|) T h e ^ d is t r ib u t io n  o f _ n it r o g e n  in  the u r in e

The a n a l y t i c a l  r e s u l t s  o b ta in e d  f o r  ea ch  c a l f  
i are  sum m arised in  T a b le  1 3 . A n a ly se s  w ere made a t  
! tw o -d a y  i n t e r v a l s ,  and d a i ly  th ro u g h o u t th e  
; s t a r v a t io n  p e r io d s .  F ig u r e s  2 ,  3 , 4 ,  5 , 6 and 7 
i  show th e  mean ch an ges in  more d e t a i l  and are  r e f e r r e d  

I t o  l a t e r .

T ab le  13 and F ig u r e  2 show th a t  u rea  e x c r e t io n  
I in c r e a s e d  d u rin g  s t a r v a t i o n .  T h is  was marked w ith  
I c a l f  h£4 on b o th  o c c a s io n s  b u t was n e g l i g i b l e  w ith  
I c a l f  N g5, a r e s u l t  in  agreem ent w ith  th e  n i t r o g e n  

b a la n c e  r e s u l t s  p r e v io u s ly  d is c u s s e d .  F ig u r e  2 
show s t h a t  u rea  e x c r e t io n  f e l l  s lo w ly  f o l lo w in g  th e  
f a s t ,  a g a in  i n  agreem ent w ith  th e  t o t a l  n itr o g e n  
m eta b o lism  r e s u l t s .  Ammonia e x c r e t io n  was n ot  
g r o s s ly  a f f e c t e d  by th e  f a s t .  T h is  d i f f e r s  from  th e  

e f f e c t  o f s t a r v a t io n  i n  man (C a th c a r t , 1907) w here an  

in c r e a s e  in  ammonia e x c r e t io n  m eets th e  marked a c id o s i s



TABLE 1 4 .

T o ta l  u r in a r y  S e x c r e t io n  by th e  c a lv e s  and th e  N /S  r a t i o s

P e r io d
T o t a l  e x c r e t io n  o f  S (m g ./d a y )

C a lf  4 
Norm al 

d i e t

C a lf  4 
Low C a lo r ie  

d i e t

C a lf  5 
Normal 

d i e t
Mean

P r e lim in a r y 323 415 526 554
S t a r v a t io n 611 607 405 540
R eco v ery 476 594 229 566
N /S  r a t i o  in

p r e lim in a r y  p er iod 2 2 .7 1 9 .0 2 2 .0 —
N /S  r a t i o  i n

s t a r v a t io n  p e r io d 1 6 .6 1 6 .7 1 7 .7 •

TABLE 1 5 .

The mean r e s u l t s  f o r  th e  p a r t i t i o n  o f  th e  nr in a r y  S

F r a c t io n
E x c r e t io n  i n
p r e lim in a r y
p e r io d

E x c r e t io n
d u r in g
s t a r v a t io n

I n c r e a se

Amount e x c r e te d  (m g ./d a y )

In o r g a n ic 2 1 0 .4 5 8 2 .2 + 1 7 1 .8
E th e r e a l 6 6 .5 6 5 .5 -  5 .0
N e u tr a l 9 5 .8 9 5 .1 + 1 .5
T o t a l 5 7 0 .5 5 4 0 .6 + 1 7 0 .1



w h ich  o c c u r s .  The r e s u l t s  are shown i n  F ig u r e  3 .

C r e a t in in e  e x c r e t io n  d e c l in e d  v e r y  s l i g h t l y  
th r o u g h o u t, th e r e  b e in g  a s l i g h t  f a l l  in  e x c r e t io n  i n  
th e  r e c o v e r y  p e r io d  o f  c a l f  N24 d u r in g  th e  f i r s t  p er io d  
o f  s t a r v a t i o n ,  a change w h ich  i s  o f  d o u b tfu l  
s i g n i f i c a n c e .  T h is  i s  in  agreem ent w ith  F o l i n fs
c o n t e n t io n  (1905) o f  a c o n s ta n t  endogenous m eta b o lism  
and a c o n s ta n c y  o f  c r e a t in in e  e l im in a t io n .  C r e a t in e  
e x c r e t io n  in c r e a s e d  when th e  c a lv e s  w ere s t a r v e d ,  
(F ig u r e  6 ) .  T h is  was tr u e  ev en  o f  c a l f  NS5 w h ich  
showed no pronounced change i n  t o t a l  n i t r o g e n  e x c r e t io n  
d u r in g f b s t in g .  The p u rin e  b a se s  showed no la r g e
ch an ges d u r in g  s t a r v a t i o n .  A l la n t o in  N e x c r e t io n  d id  
n o t  change but u r ic  a c id  N e x c r e t io n  in c r e a s e d  d u r in g  
s t a r v a t io n  in  b o th  a n im a ls . The amount o f  n i t r o g e n  
in v o lv e d  w a s , h ow ever , s m a l l .  The t o t a l  p u r in e  N 
e x c r e t io n  was n o t a f f e c t e d  by s t a r v a t i o n ,  th e  s m a ll  
v a r ia t io n  i n  u r in a r y  m e ta b o l it e  e x c r e t io n  b e in g  th e  
u s u a l day t o  day v a r ia t io n  met i n  su c h  s t u d i e s .  The 
p u r in e  N e x c r e t io n  i s  shown i n  F ig u r e s  5 , 6 and 7 .
T h is  n e g l i g i b l e  change in d ic a te d  t h a t  t h e r e  was l i t t l e  
l o s s  o f  n u c le a r  m a te r ia l  d u r in g  s t a r v a t io n .

The r e s id u a l  n i t r o g e n ,  w h ich  r e p r e s e n ts  
l a r g e l y  a m in o -n itr o g e n  w ith  s m a l l  amounts o f  n i t r o g e n  
p r e s e n t  a s  p r o t e in s  and o th e r  com pounds, was v a r ia b le .  
P a r t o f  th e  v a r i a t io n  was u n d ou b ted ly  due t o  a n a ly t i c a l  
e r r o r s ,  f o r  th e  e s t im a t io n  o f  t h i s  f r a c t i o n  in v o lv e s  
e ig h t  s e p a r a te  d e te r m in a t io n s  o f  n it r o g e n  or n i t r o g e n -  
c ont a in in g  com pounds.

( f )  The e x c r e t io n  o f  s u lp lu r  in  th e  a r in e  and t h e  

P ^ j i t i o n  o f  u r in ar y  s u lp h u r .

The mean r e s u l t s  o f  u r in a r y  su lp h u r  e x c r e t io n  
are  shown i n  T a b le  1 4 . I t  i s  c l e a r  th a t  an in c r e a s e  
in  t o t a l  su lp h u r  e x c r e t io n  o ccu rred  d u r in g  s t a r v a t io n ,  
s m a lle r  i n  c a l f  5 th a n  i n  c a l f  4 a r e s u l t  w h ich  i s  i n  
agreem en t w ith  th e  n i t r o g e n  m eta b o lism  r e s u l t s . The 
p a r t i t i o n  o f t l»  u r in a r y  su lp h u r  reco rd ed  i n  T a b le  15 
show s th a t  th e  m ajor p a r t  o f  th e  in c r e a s e  in  e x c r e t io n



o ccu rred  in  th e  in o r g a n ic  f r a c t i o n  and th a t  th e  n eu :  
t r a l  and e t h e r e a l  s u lp h a te  f r a c t i o n s  rem ain ed  c o n s ta n t .

The c o n s ta n c y  o f  e x c r e t io n  o f  th e  n e u t r a l  
su lp h u r  f r a c t i o n  i s  in  agreem ent w it h  th e  c o n te n t io n  
th a t  i t  i s  an  en dogenous f r a c t i o n ,  th ough  th e  
e x p e r im e n ts  o f  Amann (1 9 3 3 ) do n ot su p p o r t t h i s  
h y p o t h e s i s ,  s in c e  in  h i s  ex p e r im e n ts  i t  in c r e a s e d  
m arkedly  when v e r y  h ig ji p r o t e in  d i e t s  w ere g iv e n .  I t  
was n o t e x p e c te d  t h a t  the e x c r e t io n  o f e t h e r e a l  su lp h ate  
w ould  he c o n s t a n t , b eca u se  t h i s  f r a c t i o n  i s  known t o  
r e s u l t  from  p h e n o ls  form ed by p u t r e f a c t io n  o f  fo o d  in  
th e  g u t . Thus d u r in g  s t a r v a t io n  a d e c l in e  in  th e  
s u lp h a te  e s t e r  e x c r e t io n  w ould be e x p e c te d .  P o s s ib ly  
th e  c o n t in u in g  e x c r e t io n  o f  f a e c e s  d u r in g  f a s t i n g  
i n d i c a t e s  t h a t  th e r e  w ere s u f f i c i e n t  f e e d  r e s id u e s  
p r e s e n t  i n  th e  i n t e s t i n a l  t r a c t  t o  g iv e  r i s e  t o  
p h e n o ls  i n  c o m p a r a tiv e ly  la r g e  q u a n t i t i e s .

The r a t i o  o f  N /S  in  th e  u r in e  o f  man d u r in g  
s t a r v a t i o n  v a r ie s  b e t  w een 15 and 17 (L u sk , 1931;  
B e n e d ic t ,  1 9 15; C a th c a r t & G reen , 1 9 1 3 ) .  The N /S  
r a t i o  in  m u scle  i s  1 3 .4  (W ilso n , 1 9 2 5 ) .  In  th e  c a l f  
th e  N /S  r a t i o s  are com parable to  th o s e  fou nd  d u r in g  
s t a r v a t i o n  in  man, but were h ig h e r  th an  w ould be 
e x p e c te d  i f  m u scle  p r o t e in s  and t h e i r  c o n s t i t u e n t  S -  
c o n t a in in g  a m in o -a c id s  w ere th e  s c o u r c e  o f  b o th  th e  
n i t r o g e n  and th e  s u lp h u r . I t  i s  known t h a t  p a r t  o f  
th e  n i t r o g e n  e x c r e te d  i n  th e  u r in e  i s  an in e v i t a b l e  
l o s s  -  th e  E n d ogen ou s n itr o g e n *  e x c r e t io n  ( s e e  page 
41 ) .  I f  i t  i s  assum ed th a t  th e  n e u t r a l  su lp h u r  

f r a c t i o n  i s  a m easure o f  th e  m in im al su lp h u r  e x c r e t io n  
and th e  e x c r e t io n  o f  n it r o g e n  above th e  en d ogen ou s  
l e v e l  (p age 5 4 )  i s  ta k en  a s  r e p r e s e n t in g  c a ta b o lis m  
o f  body p r o t e in ,  th e n  th e r a t i o  o f  n on -en d ogen ou s  
n i t r o g e n  to  n on -en d o g en o u s su lp h u r  w ould be 1 3 .8 ,  a 
v a lu e  i n  f a i r  agreem en t w ith  W ilso n * s v a lu e  o f  1 3 .4  
f o r  the N /S  r a t i o  in  m u sc le .

I t  may be co n c lu d ed  th e r e fo r e  , th a t  th e r e  was 

an in c r e a s e  in  su lp h u r  e x c r e t io n  d u r in g  f a s t i n g  
f o l lo w in g  a m ilk  p r o t e in  d i e t ,  the in c r e a s e  b e in g



s /o r vo l/on

I



e n t i r e l y  in  th e  in o r g a n ic  f r a c t i o n .  T h is  w ould he
e x p e c te d  i f  la r g e  q u a n t i t i e s  o f  body p r o t e in  were 
b e in g  c a t a b o l i s e d .

( g) A ceton e e x c r e t i on

The d a i ly  e x c r e t io n  o f  a c e to n e  i s  shown in  
F ig u r e  8 and th e  mean r e s u l t s  are sum m arised in  T ab le  
16 •

TAEhTS 16
D a ily  e x c r e t io n  o f  k e to n e  b o d ie s

P e r io d
C a lf  4 
Normal 
d i e t

C a lf  4
Reduced
d i e t

C a lf  5 
Normal 
d i e t

Mean

Amount o f  k eto n e  b o d ie s  e x c r e te d  
(mg. a c e to n e  /  day)

P r e lim in a r y  
S t a r v a t io n  
R ecovery

6 0 .7  
4 9 .4
9 5 .7

5 8 .5
5 4 .3

1 3 4 .2

6 8 .7
8 9 .2

1 2 0 .3

6 2 .6
6 4 .3

1 1 6 .7

I t  i s  c l e a r  th a t  no k e t o s i s  o ccu rred  on 
s t a r v a t io n  o f  th e  young c a l f .  T h is  a g r e e s  w ith  th e  
r e s u l t s  o b ta in e d  in  th e  mature rum inant by S jo lle m a  
& van  d er  Zande (1 9 2 5 ) ,  C arp en ter  (1927) and 
H u tc h iso n  & M orris (1 9 3 6 b ) , none o f  whom o b se rv ed  any 
k e t o s i s  in  c a t t l e  on s t a r v a t io n .  T h is  r e s u l t  in  th e  
young c a l f  w h ich , t o  a l l  in t e n t s  js a non-rum inant, i s  
i n t e r e s t i n g  s in c e  in  man many grams o f  k e to n e  b o d ie s  
are e x c r e te d  d u r in g  f a s t i n g .  The p o o r ly  n o u r ish e d  
i n d iv id u a l ,  h ow ever, e x c r e te s  a s m a lle r  q u a n t ity  o f  
k e to n e s  (D eu e l & G u lic k , 1932) s u g g e s t in g  th a t  in  th e  
c a l f ,  an a n im a l p o s s e s s in g  o n ly  sm a ll f a t  r e s e r v e s ,  
k e t o s i s  w ould  n o t be a symptom o f  s t a r v a t io n .  On 
th e  o th e r  hand in f a n t s  and c h i ld r e n  e v id e n t ly  d e v e lo p  
k e t o s i s  so o n e r  d u r in g  s t a r v a t io n  th a n  th e  a d u lt  (Gamble, 
R oss & T i s d a l l ,  1 9 2 3 )•  F ig u re  8 shows t h a t  an  
in c r e a s e  in  u r in a r y  a c e to n e  e x c r e t io n  o ccu rred  d u r in g  
r e a l im e n t a t io n .  T h is  s u g g e s t s  t h a t  th e r e  i s  a s l i g h t  
d is tu r b a n c e  o f  ca rb o h y d ra te  m eta b o lism  a t t h i s  t im e .
I t  may be t h a t  th e  la r g e  demand f o r  e n erg y  t o  r e p le n is h  
th e  d e p le te d  g ly c o g e n  r e s  e r v e s  o f  th e  an im al r e s u l t s  

in  an in c r e a s e  in  f a t t y  a c id  o x id a t io n  f o l lo w in g



f a s t i n g .

fel-2-i£5EjL.§i£® r« i  excre tio n

C alciu m , magnesium, sodium , p o ta ss iu m , c h lo r id e  
and phosphorus were d eterm in ed  on tw o-d ay  sa m p les  o f  
u r in e  c o l l e c t e d  d u r in g  th e  th r e e  p e r io d s  o f  ea ch  
e x p e r im e n t and th e  r e s u l t s  a re  shown in  f a b le  1 7 .

TABUS 17

The d a i ly  e x c r e t io n  o f  m in era l e le m e n ts  by th e  c a lv e s

O a lf  N2 P e r io d
Th«

S3
i amount o f  e lem en t  
c c r e te d  (m g ./d a y )

01 P Na K Mg Oa

4
(Norm al d ie t )

P r e lim in a r y

S t a r v a t io n

R ecovery

2467

664

2884

227

312

399

914

661

1398

2678

1493
2780

62

34
30

149

75
106

4
(R educed

d i e t )

P r e lim in a r y

S t a r v a t io n

R eco v ery

2003

274

2614

245

143

345

529
330

876

2027

1569

3291

13
30

18

135

33

87

5
(N orm al d ie t )

P r e lim in a r y

S t a r v a t io n
R ecovery

3057

140

2379

182

184
28

338

313

3145

1315
1496

45

8
18

94

22

71

ilean l o s s /  
day

d u r in g
S t a r v a t io n 326 213 495 1456

_______I
24 43

B a la n c e s  were n o t  d eterm in ed  and i t  m ust be 
remembered th a t  th e  sa m p lin g  e r r o r s  in v o lv e d  in  
o b ta in in g  th e s e  r e s u l t s  may be h ig h  s in c e  th e  tw o -  
d a i ly  v a r ia t io n  in  th e  e x c r e t io n  o f  n i t r o g e n  was as  

h ig h  a s ±  i 5 $  f o r  c a l f  N24 when r e c e iv in g  3 .8 1 .  o f  d i e t  

p er d a y .

I t  i s  c l e a r  th a t  th e r e  was a r e d u c t io n  i n  th e  
e x c r e t io n  o f c h lo r id e ,  p o ta ss iu m , sodium  and c a lc iu m  
d u r in g  s t a r v a t io n  and no c o n s i s t e n t  change i n  th e  

e x c r e t io n  o f  th e  o th e r  e le m e n ts .  The mean dally l o s s  
d u rin g  s t a r v a t io n  may be u sed  to  in d ic a te  th e  e x t e n t



o f  th e  c a ta b o lis m  w h ich  o c c u r r e d . I f  o n ly  m u sele  
s u b s ta n c e  were brok en  down and i f  th e  p o ta ss iu m  l o s s  
i s  assum ed t o  have come e n t i r e l y  from  m u sc le , th e  
ap p rox im ate e x c r e t io n  o f  o th e r  e le m e n ts  w h ich  c o u ld  
have come from  m uscle su b s ta n c e  may be e s t im a te d .  Due 
t o  th e f a i r l y  la r g e  sa m p lin g  e r r o r  t h i s  can  be o n ly  an  
a p p r o x im a tio n . The a n a ly t i c a l  f ig u r e s  f o r  m u sele  
are  th o s e  d e term in ed  on norm al c a l f  m u scle  ( B le x t e r  & 
W ood,1951) and th e  f i n a l  r e s u l t s  o f  th e  c a l c u l a t i o n  
are  shown in  T a b le  1 8 .

TAELS 18

An a p p ro x im a tio n  to  th e  amounts o f  body p r o t e in  
c a t a b o l i s e d  baaed on th e  a n a ly s i s  o f  m uscle t i s s u e .

E lem en t m g .p r e se n t  in  
m u scle  when 
1456 mg. o f  K 
a re  p r e s e n t

mg. o f  e l e :  
ment e x c r e te d  
in  u r in e

C o n c lu s io n

K 1456 1456

Na

0 1

224

181

495 ) 

326 ]
Loss o f  e x t r a 
c e l l u l a r  f l u i d

Oa

P

21

752

43 )

213 ))
)

24 )

L i t t l e  l o s s  o f  
m in e r a ls  from  
b o n e .

Mg 69 d e te n t io n  of 
e s s e n t i a l  
enzyme sy stem s  
o f  th e  c e l l .

I t  w ould appear from  t h i s  t a b le  th a t  th e r e  was 
l i t t l e  l o s s  o f  bone m in e r a ls  d u r in g  s t a r v a t io n .  T h is  
i s  n o t  i n  agreem ent w ith  some o f  th e  data, o b ta in e d  f o r  
man (P e t e r s  & van  S ly k e ,  1 9 5 1 ) ,  b u t ,  a s  h a s  b een  
p o in te d  o u t ,  p a r t  o f  th e  bone l o s s  in  th e  human may be 
due t o  accom panying a c i d o s i s .  Hawk, O ser & Summerson 
(1 9 4 7 ) ,  h o w ev er , s t a t e  th a t  lo n g  p e r io d s  o f  s t a r v a t io n  
in  th e  dog (up t o  104 d ays) do n ot cau se  any marked 
l o s s  o f  m in e r a ls  from  th e  b o n e .

The la r g e r  q u a n tity  o f sodium  and c h lo r id e  

p r e s e n t  s u g g e s t s  a l o s s  o f  e x t r a - c e l l u l a r  f l u i d  d u r in g



TABLE 19

R e g r e s s io n  e q u a t io n s  r e l a t i n g  f u n c t io n s  m easured d a r in g  f a s t i n g  
r e s p ir a t o r y  exch an ge d e te r m in a t io n s  t o  tim e f o l lo w in g  th e  
c e s s a t i o n  o f  f e e d in g  w ith  c o e f f i c i e n t s  o f  v a r i a t io n  e s t im a te d  
by a n a l y s i s  o f  v a r ia n c e  o f  th e  r e g r e s s i o n .

P a n e t io n
D

E q u a tio n  
= days o f  f a s t

io d e c l in e  
/  day

e 2 z C .V .

GOo p r o d u c t io n  
( l i t r e s / h r )

X = 1 0 .1 1 7 -  0 .6 0 0 D 5 .9 3 7 3 6 .4 1 .4

Op con su m p tion  
( l i t r e s / h r )

X — 1 2 .9 9 7 -  0 .7 5 5 D 5 .8 1 2 3 3 .2 2 .0

R e s p ir a to r y
q u o t ie n t X = 0 .7 8 4 -  0 .0 0 6 D 7 .9 6 3 .7 1 .8

H eat p r o d u c t io n  
( 3 £ g .c a l . /h r ) X = 6 1 .6 7 -  3 .7 6 D 6 .1 0 5 0 2 .4 1 .4

P u ls e  r a t e /m in . X st 7 9 .7 -  6 .3 8 D 8 .0 0 4 9 8 .3 2 .0

R e s p ir a to r y
r a t e /m in . X = 1 6 .6 -  1 .1 5 D 6 .9 3 7 .0 1 3 .9

M inute volum e
o f

r e s p ir a t i o n
( 1 . )

X St 4 .4 0 -  0 .0 3 2 D 7 .3 6 1 7 .8 1 3 .8

Body w e ig h t  
(k g .) X = 3 5 .8 8 -  0 .6 5 5 V 1 .8 3 1 4 .9 1 .6



s t a r v a t i o n .  The s m a lle r  q u a n t i t i e s  o f  magnesium, and 
phosphorus p r e s e n t  on s t a r v a t io n  s u g g e s t  t h a t  th e r e  
was no e x t e n s iv e  l o s s  o f  n u c le o - p r o t e in  m a te r ia l  and 
t h a t  th e  enzyme sy stem s  in  th e  c e l l  w ere r e t a in e d .
T h is  i s  in  agreem ent w ith  th e r e s u l t s  p r e v io u s ly  
r e p o r te d  on th e  ab sen ce  o f  an in c r e a s e  in  p u rin e  
m eta b o lism  d u rin g  th e  f a s t .

( i )  Ene r gy  m eta b o lism  _and r e s p ir a t o r y  e x c h ange .

( i )  A ccu racy  o f  th e  d e te r m in a t io n s

In  t h a t  th e  in t e r p r e t a t io n  o f th e  r e s u l t s  o f  
th e  r e s p ir a t o r y  exchange d e te r m in a t io n s  depends  
l a r g e l y  on th e  a ccu ra cy  w ith  w h ich  th e  d e te r m in a t io n s  
w ere made, i t  i s  e s s e n t i a l  t o  have in fo r m a t io n  on th e  
v a r i a t io n  a s s o c ia t e d  w ith  e a ch  d e te r m in a t io n . The 
method a d o p ted  fo r  d e te r m in a t io n  o f r e s p ir a to r y  
exch an ge was v er y  s e n s i t i v e .  S l i g h t  head  movements 
o f  th e  c a l f  in  a d u p l ic a te  run in v a r ia b ly  co u ld  be 
d e t e c te d  i n  a h ig h e r  oxygen  con sum p tion  and carbon  
d io x id e  p r o d u c t io n . The a ccu ra cy  o f  th e  method was 
d eterm in ed  by a n a ly s i s  o f  v a r ia n c e  te c h n iq u e  
com puting th e  c o e f f i c i e n t  o f  v a r ia t io n  from  th e  mean 
and th e  s ta n d a r d  d e v ia t io n  o f  th e  r e s id u a l s  from  a 
f i t t e d  l i n e a r  r e g r e s s io n .  The r e s u l t s  o f  c a l f  N£4 
w h ich  were q u ite  t y p i c a l  are shown in  T a b le  1 9 . From 
th e s e  d e t a i l e d  r e s u l t s  i t  i s  c l e a r  t h a t  th e  e r r o r s  
in v o lv e d  i n  th e  d e te r m in a t io n s  are v ery  s m a l l .  F or  
oxygen  co n su m p tio n , h e a t  p r o d u c tio n  and carb on  d io x id e  
p r o d u c t io n  th e  e r r o r s  e x p r e s se d  as a p e r c e n ta g e  o f th e  
mean are  a l l  l e s s  th a n  2fo. The r e s p ir a t o r y  r a te  and 
v e n t i l a t i o n  r a te  p er m inute were s l i g h t l y  more v a r ia b le  
b u t e v e n  so  th e y  were w e l l  w it h in  th e  ran ge o f  v a r ia :  
b i l i t y  one m ight e x p e c t  o f  a f u n c t io n  under p a r t i a l  

v o lu n ta r y  c o n t r o l .

( i i )  The co u rse  o f  h e a t  p r o d u c tio n  d u r in g  f a s t i n g  
w it h  r e f e r e n c e  t o  th e co n sta n cy  o f  th e  b a s a l  

m e ta b o lism  o f  th e  c a l f .

From T a b le  19 i t  i s  c le a r  th a t  th e  l i n e a r  

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

s t a r v a t io n  was v e r y  h ig h ly  s i g n i f i c a n t  in  ea c h



T&BLS 2 0 .

R e g r e s s io n  e q u a t io n s  sh ow in g  th e  f a l l  i n  h e a t  p rod u ct io n  o f  th e  cal; 
w ith  c o n tin u e d  s t a r v a t io n ,  i t s  f a l l  i n  Op con su m p tion  and i t s  
d e c l in e  i n  body w e ig h t .

C a lf  N i 
and d i e t

F u n c t io n R e g r e s s io n  e q u a t io n  
w here B = d ays

io d e c l in e  in  
f u n c t io n  p er  
day

Oxygen
con sum p tion
( l . / h r )

x  = 1 3 .0 0  -  0 .6 0 0  D 5 .8 1

4
Norm al

H eat 
p r o d u c t io n  
( k g .c a l . / h r )

x  = 6 1 .6 7  -  5 .7 6  B 6 .1 0

Body w e ig h t  
( k g .) x  = 5 5 .8 8  -  0 .6 5 5  B 1 .8 3

Oxygen
con su m p tion
( l . / h r )

x  = 1 3 .2 8  -  0 .4 5 4  B 5 .4 2

4
Reduced

H eat 
p r o d u c t io n  
( k g . c a l . / h r )

x  8  5 5 .6 7  -  5 .5 2  D 6 .1 9

Body w e ig h t  
(k g .) x  = 3 8 .8 3  -  0 .5 2 5  B 1 .5 5

Oxygen
con sum p tion
( l . / h r )

x  = 1 4 .8 6  -  0 .6 8  B 4 .5 8

5
Normal

H eat 
p r o d u c t io n  
( k g .c a l . / h r )

x  «  6 4 .5 8  -  4 .5 6  B 6 .7 6

BodJ w e ig h t  
( k g .) x  = 3 8 .8 9  -  0 .3 1 5  B 0 .8 1



fat/ in heaf p ro d u c tio n  o f  the, co/ves w/th 

continued starvation



p a r t ic u la r  c a se  and th a t  th e  r e s id u a l  v a r ia n c e  was 
v e r y  s m a l l .  In  each  c a l f  h e a t  p r o d u c t io n  f o l lo w in g  
s t a r v a t io n  d e c l in e d  s lo w ly  over th e  w hole fo u r  days  
o f  o b s e r v a t io n .  The same was tr u e  o f each  f u n c t io n  
s t u d ie d ,  -  p u lse  r a t e ,  r e s p ir a t o r y  r a te  and m inute  
vo lo m e . The d a ta  r e l a t i n g  t o  each a n im a l i s  shown 
in  T a b le  20 and g r a p h ic a l ly  in  F ig u re  9 . T hese  
show t h a t  th e r e  was no i n d ic a t io n  a t  any tim e t h a t  a 
c o n s ta n t  l e v e l  o f  m eta b o lism  had b een  re a c h e d , and th e  
r e g r e s s io n  e q u a t io n s  w ere not in  any r e s p e c t  n o n - l in e a r ,  
a s can  in  f a c t  be in fe r r e d  from  th e  e r r o r s  shown in  
T a b le  1 9 .  In  e v e r y  ca se  th e  f a l l  in  oxygen  
co n su m p tio n , h e a t  p r o d u c t io n  and body w e ig h t  w it h  
c o n t in u e d  f a s t i n g  w ere a l l  h ig h ly  s i g n i f i c a n t ,  P b e in g  
a lw a y s  s m a lle r  th a n  0 .0 1  and som etim es s m a lle r  th an  
0 .0 0 1 .

I t  w i l l  be se e n  th a t  th e  d e c l in e  o f  h e a t  
p r o d u c t io n  was much g r e a te r  th a n  th e  d e c l in e  i n  b o d y -  
w e ig h t ,  w h ich  means t h a t  h e a t  p r o d u c tio n  /  k g . b od y-  
w e ig h t  a l s o  d e c l in e d  m arkedly d u r in g  s t a r v a t io n .

I t  i s  c l e a r  th a t  t h i s  f a l l  in  h e a t  p r o d u c t io n  
o f  c a lv e s  i s  n ot o n ly  h ig h ly  s i g n i f i c a n t  i n  th e  s i n g l e  
in d iv id u a l  b u t ,  w here th e s e  two c a lv e s  are c o n cern ed , 
i s  r e p r o d u c ib le  b etw een  a n im a ls . T h ese r e s u l t s  do 
n o t  a g ree  w ith  th o s e  o b ta in e d  on man and m ature 
a n im a ls . In  th e  f i r s t  p la c e ,  w h i l s t  th e r e  i s  a  f a l l  
in  t o t a l  h e a t  p r o d u c t io n  o f  man in  lo n g  c o n t in u e d  
f a s t i n g ,  f a s t i n g  o v er  a p e r io d  o f  a w eek d o es  n o t  
r e s u l t  in  a la r g e  f a l l  in  m eta b o lism  p er  k g . o f  b o d y -  

w e ig h t ,  (L u sk , 1931; B e n e d ic t ,  19 0 7 , 1 9 1 5 .)  In  th e  
cow m eta b o lism  /  k g . b od yw eigh t f a l l s  d u r in g  th e  f i r s t  
day o f  s t a r v a t io n ,  l a r g e l y  due t o  th e  lo n g  p e r io d  
n eed ed  t o  rea eh  a p o s t - a b s o r p t iv e  s t a t e .  The 
m eta b o lism  o f  th e  an im al does n o t ap pear t o  d e c l in e  
m arkedly once t h i s  l e v e l  h a s  b een  a t t a in e d  (B e n e d ic t  
& R itzm an , 1 9 2 ? ) .  In  sh eep  th e  o b s e r v a t io n s  o f  
B la x t e r  (1 9 4 8 ) and M arston  (1 9 4 8 ) in d ic a t e  t h a t  a 
p la te a u  in  m eta b o lism  o c c u r s . In  p ro lo n g ed  s t a r v a t io n  
o f  th e  r a t ,  h ow ever , f a s t i n g  r ed u ces  h e a t  p r o d u c t io n



3 5 .
w h eth er  e x p r e s s e d  p er k g . o f b od yw eigh t o r  p er  s q .  m. 
o f  body s u r fa c e  (B e n e d ic t  and F ox , 1 9 5 4 ) .

D ata  r e l a t i n g  t o  t h i s  d e c l in e  in  h e a t  
p r o d u c t io n  in  o th e r  s p e c ie s  are g iv e n  in  f a b le  2 1 .

TABIE 21

R e g r e s s io n  o f  h e a t  p r o d u c t io n  ( G a l . /k g .  b od y w eig h t) on 
l e n g t h  o f f a s t  i n  d a y s; a com p arison  o f  th e  c a l f  w ith  
man and th e  s t e e r .

S p e c ie s R e fe re n c e R e g r e s s io n  
e q u a t io n

jen g th  o f  
jb serv & t: 
Lon (days)

S t a t i s t i c a l  
s i g n i f i :  
can ce

O a lf P r e s e n t
r e s u l t s C a l .= 3 7 .0 5 - 1 .98D 4 Y ery h ig h ly  

s i g n i f i c a n t
Man B e n e d ic t

(1 9 0 7 ) G a l. * = 3 2 .2 8 -0 .66D 5 U .S .

Man 00

3
d

t-3

C a l .  s=3 0 .9 7 - 0 .3  9D 6 U .S .

S t e e r
C
D
E

B e n e d ic t  
& R it z :  
man 
(1 9 2 7 )

C a l .= 1 6 .6 2 - 0 .47D 
C a l .= 1 7 .1 2 - 0 .58D 
C a l .= 2 2 .4  -0 .0 4 D

6
6
4

N .S .
U .S .
N .S .

D: d ays o f  s t a r v a t io n .  N .S .s  n o t s i g n i f i c a n t .

S t a t i s t i c a l  a n a ly s e s  were made o f  th e  p u b lis h e d  
■ r e s u l t s  u s in g  th e  same m ethods as were u sed  in  d e a l in g  
I w ith  th e  c a l f  r e s u l t s .

I t  w i l l  a l s o  be n o ted  from  T able 20 and F ig u r e  
9 t h a t  th e  r a te  o f  d e c l in e  o f  h e a t  p r o d u c t io n  was th e  

; same w h eth er  or  n o t  c a l f  N24 had r e c e iv e d  an ad eq u ate  
; or  a red u ced  amount o f  d i e t  and t h a t  the r a t e  o f  f a l l  

i n  h e a t  p r o d u c t io n  o f  c a l f  N25 was s im i l a r .

T h u s, h e a t  p r o d u c t io n  o f th e  c a l f  f o l lo w in g  
f a s t i n g  i s  n o t a f f e c t e d  t o  any a p p r e c ia b le  e x te n t  by 
th e  p r io r  n u t r i t i o n a l  l e v e l .  M arston  (1 9 4 8 ) h as  
show n t h a t  th e  h e a t  p r o d u c tio n  o f sh eep  g iv e n  a  h ig h  
p la n e  o f  n u t r i t i o n  f e l l  to  a c o n s ta n t  b a s a l  l e v e l  more 

s lo w ly  (o v e r  a p e r io d  o f  7 d ays) th a n  th e  h e a t  
p r o d u c t io n  o f  a n im a ls  f e d  a su b -m a in ten a n ce  d i e t  w h ich



r e a c h e d  c o n s ta n c y  a f t e r  o n ly  2 days o f  f a s t i n g .
M arston  h a s  a t t r ib u t e d  t h i s  d i f f e r e n c e  in  th e  shape o f  
th e  cu rve  o f  f a s t i n g  h e a t  p r o d u c tio n  to  th e  f a i l u r e  o f  
th e  a n im a ls  g iv e n  the h ig h e r  p la n e  o f  en erg y  t o  reach  

1 a p o s t - a b s o r p t iv e  s t a t e  .

The r e a so n  f o r  t h i s  d e c l in e  in  h e a t  p r o d u c tio n  
; in  p ro lo n g ed  f a s t i n g  in  th e  c a l f  i s  n ot c e r t a i n .  I t  
| m ight be su p p osed  t h a t  a p o s t - a b s o r p t iv e  s t a t e  had n o t  
I b een  rea ch ed  in  th e  c a l f  s ta r v e d  f o r  f o u r  d a y s . T h is  
! i s  n ot su p p o r ted  by th e  r e s u l t s  fo r  th e  f o l lo w in g  
i r e a so n si
I 1 .  The r e s p ir a t o r y  q u o t ie n t  d id  n o t show any marked 

d e c l in e  d u r in g  th e  f a s t .  T his was a l s o  t r u e  
i  o f  the n o n -p r o te in  R .Q .
i

j 2 . The peak o f  c r e a t in e  e x c r e t io n  in  th e  u r in e  
j o ccu rred  e a r ly  in  th e e x p e r im e n ta l p e r io d ,
! i n d ic a t in g  th a t  th e an im al was very  c lo s e  t o  a
| p o s t - a b s o r p t iv e  s t a t e  even  on the f i r s t  day o f
| s t a r v a t io n .
| 3 .  T here was no s i g n i f i c a n t  d i f f e r e n c e  in  th e  r a t e  of
j
| d e c l in e  in  m eta b o lism  f o l lo w in g  d i f f e r e n t  l e v e l s
! o f  fo o d  in t a k e ,  as has b een  shown t o  o ccu r  ini *
| th e  sh e e p .i
j  4 .  The e x p e r im e n ta l p o in ts  show ing a f a l l  in  h e a t  
| p r o d u c t io n  d id  n o t d e v ia te  from  a l i n e a r
| r e g r e s s io n .  I f  th e  d e c l in e  in  m eta b o lism  was
I due to  the m etab o lism  o f fo o d  r e s id u e s  an asymptote
| w ould be e x p e c te d .!\
l The d e c l in e  in  h e a t  p r o d u c tio n  was th u s  n o t
| due t o  f a i l u r e  t o  reach  th e p o s t - a b s o r p t iv e  s t a t e ,  
j T h is  i s  r e a s o n a b le  in  s o  f a r  th a t  the r a t  r e a c h e s  a 
| b a s a l  l e v e l  o f  m etab o lism  a t  a p p ro x im a te ly  14 h r .
| (W esson, 1 9 3 0 -3 1 ) and man a t  about 12 h r . .  I t  i s  
I o n ly  h erb  Iv o r  a t h a t  ta k e  72 h ou rs or more to  rea ch  th e  
I p o s t - a b s o r p t iv e  s t a t e .

A p o s s ib le  e x p la n a t io n  i s  th a t  th e r e  i s  a 
marked r e d u c t io n  in  m uscu lar to n u s and in  th e  s m a ll  
in v o lu n ta r y  s k in  and m uscle movements d u r in g  f a s t i n g  

in  th e c a l f .



4 . D is c u s s io n
( a) Th e _ ma t e r i a l s  c a t a b o l i s e d  j lu r i n g  f a s t in g _ in _ t h e  

c a l f  a n d _ th e _ l os s  in  '^odyjNelgh't.

From th e  r e s p ir a t o r y  q u o t ie n t  o f  an an im al 
(R .Q . = v o l .  COg produced  f  v o l .  C>2 consumed) i t  i s  
p o s s ib l e  t o  c a lc u la t e  th e  p r o p o r t io n  o f  ca rb o h y d ra te  
t o  f a t  c a t a b o l i s e d  in  th e b od y, s in c e  th e  R.Q . o f  
g lu c o s e  i s  1 .0  and th a t  o f  f a t  0 .7 0 7 .  I f  o n ly  
m ix tu r e s  o f  f a t  and ca rb o h y d ra te  were c a t a b o l i s e d  th e  
R.Q* w ould t h e r e f o r e  l i e  somewhere b etw een  t h e s e  two 
v a l u e s .  P r o te in  i s  a l s o  c a t a b o l i s e d ,  h ow ever, 
e s p e c i a l l y  when f a t  r e s e r v e s  are lo w , as in  th e  c a se  
o f  th e  c a l f  and a c o r r e c t io n  must be made. From
th e  e x c r e t io n  o f  n itr o g e n  in  the u r in e , th e  carb on  
d io x id e  d e r iv e d  from  p r o t e in  c a ta b o lis m  i s  o b ta in e d  
( g .  u r in a r y  N x  9 .3 5 ) ,  as i s  th e  oxygen  r e q u ir e d  t o  
o x id i s e  t h i s  p r o t e in  ( g .  u r in a ry  N x  8 .4 9 )  . By 
d i f f e r e n c e  from  th e  t o t a l  ga s  ex ch a n g e , the oxygen  
con su m p tion  and th e  carbon  d io x id e  p r o d u c t io n  are  
o b ta in e d ,w h ic h  may be used  t o  c a lc u la t e  th e  t r u e  non
p r o t e in  R.Q . U s in g  th e  f a c t o r s  g iv e n  by Zuntz & 
Schumburg a s m o d if ie d  by lu s k  (1 931) th e  p r o p o r t io n  
o f  f a t  t o  ca rb o h y d ra te  o x id is e d  in  th e  body may be 
o b ta in e d , t o g e th e r  w ith  th e  h e a t  p r o d u c tio n  o f  th e  
a n im a l. T h is  method o f  com p u ta tio n  h a s r e c e n t ly  
b een  c r i t i c i s e d  (S o sk in  & I r v in e ,  1946) s in c e  r e a c t io n s  
o th e r  th a n  s im p le  t o t a l  o x id a t io n  o f f a t  and 
c a rb o h y d ra te  are a lw ays o c c u r r in g . As p o in te d  out 
by Dewar & Newton (1 9 4 8 -9 )  over lo n g  p e r io d s  o f tim e  
t h i s  c r i t i c i s m  i s  n o t  v a lid , f o r  th e  in te r m e d ia te  s id e  
r e a c t io n s  r e s u l t i n g  in  abnorm al r e s p ir a t o r y  q u o t ie n t  
w i l l  be c a n c e l le d  o u t .  In  th e  p r e s e n t  e x p er im e n ts  
th e  e x p e r im e n ta l p e r io d s  were o n ly  45 m in u tes  i n  t o t a l  
d u r a t io n  ( in c lu d in g  p r e lim in a r y  p e r io d s )  and abnorm al 
R .Q .s  m ight t h e r e fo r e  be e x p e c te d . In  th e  f i r s t  
ex p er im en t w ith  c a l f  N24 th e  n o n -p r o te in  R .Q . rem ain ed  
h ig h  th r o u g h o u t, in d ic a t in g  t h a t  in  th e  e a r ly  s t a g e s  
o f  th e  f a s t  1 0 -1 2 ^  o f  th e  h e a t p r o d u c tio n  was a r i s in g  
from  co m p le te  o x id a t io n  of c a r b o h y d r a te • I n  th e  
rem a in in g  e x p e r im e n ts  R .Q .s  were q u ite  n orm al, v a ry in g



w it h in  s m a ll  l i m i t s .  On o c c a s io n s ,  v a lu e s  below  
0 ,7 0 7  w ere o b ta in e d , h ow ever, in d ic a t in g  e i t h e r  th a t  
c o m p le te  c o l l e c t i o n  o f  th e  CO2 produced waa n o t  
o b ta in e d  ow ing to  u n d e r v e n t i la t io n ,  o r  th a t  m om en tarily  
th e  d e te r m in a t io n  had c o in c id e d  w ith  a phase o f  
in te r m e d ia r y  m eta b o lism  r e s u l t i n g  in  a low  ap p aren t  

1 R .Q . The v a r ia t io n  from  th e  g e n e r a l  tr e n d  o f th e
I R .Q . w ith  t im e , h ow ever, was w it h in  th e  l i m i t s  o f  -
j 0 .0 5 .

I t  w ould ap p ear, t h e r e f o r e ,  t h a t  th e  p r e se n t  
j r e s u l t s  may be used  t o  compute th e  f a t  and ca rb o h y d ra te  
j o x id i s e d ,  and f o r  r e a so n s  g iv e n  ab o v e , th e  r e s u l t s  o f  
| c a l f  N£4 p e r io d  1 have b een  e x c lu d e d  as f a r  a s a  
| p a r t i t i o n  o f  th e  n o n -p r o te in  h e a t  p r o d u c t io n  i s  
| c o n c e r n e d . f a b le  22 sum m arises th e  r e s u l t s  o f  th e  

c a l c u l a t i o n  o f  th e  m a te r ia ls  c a t a b o l i s e d .

| TARIB 22
I An e s t im a te  o f  th e  m a te r ia ls  l o s t  per day from  th e
| body o f  the c a l f  d u r in g  s t a r v a t i o n ;
l
| C a lf  4 /p e r io d  2 and C a lf  5 /p e r io d  1 .

C o n s t itu e n t  o f  body Dai^.g J.oss

Body w e ig h t 525
Body f a t 99
Body p r o t e in 54
Body ca rb o h y d ra te 15
E x t r a - c e l l u la r  w a ter 39
I n t r a - c e l l u l a r  w a te r 326
T o ta l  w e ig h t l o s s  a cco u n ted  

f o r 531

The e x t r a - c e l l u l a r  and th e  i n t r a - c e l l u l a r  
j w a te r  l o s s e s  are  b a sed  on th e m o la l q u a n t i t i e s  o f  
I sodium  and p o ta ss iu m  e x c r e te d  in  th e  u r in e  d u rin g  

f a s t i n g  u s in g  th e  e q u a t io n s  o f  Gamble, R oss & T i s d a l l  
(1 9 2 3 ) . The ta b le  shows th a t  by f a r  th e  g r e a t e s t  
l o s s  t o  th e  body i s  w a ter  and th a t  m ost o f  t h i s  i s  
w a te r  from  th e  c e l l s  r a th e r  th a n  from  th e  in t e r c e l lu la r



s p a c e s .  The l o s s  o f  e x t r a - c e l l u l a r  w a ter  i s  s m a ll  
and in d ic a t e s  o n ly  a s l i g h t  d e h y d r a tio n  o f  th e  a n im a ls .  
The l o s s  o f  body f a t  o f  n e a r ly  100 g .  p er  day was th e  
mean l o s s  on the seco n d  day o f  s t a r v a t io n .  Towards 
th e  end o f  s t a r v a t io n ,  on th e  fo u r th  day p r o p o r t io n a lly  
f a r  more p r o t e in  (up t o  24^ o f  th e  t o t a l  c a l o r i e s  in  
c a l f  N 24)w as l o s t  t o  th e  b od y . In  t h i s  r e s p e c t  i t  
h a s  t o  be remembered t h a t  n o t th e  w hole o f  th e  
u r in a r y  n it r o g e n  i s  n e c e s s a r i l y  a r e f l e c t i o n  on th e  
p r o t e in  c a ta b o lis m , s in c e  th e  endogenous l o s s  i s  
in c lu d e d  in  t h i s  f r a c t i o n .  Thus th e  p r o t e in  v a lu e  
in  T a b le  22 i s  p ro b a b ly  to o  h ig h  an e s t im a t e ,  p a r t  o f  
th e  l o s s  o f  n i t r o g e n  b e in g  o f  body N .P .N . com pounds.

The so u r c e  o f  c a t a b o l i s e d  p r o t e in ,  f a t  and 
c a rb o h y d ra te  was n o t d e term in ed , but i t  h as b een  shown 
t h a t  th e r e  i s  o n ly  a s m a ll  l o s s  o f  n u c le ic  a c id  
d e r i v a t iv e s  on f a s t i n g  th e  c a l f .  T h is  r e s u l t  may be 
u sed  t o  in d ic a t e  th e  so u rce  o f  c a t a b o l i s e d  p r o t e in  
w h ich  o c c u r s  d u rin g  f a s t i n g  o f  th e  c a l f .  D a v id so n  
(D a v id so n  & Waymouth, 1944; D a v id so n , 1945) h as shown 
t h a t  d e s o x y r ib o n u c le ic  a c id  (D .N .A .) i s  c o n f in e d  t o  
th e  n u c le u s  o f  th e  l i v e r  c e l l s ,  w h i l s t  r ib o n u c le ic  
a c id  (R .3J.A .) i s  a c o n s t i t u e n t  o f  the c y to p la sm  o f  
t h e s e  c e l l s .  D u rin g  s t a r v a t io n  o f  th e  r a t  th e r e  i s  
a l o s s  o f  n i t r o g e n  and R .N .A . w hich  r e s u l t s  in  a 
r e l a t i v e  in c r e a s e  o f  D.3ST.A. o f  l i v e r  c e l l s  ( K o s t e r l i t z ,  
1944; D a v id so n , 1 9 4 5 ) .  The number o f  c e l l  n u c l e i  
rem a in s c o n s t a n t .  D a v id so n  (1 9 4 5 ) has s u g g e s te d  t h a t  
th e  l a b i l e  l i v e r  n it r o g e n  i s  p r e s e n t  in  th e  l i v e r  as  
a r i b o n u c le i c - p r o t e in  com p lex . I f  th e  la r g e  amount
o f  n i t r o g e n  e x c r e t e d  by the c a l f  d u rin g  f a s t i n g  
o r ig in a t e d  from  th e  l i v e r ,  a la r g e  in c r e a s e  in  th e  
e x c r e t io n  o f  p u rin e  compounds from  n u c le ic  a c id  

breakdown w ould  be e x p e c te d . T h is  d id  n ot o c c u r .
The n u c le i c  a c id s  o f  s k e l e t a l  m uscle do n ot appear t o  
have b een  s tu d ie d  in  d e t a i l  d u rin g  s t a r v a t io n  o f  an 
a n im a l, b u t a c c o r d in g  to  S c h n e id e r  & K lug (1946) th e  
R .N .A . c o n te n t  o f  m u scle  c y to p la sm  i s  o n ly  one t e n th  
o f  th a t  fou n d  in  th e  l i v e r  c y to p la sm . W hether R .R .A . 
i s » o r  i s  n ot l o s t  from  th e  m u sc les  d u rin g  s t a r v a t io n ,



i t  seem s r e a s o n a b le  to  assume th a t  most o f  th e  n itr o g e n  
e x c r e t e d  d u rin g  f a s t i n g  o f  th e  c a l f  o r ig in a t e d  from  th e  
c y to p la sm  o f  th e  m uscle c e l l s .  U n d o u b ted ly , s m a lle r  
q u a n t i t i e s  a l s o  a r o se  from  th e  l i v e r .

(b ) g a s t i n g _ th e ^ c a lf_ a s a_m eth od _for_th e c o n t r o l  o f  
d ia r rh oe a .

From th e  above d is c u s s io n  i t  i s  c l e a r  t h a t  
f a s t i n g  th e  young c a l f  c a u se s  marked l o s s e s  o f  i t s  
body p r o t e in  and f a t  and , b eca u se  o f  i t s  more in te n s e  
m eta b o lism  th a n  th e  o ld e r  a n im a l, i t s  l o s s e s  are more 
s e v e r e  ( s e e  T a b le s  12 and 20) . A h ig h e r  p e r c e n ta g e  
o f  th e  t o t a l  h e a t  l o s s  o f  th e  c a l f  a r i s e s  from  th e  
d e g r a d a t io n  o f  body p r o t e in  th a n  in  th e  m ature 
a n im a l. T h is  i s  in  a cco rd  w ith  th e  c l a s s i c a l  work
o f  T o i t  (1 9 0 1 ) who showed th a t  th e  amount o f  p r o t e in  
m e ta b o lism  i n  s t a r v a t io n  depends on th e  amount o f  f a t  
i n  th e  bod y. The c a l f  h a s  l i t t l e  body f a t  a t  b ir t h  
o r  in  th e  e a r ly  s t a g e s  o f  grow th (Armsby & M ou lton , 
1925) and th e  e f f e c t  o f  s t a r v a t io n  i s  t h e r e fo r e  
in t e n s e .  I f  c a lv e s  are  a f f e c t e d  by diarrhoea and
f a s t i n g  i s  u sed  as th e  method o f  c o n t r o l ,  s t a r v a t io n  
f o l l o w s  a p e r io d  in  w hich  d e p le t io n  o f  r e s e r v e s  has  
a lr e a d y  o c c u r r e d . R e a lim e n ta t io n  a f t e r  s t a r v a t io n ,  
i f  to o  r a p id , may le a d  1 0 an  e x a c e r b a t io n  o f  symptoms 
a s  shown by th e  b eh a v io u r  o f  c a l f  N£5 d u r in g  th e  f i r s t  
p e r io d  o f  s t a r v a t i o n .  L a s t ly ,  th e r e  i s  no in d ic a t io n  
t h a t  f o l lo w in g  r e a l im e n ta t io n ,  e f f i c i e n c y  o f  fo o d  
u t i l i s a t i o n  i s  e n h a n ced ,a d th e  l o s s  in  w e ig h t ,  body 
p r o t e in  and body f a t  can  o n ly  be r e s t o r e d  by 
e s t a b l i s h i n g  a h ig h e r  p la n e  o f  n u t r i t i o n  th a n  t h a t  

e x i s t i n g  b e fo r e  f a s t i n g  b eg a n .
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1 . I n t r o d u c t io n

The r e s u l t s  o f  th e  p r e v io u s  ex p er im en t show 
t h a t  s t a r v a t io n  r e s u l t s  in  a c o n s id e r a b le  l o s s  o f t i s s u e  
c o n s t i t u e n t s  w h ich  are drawn upon t o  m eet th e  demand o f  

It he body f o r  e n e r g y . P a r t o f  th e  n i t r o g e n  l e s t  
d u r in g  s t a r v a t io n  i s  an in e v i t a b le  l o s s  from  th e  body, 

i s in c e  ev en  when an an im al consum es a n i t r o g e n - f r e e  d i e t  
i n  amounts s u f f i c i e n t  to  co v e r  i t s  en e rg y  r e q u ir e m e n ts ,  
a l o s s  o f  n itr o g e n  o c c u r s .  T h is i s  known as th e  

I endogenous n i tr o g e n  e x c r e t io n ,  f i r s t  ch a ra c ter ised  by 
{ F o lin  (1 9 0 5 ) .  McOollum & S teen b o ck  (1 9 1 2 ) show ed f o r  
jth e  p ig ,  and M it c h e l l  (1 9 2 3 -4 )  f o r  th e  r a t ,  t h a t  
n i t r o g e n  e q u il ib r iu m  co u ld  be a t ta in e d  when a n im a ls  
|d ig e s t e d  s u f f i c i e n t  amounts o f  p r o t e in  o f  h ig h  q u a l i t y  
I t o  p ro v id e  n it r o g e n  j u s t  s u f f i c i e n t  to  c o v e r  th e  
endogen ou s l o s s e s  in  th e  u r in e .  T h is  in e v i t a b le  

I l o s s  h a s  t h e r e f o r e  been  c o n s id e r e d  to  be a m easure o f  
jth e  m in im al p r o t e in  req u irem en t o f an an im al f o r  
j  m ain ten an ce ( M it c h e l l ,  1 9 2 6 , 1929; M cL ellan  & Hannon 
1 9 3 2 ) .  I t  h a s  b een  p o in te d  o u t ,  h ow ever, ( B la x te r  & 
M it c h e l l ,  1948) t h a t  th e r e  i s  a l s o  an  in e v i t a b l e  l o s s  
o f  n itr o g e n  from  th e  f a e c e s  in  th e  form  o f  d i g e s t i v e  

{ j u ic e s ,  c e l l  d e b r is  e t c .  w hich  must be made good by th e  
jan im al from  th e  f e e d .  T hus, th e  endogenous f a e c a l  
|n i t r o g e n ,o r  m e ta b o lic  f a e c a l  n itr o g e n  e x c r e t io n  sh o u ld  
{ a ls o  be in c lu d e d  a s  a p a r t o f  th e  m ain ten an ce r e q u ir e :  
jment o f  an an im al f o r  p r o t e in .

{ I t  seem s r e a so n a b le  t h a t  th e r e  sh o u ld  be a
r e l a t i o n s h i p  b etw een  m in im al c a ta b o lis m  o f  th e  

!n itr o g e n o u s  c o n s t i t u e n t s  o f  p ro to p la sm  and th e  r a te  a t  
{which en erg y  i s  l ib e r a t e d  in  th e  enzyme sy stem s  in v o lv e d ,  
a s  m easured by th e  b a s a l  h e a t  p r o d u c t io n . P alm er, 

{Means & Gamble (1 9 1 4 ) showed t h a t  the d a i ly  e x c r e t io n  
o f  c r e a t in in e  n it r o g e n  as an in d ex  o f  t o t a l  endogenous  
n it r o g e n  e x c r e te d  d a i ly  by men and women,was p ro p o rtio n a l 
t o  t h e i r  b a s a l  m e ta b o lic  r a t e s .  In  men th e  number o f



TABLE 23

P u b l i s h e d  d a t a  r e l a t i n g  t o  t h e  u r i n a r y  n i t r o g e n  e x c r e t i o n
o f  c a t t l e  on  n i t r o g e n - l o w  o r  n i t r o g e n  f r e e  d i e t s .

Author q uoted W eight o f
a n im a l
( k g . )

U r in a ry
n i t r o g e n
( g . / d a y )

Endogenous
n i t r o g e n
( g . / k g . )

Computed 
b a s a l  
metabolism  
( c a l .  /k g . )

R atio  
endogem 
ous 4̂as8i 
metabolism 
(mg./kg.)

S t e e n b o c k ,U e l s o n  
& H art (1 9 1 5 ) 145 6 .4 8 0 ,0 4 5 2 5 .7 1.75

Honcamp, K oudela  
& M u lle r  (1923) 385 1 6 .5 2 0 .0 4 2 1 4 .9 2 .81

H a r t ,  Humphrey 
& M o rr iso n  
(1912)

117 6 .3 3 0 .0 3 6 2 3 .4 1.54

Honcamp e t  a l  
(1923) 440 1 6 .4 0 0 .0 3 5 1 3 .0 2.69

Buschmann (1907) 485 1 4 .0 0 .0 2 9 1 2 .7 2.28

H u tc h in so n  & 
M orris  (1 9 3 6 )

*? 1 2 .7 0
2 0 .9 1 0 .0 3 9 1 3 .0 2 .93

Mean r a t i o 2.24



c a l o r i e s  p e r  mg. o f  c r e a t i n i n e  e x c r e t e d  was 0 . 9 8  and  
f o r  women 1 . 2 6 .  T e r r o i n e  and  S o r g m a t t e r  (1927) 
showed  t h a t  th e  r a t i o  o f  mg. u r i n a r y  n i t r o g e n  4 f a e c a l  
n i t r o g e n  e x c r e t i o n  on a  n i t r o g e n  f r e e  d i e t ,  t o  c a l o r i e s  
o f  b a s a l  m e ta b o l i s m  r a n g e d  f ro m  2 .2  t o  2 . 6 .  T h is  
r e l a t i o n s h i p  was c o n f i rm e d  by Sm uts ( 1 9 3 5 ) ,  who a l s o  
show ed t h a t  i t  a p p l i e d  t o  a n im a ls  v a r y i n g  i n  s i z e  and  
s p e c i e s .  F o r  t h e  m ouse, r a t ,  g u i n e a - p i g ,  r a b b i t  and  
p i g  t h e r e  was a l o s s  o f  2 . 0  mg. u r i n a r y  n i t r o g e n  f o r  
e v e r y  c a l o r i e  of b a s a l  h e a t  l o s s .  I n  a d u l t  man 
lo w e r  v a l u e s  h a v e  b e e n  o b t a i n e d  ( B r i c k e r ,  M i t c h e l l  
an d  K in sm an , 1 9 4 5 ; M u r l i n ,  E d w a rd s ,  H aw ley and  C l a r k ,  
1 9 4 6 ) some as  low a s  1 . 4  mg. n i t r o g e n  p e r  b a s a l  
c a l o r i e .

Few e s t i m a t e s  o f  t h e  r e l a t i o n - s h i p  a r e  
a v a i l a b l e  f o r  t h e  r u m i n a n t ;  b u t  f ro m  th e  r e s u l t s  o f  
e x p e r i m e n t s  c a r r i e d  o u t  by o t h e r s  f o r  o t h e r  p u r p o s e s  
t h i s  r e l a t i o n s h i p  may be c a l c u l a t e d .  The r e s u l t s  o f  

; r e l e v a n t  e x p e r i m e n t s  h a v e  b e e n  su m m arised  by  M i t c h e l l  
(1 9 2 9 )  and  B rody  (1930) an d  a r e  show n i n  T a b le  23 .
The b a s a l  m e ta b o l i s m  f i g u r e s  h av e  b een  c a l c u l a t e d  f ro m  

■ e q u a t i o n s  g iv e n  by Brody (1945) . The mean v a lu e  o f  
2 .2 4  i s  i n  s u b s t a n t i a l  a g re e m e n t  w i t h  t h e  r e s u l t s  
o b t a i n e d  f o r  o t h e r  a n i m a l s .  I t  w i l l  be n o t e d ,

! h o w e v e r ,  t h a t  th e  lo w e r  v a l u e s  o f  t h e  r a t i o  a r e  f o r  
t h e  s m a l l e r  a n im a ls  .

T h e re  i s  l i t t l e  d a t a  a v a i l a b l e  on t h e  r a t i o  i n  
| young a n i m a l s .  S o r g m a t t e r  ( 1 9 2 8 ) s t u d i e d  t h e  
I e n d o g e n o u s  n i t r o g e n  e x c r e t i o n  p e r  c a l o r i e  o f  b a s a l  
[ h e a t  l o s s  i n  r a t s  and c o c k e r e l s  o f  v a r i o u s  w e i g h t s  and 
I a g e s ,  and  a g a i n  t h e  r a t i o  f e l l  w i t h i n  t h e  n a r ro w  r a n g e  
! o f  2 .2 0  t o  2 .5 3  m g .,  a v e r a g i n g  2 .3 7  mg. On t h e  
: o t h e r  h a n d ,  T r e i c h l e r  (1939) h a s  shown t h a t  i n  t h e  

j r a t ,  age  h a s  a  m arked  e f f e c t  -  t h e  r a t i o  g i v e s  a  
! maximum i n  e a r l y  m a t u r i t y ,  w i t h  low v a l u e s  f o r  t h e  
j y o u n g  an d  f o r  t h e  m a tu re  a n i m a l .  T h e re  a r e  no  d a t a  

o r  r e l i a b l e  e s t i m a t e s  a v a i l a b l e  f o r  t h e  young  c a l f .

T h i s  c o n c e p t  o f  a n  en d o g en o u s  n i t r o g e n  e x c r e t i o n  
h a s  more r e c e n t l y  b e e n  c r i t i c i s e d  by S c h o e n h e im e r  & 

R i t t e n b e r g  ( 1 9 4 0 ) .  T h e se  w o rk e r s  showed t h a t



a n im a l s  g i v e n  a m in o - a c id s  l a b e l l e d  w i t h  i s o t o p i c  
n i t r o g e n ,  r e t a i n e d  o v e r  h a l f  o f  t h e  n i t r o g e n  i n  t h e  
t i s s u e s ,  t h e  r e m a in d e r  b e i n g  e x c r e t e d  i n  t h e  u r i n e  as  
b o t h  ’en d o genous*  compounds and  ’e x o g e n o u s '  compounds 
I t  was c o n c lu d e d  t h a t  no d i s t i n c t i o n  was p o s s i b l e  
b e tw e e n  th e  en d o g en o u s  and  ex o g en o u s  m e ta b o l i s m  of  
p r o t e i n .  M i t c h e l l  ( B u r ro u g h s ,  B u r ro u g h s  & M i t c h e l l  
1 9 4 0 ;  M i t c h e l l ,  1 9 4 8 ) ,  h o w e v e r ,  h a s  c r i t i c i s e d  t h i s  
c o n c l u s i o n  and h a s  s u g g e s t e d  t h a t  th e  e n d o g en o u s  
m e ta b o l i s m  o f  F o l i n  r e p r e s e n t s  th e  sum m ation  o f  
i r r e v e r s i b l e  r e a c t i o n s  i n v o l v i n g  n i t r o g e n .  W h a te v e r  
i n t e r p r e t a t i o n  o f  t h i s  n i t r o g e n  e x c r e t i o n  i s  made i t  
r e m a in s  a  m easu re  o f  th e  b a s a l  and  i n e v i t a b l e  l o s s  o f  
n i t r o g e n  f ro m  th e  b o d y .

The f o l l o w i n g  e x p e r im e n t  was c a r r i e d  o u t  t o  
f i n d  w h e th e r  t h e  r e l a t i o n s h i p  b e tw e e n  e n d o g e n o u s  
n i t r o g e n  and b a s a l  h e a t  p r o d u c t i o n  was t h e  same f o r  
t h e  v e r y  young  c a l f  a s  i t  i s  f o r  o t h e r  s p e c i e s  and  
o l d e r  a n im a ls  o f  th e  same s p e c i e s .  I t  h a s  a l r e a d y  
b e e n  shown t h a t  th e  s t a r v a t i o n  m e ta b o l i s m  o f  th e  
young c a l f  i s  more t h a n  tw ic e  a s  i n t e n s e  a s  t h a t  

I f o u n d  i n  t h e  m a tu re  a n im a l ,  and i t  was i m p o r t a n t  t o  
know w h e th e r  t h i s  i n t e n s e  m e ta b o l i s m  was a s s o c i a t e d  

j w i t h  a n  e q u a l l y  i n t e n s e  endogenous  n i t r o g e n  e x c r e t i o n  
I f  t h e  r e l a t i o n s h i p  b e tw e e n  b a s a l  e n e r g y  m e ta b o l i s m  
and  en d o g en o u s  n i t r o g e n  e x c r e t i o n  h o l d s  f o r  th e  c a l f ,

i
j i t  w ou ld  be p o s s i b l e  t o  o b t a i n  a n  e s t i m a t e  o f  th e  

e n d o g e n o u s  n i t r o g e n  e x c r e t i o n  by d e t e r m i n i n g  b a s a l  
h e a t  p r o d u c t i o n  -  a  much s i m p l e r  and  l e s s  t im e  

| co n su m in g  p r o c e d u re  t h a n  t h e  d i r e c t  d e t e r m i n a t i o n .
| S u b s i d i a r y  o b j e c t s  i n  t h i s  e x p e r im e n t  were t o  s t u d y  
j  t h e  p a r t i t i o n  o f  u r i n a r y  n i t r o g e n  d u r in g  n i t r o g e n  
| i n a n i t i o n  and t o  d e te r m in e  any c h a n g e s  i n  t h e  f a e c a l  

| n i t r o g e n  e x c r e t i o n .

| 2 .  P l a n  o f  th e  e x p e r im e n t

| F o u r  p e r i o d s  w ere  i n c l u d e d  a s  f o l l o w s s -
1 .  A p r e l i m i n a r y  p e r i o d  o f  14 d ay s  when a  medium 

p r o t e i n  d i e t  was g i v e n .
2 .  A n i t r o g e n  f r e e  p e r i o d  o f  8 d a y s .
3 .  A r e c o v e r y  o r  f i n a l  p e r i o d  o f  s i x  d ay s  on t h e



same d i e t  a s  u s e d  i n  t h e  p r e l i m i n a r y  p e r i o d .
4 .  A p e r i o d  o f  s t a r v a t i o n  o f  24 h r .  a t  t h e  end  o f  

w h ic h  t h e  b a s a l  e n e r g y  m e ta b o l i s m  was d e t e r m in e d .

D e t a i l s  o f  t h e  t h r e e  A y r s h i r e  c a l v e s  w h ich  
| w e re  u s e d  a r e  shown i n  T a b le  2 4 .

! TABUS 24

I D e t a i l s  o f  e x p e r i m e n t a l  c a l v e s

C a l f
N2

Age a t  comm: 
e n c e m e n t o f  
e x p e r im e n t  
(d a y s )

I n i t i a l  
we i g h t  
( k g . )

N o te s D i e t
( l i t r e s

p e r
day)

1 40 3 4 .2 A t h i n ,  
p o o r ly  
n o u r i s h e d  
c a l f

3 .6

2 5 21 .6 N orm al 2 . 8

3 5 3 3 .2 N orm al 3 .4

I C a l f  N21 h a d  a l r e a d y  b e e n  u s e d  a s  anj
| e x p e r i m e n t a l  a n im a l  and h ad  b e e n  g iv e n  low c a l o r i e
!

d i e t s  p r i o r  t o  th e  p r e s e n t  e x p e r i m e n t .  O a lv e s  2 and  
3 h a d  r e c e i v e d  th e  g e n e r a l  t r e a t m e n t  o f  w hole m i lk  
f e e d i n g  a s  p r e v i o u s l y  d e t a i l e d  ( p .  b ) .

The c o m p o s i t i o n  o f  th e  e x p e r i m e n t a l  d i e t s  i s  
shown i n  T a b le  2 5 .

TABLB25

C o m p o s i t io n  o f  th e  e x p e r i m e n t a l  d i e t s

C o n s t i t u e n t  IFormal d i e t  
Ng6

N - f r e e
d i e t
NE7

D r i e d  sk im  m i l k  pow der ( g . / l . )  
l a r d  ( g . / l )
C o d - l i v e r  o i l  (m l .  /  1 .)
G lu c o se  ( g .  /  1 . )
M i n e r a l  m ix tu r e  ( T a b le  2) ( g / l . )  
Y e a s t  e x t r a c t  ( m l . / c a l f )
D ry m a t t e r  ( g .  /  1 .)
E n e rg y  v a lu e  ( C a l . / l . )  ( C a lc u l a t e d  
N i t r o g e n  ( g . / l . )  (by  a n a l y s i s )

7 7 .6
3 5 .9

3 .3  
1 4 .8

1 .3  
N i l  
130

) 740 
4 . 6 - 4 .8  

d e p e n d in g  
on* sam p le

N i l
3 8 .7

3 .3
9 5 .0
1 3 .0  
20 
147 
750 , 

< 0 . 1 /
i
i

s  M agnesium  s u p p l i e d  a s  th e  s u l p h a t e
/  V a r i e d  s l i g h t l y  f ro m  c a l f  t o  c a l f  ( 3 5 .6  mg.N r e c e i v e d  

m  t h e  y e a s t  e x t r a c t ) .



D i e t  6 was p r e p a r e d  by th e  m ethod p r e v i o u s l y  

g i v e n  ( p .  '( ) and  d i e t  7 , t h e  n i t r o g e n  f r e e  d i e t ,  was 
made by h o m o g e n is in g  th e  f a t  d i r e c t l y  i n t o  t h e  g l u c o s e  
s o l u t i o n  a t  a  t e m p e r a t u r e  o f  8 5 ° 0 . W i th  t h i s  d i e t  

j  e m u l s i f y i n g  a g e n t s  h a d  t o  be u s e d  t o  g i v e  s t a b l e  
| e m u l s i o n s .  A f t e r  c o n s i d e r a b l e  t r i a l  on a  s m a l l  
; s c a l e  u s in g  so d iu m  t a u r o g l y c o c h o l a t e , c h o l e s t e r o l ,
! l e c i t h i n ,  so d iu m  o l e a t e ,  sod ium  a l g i n a t e  and  a  
i p r o p r i e t a r y  p r e p a r a t i o n  o f  sod ium  a l k y l  s u l p h a t e si
j s e p a r a t e l y  and  i n  c o m b i n a t i o n s ,  t h e  f o l l o w i n g  were 
j  f o u n d  t o  be s u i t a b l e  f o r  e a c h  4 g a l l o n s  (1 8  l i t r e s ) ; -  
j 10 g .  so d iu m  t a u r o g l y c o c h o l a t e ,  5 g .  c h o l e s t e r o l  and  
I 8m l.  o f  a  s a t u r a t e d  s o l u t i o n  o f  so d iu m  a l k y l  s u l p h a t e s ,  
j F a i l u r e  t o  h o m o g e n ise  t h e  d i e t  h a s  b e e n  shown t o  c a u se  
| p r o f u s e  d i a r r h o e a  i n  t h e  c a l f  and  a  l o s s  o f  h a i r  ( B a te ,  
j D w igh t & C annon , 1 9 4 6 ) .  The y e a s t  e x t r a c t  (T a b le  25)
| w as p r e p a r e d  a c c o r d i n g  t o  t h e  m ethod o f  M cCrae, E l  
i S a d r  & S e l l e r s  ( 1 9 4 2 ) .  The d i e t s  w ere  g i v 8n  t o  t h e

| c a l v e s  i n  th e  q u a n t i t i e s  shown i n  T a b le  2 4 ,  and  t h e
i f o l l o w i n g  a n a l y s e s  were c a r r i e d  o u t

I D i e t
|
| D ry  m a t t e r ,  t o t a l  f a t  and  t o t a l  n i t r o g e n  ( d e te rm in e d
!
| on  e a c h  sa m p le )  .

U rin e
T o t a l  n i t r o g e n  ( d e t e r m in e d  e v e r y  d ay )  u r e a ,

am m onia, c r e a t i n e ,  c r e a t i n i n e ,  u r i c  a c i d ,  a l l a n t o i n
( d e t e r m i n e d  e v e r y  two d a y s ) .

| F a e c e s
| D ry  m a t t e r ,  t o t a l  a s h ,  t o t a l  n i t r o g e n ,  " f a t "  and  
| s o a p s  ( d e t e r m i n e d  e v e r y  two d a y s ) . N o n - p r o t e i nI
| n i t r o g e n  was d e t e r m in e d  on t r i c h l o r o a c e t i c  a c i d  o r  
| a l c o h o l  e x t r a c t s  o f  f r e s h  f a e c e s .
| 5 .  R e s u l t s

(a )  G e n e r a l  a PP6^ r a ^ cs and  b e h a v i o u r _ o f _ t h e  a n im a ls  
t h r o u g h o u t J h e  e x p e r i m e n t . 

j  When d i e t  6 (T a b le  25) was g i v e n ,  th e  a n im a ls
b e h a v e d  n o r m a l l y  w i t h  t h e  e x c e p t i o n  o f  c a l f  N23. T h i s  
c a l f  s u f f e r e d  f ro m  a c u t e  d i a r r h o e a  i n  t h e  p r e l i m i n a r y  

p e r i o d  and was t r e a t e d  by r e d u c i n g  i t s  f o o d  i n t a k e  

and by s lo w  r e a l i m e n t a t  i o n  o v e r  a  p e r i o d  o f  f o u r  d a y s .



4 6 .
I n  t h e  n i t r o g e n  f r e e  p e r i o d ,  h o w e v e r ,  

d i f f i c u l t i e s  a r o s e  i n  p e r s u a d i n g  t h e  c a l v e s  t o  d r i n k  
t h e i r  d i e t .  T h i s  was n o t  a n  im m ed ia te  r e a c t i o n  -
t h e  c a l v e s  consum ed t h e  d i e t s  n o r m a l ly  f o r  th e  f i r s t  

i  t h r e e  d a y s .  On th e  f o u r t h  t h e r e  was a  r e l u c t a n c e
t o  d r i n k  w h ic h  i n c r e a s e d  th r o u g h o u t  th e  r e m a in d e r  o f

; t h e  p e r i o d .  S i m i l a r  d i s t u r b a n c e s  o f  a p p e t i t e  on
; f e e d i n g  low  n i t r o g e n  d i e t s  h av e  b e e n  o b s e r v e d  by 
j M i l l e r  (1937) and  by F e r g u s o n  and  Neave ( 1 9 4 3 ) .  A l l  
; c a l v e s  s u f f e r e d  f ro m  d i a r r h o e a  a t  t im e s  w hen th e  
i  n i t r o g e n  f r e e  d i e t  was b e i n g  g i v e n .  T h i s  a p p e a r e d  
I t o  be due t o  a  d i e t e t i c  d i s t u r b a n c e  r a t h e r  t h a n  t o
! b a c t e r i a l  i n f e c t i o n  an d  r e s u l t e d  i n  th e  c a l v e s
j b eco m in g  d u l l  and l e t h a r g i c .  S l i g h t  s h i v e r i n g  was 
| n o t e d  on s e v e r a l  o c c a s i o n s ,  o t h e r w i s e  t h e  c a l v e s  w ere  
I n o r m a l ,  a n d ,  d e s p i t e  t h e  d i a r r h o e a ,  seem ed  c o n t e n t ,  

i  ( - 1  B o dyw eigh t
j

| C hanges  i n  b o d y w e ig h t  w ere n o t  r e g u l a r  f ro m
| w e ig h in g  t o  w e ig h in g .  T h i s  may be a c c o u n te d  f o r  by 
| d i f f e r e n c e s  i n  t h e  c o n t e n t s  o f  t h e  b l a d d e r  an d  th e  
j d i g e s t i v e  t r a c t  w h ic h  w ere n o t  m in im ise d  by w e ig h in g  
| a t  t h e  same t im e  e v e r y  d a y .  T a b le  26 shows t h e  
| mean b o d y w e ig h t  c h a n g e s  p e r  d a y  o b t a i n e d  by r e g r e s s i o n  
j a n a l y s i s  o f  th e  i n d i v i d u a l  w e i g h t s .

I TABItB 26

I C hanges  i n  b o d y w e ig h t  o f  t h e  c a l v e s  ( g . / d a y )

P e r i o d C a l f  N21 C a l f  N32 C a l f  N23

P r e l i m i n a r y  p e r i o d  
N - f r e e  p e r i o d  
F i n a l  p e r i o d

■f 215 
-  63 
+ 213

■f 133
+ 220 
+ 238

-  230 

-  153
•f 238

W ith  t h e  e x c e p t i o n  o f  c a l f  3 i n  t h e  p r e l i m i n a r y  
I p e r i o d  a l l  c a l v e s  g a i n e d  i n  w e ig h t  when t h e y  r e c e i v e d  
I d i e t  Ng6 . T h i s  l o s s  o f  b o d y w e ig h t  i n  c a l f  N23 was 

due t o  th e  s e v e r e  d i a r r h o e a  f ro m  w h ic h  i t  s u f f e r e d .
The l o s s  i n  w e ig h t  o f  C a lv e s  1 and  3 when r e c e i v i n g  
th e  n i t r o g e n  f r e e  d i e t  may a l s o  be e x p l a i n e d  i n  t h e  

same w ay .



TAB IE

Mean d a i l y  e x c r e t i o n  o f  w a t e r  an d  d r y  m a t t e r  i n  t h e  f a e c e a  and 
d i g e s t i b i l i t y  o f  t h e  d ry  m a t t e r  i n g e s t e d  by  t h e  c a l v e a .

O a lf
N2

P r e l im in a r y  
p e r io d ,  d i e t  
H26

N - fr e e  p e r io d  
d i e t  N27

P i n a l  p e r io d  
d i e t  U26

Mean d a i l y  e x c r e t i o n  o f  dry m a tte r  ( g . )

1 3 2 .3 1 2 2 .5 4 9 .6

2 . 2 1 .0 1 1 2 .4 1 8 .3

3 . 2 5 .2 1 0 0 .0 2 4 .7

Mean 2 6 .2 1 1 1 .6 3 0 .9

Mean d a i l y  e x c r e t i o n  o f  w a te r  ( g . )

1 165 989 216

2 93 435 88

3 64 1366 87

Mean 107 930 130

Mean d a i l y  apparerLt d i g e s t i b i l i t y  o f  dry m a tte r  ($ )

1 9 3 .2 7 7 .3 8 9 .6

2 9 4 .4 7 3 .2 9 5 .1

3 9 4 .3 8 0 .4 9 4 .5

Mean 9 4 .0 7 7 .0 9 3 .1



T A B IE

Mean p e r c e n ta g e  c o m p o s i t io n  o f  f a e c a l  dry m a tte r  o f  th e  c a lv e a

C o n s t i t u e n t C a l f  NS1
P re lim s  IT-freein a r y

G a lf  IT 22
P r e l im :  IT-free

in * r y

C a l f  N23
P r e l im :  IT-free
in a r y

Dry m a tte r  i n  f r e s h  f a e c e s 1 7 .6 1 1 .4 2 0 . 1 2 0 .6 1 9 .5 6 .8

Ash i n  dry m a tte r 2 1 .4 8 .0 1 4 .1 7 .2 1 2 .9 8 .9

T o t a l  f a t  i n  dry  m a tte r 3 5 .5 6 4 .1 2 8 .0 6 6 .0 3 9 .5 63 .7

N x  6 .25  i n  dry m a tte r 3 7 .1 1 2 .6 5 8 .4 1 0 .2 4 7 .2 12 .7

R e s id u a l  m a t e r i a l ,  i . e .  
Hc a r b o h y d r a te 1 6 .2 * 1 5 .2 - 0 . 5 1 0 .2 0 . 3 16.7

F a t  p r e s e n t  as so a p s  
t o t a l  f a t ) 5 4 .6 3 8 .6 6 3 .1 1 5 .3 3 7 .3 23 .1

N p r e s e n t  a s  n o n - p r o t e in  
H Oo t o t a l  N) 2 4 .2 < 4 2 1 .0 1 2 .1 2 2 .4 14.7

x  T h is  an im al had a c c e s s  t o  saw dust b ed d in g  f o r  two d a y s  b e f o r e  
th e  p r e l im in a r y  p e r io d  b e g a n . Some was e a t e n  and s m a l l  
q u a n t i t i e s  ap p eared  i n  t h e  f a e c e s  d u r in g  th e  f i r s t  4 days o f  
th e  p r e l im in a r y  p e r io d .



TABLE 2 a

Mean c o m p o s i t io n  o f  the f a e c e s  o f  th e  c a l v e s  and th e  d i g e s t i b i l i t y  
o f  th e  d i e t  g iv e n  i n  th e  p r e l im in a r y  p e r io d  and i n  th e  n i t r ^ e n  
f r e e  p e r i o d .

Pre l im in a r y  
p e r io d  d i e t

E i6

N - fr e e
p e r io c
d i e t
N27

 ̂ D i f f e r e n c e S i g n i f i :  
cance

Ash i n  dry f a e c e s  ($) 1 6 .1 8*0 8 . 1 + 2 .7 6 N .3 .

F a t  i n  dry f a e c e s  ($) 3 4 .3 6 4 .6 3 0 .5 + 4 .0 4 P * £ 0 .0 2

N i n  dry f a e c e s  ($ ) 7 .6 1 .9 5 .7 + 1 .1 0 P<^0.05

R e s id u a l  ♦carhohy:  
d r a t e 1 2 .0 1 5 .5 1 3 .5 ± 2 . 5 8 P < 0 . 0 1

F a t  e x c r e t e d  ( g . ) 1 0 .5 7 4 .9 6 4 .4 t 1 .7 5 P^lO .O l

A pparent d i g e s t i b i l :  
i t y  of d i e t a r y  f a t
(rf>

9 1 .7 4 4 .9 4 6 . 8 + 3 .5 6 P ^ -0 .0 1

E n ergy  e x c r e t e d  i n  
f a e c e s  ( c a l . / d a y ) 172 844 672 + 3 6 .9 P -^ 0 .0 1

A pparent d i g e s t i b i l :  
i t y *  o f  d i e t a r y  
e n e r g y  (# )

9 2 .9 6 6 .5 2 6 .4 t 2 .5 2 P -^ 0 .0 1

N . 3 • :  n o t  s  i g n i f i c a n t



(c )  D i g e s t i b i l i t y _ o f  t h e  d i e t s .

T a b le  27 su m m a r ise s  th e  d a t a  r e l a t i n g  t o  
f a e c a l  w a t e r  and  d r y  m a t t e r  e x c r e t i o n ,  t o g e t h e r  w i th  
t h e  a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  d ry  m a t t e r .  A l th o u g h  
t h e  day  t o  d ay  v a r i a t i o n  i n  f a e c a l  e x c r e t i o n  o f  d ry  
m a t t e r  a n d  p a r t i c u l a r l y  w a t e r  was h i g h ,  i t  i s  c l e a r  
t h a t  t h e r e  was a  l a r g e  i n c r e a s e  i n  e x c r e t i o n  when t h e  
c a l v e s  w ere  g i v e n  t h e  n i t r o g e n - f r e e  d i e t .  A n a l y s i s  
o f  v a r i a n c e  show ed t h a t ,  s t a t i s t i c a l l y ,  t h e  i n c r e a s e  
i n  w a t e r  an d  d r y  m a t t e r  e x c r e t i o n  o f  th e  t o t a l  d i e t  
a n d  th e  f a l l  i n  t h e  d i g e s t i b i l i t y  w ere  h i g h l y  
s i g n i f i c a n t  (P = 0 . 0 0 1 ) .

(d^ Combos i t  io n _ °f^ th e_ _ f  as c a l  dry; mat t e r .

The u n w e ig h te d  mean c o m p o s i t i o n  o f  t h e  f a e c e s  
o f  e a c h  c a l f  i s  shown i n  T a b le  28 w h i l e  T a b le  29 
s u m m a r ise s  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  c h a n g e s  
w h ic h  o c c u r r e d  i n  p e r c e n t a g e  c o m p o s i t i o n .  I t  w i l l  
be  n o t i c e d  t h a t  l a r g e  and  s i g n i f i c a n t  c h a n g e s  o c c u r r e d  
i n  t h e  f a t  c o n t e n t  an d  t h e  n i t r o g e n  c o n t e n t  o f  f a e c e s  
when t h e  n i t r o g e n - f r e e  d i e t  was g i v e n ,  and  t h a t  t h e  
i n c r e a s e  i n  t h e  r e s i d u a l  m a t t e r ,  w h ic h  was p re su m a b ly  
c a r b o h y d r a t e ,  was h i g h l y  s i g n i f i c a n t .  S in c e  t h e  d ry  

: m a t t e r  e x c r e t i o n  i n c r e a s e d  d u r in g  t h e  n i t r o g e n - f r e e  
| p e r i o d  i t  i s  c l e a r  t h a t  t h e  t o t a l  d a i l y  e x c r e t i o n  o f  
; f a t  an d  f a t  d i g e s t i b i l i t y  showed l a r g e  c h a n g e s .  T h e se  
; a r e  shown i n  th e  l o w e r  p a r t  o f  T a b le  2 9 . T o t a l  f a t  
j e x c r e t i o n  i n c r e a s e d  by  s e v e n  t im e s  when t h e r e  w as no  
! n i t r o g e n  g i v e n  i n  t h e  d i e t ,  and t h e  d i g e s t i b i l i t y  o f  
! d i e t a r y  f a t  d ro p p e d  t o  l e s s  t h a n  h a l f  t h e  n o r m a l  v a l u e ,  
j The i n c r e a s e  i n  d r y  m a t t e r  e x c r e t i o n  was t h e r e f o r e  
| l a r g e l y  due t o  a  d e c r e a s e  i n  f a t  a b s o r p t i o n  s i n c e  75$  

o f  t h e  i n c r e a s e d  f a e c a l  d r y  m a t t e r  e x c r e t i o n  c o n s i s t e d  
j o f  f a t .  A l th o u g h  t h e r e  was a  d e c r e a s e  i n  t h e  
I p e r c e n t a g e  o f  s o a p s  i n  th e  d ry  m a t t e r  (T a b le  28) t h e  
I am ount o f  s o a p s  e x c r e t e d  i n  g .  /  d a y ,  when t h e  n i t r o g e n  
i f r e e  d i e t  was g i v e n ,  was d o u b le  t h a t  o f  t h e  p r e l i m i n a r y  

p e r i o d .  T h is  s u g g e s t s  t h a t  a b s o r p t i o n  o f  f a t  i s  a t  
f a u l t  r a t h e r  t h a n  d i g e s t i o n  o f  f a t  -  p r o b a b l y  due t o  a  
r a p i d  p a s s a g e  o f  d i e t  t h r o u g h  t h e  d i g e s t i v e  t r a c t .



I  ABIE 3-9

ITitrofiejg b a l a n c e  r e s u l t s  f o r  t h e  c a l v e s  ( g .  /  d a y )

O a l f  N21 C a l f  N22 C a l f  U23 Mean

P r e l i m i n a r y  
p e r i o d  d i e t  
N26

I n t a k e
P a e o e s
e x c r e t i o n
U r in e
e x c r e t i o n
B a la n c e

1 5 .8 6

1 .3 5

7 .8 7  
+ o *74

1 2 .5 4

2 .0 2

6 .6 9
4-3.62

1 5 .3 1

2 .1 7

9 .4 2

+ 3 .7 2

1 4 .5 0

1 .8 1

7 .9 9
+ 4 .7 0

E x p e r im e n ta l  
p e r i o d  U-fcse 
d i e t  N27

I n t a k e
P a e c e s
e x c r e t io n
Ur in e  
e x c re t io n
B a la n c e

0 .0 4

2 .45

2 .9 9
- 5 .4 0

0 .0 4

1 .7 6

2 .2 4
- 3 . 9 7

0 .0 4

2 .0 8

2 .5 2  
- 4 . 5 6

0 .0 4

2 .1 0

2 .5 8

- 4 . 6 4

P i n a l
p e r i o d  d i e t  
H26

I n t a k e
P a e c e s
e x c re t io n
U r in e
e x c re t io n
B a la n c e

1 5 .1 3

2 .4 9

9 .4 2
4*3.22

1 1 .7 7

ip. i  5

5 .9 0
+ 4 .7 2

1 4 .2 9

1 .4 9

7 .9 3
+ 4 .8 7

1 3 .7 3

1 .7 1

7 .7 5
+ 4 .2 7



T h i s  may h av e  b e e n  c a u s e d  i n  some m easu re  by t h e  l a r g e  
q u a n t i t i e s  o f  g l u c o s e  w h ich  w ere p r e s e n t  i n  t h e  d i e t  
( s e e  page dO ) .  W h a te v e r  t h e  c a u s e ,  t h i s  l a r g e  
q u a n t i t y  o f  f a t  i n  t h e  f a e c e s  i m p l i e s  a  c o n s i d e r a b l e  
r e d u c t i o n  i n  t h e  num ber o f  c a l o r i e s  a v a i l a b l e  t o  th e  
a n i m a l .  The f a e c a l  c a l o r i e s  and t h e  1 d i g e s t i b i l i t y 1 
o f  th e  i n g e s t e d  c a l o r i e s  w ere  c a l c u l a t e d  f ro m  th e  d a t a  
on f o o d  an d  f a e c e s  c o m p o s i t i o n ,  u s in g  f a c t o r s  o f  9 .1  
c a l .  /  g .  f o r  f a t ,  4 . 0  f o r  c a r b o h y d r a t e  and 5 .6  f o r  
p r o t e i n  (IT x  6 .2 5 )  . T h e se  r e s u l t s  a r e  a l s o  shown i n  
T a b le  2 9 ,  and  t h e i r  im p o r ta n c e  i s  d i s c u s s e d  l a t e r  
(p a g e  53 ) .

(e )  N i t r o g e n  b a l a n c e ^ j m e t a b o l i c  f a e c a l  n i t r o g e n  and 
e n d ogenous u r i n a r y  n i t r o g e n .

S t a t i s t i c a l  a n a l y s i s  o f  t h e  n i t r o g e n  b a l a n c e  
r e s u l t s  w h ic h  may be s e e n  i n  T a b le  50 show ed t h a t  t h e r e  
was no s i g n i f i c a n t  change  i n  f a e c a l  n i t r o g e n  e x c r e t i o n ,  
b u t  t h a t  t h e r e  was a  h i g h l y  s i g n i f i c a n t  (P  = 0 .0 1 )  
ch an g e  i n  u r i n a r y  n i t r o g e n  e x c r e t i o n  when th e  n i t r o g e n -  
f r e e  d i e t  was g i v e n .

As p r e v i o u s l y  s t a t e d  1he n i t r o g e n  e x c r e t e d  i n  
t h e  f a e c e s ,  when a  n i t r o g e n - f r e e  d i e t  i s  g i v e n ,  i s  
known a s  th e  m e t a b o l i c  f a e c a l  n i t r o g e n .  W ith  r a t s  
and  p i g s ,  S c h n e i d e r  (1 9 3 4 ,  1935) show ed t h a t  m e t a b o l i c  
f a e c a l  n i t r o g e n  c o u ld  be d i v i d e d  i n t o  two f r a c t i o n s ;  
a  d i g e s t i v e  f r a c t i o n  w h ic h  v a r i e d  d i r e c t l y  w i t h  t h e  
q u a n t i t y  o f  d ry  m a t t e r  consum ed and  a  c o n s t a n t  f r a c t i o n  
w h ic h  was p r o b a b l y  o f  t r u e  e x c r e t o r y  o r i g i n .  I n  
r u m in a n t s  th e  m e t a b o l i c  f a e c a l  n i t r o g e n  i s  a p p r o x im a te ly
0 . 5  g .  p e r  100 g .  d ry  m a t t e r  consum ed ( B l a x t e r  & 
M i t c h e l l ,  1948) a  v a lu e  w h ich  i s  a b o u t  f i v e  t i m e s  a s  
g r e a t  a s  t h a t  o b s e r v e d  f o r  r a t s  o r  man. T h i s  
d i f f e r e n c e  b e tw e e n  r u m in a n t s  and n o n - r u m in a n t s  h a s  
b e e n  r e g a r d e d  a s  e n t i r e l y  due t o  th e  h i g h e r  f i b r e  
c o n t e n t  o f  t h e  ru m in a n tfs  d i e t s  s i n c e  l a r g e  q u a n t i t i e s  

o f  f i b r e  i n  th e  d i e t  o f  th e  r a t  i n c r e a s e d  m e t a b o l i c  
f a e c a l  n i t r o g e n  ( M i t c h e l l ,  1 9 2 6 ) .  I t  w ould  t h e r e f o r e  

be e x p e c t e d  t h a t  m i l k - f e d  c a l v e s  w ould  g i v e  much lo w e r  

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



When, h o w e v e r ,  t h e  n i t r o g e n  e x c r e t i o n  d u r i n g  t h e  
n i t r o g e n - f r e e  p e r i o d  was r e l a t e d  t o  th e  d ry  m a t t e r  
i n t a k e  o f  t h e s e  c a l v e s ,  v a l u e s  o f  0 . 4 5 , 0 .4 2  an d  0 .4 1 g .  
p e r  100 g .  d r y  m a t t e r  i n g e s t e d  w ere  o b t a i n e d ,  v a l u e s  

| w e l l  w i t h i n  th e  r a n g e  o f  t h o s e  q u o te d  by  w o r k e r s  w i t h  
j a d u l t  r u m i n a n t s .  T hese  r e s u l t s  m ig h t  s u g g e s t  t h a t  
| t h e r e  i s  a  t r u e  s p e c i e s  d i f f e r e n c e  w h ic h  i s  e s t a b l i s h e d  
; a t  a n  e a r l y  a g e .  A more p r o b a b le  e x p l a n a t i o n ,
| h o w e v e r ,  i s  t h a t  t h e  d i g e s t i b i l i t y  o f  t h e  d ry  m a t t e r  
j o f  t h e  d i e t  i n f l u e n c e s  m e t a b o l i c  f a e c a l  n i t r o g e n  
j e x c r e t i o n .  T h i s  c o n t e n t i o n  i s  s u p p o r t e d  f i r s t l y ,
| b y  th e  f a c t  t h a t  t h e  n i t r o g e n  e x c r e t i o n j o f  th e  c a l v e s
j
| w a s ,  on t h e  a v e r a g e ,  h i g h e r  d u r in g  t h e  n i t r o g e n - f r e e
| p e r i o d  t h a n  i n  th e  p e r i o d s  o f  n o rm a l  f e e d i n g  when t h e!
| d i g e s t i b i l i t y  o f  t h e  t o t a l  d i e t  was h i g h .  S e c o n d ly ,
I
j M u k h e r je e  ( 1 9 4 6 ) ,  w o rk in g  w i t h  I n d i a n  b u l l o c k s ,  h a s  
| show n t h a t  th e  m e t a b o l i c  f a e c a l  n i t r o g e n  e x c r e t i o n  i s  
| m ore c l o s e l y  r e l a t e d  t o  d r y  m a t t e r  e x c r e t i o n  t h a n  t o  
| d r y  m a t t e r  i n t a k e .  T h u s ,  i t  i s  p r o b a b le  t h a t  t h e  
| m e t a b o l i c  f a e c a l  n i t r o g e n  e x c r e t e d  by th e  c a l f  i s  i n  
| p r o p o r t i o n  t o  th e  d ry  m a t t e r  e x c r e t i o n ,  w h ic h  was h i g h  
j d u r i n g  t h e  t im e  t h a t  th e  n i t r o g e n - f r e e  d i e t  was g i v e n .
| Prom T a b le  27 and  T a b le  50 t h e  m e t a b o l i c  f a e c a l  n i t r o g e n  
| e x c r e t i o n  was 1 .9  g .  /  100 g .  d r y  m a t t e r  e x c r e t e d .

The d i s t r i b u t i o n  o f  n i t r o g e n  i n  t h e  f a e c e s  
j e x c r e t e d  on f e e d i n g  n i t r o g e n - f r e e  d i e t s  was c o m p l e t e l y  
| d i f f e r e n t  f ro m  t h a t  p r o d u c e d  on n o rm a l  d i e t s .  As 
I show n i n  T a b le  2 8 ,  th e  N .P .N . c o n t e n t  o f  t h e  f a e c e s  was 
| v e r y  s m a l l ,  and  i n  f a c t  was a b s e n t  f ro m  some f a e c e s  

s a m p le s .  S e l e c t e d  f a e c e s  s a m p le s  a l s o  show ed o t h e r  
m a in  d i f f e r e n c e s .  T h e re  w ere  no n i t r o g e n o u s

j
| s u b s t a n c e s  e x t r a c t e d  by 10$  so d iu m  c h l o r i d e  s o l u t i o n ,
; co m p ared  w i t h  4 0 $  o f  t h e  n i t r o g e n o u s  s u b s t a n c e s  s o  
j e x t r a c t e d  d u r in g  t h e  p r e l i m i n a r y  p e r i o d .  W a te r  
| s o l u b l e  s u b s t a n c e s  w h ic h  w ere  h e a t  c o a g u l a b l e  w ere  n o t
i

j p r o d u c e d  when th e  n i t r o g e n - f r e e  d i e t  was g i v e n  a l t h o u g h  
1 0 $  o f  t h e  f a e c a l  n i t r o g e n  was c o n t a i n e d  i n  h e a t  
c o a g u l a b l e  s u b s t a n c e s  d u r in g  t h e  p r e l i m i n a r y  p e r i o d .
Only 5 0 $  o f  t h e  f a e c a l  n i t r o g e n o u s  compounds e x c r e t e d  

when no n i t r o g e n  was b e i n g  r e c e i v e d  by t h e  c a l v e s  was



urtnor
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Mean d a i l y  e x c r e t io n  o f  n itr o g e n  in  d i f f e r e n t  n i t r o g e n o u s  m e t a b o l i t e s  i n  th e  u r in e  o f  th e  c a l v e s

l ' " f a

P re lim in a ry  period  d ie t  
N26

E x p e r im e n ta l  p e r io d  N -  
f r e e  d i e t  N27

F i n a l  p e r io d d i e t N26 S t a t i s t i c a l  
s i g n i f i c a n c e  o f  
change d a r in g  N -  
f r e e  p e r io dG alf

N21
C a lf

N22
Calf
N23

Mean C a l f
N i l

C a lf
N i2

C a lf
N23

Mean C a lf
N i l

C a lf
N i2

C a l f
N23

Mean

: W 4 .5 5 4 .2 0 5.35 4 .7 0 1 .0 4 1 .0 2 1 .0 7 1 .0 4 6 .3 8 3 .6 6 4 .9 5 5 .0 0 B C O .O l

¥'Jwa«fnia 0 .9 8 0 .6 8 1 .82 1 .16 0 .3 4 0 . 2 1 0 .4 6  ‘ 0 .3 4  * 1 .1 2 0 .7 6 0 .6 5 0 .8 4 P -< 0 .0 5

and
i v l " a 5 .54 4 .8 8 7 .1 7 5.87 1 .5 9 1 .2 2 1 .5 3 1 .3 8 7 .5 0 4 . 4 1 5 .6 0 5 .8 4 P ^ O .O l

0 .2 4 8 0 .2 2 1 0 .1 8 9 0 .219 0 .2 2 1 0 .0 2 5 0 .0 6 3 0 .1 0 3 0 .1 3 9 0 .1 1 2 0 .1 7 3 0 .1 4 4 P -< 0 .0 5

0 .3 4 6 0 .3 4 2 0 .454 0.380 0 .2 2 1 0 .3 4 4 0 .3 9 2 0 .3 1 9 0 .3 5 4 0 .2 5 7 0 .3 8 4 0 .3 3 2 U .S .

W i®  a c id 6 .0 5 0 0 .0 2 9 0 .0 5 4 0 .045 0 .0 4 8 0 .0 2 8 0 .0 4 7 0 .0 4 1 0 .0 6 9 0 .0 2 6 0 .0 8 6 0 .0 6 0 U .S .

i p i a a t o i n 0 .8 1 1 0 .575 0 .7 4 6 0 .7 1 1 s e e  te jct
I

s e e  t e x t



s o l u b l e  i n  N/1 0  so d iu m  .h y d ro x id e ,  com pared  w i t h  60 fo  

d u r i n g  n o rm a l  f e e d i n g .  T h is  i n s o l u b i l i t y  o f  f a e c a l
n i t r o g e n  m ust i n d i c a t e  t h a t  i t  i s  p r e s e n t  e i t h e r  a s  
compounds w h ic h  a r e  i n s o l u b l e  i n ,  o r  compounds w h ic h  
a r e  p r o t e c t e d  f ro m  t h e  s o l v e n t s  i n  some w ay . T h i s  
i n s o l u b l e  f r a c t i o n  may t h e r e f o r e  c o n s i s t  o f  b a c t e r i a l  
n i t r o g e n ,  p e r h a p s  w i t h  some n i t r o g e n  f ro m  c e l l  d e b r i s  
o f  t h e  d i g e s t i v e  t r a c t .  Thus, f a e c e s  e x c r e t e d  by t h e
c a l v e s  w h ic h  r e c e i v e d  t h e  n i t r o g e n - f r e e  d i e t  p o s s i b l y  
c o n s i s t e d  m o s t ly  o f  t h e s e  f r a c t i o n s .

The u r i n a r y  n i t r o g e n  e x c r e t i o n  when t h e  
n i t r o g e n - f r e e  d i e t  was g i v e n  r e p r e s e n t s  t h e  e n d o g en o u s  
n i t r o g e n  e x c r e t i o n  o f  th e  c a l f .  The r e s u l t s  a r e
show n g r a p h i c a l l y  i n  F i g u r e  1 0 .  I t  w i l l  be n o t e d
t h a t  minimum c o n s t a n t  l e v e l s  o f  u r i n a r y  n i t r o g e n  w ere  
r e a c h e d  w i t h i n  two d a y s .  The i n t e r p r e t a t i o n  o f  
t h i s  w i l l  be d i s c u s s e d  l a t e r .

The n e g a t i v e  n i t r o g e n  b a l a n c e s  d u r in g  th e  
p e r i o d  o f  n i t r o g e n  i n a n i t i o n  were a p p r o x i m a te ly  r e l a t e d  
t o  t h e  body s i z e  o f  t h e  c a l v e s .  D u r in g  t h e  p e r i o d  
o f  d i a r r h o e a  i n  C a l f  N23, th e  l o s s  o f  n i t r o g e n  f ro m  
t h e  body p e r  day  was 13*5 g .  d e s p i t e  th e  f a c t  t h a t  
f o o d  i n t a k e  was o n ly  r e d u c e d  t o  67 °/o o v e r  t h e  p e r i o d  
c o n c e r n e d .  T h is  l o s s  i n d i c a t e s  t h a t  p r o t e i n  was 
b r o k e n  down f o r  e n e r g y  p u r p o s e s ,  and shows t h a t  t h e  
c a l f  h a s  a  v e ry  h i g h  r e q u i r e m e n t  f o r  c a l o r i e s .

( f ) D i s t r i b u t i o n  o f  u rinary  n i t r o g e n

The d i s t r i b u t i o n  o f  u r i n a r y  n i t r o g e n  f o r  e a c h  
c a l f  i s  su m m arised  i n  T a b le  31* I t  w i l l  be  n o te d  
t h a t  t h e  d a t a  r e l a t i n g  to  a l l a n t o i n  N a r e  n o t  c o m p le t e .  
The m ethod  o f  L a r s o n  (1932) was u s e d  t o  d e t e r m in e  
a l l a n t o i n  d u r in g  th e  p r e l i m i n a r y  p e r i o d ,  and  when t h i s  
m ethod  was a p p l i e d  t o  u r i n e s  e x c r e t e d  d u r in g  t h e  
n i t r o g e n - f r e e  f e e d i n g  p e r i o d ,  th e  m ethod g ave  
e x t r e m e l y  h i g h  v a l u e s  -  i n  f a c t  th e  r e s i d u a l  n i t r o g e n  
f r a c t i o n  became g r e a t l y  n e g a t i v e .  I n t e r f e r e n c e
w as t r a c e d  t o  l a r g e  q u a n t i t i e s  o f  r e d u c i n g  s u g a r  
p r e s e n t  i n  t h e  u r i n e ,  w h ich  w ere  n o t  rem oved  by t h e  
p h o s p h o - t u n g s t i c  a c i d  p r e c i p i t a t i o n  u s e d .  S t o r e d
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R e s p i r a t o r y  m e ta b o l i s m  o f  t h e  c a l v e s

V a r i a b l e  m e a su re d G a l f  HE1 
D e t e r m i n a t i o n

HE

G a l f  NE2 
D e t e r m i n a t io n  

HE
i

G a l f  HE3 
D e t e r m i n a t i o n  

HE

1 2 1 2 1 2

E n v i r o n m e n t a l  
t e m p e r a t u r e  ( P) 73 72 68 68 64 61

R e s p i r a t o r y  
r a t e  / m i n . 1 6 .8 1 5 .5 1 6 .0 1 4 .8 1 9 .4 1 8 .5

M in u te  volume o f  
r e s p i r a t i o n  ( l ) 4 .5 2 4 .5 9 3 .8 8 2 . 9 8 3 .9 8 4 .2 3

T i d a l  a i r  ( m l . ) 269 309 243 201 205 229

Oxygen consum ed 
( l . / h r . ) 1 3 .1 7 1 2 .6 9 1 0 .7 0 1 0 .2 7 1 3 .0 6 1 2 .96

O arbon  d i o x i d e  
p ro d u c e d  ( l . / h r . ) 9 .8 0 9 .4 3 7 .9 5 7 .2 1 9 .6 7 9 .13

R .Q . 0 .7 4 0 .7 4 0 .7 4 0 . 7 1 0 .7 4 0 .7 1

H e a t  p r o d u c t i o n  
( Q a l . / 2 4  h r . ) 1495 1440 1214 1155 1481 1457

H e a t  p r o d u c t i o n  
( 0 a l . / k g . / 2 4  h r . ) 4 2 .7 4 1 .2 4 3 .1 4 1 .0 4 5 .9 4 5 .1



s a m p le s  o f  u r i n e  w ere  l a t e r  a n a l y s e d  f o r  a l l a n t o i n  by 
t h e  m ethod  o f  Young & Gonway (194-2) and  r e s u l t s  w ere  
o b t a i n e d  w h ic h  a g r e e d  w i t h  t h o s e  v a l u e s  o b t a i n e d  i n  t h e  
p r e l i m i n a r y  p e r i o d  u s in g  L a r s o n 's  m e th o d .  The 
u r i n a r y  e x c r e t i o n  o f  s u g a r  d u r in g  t h e  n i t r o g e n - f r e e  
p e r i o d  was p r o b a b ly  an  a l i m e n t a r y  g l y c o s u r i a  c o m p a ra b le  
t o  t h e  l a c t o s u r i a  n o t e d  i n  c a l v e s  by R o j a s ,  S c h w e ig e r t  
& R u p e l  (1948) . The c o n c e n t r a t i o n  o f  s u g a r  
e s t i m a t e d  by B e n e d i c t ' s  m ethod r o s e  to  o v e r  2 / .  D u r i n g  
t h e  n i t r o g e n - f r e e  p e r i o d ,  t h e  u r in e  volume d e c l i n e d  and  
t h e  s p e c i f i c  g r a v i t y  r o s e -  no d o u b t  a  r e f l e c t i o n  o f  t h e  
h i g h  f a e c a l  w a t e r  l o s s  a t  t h i s  t i m e .  I n  t h e  l a s t  
co lu m n  o f  T a b le  31 t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h e  
mean c h a n g e s  i n  n i t r o g e n  d i s t r i b u t i o n  a s  a. r e s u l t  o f  
f e e d i n g  th e  n i t r o g e n - f r e e  d i e t  a r e  g i v e n .  The f a l l  
i n  t o t a l  n i t r o g e n  e x c r e t i o n  was due a lm o s t  e n t i r e l y  t o  
a  f a l l  i n  t h e  e x c r e t i o n  o f  u r e a  and ammonia w i t h  a  
s m a l l e r  d e c l i n e  i n  t h e  c r e a t i n e  e l i m i n a t i o n .  C r e a t i n i n e  
e l i m i n a t i o n  was n o t  s i g n i f i c a n t l y  c h a n g e d ,  n o r  was t h e  
e x c r e t i o n  o f  u r i c  a c i d .  i s  m e n t io n e d  a b o v e ,  t h e r e  
d i d  n o t  a p p e a r  t o  be any m arked  change  i n  t h e  a l l a n t o i n  
e x c r e t i o n  w herjfp ro te in  was e x c lu d e d  f ro m  t h e  d i e t .

[ g l  B a s a l  m e ta b o l i s m

R e s u l t s  o f  d u p l i c a t e  d e t e r m i n a t i o n s  o f  oxygen 
c o n s u m p t io n  and  c a r b o n  d i o x i d e  p r o d u c t i o n  a r e  g i v e n  i n  
T a b le  3 2 .  The a g re e m e n t  b e tw e e n  d u p l i c a t e  d e t e r m i n :  
a t  i o n s  was a g a i n  c l o s e  and  a n a l y s i s  o f  v a r i a n c e  o f  t h e  
d a t a  showed t h a t  t h e  c o e f f i c i e n t  of v a r i a t i o n  o f  h e a t  
p r o d u c t i o n  was l e s s  t h a n  4 $ .  T h e se  r e s u l t s  c o n f i r m  
t h e  i n t e n s i t y  o f  m e ta b o l i s m  w h ich  i s  fo u n d  i n  th e  
y o u n g  c a l f ,  s i n c e  when com pared  w i t h  t h e  e s t i m a t e s  o f  
B rody  (1945)  f o r  th e  a d u l t  ( s e e  T a b le  23)> t h e  b a s a l  
m e ta b o l i s m  o f  t h e s e  c a l v e s  p e r  k g .  o f  b o d y w e ig h t  i s  
t w i c e  t h a t  fo u n d  a t  m a t u r i t y .

4 .  D i s c u s s i o n
( a )  The r e l a t i o n s h i p  b e tw e e n _ e n d o g e n o u s _ n i t r o g e n  

e x c r e t i o n  a n d _ b a s a l  m e ta b o l i s m

B e f o r e  any r e l a t i o n s h i p  b e tw e e n  e n d o g en o u s  
n i t r o g e n  e x c r e t i o n  and b a s a l  m e ta b o l i s m  c a n  be c a l c u l a t e d ,



i t  i s  n e c e s s a r y  to  a s s e s s  th e  v a l i d i t y  o f  th e  
d e t e r m i n a t i o n s .

The c o n d i t i o n s  u n d e r  w h ic h  t h e  d e t e r m i n a t i o n  
o f  b a s a l  m e ta b o l i s m  was c a r r i e d  o u t  a r e  com pared  below  

: w i t h  t h e  i d e a l  c o n d i t i o n s  u s u a l l y  g i v e n  f o r  t h e  
; d e t e r m i n a t i o n  o f  b a s a l  m e ta b o l i s m  i n  man.

1 .  R e l a x a t i o n  p r i o r  t o  and  d u r i n g  m e a su re m e n t .
M u s c u la r  r e p o s e  was m a i n t a i n e d  t h r o u g h o u t  t h e  
d e t e r m i n a t i o n s  and  t h e  a n im a ls  w ere  a l lo w e d  15 m in .

| t o  a c c u s to m  t h e m s e lv e s  to  t h e  p r o c e d u r e  b e f o r e  a n
a c t u a l  d e t e r m i n a t i o n  was m ade, 

j 2 .  P o s t - a b s o r p t i v e  s t a t e .
\ S in c e  t h e r e  was a  l i n e a r  d e c l i n e  i n  b a s a l  m e ta b o l i s m

w i t h  t im e  ( s e e  page  3 3 ) ,  i t  was c o n s i d e r e d  t h a t  a  
m ost a c c u r a t e  e s t i m a t e  o f  b a s a l  m e ta b o l i s m  w ould  be 

j o b t a i n e d  a s  so o n  a f t e r  t h e  p o s t - a b s o r p t i v e  s t a t e
h a d  b e e n  r e a c h e d  as  p o s s i b l e ,  and  y e t  i t  was 
n e c e s s a r y  t o  be s u r e  t h a t  t h i s  s t a t e  h ad  b e e n  
a t t a i n e d .  T w e n ty - f o u r  h o u r s  a f t e r  f e e d i n g  was 

| c h o s e n  a s  th e  m ost s u i t a b l e  t i m e .
3 .  G-ood n u t r i t i v e  c o n d i t i o n  -  e s p e c i a l l y  a s  r e g a r d s  

j e n e r g y  and p r o t e i n .  The c a l v e s  may be r e g a r d e d
I a s  h a v i n g  b e e n  i n  good n u t r i t i v e  c o n d i t i o n ,  s i n c e
I t h e y  w ere g a i n i n g  i n  b o d y w e ig h t  a t  a r a t e  o f  o v e r
j 200 g .  /  d a y .
i oI 4 .  E n v i r o n m e n t a l  t e m p e r a t u r e  o f  a b o u t  77 P*

The e n v i r o n m e n t a l  t e m p e r a t u r e s  d u r in g  t h e  
| d e t e r m i n a t i o n  o f  b a s a l  m e ta b o l i s m  a r e  g i v e n  i n
I

T a b le  32 f ro m  w h ic h  i t  w i l l  be s e e n  t h a t  t h e  
| t e m p e r a t u r e  a t  th e  t im e  o f  t h e  d e t e r m i n a t i o n s  was
j g e n e r a l l y  lo w e r  t h a n  7 7 °P .  T h i s  may h av e  h a d
! some e f f e c t  on th e  r e s u l t s  s in c e  t h e  m e ta b o l i s m  o f

c a l f  H£3 was h i g h e r  t h a n  t h a t  o f  th e  o t h e r  c a lv e s ,a n d
! t h e  e n v i r o n m e n t a l  t e m p e r a t u r e  was l o w e r .

A r e l i a b l e  e s t i m a t i o n  o f  en d o g en o u s  n i t r o g e n  i s  
o b t a i n e d  when t h e  f o l l o w i n g  c o n d i t i o n s  a r e  m a i n t a i n e d
1 .  P r e v i o u s  f e e d i n g  w i t h  a. d i e t  n o t  c o n t a i n i n g  e x c e s s  

p r o t e  i n .
The e x p e r i m e n t a l  d i e t  u s e d  d u r in g  t h e  p r e l i m i n a r y  

p e r i o d  c o n t a i n e d  20^  o f  t h e  d r y  m a t t e r  a s  p r o t e i n ,



TABIE 33

R e l a t i o n  b e tw e e n  th e  b a s a l  m e ta b o l i s m  o f  t he  c a l v e s  and  t h e i r  
en d o g e n o u s  n i t r o g e n  m e t a b o l i s m .

G a l f
Rg

h e i g h t
( k g - )

E n d o g e n o u s  n i t r o g e n  
m e ta b o l i s m

B a s a l  metabolism R a t i o  mg. 
M /G al.

( g . / d a y ) ( m g . / k g . / d ^ ( G a i d a i p a l . / k g . /  
day)

1 3 5 .7 2 .9 9 8 5 .8 1467 4 1 .9 2 .0 0

2 2 7 . 8 2 .2 4 8 0 .8 1185 4 2 .0 1 .9 3

3 3 1 .0 2 .5 2 8 1 .0 1469 4 5 .5 1 .7 8

Mean 3 1 .5 ------- 8 1 .9 --------- 4 3 . 1 1 .9 0 ± 0 .0 7

Expected 
v a lu e s  in 
n a t u r e  
a n im a ls  
(B ro d y ,  

1945)

3 1 .5 ------- 5 5 .6 -------- 2 8 .1 ------



com p ared  with, a b o u t  2 7 /  f o r  w ho le  m i l k .  The r e s u l t  
w o u ld  o n ly  be a f f e c t e d  i f  t h e  t i s s u e s  w ere  s a t u r a t e d  
w i t h  l a b i l e  n i t r o g e n  compounds im m e d ia te ly  b e f o r e  t h e  
d e t e r m i n a t i o n  o f  t h e  end o g en o u s  n i t r o g e n  e x c r e t i o n .
T h i s  c o n d i t i o n  i s  u n l i k e l y  t o  o c c u r  i n  a  g ro w in g  a n i m a l .
2 .  A d i e t  a d e q u a te  i n  e n e r g y .

C a l c u l a t i o n s  o f  th e  m e t a b o l i s a b l e  e n e r g y  a v a i l a b l e  
t o  t h e  a n im a ls  f ro m  a n a l y t i c a l  d a t a  on u r i n e  and  
f a e c e s  i n  a l l  c a s e s  gave  v a l u e s  w h ic h  w ere  above th e  
d i r e c t l y  d e t e r m in e d  b a s a l  e n e r g y  m e ta b o l i s m ,  and  
p r o v i d e d  th e  h e a t  in c r e m e n t  o f  th e  d i e t  i s  s m a l l  -  a  
r e a s o n a b l e  a s s u m p t io n  i n  a n  a n im a l  n o t  c o n v e r t i n g  a  
l a r g e  p o r t i o n  o f  i t s  d i e t a r y  c a r b o h y d r a t e  t o  lo w e r  
f a t t y  a c i d s  -  t h e s e  i n t a k e s  o f  m e t a b o l i s a b l e  e n e r g y  
s h o u l d  h a v e  b e e n  s u f f i c i e n t  t o  m eet b a s a l  r e q u i r e m e n t s .  
A f u r t h e r  p o i n t  i s ,  t h a t  w i t h  two o f  t h e  c a l v e s ,  
c r e a t i n e  d i s a p p e a r e d  c o m p le t e ly  f ro m  t h e  u r i n e  by 
t h e  end o f  t h e  p e r i o d  w h i l e  i n  th e  o t h e r  i t  r e a c h e d  

I a v e r y  low l e v e l .  I t  w o u ld  a p p e a r  t h a t  t h e s e  
n i t r o g e n  e x c r e t i o n s  a r e  t r u l y  e n d o g e n o u s ,  and  t h e  

| f i g u r e s  may t h e r e f o r e  be u s e d  f o r  t h e  c a l c u l a t i o n
! o f  t h e  r a t i o  -  mg. N p e r  b a s a l  c a l o r i e  o f  h e a t

p r o d u c t i o n .

The en d o g en o u s  n i t r o g e n  m e ta b o l i s m  o f  t h e  
; c a l v e s  and  t h e i r  b a s a l  m e ta b o l i s m  a r e  shown i n  T a b le  
| 3 3 .  The r e s u l t s  s u g g e s t  t h a t  th e  ' r a t i o  o f  
} a p p r o x i m a t e l y  2 mg. n i t r o g e n  p e r  b a s a l  c a l o r i e  o f  h e a t  
I p r o d u c t i o n  was t h e  same i n  th e  c a l f  a s  i n  m a tu re  
i a n im a l s  o f  t h e  same and d i f f e r e n t  s p e c i e s .  The t a b l ei
j a l s o  shows th e  e n d o g en o u s  n i t r o g e n  and  b a s a l  m e ta b o l i s m
| o f  m a tu re  a n im a ls  o f  d i f f e r e n t  s p e c i e s  c a l c u l a t e d  f o r
!

I t h e  same mean body w e ig h t  as  t h e  e x p e r i m e n t a l  c a l v e s  
: f ro m  t h e  e q u a t i o n s  g i v e n  by Brody ( 1 9 4 5 ) .  I t  w i l l  
! be s e e n  t h a t  t h e  en d o g en o u s  n i t r o g e n  m e ta b o l i s m  o f  t h e  
: y o ung  c a l f  was f a r  more i n t e n s e  p e r  k g .  of b o d y w e ig h t  
; t h a n  a m a tu re  a n im a l  o f  t h e  same s i z e  o r  o f  th e  same 

s p e c i e s  (com pare  T a b le  2 3 ) .  As p r e v i o u s l y  show n, 
t h e  same was t r u e  o f  th e  b a s a l  e n e rg y  m e ta b o l ism , s o  

t h a t  t h e  r a t i o  o f  t h e  one t o  th e  o t h e r  a p p e a r s  t o  be 

t h e  same i n  th e  young c a l f  a s  i n  m a tu re  a n im a l s  o f



5 4 .
v a r i o u s  s p e c i e s .

(h) The m a in te n a n c e  r e q u i r e m e n t  o f  th e  c a l f  f o r  n i t r o g e n

T a b le  55 shows t h a t  th e  mean en d o g en o u s  n i t r o g e n  
i n  mg. /  k g .  /  day  was 8 2 . The m e t a b o l i c  f a e c a l  
n i t r o g e n  (Page 49) was 1 . 9  g .  /  100 g .  d r y  m a t t e r  

’ e x c r e t e d .  T h ese  f i g u r e s  r e p r e s e n t  th e  i n e v i t a b l e  
l o s s  o f  n i t r o g e n  w h ic h  o c c u r s  f ro m  t h e  body o f  t h e  

; c a l f ,  a n d  t h i s  l o s s  i s  t h e r e f o r e  c o n s i d e r e d  t o  be t h e  
! m a in te n a n c e  r e q u i r e m e n t  o f  t h e  a n im a l  i n  t e r m s  o f  

m e t a b o l i s a b l e  n i t r o g e n  ( B l a x t e r  & M i t c h e l l ,  1 9 4 8 ;
L o f g r e e n ,  L o o s l i  & M aynard , 1 9 5 1 ) .

The mean l o s s  o f  n i t r o g e n  d u r in g  s t a r v a t i o n  
was fo u n d  t o  be 259 mg. /  k g .  b o d y w e ig h t . Thus 3%°/o , 
o f  th e  n i t r o g e n  l o s t  d u r in g  s t a r v a t i o n  was an  
i n e v i t a b l e  l o s s  o f  e n d o g e n o u s  n i t r o g e n  and t h e  
d i f f e r e n c e ,  259 -  82 = 177 mg. n i t r o g e n  /  k g .  b o d y -  
w e i g h t  i s  t h e  n i t r o g e n  f ro m  body p r o t e i n  c a t a b o l i s e d  
f o r  e n e r g y  p u r p o s e s .
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1 .  I n t r o d u c t i o n

I n  t h e  1 9 t h  c e n t u r y ,  i t  was c o n s i d e r e d  t h a t  
p r o t e i n  n u t r i t i o n  was e s s e n t i a l l y  one o f  n i t r o g e n  
n u t r i t i o n .  H ow ever,  i n  1 8 3 2 ,  B dw ards & B a lz a c  show ed 
t h a t  a  r a t i o n  o f  b r e a d  and  g e l a t i n  was i n s u f f i c i e n t  f o r  
t h e  n u t r i t i o n  o f  th e  d og , w h e re a s  one o f  b r e a d ,  g e l a t i n  
and a  s m a l l  amount o f  m eat so u p  was s u f f i c i e n t  f o r  
n o r m a l  h e a l t h .  A l s o ,  i n  n i t r o g e n  b a l a n c e  e x p e r i m e n t s  
Y o i t  (1872) showed t h a t  g e l a t i n  w ould  n o t  t a k e  t h e  
p l a c e  o f  m eat i n  th e  r a t i o n  o f  a  d o g .  T hese  
e x p e r i m e n t s  l e d  t o  t h e  r e c o g n i t i o n  t h a t  t h e r e  was n o t  
one minimum p r o t e i n  r e q u i r e m e n t  b u t  t h a t  t h e  r e q u i r e m e n t  
d e p e n d e d  on th e  n a t u r e  o f  th e  p r o t e i n .

The c l a s s i c a l  s t u d i e s  o f  O sborne & M endel on 
t h e  n u t r i t i v e  v a lu e  o f  p u r i f i e d  p r o t e i n s  showed t h a t  
w hen t h e  i n t a k e  o f  a  p r o t e i n  was s m a l l ,  t h e  e f f i c i e n c y  
o f  i t s  u t i l i z a t i o n  was l i m i t e d  b e c a u s e  o f  r e l a t i v e  
s h o r t a g e s  o f  one o r  more e s s e n t i a l  a m i n o - a c i d s .  T h is  
r e m a in s  t h e  b a s i s  of c u r r e n t  i d e a s  on t h e  n u t r i t i v e  
v a l u e  o f  p r o t e i n s .  The body r e q u i r e s  a  m ix tu r e  o f  
e s s e n t i a l  a m in o - a c id s  ( t h o s e  i t  c a n n o t  i t s e l f  s y n t h e s i s e )  
i n  c e r t a i n  d e f i n i t e  p r o p o r t i o n s  t o  r e p l a c e  th e  l o s s  o f  
b o t h  e n d o g en o u s  an d  m e t a b o l i c  f a e c a l  n i t r o g e n  and  a l s o  
f o r  g ro w th  and p r o d u c t i o n  ( m i l k , e g g s ) .  The n i t r o g e n  
r e q u i r e d  f o r  a  g iv e n  f u n c t i o n  t h e n ,  i s  f i x e d  and t h e  
am ount o f  d i g e s t e d  fo o d  p r o t e i n  w h ic h  w i l l  s a t i s f y  t h e  
r e q u i r e m e n t  v a r i e s  a c c o r d i n g  t o  i t s  a m in o - a c id  c o n t e n t .
Ho p r o t e i n  c o n t a i n s  e x a c t l y  t h e  r i g h t  m ix t u r e  o f  a m in o -  
a c i d s  f o r  a  p a r t i c u l a r  f u n c t i o n  e x c e p t  p o s s i b l y  t h o s e  
o f  d r i e d  w h o le  egg  f o r  t h e  g ro w th  o f  th e  r a t  an d  t h u s  
a  p o r t i o n  o f  t h e  a m in o - a c id s  a b s o rb e d  f ro m  t h e  d i g e s t e d  
p r o t e i n  w i l l  n o t  be r e q u i r e d  by t h e  b o d y .  T h e se  w i l l  
be d e a m in a te d  and  th e  c a r b o n  f r a g m e n t s  u t i l i s e d  a s  a  
s o u r c e  o f  e n e r g y .  The f e w e r  a m in o - a c id s  w h ich  a r e  
’w a s t e d 1 i n  t h i s  w ay, th e  h i g h e r  w i l l  be t h e  q u a l i t y  
o f  th e  p r o t e i n .

Of t h e  m ethods  w h ich  have  been  p ro p o s e d  t o  
d e te r m in e  t h e  q u a l i t y  o f  p r o t e i n s  i n  n u t r i t i o n ,  tw o  a r e
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u s e d  e x t e n s i v e l y : -
( a) The P r o t e i n  e f f i c i e n c y  r a t i o . T h i s  i s  t h e  
num ber o f  grains o f  b o d y w e ig h t  g a i n  f o r  e v e r y  gram  o f  
p r o t e i n  consum ed. The o r i g i n a l  m ethod  o f  O s b o rn e ,
M endel & F e r r y  (1919) u s i n g  p r o g r e s s i v e l y  i n c r e a s i n g  
p e r c e n t a g e s  o f  th e  t e s t  p r o t e i n  h a s  b e e n  m o d i f i e d ,  and 
m o st w o rk e r s  now t e s t  t h e  p r o t e i n  a t  a  c o n s t a n t  l e v e l s  
u s u a l l y  10$£ o f  th e  d i e t .  D e t e r m i n a t i o n s  of p r o t e i n
e f f i c i e n c y  r a t i o s  have  b e e n  c r i t i c i s e d  by M i t c h e l l  
( 1 9 4 4 ) . The m ain  p o i n t s  i n  h i s  c r i t i c i s m  a r e  a s  
f o l l o w s  : -
( i )  The d i f f e r e n c e s  b e tw e e n  t h e  p r o t e i n s  a r e  

e x a g g e r a t e d .  F e e d in g  i n  t h i s  m ethod  i s  ad  l i b i t u m  
and  th e  b e t t e r  t h e  p r o t e i n ,  t h e  more fo o d  i s  e a t e n ,  
b u t  t h e  g r e a t e r  t h e  amount of fo o d  e a t e n ,  t h e  
h i g h e r  becom es th e  r a t i o .

( i i )  Ho a c c o u n t  i s  t a k e n  of t h e  d i g e s t i b i l i t y  o f  t h e  : 
p r o t e i n .  I t  i s  t h e r e f o r e  i m p o s s i b l e  t o  c o n c lu d e  
f ro m  t h e  r e s u l t s  why one p r o t e i n  i s  b e t t e r  t h a n  
a n o t h e r .

( i i i )  I t  i s  assum ed  t h a t  b o d y w e ig h t  g ro w th  i s  o f  
c o n s t a n t  c o m p o s i t i o n  r e g a r d l e s s  o f  t h e  r a t i o n  on 
w h ich  i t  was o b t a i n e d .  T h i s  i s ,  i n  f a c t  n o t  
t h e  c a s e ,  as th e  w ork i n  t h i s  t h e s i s  w i l l  l a t e r  
s h o w .

(b) The B i o l o g i c a l  v a lu e  o f  a  p r o t e i n  d e t e r m in e d  by 
n i t r o g e n  b a l a n c e  m ethods  i s  th e  num ber o f  g ram s o f  
n i t r o g e n  s t o r e d  f o r  e v e r y  100 g .  o f  n i t r o g e n  a b s o r b e d .  
( M i t c h e l l ,  1 9 2 3 -4 )  . T h i s  p ro c e d u re  a l s o  y i e l d s  
d a t a  on m e t a b o l i c  u t i l i s a t i o n  and  d i g e s t i b i l i t y .
The r e s u l t s  a r e  a f f e c t e d  i f  -
( i )  t h e  e x p e r i m e n t a l  p e r i o d  i s  n o t  l o n g  enough t o  

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

t h e  p r e - e x p e r i m e n t a l  p e r i o d  i s  n o t  l o n g  e n o u g h  t o  
e n s u r e  t h a t  e q u i l i b r i u m  i s  o b t a i n e d  w i t h  t h e  d i e t .

( i i )  By f a r  t h e  m ost i m p o r t a n t  i n f l u e n c e  on t h e  
r e s u l t  i s  t h e  p e r c e n t a g e  o f  p r o t e i n  i n  th e  d i e t  

( M i t c h e l l ,  1 9 2 3 -4 ;  M i t c h e l l  & B e a d le s ,  1 9 2 6 -7 ;  
H a m i l to n ,  1 9 5 8 ) .  F i g u r e  11 shows t h e  r e s u l t s  

o b t a i n e d  by H a m i l to n  (1958) on r a t s  f e d  d i f f e r i n g



p e r c e n t a g e s  o f  p r o t e i n  when th e  s o u r c e  o f  p r o t e i n  
was d r i e d  w hole  e g g .  D r ie d  egg  h a s  a  v e r y  h i g h  
b i o l o g i c a l  v a lu e  i n  t h e  r a t  when f e d  a t  t h e  Qfo l e v e l .  
T h i s  g r a p h  a l s o  i n c l u d e s  r e s u l t s  com pu ted  f ro m  
n i t r o g e n  b a l a n c e  d a t a  o b t a i n e d  d u r in g  e x p e r im e n t s  
A and B i n  th e  p r e s e n t  w o rk .  F o r  t h i s  p u rp o se  
e n d o g en o u s  n i t r o g e n  e x c r e t i o n  was e s t i m a t e d  by 
u s in g  t h e  f a c t o r  o f  80 mg. e n d o g en o u s  n i t r o g e n  p e r  
k g .  o f  b o d y w e ig h t ,  w h i l e  m e ta b o l i c  f a e c a l  n i t r o g e n  
was c a l c u l a t e d  u s in g  t h e  f a c t o r  o f  2 .0  g .  m e t a b o l i c  
f a e c a l  n i t r o g e n  /  100 g .  d ry  m a t t e r  e x c r e t e d .  I t  
i s  o f  i n t e r e s t  t h a t  t h e  v a l u e s  f o r  t h e  b i o l o g i c a l  
v a lu e  o f  t h e  p r o t e i n s  o f  d r i e d  sk im  m i lk  i n  t h e  
c a l f  a lm o s t  c o i n c i d e  a t  lo w e r  l e v e l s  o f  N i n t a k e  
w i t h  t h o s e  f o r  r a t s  g iv e n  w hole  eg g .  I n  g ro w in g  
r a t s  th e  b i o l o g i c a l  v a lu e  o f  th e  p r o t e i n s  o f  d r i e d  
sk im  m i l k  i s  a p p r o x i m a te ly  84 ( F a i r b a n k s  and  M itc h e l l ,  
1 9 3 5 ; Sum ner 193 8 ; S w am in a th an ,  1937 a , b ;  H e n ry ,  
H o u s to n ,  Eon & O s b o rn e ,  1939; H e n ry ,  Eon, l e a  & 
W h i te ,  1 9 4 8 ) .  I n  t h e s e  e x p e r im e n t s  w i t h  young  
r a t s  t h e  l e v e l  o f  p r o t e i n  was 8%, w h i l s t  i n  a d u l t s  
p e r c e n t a g e s  as  low a s  4 -5  w ere u s e d .  I t  i s  
t h e r e f o r e  c l e a r  f ro m  F i g u r e  11 t h a t  maximum 
b i o l o g i c a l  v a l u e s  o f  th e  d r i e d  sk im  m i lk  w ere  n o t  
o b t a i n e d  w i t h  c a l v e s  s i n c e  th e  l e v e l  o f  p r o t e i n  was 
t o o  h i g h .  Only when th e  p r o t e i n  c o n t e n t  o f  t h e  
d i e t  i s  su ch  t h a t  t h e  demand by t h e  t i s s u e s  f o r  
a m in o - a c id s  i s  g r e a t e r  t h a n  t h e  s u p p ly  w i l l  maximum 
b i o l o g i c a l  v a l u e s  be o b t a i n e d .  T h i s  i n e v i t a b l y  
e n t a i l s  p a r t i a l  p r o t e i n  d e f i c i e n c y  i n  t h e  a n im a l  
and  a  r a t e  o f  g ro w th  w h ic h  i s  lo w e r  t h a n  n o r m a l .

E x p e r im e n ts  d e s ig n e d  t o  s tu d y  t h e  b i o l o g i c a l  
v a lu e  o f  d i e t a r y  p r o t e i n  i n  t h e  c a l f  d u r i n g  t h e  f i r s t  
few  w eeks  o f  l i f e  do n o t  a p p e a r  t o  have  b e e n  c o n d u c te d ,  
and  i n f o r m a t i o n  r e g a r d i n g  th e  p r o t e i n  c o n t e n t  o f  th e  - 
d i e t  w h ic h  w ould  r e n d e r  s u c h  e x p e r im e n t s  c r i t i c a l  i s  
n o t  a v a i l a b l e .  P r e l i m i n a r y  o b s e r v a t i o n s  h av e  been  
p r e s e n t e d ,  a n d ,  t o  o b t a i n  f u r t h e r  i n f o r m a t i o n ,  a  s e r i e s  
o f  n i t r o g e n  b a l a n c e s  w ere d e te r m in e d  on c a l v e s  g i v e n  

d i e t s  c o n t a i n i n g  v a r y i n g  p e r c e n t a g e s  o f  p r o t e i n .



T A B IE  54

Composition of the experimental d ie t s

Constituent D iet N2

9 11 10

Dried skim milk ( g . / l . ) 83 .9 69.7 55.5

la r d , pare ( g . / l . ) 41 .8 41 .9 4 2 .1

C od-liver o i l  ( m l . / l . ) 3 .3 3 .3 3 .3

Glucose ( g . / l . ) -  - 15.4 30.8

Mineral mixture ( g . / l . ) —  - 1.7 3 .3

l e c i t h i n  ( g . / l . ) —  - 0.05 0 .1

Calculated composition

C a lo r i e s / l . 772 744 716

F at ( /0) 4 .6 4 .6 4 .6

P rotein  in  dry 
matter ($) 22.0 18.0 14.0

P rotein  ca lo r ie s  
as percentage of 
t o t a l  c a lo r ie s

20.5 17.0 13.5



TABLE 1)0

Arrangement of balance experiments and animals used

M et Galf H§

Type and N£ Amount given  
( l . /d a y )

High p rote in  9 2.4 11

2 .6 12

3 .8 7

4 .2 8

Medium-protein 3.4 11
11

3 .8 8

4 .2 9

6 .0 9

9.0 9

Low-protein 10 2 .4 12

2 .6 11

3 .8 9

4 .2 7



2 .  P l a n  o f  e x p e r im e n t  t o  d e t e r m in e  f a c t o r s  a f f e c t i n g  
th e  b i o l o g i c a l  v a lu e  o f  p r o t e i n  f o r  t h e  c a l f .

F iv e  c a l v e s  w ere  u s e d  and a t  l e a s t  one 
n i t r o g e n  b a l a n c e  was d e t e r m in e d  on e a c h .

The c o m p o s i t i o n  o f  t h e  d i e t s  u se d  i s  shown i n  
! T a b le  34 and  some d e t a i l s  o f  t h e  e x p e r im e n t s  c o m p le te d  
: a r e  show n i n  T a b le  35 . The f o l l o w i n g  d e t e r m in a t i o n s ;  
| w ere  c a r r i e d  ou t 
| D i e t
| T o t a l  n i t r o g e n ,  t o t a l  f a t  and d ry  m a t t e r
I ( d e t e r m i n e d  on e a c h  s a m p l e ) .
i
j U r in e
! T o t a l  n i t r o g e n  ( d e t e r m in e d  e v e r y  d a y ) .
! F a e c e s
| T o t a l  n i t r o g e n ,  d r y  m a t t e r ,  a sh  and  ’f a t ’
| ( d e t e r m i n e d  e v e r y  two d a y s ) .
i i
| The r e s u l t s  o f  t h e  s e r i e s  o f  t h i r t e e n  j
j e x p e r i m e n t s ,  e a c h  l a s t i n g  12 d a y s ,  p e r m i t t e d  s e v e r a l  
j  d i r e c t  c o m p a r iso n s  of one d i e t  w i t h  a n o t h e r .  R e s u l t s  
| w i t h  v e r y  h i g h  i n t a k e s  o f  d i e t s  N2 9 and 10 w ere  n o t , :  
j h o w e v e r ,  o b t a i n e d  and t h e  r e s u l t s  w i t h  d i e t  IT£11 a r e  

t h e r e f o r e  t r e a t e d  s e p a r a t e l y .

I 5 .  R e s u l t s
I (g ) G e n 6 r a l _ o b s e r v a t i o n s

I t  w i l l  be s e e n  f ro m  T a b le  35 t h a t  th e  d i e t s  
! c o n t a i n e d  4 * 6 $  o f  f a t  w h ich  i s  h i g h e r  t h a t  t h a t  
I p r e v i o u s l y  u s e d .  When t h e s e  d i e t s  w ere  s u b s t i t u t e d  
| f o r  w ho le  m i lk  i n  th e  u s u a l  m anner a l l  t h e  a n im a l s  
i s u f f e r e d  f ro m  p r o f u s e  ’s c o u r i n g ’ . W a te r  was g i v e n  

f o r  a s h o r t  t im e  and  t h e  a n im a ls  w ere  g r a d u a l l y  
a c c u s to m e d  t o  th e  d i e t s  o v e r  a  p e r i o d  o f  t e n  d a y s  
b e f o r e  t h e  e x p e r im e n t  commenced. I t  was c o n c lu d e d  

I t h a t  th e  c a l f  was u n a b le  t o  a s s i m i l a t e  s u c h  l a r g e  
i q u a n t i t i e s  o f  f a t  when o n ly  a  few  d ay s  o l d .

a s  th e  e x p e r im e n t  p r o g r e s s e d  some o f  t h e  
a n im a l s  became i l l ,  sh o w in g  symptoms w h ic h  a r e  
d e s c r i b e d  e l s e w h e r e  ( B l a x t e r ,  W a t t s  & Wood, 1 9 5 1 ) .
The n i t r o g e n  b a l a n c e  r e s u l t s  o f  a f f e c t e d  a n im a l s  a r e  
n o t  i n c l u d e d  h e r e .



TABLE 36

A p p a r e n t  ., d i g e s t i b i l i t y  f o r  c a l v e s  o f  d i e t s  N o s ,9  ( h ig h  p r o t e i n ) 
and  10 ( lo w  p r o t e i n )  a t  f o u r  l e v e l s  of i n t a k e .

Amo a n t
g i v e n
( l . / d a y )

D ry  m a t t e r  
D i e t  Kg9 D i e t  KS10 

(fo) <*)

T o t a l  f a t  
D i e t  Ng9 D i e t  H ilO

(*> <50

T o t a l  N 
D i e t  ItS 9 D i e t  H§10 

< 0  {#)

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

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

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

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

Mean 9 3 .9 9 1 .1 9 2 .6 8 6 .9 8 9 .3 8 0 .7

Mean d i f f e r e n c e
w i t h  i t s s t a n d : i l
a r d  e r r o r  2 . 8 3 - 1 .7 3 5 .6 3 1 2 .3 4 8 •5 8 -5

00o•

( t h r e e  d e g r e e s
o f  f re e d o m )



(51  D i g e s t i b i l i t y _ o f  t h e _ d i e t s .

T a b le  36 su m m a r ise s  t h e  d a t a  o b t a i n e d  on th e  
d i g e s t i b i l i t y  o f  th e  t o t a l  d r y  m a t t e r ,  f a t  and  t o t a l  
n i t r o g e n  o f  d i e t  Kg9 ( h ig h  p r o t e i n )  and  o f  d i e t  K210 
( low  p r o t e i n ) . The mean d i g e s t i b i l i t y  o f  t h e  d ry  
m a t t e r ,  f a t  and  p r o t e i n  t e n d e d  t o  be h i g h e r  when t h e  
d i e t  h i g h  i n  p r o t e i n  was g i v e n .  S t a t i s t i c a l  a n a l y s i s  
o f  t h e s e  r e s a l t s  show ed, h o w e v e r ,  t h a t  th e  d i f f e r e n c e s  
w e re  n o t  s i g n i f i c a n t .  T a b le  37 su m m a r ise s  t h e  
r e s a l t s  when d i e t  KE11 (medium p r o t e i n )  was g i v e n .

TABLE 37

A p p a r e n t  d i g e s t i b i l i t y  f o r ,  c a l v e s  o f  t h e  m e d ia m - p r o t e in  
d i e t  (Kg1 1 ) a t  f i v e  l e v e l s  o f  i n t a k e .

Amount g iv e n  
( 1 . /  day)

D ry  m a t t e r  
( #

T o t a l  f a t
( f )

T o t a l  H
(/«)

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

I t  shows t h a t  th e  a p p a r e n t  d i g e s t i b i l i t y  o f  th e  
[ t o t a l  n i t r o g e n  d e c l i n e d  a t  th e  l o w e s t  l e v e l s  o f  i n t a k e ,  
i T h i s  c o n c l a s i o n  may a l s o  be made f ro m  t h e  r e  s a l t s  w i t h  
' t h e  lo w  p r o t e i n  d i e t  g iv e n  i n  T a b le  3 6 .  The 
| p e r c e n t a g e  o f  n i t r o g e n  i n  th e  f a e c e s  t e n d e d  t o  d e c l i n e  
| w i t h  i n c r e a s i n g  i n t a k e ,  b a t  t h i s  was n o t  s t a t i s t i c a l l y  
i s i g n i f i c a n t . D i f f e r e n c e s  b e tw e e n  t h e  d i e t s  i n  
| p e r c e n t a g e  o f  n i t r o g e n  i n  t h e  f a e c a l  d ry  m a t t e r  w e re ,  

h o w e v e r ,  s t a t i s t i c a l l y  s i g n i f i c a n t .  The p e r c e n t a g e  

1 o f  n i t r o g e n  i n  t h e  d ry  f a e c e s  may be r e l a t e d  t o  t h e  
i p e r c e n t a g e  o f  p r o t e i n  i n  t h e  d i e t  by th e  e q u a t i o n  

K i n  d ry  f a e c e s  = 1 ,2  -  0 . 3  P ,
w here  p i s  t h e  p e r c e n t a g e  o f  th e  t o t a l  d i e t a r y  c a l o r i e s  
p r e s e n t  a s  p r o t e i n .  The i n t e r c e p t  o f  t h i s  e q u a t i o n  

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

when t h e r e  i s  no n i t r o g e n  i n  th e  d i e t ,  t h a t  i s  th e



T A 3 IE  ^8

N itr o g e n  b a la n c e s  o f  th e  c a lv e s  ( g . / d a y )

D ie t
g iv e n
( l . / d a y )

In ta k e E x c r e t io n B a la n ce

F a e c e s U rin e

D ie t  NB9 ( h ig h - p r o t e in )

2.4 11.48 1.40 7.63 + 2.45
2 .6

/i
13.23 1.15 7.85 + 4 .23

J? •+ 
3 .8 18.19 2 .51 8.46 4 7.22

D ie t  N a i l  (me ditim -pr o te  in )

3.4 13.77 1.93 6.17 f  5.67
3 .8 15.48 1.98 7.14 + 6.36
4.2 17.80 0.99 6.82 + 9.99
6.0 24.18 1.63 8.22 +14.34
9.0 37.68 2.21 11.47 +23.99

D ie t  N ilO  ( lo w -p r o te in )

2.4 7.69 2.73 5.76 -  0 .80
2 .6 8.62 1.66 4.46 + 2.50
3 .8 12.20 2.11 3.97 + 6.11
4 .2 12.61 1.07 4 .6 1 + 6 .93



m e t a b o l i c  f a e c a l  n i t r o g e n .  The v a l u e  o f  1 . 2  g .  /
100  g .  f a e c a l  d ry  m a t t e r  d i f f e r s  f ro m  t h e  v a l u e  o f  
1 . 9  g .  a s  d i r e c t l y  d e t e r m in e d  (p ag e  49) . The e r r o r s  
i n v o l v e d ,  e s p e c i a l l y  t h e  a s s u m p t io n  o f  l i n e a r i t y  o f  
t h e  r e g r e s s i o n  a r e ,  h o w e v e r ,  l a r g e  and i t  i s  d o u b t f u l  
w h e th e r  th e  d i f f e r e n c e  i s  i n  f a c t  r e a l .  From t h e  
v a r i a b i l i t y  o f  th e  n i t r o g e n  e x c r e t i o n  i n  th e  f a e c e s  o f  

t h e s e  c a l v e s  r a n g i n g  f ro m  0 . 9 9  g .  by c a l f  N29 i n g e s t i n g
4 . 2  l i t r e s  o f  t h e  medium p r o t e i n  d i e t  N211,. t o  2 . 7 3  g .  
by c a l f  N212 i n g e s t i n g  2 .4  l i t r e s  o f  t h e  lo w  p r o t e i n  
d i e t  N2 1 0 , i t  i s  c l e a r  t h a t  i n  th e  young  c a l f  n i t r o g e n  
e x c r e t i o n  i n  th e  f a e c e s  i s  n o t  so  c o n s t a n t  a s  i t  i s  i n  
c a t t l e  and s h e e p  g i v e n  s t a n d a r d  r a t i o n s .  T h is  i s  
l a r g e l y  due t o  v a r y i n g  d e g r e e s  o f  a l i m e n t a r y  d i s t u r b a n c e  
i n  c a l v e s  r a n g i n g  f ro m  a c u t e  d i a r r h o e a ,  when up t o  60$  
o f  t h e  i n g e s t e d  n i t r o g e n  a p p e a r s  i n  th e  f a e c e s ,  t o  
m i l d  d i g e s t i v e  u p s e t s ,  and i t  w ould  a p p e a r  t h a t  t h e s e  
d i g e s t i v e  u p s e t s  a r e  s u f f i c i e n t  t o  p r e v e n t  t h e  
d e m o n s t r a t i o n  o f  e v e n  c o m p a r a t i v e l y  l a r g e  d i f f e r e n c e s  
i n  t h e  d i g e s t i b i l i t y  o f  th e  d i e t s  u n l e s s  many c a l v e s  
a r e  u s e d .
( c )  U r i n a r y  n i t r o g e n  and n i t r o g e n  b a 1 ance

T a b le  38 su m m a r ise s  th e  n i t r o g e n  b a l a n c e  d a t a .  
T h i s  t a b l e  show s t h a t  f o r  e a c h  d i e t  a n  i n c r e a s e  i n  t h e  
am ount i n g e s t e d  was a s s o c i a t e d  w i t h  r e l a t i v e l y  l i t t l e  
ch an g e  i n  th e  u r i n a r y  e x c r e t i o n  o f  n i t r o g e n ,  b u t  w i t h  
a  m arked  change  i n  n i t r o g e n  b a l a n c e .  The r e l a t i o n  
b e tw e e n  th e  i n t a k e  o f  n i t r o g e n  e x p r e s s e d  as  a p p a r e n t l y  
d i g e s t e d  n i t r o g e n  and  t h e  u r i n a r y  n i t r o g e n  was e x am in ed  
by a n a l y s i s  of c o v a r i a n c e .  The o b s e r v a t i o n  on th e  
a n im a l  i n  n e g a t i v e  n i t r o g e n  b a l a n c e  when r e c e i v i n g  t h e  
low p r o t e i n  d i e t  was o m i t t e d .  The a n a l y s i s  o f  
v a r i a n c e  i s  g i v e n  i n  T a b le  39•

The mean r e g r e s s i o n  b e tw e e n  u r i n e  n i t r o g e n  
e x c r e t i o n  and a p p a r e n t l y  d i g e s t e d  n i t r o g e n  was v e ry  
h i g h l y  s i g n i f i c a n t  an d  t h e r e  w ere 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  d i f f e r e n c e s  f ro m  t h i s  mean r e g r e s s i o n  due 
t o  t h e  p r o t e i n  p e r c e n t a g e  o f  t h e  d i e t .  T h e re  w as ,  
h o w e v e r ,  a  l a r g e  d i f f e r e n c e  b e tw e e n  t h e  u r i n a r y



TABLE 39

A nalysis of variance of the urinary n itrogen excre tion  of the 
ca lves expressed in  g. /  day, including the covariance of 
urinary n itrogen  on apparently d igested  n itro g en .

Component Degrees of  
freedom

Estimated
variance

Variance 
r a t io  (02z)

Joint regress ion  of 
urinary N on apparent: 
ly  d igested  N intake

1 17.252 103.7

D ifferen ces  between 
regress ion s 2 0.035 U.S.

D ifferen ces between 
means 2 7.433 , ,  £ XXX44.6

Error 5 0.166 ------

T otal 10 -------- -----

-x x x  S ig n if ic a n t  at P <  0 .001  

N .S .: not s ig n i f ic a n t



TABLE 40

A n a ly s is  o f  v a r ia n c e  o f  th e  n i t r o g e n  b a la n c e s  o f  th e  c a lv e s  

e x p r e s s e d  i n  g .  /  day , in c lu d in g  th e  c o v a r ia n c e  o f  n i t r o g e n  
b a la n c e  on th e  n i t r o g e n  a p p a r e n t ly  d i g e s t e d .

Component D e g r e e s  o f  
freed om

E stim a te d
v a r ia n c e

V a r ia n c e
r a t i o ( e 2 z )

J o in t  r e g r e s s io n  o f  HT 
b a la n c e  on a p p a r e n t ly  
d ig e s t e d  U.

1 269.253 6 3 6 .6  * * *

D if f e r e n c e s  b etw een  
r e g r e s s io n s 2 1.447 U.S.

D if f e r e n c e s  b etw een  
means 2 5.061 1 2 .0  *

E rr o r 6 0.425 ------

T o t a l 11 -------- ------

XXX S ig n if ic a n t  at P 0 .001  ^ S ig n if ic a n t  at P 0.05

U .S .:  not s ig n i f ic a n t



n i t r o g e n  e x c r e t i o n  o f  t h e  c a l v e s  on  t h e  low , medium and 
h i g h  p r o t e i n  d i e t s  a t  t h e  same l e v e l  of i n t a k e .  The 
t h r e e  e q u a t i o n s  r e l a t i n g  u r i n a r y  n i t r o g e n  t o  a p p a r e n t l y  
d i g e s t e d  n i t r o g e n  were

UHg = 0 .2 1  -fr 5 .3 0    ( l a )

U1Tm ** 0 .2 1  ADI^ + 3 .7 1    ( l b )

UITl  = 0 . 2 1  £DNX + 2 .1 3    ( l c )

w h e re  UU r e p r e s e n t s  u r i n a r y  n i t r o g e n  e x c r e t i o n  i n  g .  p e r
d a y ,  ADN th e  a p p a r e n t l y  d i g e s t e d  n i t r o g e n  and  t h e  
s u b s c r i p t s  H, M and  1  r e f e r  t o  t h e  h i g h - ,  m ed ium -, and  
low  p r o t e i n  d i e t s .

The i n t e r c e p t s ,  5 .3 0 ,  3 .7 1  and 213 r e p r e s e n t  t h e  
u r i n a r y  n i t r o g e n  e x c r e t i o n  when no  n i t r o g e n  was g i v e n .  
T h e se  v a l u e s  do n o t  r e p r e s e n t  th e  en d o g en o u s  e x c r e t i o n  
o f  n i t r o g e n  s i n c e  i f  t h e  c a l v e s  r e c e i v e d  no n i t r o g e n  
w i t h  t h e s e  p a r t i c u l a r  d i e t s  t h e y  w ould  n o t  be r e c e i v i n g  
any d i e t  a t  a l l ,  and t h e r e f o r e  t h e  u r i n e  n i t r o g e n  w ould  
r e a c h  th e  h i g h  v a lu e  fo u n d  d u r i n g  s t a r v a t i o n .  T h e se  
r e g r e s s i o n s  t h e r e f o r e  c a n n o t  be l i n e a r ,  e s p e c i a l l y  i n  
t h e  r e g i o n  o f  n e g a t i v e  n i t r o g e n  b a l a n c e .  As t h e  
d a t a  u s e d  i n  th e  p r e s e n t  s tu d y  w ere  a l l  o b t a i n e d  i n  t h e  
r e g i o n  o f  p o s i t i v e  b a l a n c e ,  h o w e v e r ,  i t  i s  p o s s i b l e  
t h a t  t h e  i n t e r c e p t s  r e p r e s e n t  b o th  a n  e n d o g e n o u s  
com p o n en t and a  c o n s t a n t  fb a s a l  d e a m i n a t i o n  c o m p o n e n t1, 
t h a t  i s  a n  amount o f  u r i n a r y  n i t r o g e n  r e f l e c t i n g  t h e  
h i g h e r  amount o f  d e a m i n a t i o n  t h a t  o c c u r s  on  d i e t s  h i g h  
i n  p r o t e i n .  T h i s  q u a n t i t y  s h o u ld  be i n d e p e n d e n t  o f  
t h e  d i e t a r y  s o u r c e  o f  n i t r o g e n .

The n i t r o g e n  b a l a n c e s  w ere r e l a t e d  t o  t h e  
n i t r o g e n  a p p a r e n t l y  d i g e s t e d  i n  a  s i m i l a r  a n a l y s i s  o f  , 
v a r i a n c e ,  p r e s e n t e d  i n  T a b le  4 0 .  I n  t h i s  i n s t a n c e  
t h e  d a t a  f o r  t h e  a n im a l  i n  n e g a t i v e  b a l a n c e  w ere  
i n c l u d e d .  The d i f f e r e n c e s  b e tw e e n  th e  i n d i v i d u a l  
r e g r e s s i o n s  w ere n o t  s i g n i f i c a n t  b u t  t h e  mean 
d i f f e r e n c e s  b e tw een  th e  i n t e r c e p t s  o f  t h e  e q u a t i o n  w ere  
s i g n i f i c a n t .  T h i s  i s  i n  a g re e m e n t  w i t h  th e  r e s u l t s  
o b t a i n e d  f o r  u r i n a r y  n i t r o g e n ,  d e s p i t e  th e  i n c l u s i o n  
o f  t h e  one v a l u e  i n  w h ic h  t h e  c a l f  was i n  n e g a t i v e  

b a l a n c e .  The e q u a t i o n s  r e l a t i n g  n i t r o g e n  b a l a n c e



TABUS 41

S to r a g e  o f  Body n itr o g e n  by th e  c a lv e s  f o l lo w in g  in g e s t i o n  
o f  d i f f e r e n t  amounts o f  n i t r o g e n  in  d i e t s  w ith  h ig h ,  low  and 
medium l e v e l s  o f  p r o t e in  ( g .  /  d ay) .

Type o f  d i e t S to r a g e  o f  N when e q u a l  
q u a n t i t i e s  o f  a p p a r e n t ly  
d ig e s t e d  N are  g iv e n

S to r a g e  o f  N when 
e q u a l q u a n t i t i e s  o f  
en erg y  are  g iv e n

N itr o g e n g iv e n G-ross e n e r g y  g iv e n

10 g . 20 g . 2500 c a l . 3500 c o l

lo w  p r o t e in 5 .0 0 13.15 4.59 7.68
Medium p r o t e in 4 .0 1 12.04 5.53 9.43
High, p r o t e in 2.51 10.64 6.16 10.88



t o  a p p a r e n t l y  d i g e s t e d  n i t r o g e n  w e r e : -

NBg = 0 .8 1  ADHg -  5 .6 4  . ..........  (2 a)

■NB^ = 0 . 8 1  i m m -  4 . 2 2 ........................... ( 2 b)

NBl  * 0 .8 1  ABN^ -  5 .1 3  ..........  (2 o)

w h ere  NB r e p r e s e n t s  n i t r o g e n  b a l a n c e  i n  g .  p e r  day a n d : 
t h e  o t h e r  t e r m s  h av e  t h e  same s i g n i f i c a n c e  as  i n  
e q u a t i o n  1 .

When t h e  o b s e r v a t i o n  on t h e  a n im a l  i n  n e g a t i v e  
n i t r o g e n  b a l a n c e  w a s .o m i t t e d  t h e  r e g r e s s i o n  c o e f f i c i e n t  
o f  n i t r o g e n  b a l a n c e  on n i t r o g e n  i n t a k e  a p p a r e n t l y  d i g : ;  
e s t e d  was 0 . 7 9  and  th e  v a l u e s  f o r  t h e  i n t e r c e p t  -  
5 . 3 0 , -  3 .7 1  and -  2 .3 1 ,  t h a t  i s  t h e  same a s  f o r  th e  
e q u a t i o n  r e l a t i n g  UN t o  ABN, e x c e p t  t h a t  t h e  s i g n s  a r e  
c h a n g e d .  The e q u a t i o n s  b a s e d  on a l l  t h e  d a t a ,  how ever 
h a v e  b e e n  u s e d  i n  t h e  f o l l o w i n g  c a l c u l a t i o n s , a s  th e  
j u s t i f i c a t i o n  f o r  d i s c a r d i n g  t h e  p o i n t  w h ic h  d id  n o t  
f i t ,  c a n n o t  be t e s t e d  a t  th e  p r e s e n t  t i m e .

Prom  e q u a t i o n s  2 a ,  2b and  2c t h e  r e s u l t s  i n  
T a b le  41  w ere  c a l c u l a t e d .  They show t h a t  i f  e q u a l  
q u a n t i t i e s ^ f  g r o s s  e n e r g y  a r e  s u p p l i e d ,  th e  s t o r a g e  
o f  n i t r o g e n  f a l l s  a s  t h e  p r o t e i n  c o n t e n t  o f  t h e  d i e t  
i s  r e d u c e d .  F o r  e q u a l  am ounts  o f  n i t r o g e n  d i g e s t e d ,  
h o w e v e r ,  th e  s t o r a g e  o f  n i t r o g e n  i n c r e a s e s  w i t h  
d e c r e a s i n g  p r o t e i n  c o n t e n t  o f  t h e  d i e t .  T h is  
m eans t h a t  i f  a p r o t e i n - f r e e  s u p p le m e n t  i s  ad d e d  t o  a 
b a s a l  d i e t ,  n i t r o g e n  r e t e n t i o n  w i l l  i n c r e a s e ,  th e  
e f f e c t  b e i n g  t o  re d u c e  th e  fb a s a l  d e a m i n a t i o n  com ponent 
a s s o c i a t e d  w i t h  t h e  h i g h e r  p r o t e i n  c o n t e n t  o f  t h e  b a s a l  
d i e t .  T h e se  r e l a t i o n s h i p s  can  be i n f e r r e d  f ro m  t h e  
d a t a  o f  T a b le  3 8 ,  w here  c o m p a r iso n s  c an  be made 
b e tw e e n  a n im a ls  r e c e i v i n g  t h e  same q u a n t i t y  o f  d i e t s  
h i g h  o r  low  i n  p r o t e i n .

The b o d y w e ig h t  g a i n s  o f  th e  c a l v e s  r e f l e c t  
t h e s e  d i f f e r e n c e s  i n  n i t r o g e n  r e t e n t i o n .  Thus i n  t h e  
t h r e e  c a l v e s  g i v e n  3 . 8  l i t r e s  o f  e a c h  o f  t h e  t h r e e  
d i e t s ,  th e  d a i l y  g a in s  i n  b o d y w e ig h t  w ere  3 6 0 , 305 and  
229 g .  f o r  th e  h i g h - ,  medium- and l o w - p r o t e i n  d i e t s  
r e s p e c t i v e l y .  I n  t h e  c a l v e s  g iv e n  2 . 6  l i t r e s  o f  t h e



h ig h -  or th e  lo w - p r o te in  d i e t ,  th e  d a i ly  g a in s  were 
155 and 54- g .  r e s p e c t i v e l y ,  w hereas w ith  o n ly  2 .4  
l i t r e s  th e  c a l f  on th e  lo w - p r o te in  d i e t  l o s t  46 g .  d a ily  
and th e  c a l f  g iv e n  th e  h ig h  p r o t e in  d i e t  g a in ed  18 g .  
F or a p p ro x im a te ly  e q u a l in ta k e s  o f  e n e r g y , g a in s  were 
s m a lle r  when th e  d i e t s  c o n ta in e d  l e s s  p r o t e in .

A com p arison  o f  b od yw eigh t g a in s  a t e q u iv a le n t  
p r o t e in  in t a k e s ,  i r r e s p e c t i v e  o f  t o t a l  c a l o r i e  in t a k e ,  
ca n  s i m i l a r l y  be made. C a lf  N£12 in g e s t in g  2 .6  
l i t r e s  o f  d i e t  N£9 was in g e s t in g  about th e  same q u a n tity  
o f  p r o t e in  a s  G a lf  N £ l l  in g e s t in g  5 .4  l i t r e s  o f  d i e t  
N i l l ,  and c a l f  N£9 in g e s t in g  5 .8  l i t r e s  o f  d i e t  N £10.
The d a i ly  g a in s  in  w e ig h t were 1 5 5 , 275 and 505 
r e s p e c t i v e l y .  S im i la r ly  th e  c a l f  in g e s t in g  5 .8  
l i t r e s  o f  d i e t  N£9 g a in e d  560 g .  and th e  c a l f  in g e s t in g
4 .2  l i t r e s  o f  d i e t  N £ l l  g a in e d  455 g .  The in ta k e  o f  
n it r o g e n  o f  b o th  a n im a ls  was about th e  sam e. The 
b o d y w eig h t g a in s ,  h ow ever, are s u b j e c t  to  g r e a t e r  
e r r o r s  o f  e s t im a t io n  th a n  are th e  n itr o g e n  b a la n c e s .
(d) B i o l o g i c a l  v a l u e s  o f  t h e  i n g e s t e d  p r o t e i n

The b i o l o g i c a l  v a lu e  o f  a p r o t e in ,  as d e f in e d  
by M it c h e l l  ( 1 9 2 5 - 4 ) ,  i s  g iv e n  by th e  e q u a t io n

* ni - (un - bit ) - ( m  - m)
B.Y. -  100 x  f a  -  ( g i  L  MMij-------------  •••  <3a)

w here NI = n i t r o g e n  in t a k e ,  UN = u r in a r y  n itr o g e n
e x c r e t io n ,  EN = endogenous n it r o g e n  e x c r e t io n ,  FN =
f a e c a l  n i t r o g e n  e x c r e t io n ,  MN = m e ta b o lic  com ponent o f
th e  f a e c a l  n i t r o g e n ,  and BV = b i o l o g i c a l  v a lu e .  T h is
e q u a t io n  may be r e -a r r a n g e d  by s u b s t i t u t i n g  th e  n itr o g e n
b a la n ce  (NB) f o r  th e n e c e s s a r y  term s in  th e  n u m erator
o f  th e  e q u a t io n  and r e p la c in g  th e  term  (NI -  FN) by th e
term  ABN (a p p a r e n t ly  d ig e s t e d  n i t r o g e n ) . T h is  g iv e s
th e  m o d if i c a t io n s -

t,,t -»r\r\ — BN 4  MN 4  NB /BY = 100 x   . . .  (3b)

I t  h a s  a lr e a d y  b een  shown th a t  th e  n i t r o g e n  b a la n c e  may 
be r e la t e d  to  th e  amount o f  a p p a r e n t ly  d ig e s t e d  
n it r o g e n  by a s im p le  l in e a r  e q u a t io n , ( s e e  e q u a t io n s  
2 a , 2b and 2 c ) . The b i o l o g i c a l  v a lu e  as d e f in e d  by 

M it c h e l l  (1 9 2 5 -4 )  can  th u s  be d eterm in ed  by s u b s t i t u t in g



in  th e  e q u a t io n  a b ove, th e  l i n e a r  e q u a t io n  r e l a t i n g  ABN 
t o  NB. I t  i s  a l s o  n e c e s s a r y  t o  in c lu d e  v a lu e s  f o r
th e  e x c r e t io n  o f  m e ta b o lic  f a e c a l  n i t r o g e n .  For th e  
moment th e s e  may be reg a rd ed  as c o n s ta n ts  o f  2 .5  and 

; 0 .6  g .  n i t r o g e n  r e s p e c t i v e l y .

The b i o l o g i c a l  v a lu e  o f  th e  p r o t e in s  o f  d r ie d  
sk im  m ilk  f o r  th e  c a l f  can  th u s be e s t im a te d  from  th e  

I e q u a t io n

BY -  100 x  (— * 5—* -Q — £0-*83JLDN -  3c))
| m  ~ 1UU X ( ABN + 0 .6  # W

[w here x  r e p r e s e n t s  th e  in t e r c e p t  o f  th e  r e g r e s s io n  on  
[ th e  n it r o g e n  b a la n c e  a x i s .  From t h i s  e q u a t io n  i t
| i s  c l e a r  t h a t  th e  b i o l o g i c a l  va lu e  w i l l  depend on th e  
| in t e r c e p t  w h ich  h as b een  shown t o  be r e la t e d  t o  th e  
[ p r o t e in  c o n te n t  o f  th e  d i e t ,  I t  w i l l  a l s o  be 
! d e term in ed  by th e  amount o f  a p p a r e n tly  d ig e s t e d
j

| n i t r o g e n  ta k en  in ,  th e  b i o l o g i c a l  va lu e  b e in g  g r e a t e r  
! when more n itr o g e n  i s  a p p a r e n tly  d ig e s t e d .  T h is  
^ r e la t io n s h ip  h ow ever , can o n ly  a p p ly  i f  th e  e q u a t io n  
| r e l a t i n g  NB to  ABN i s  l i n e a r .  I t  has a lr e a d y  b een  
I in d ic a t e d  t h a t  when th e  n itr o g e n  b a la n ce  i s  n e g a t iv e ,
I and th e  u r in e  n i tr o g e n  e x c r e t io n  i s  h ig h  due t o  a low  
I in ta k e  o f  d i e t ,  th e  e q u a t io n s  can n ot be l i n e a r .  When 
| th e  n i t r o g e n  b a la n ce  i s  p o s i t i v e ,  h ow ever, th e r e  i s  no  
I i n d i c a t i o n  t h a t  th e  r e g r e s s io n  d e v ia te s  from  th e  l i n e a r ,
i
I e v en  a t  v e r y  h ig h  in ta k e s  o f  d i e t  ( s e e  page <l) . I t  i s  
| shown th a t  when s u f f i c i e n t  w h ole m ilk  i s  g iv e n  t o  r e s u l t  
| in  n i t r o g e n  b a la n c e s  o f  up to  25 g .  p er day (b o d y w eig h t  
I in c r e a s e  910 g .  /  day) and t o  an en erg y  in ta k e  ab ou t  
[ 2 .5  t im e s  th e  m ain ten an ce r e q u ir e m e n t, the l i n e a r i t y  o f  
I th e  e q u a t io n  s t i l l  h o ld s .

| The ' b i o l o g i c a l  v a lu e '  o f  a p r o te in  in  an
a n im a l w h ich  ca n  s t o r e  la r g e  amounts o f  p r o t e in  i s  th u s  

; a s im p le  in v e r s e  f u n c t io n  o f  th e  amount o f d i e t  consum ed  
■ and a l i n e a r  f u n c t io n  o f  th e  in t e r c e p t  o f  th e  n itr o g e n  
[b a la n c e  e q u a t io n  -  in  o th e r  w ords, t o  th e  p e r c e n ta g e  o f  

p r o t e in  c a l s .  /  t o t a l  c a l s .  o f th e  d i e t .

I t  may be e x p e c te d  t h e r e f o r e ,  th a t  th e  
b i o l o g i c a l  v a lu e s  d e term in ed  in  th e p r e s e n t  ex p er im en t  

w ould be i n  agreem ent w ith  th e  h y p o th e s is  p r e s e n te d



TABLES 42

Mean b io lo g ic a l  valu.es o f  skim milk prote in  fo r  ca lves  
determined By nitrogen-balance methods

Amount of d ie t  
given ( 1 . /  
day)

B io lo g ic a l  value ($)

High protein  
d ie t

Medium protein Low protein

2.4 40.00 51.2

2 .6 54.8 61.6

3.4 -------- 74.5 --------

3 .8 64 .6 68.1 87.9

4 .2 -------- 78.0 80.0

6.0 -------- 80.2 ■--------

9.0 -------- 80.2 --------



a b o v e , and t h i s  i s  in  f a c t  shown in  T ab le  4 2 . For  
th e  h ig h  p r o te in  d i e t ,  th e  b i o l o g i c a l  v a lu e s  in c r e a s e d  
r a p id ly  as th e  amount o f d i e t  g iv e n  was in c r e a s e d  from  
t h a t  a l lo w in g  a d a i ly  g a in  o f  o n ly  a few  grams t o  a 
q u a n t ity  p e r m itt in g  a g a in  o f  360 g .  A s im i la r  
in c r e a s e  i s  shown a l s o  f o r  th e  d i e t s  o f  medium and o f  
lo w  p r o t e in  c o n t e n t .  B r r o r s  a r e , h ow ever , a t ta c h e d  
t o  t h e s e  e s t im a t e s ,  b eca u se  th e  v a lu e s  f o r  m e ta b o lic  
f a e c a l  n itr o g e n  and th e  endogenous e x c r e t io n  o f  
n i t r o g e n  would v a ry  from  an im al t o  a n im a l. To co n firm  
t h i s  r e l a t i o n s h i p  b etw een  b i o l o g i c a l  v a lu e  and amount 
o f  d i e t  in g e s t e d ,  th e  n e x t  ex p er im en t (D) was c a r r ie d  
o u t ,  u s in g  v a r io u s  q u a n t i t i e s  o f  w hole m ilk  a s th e  
d i e t  and making more a c c u r a te  e s t im a te s  o f  endogen ou s  
n i t r o g e n  and m e ta b o lic  f a e c a l  n it r o g e n  e x c r e t i o n s .

4 .  D is c u s s io n
I t  i s  ap p aren t th a t  th e  b i o l o g i c a l  v a lu e  o f  a 

p r o t e in  e s t im a te d  by n itr o g e n  b a la n ce  m ethods i s  by no 
means a c o n s t a n t .  In  order t o  m easure th e  b i o l o g i c a l  
v a lu e  o f  a p r o t e in ,  i t  i s  e s s e n t i a l  t h a t  th e  an im a l 
sh o u ld  n o t deam inate a m in o -a c id s  to  su p p ly  en e r g y  f o r  
th e  su p p o rt o f  m ain ten an ce or grow th . A b i o l o g i c a l  
v a lu e ,  i f  i t  i s  t o  be a m easure o f  th e  e s s e n t i a l  am ino- 
a c id s  making up a p r o t e in ,  must be d eterm in ed  under  
c o n d it io n s  where such  a n eed  f o r  en erg y  d o es  n o t a r i s e .  
T hus, d e s p i t e  th e  v a r i a b i l i t y  o f  th e  b i o l o g i c a l  v a lu e ,  
a maximum sh o u ld  be o b ta in e d  under c o n d it io n s  w here th e  
p o s s i b i l i t y  o f  d ea m in a tio n  o f  th e  c o n s t i t u e n t  am ino-  
a c id s  o f  th e  p r o t e in  to  p ro v id e  en ergy  i s  e x c lu d e d .
I t  i s  known th a t  a low p er ce n ta g e  o f  p r o t e in  in  th e  
d i e t  i s  n e c e s s a r y  b e fo r e  m axim al b i o l o g i c a l  v a lu e s  are  
a t t a in e d  and th e  p r e se n t  work has shewn th a t  m axim al 
v a lu e s  are a t t a in e d  o n ly  when th e  in ta k e  o f  d i e t  i s  

h ig h .  T h is  i s  no doubt a r e f l e c t i o n  o f  th e  la r g e  
req u irem en t f o r  c a l o r i e s  w h ich  th e  young grow in g  c a l f  

p o s s e s s e s .

A l l i s o n  (1 9 4 8 ) h a s r e c e n t ly  r ev iew ed  work 
co n cern ed  w ith  th e  r e la t io n s h ip  b etw een  n itr o g e n  
s to r a g e  and ab sorbed  fo o d  n i t r o g e n .  The n itr o g e n  

b a la n c e  e q u a t io n  r e l a t i n g  th e s e  two v a r ia b le s  w h ich



t h i s  w orker has p r e s e n te d , i s  g iv e n  below
KB = K(AH) -  KB   (5 )

w here HB s= n itr o g e n  b a la n c e , AH = a b sorb ed  fo o d  
n i t r o g e n ,  KB 5= endogenous n i tr o g e n  and K i s  th e  s lo p e  
o f  th e  r e g r e s s io n  l i n e .  T h is  e q u a t io n  may be 
compared w ith  e q u a t io n s  ( 2 a ) ,  (2b) and (2 c )  w h ich  
have p r e v io u s ly  b een  g iv e n  (p age b2 ) .  One o f  th e  
m ain d i f f e r e n c e s  b etw een  th e  e q u a t io n  o f  A l l i s o n  and i 
t h o s e  g iv e n  in  th e  p r e se n t  w ork, i s  th a t  in  e q u a t io n  : 
( 5 ) ,  AH i s  th e  t r u ly  ab so rb ed  n itr o g e n  w hereas ADH in !  
e q u a t io n s  (2 a , b and c) i s  a p p a r e n t ly  d ig e s t e d  
n i t r o g e n .  The o th e r  d i f f e r e n c e  i s ,  t h a t  s in c e  
e n e r g y  was p ro v id ed  in  ad eq u ate  amounts th ro u g h o u t th e  

e x p e r im e n ts  o f  A l l i s o n  (1 9 4 8 ) ,  KB in  e q u a t io n  (5 ) i s  
th e  t r u l y  endogenous n itr o g e n  e x c r e t io n  w hereas in  
e q u a t io n s  (2 a ,  b and c) th e  e q u iv a le n t  term  in c lu d e s  
a fb a s a l  d e a m in a tio n  com ponent1. T h u s, e q u a t io n  (5 )  
i s  f o r  a s t r a ig h t  l i n e  i n  th e  r e g io n  o f  n e g a t iv e  
n it r o g e n  b a la n c e  an d , a s  p r e v io u s ly  d i s c u s s e d ,  equations 
( 2 a ) , (2b ) and (2 c )  can n ot rem ain  l i n e a r  as th e  
n it r o g e n  in ta k e  becom es s m a l l .  On th e  o th e r  hand  
th e  e q u a t io n  o f  A l l i s o n  becom es c u r v i l in e a r  in  th e  
r e g io n  o f  p o s i t i v e  n it r o g e n  b a la n ce  ( A l l i s o n  &

I A n d erson , 1 9 4 5 ) .  That e q u a t io n s  (2 a , b & c) a p p ly
(

to  in ta k e s  above m ain ten an ce in  th e  c a l f  i s  a 
r e f l e c t i o n  o f  th e  i n t e n s i t y  o f  i t s  n i t r o g e n  m eta b o lism ,  
s in c e  in  th e  young an im al th e r e  i s  no in d ic a t io n  th a t ;  
t h e r e  i s  a l i m i t  t o  th e  s to r a g e  o f  n i t r o g e n  a t  l e a s t  
up to  a b od yw eigh t g a in  o f about 1 k g . /  d ay . In  
m ature a n im a ls  th e  r e la t io n s h ip  o f  n it r o g e n  b a la n c e  
to  ab so rb ed  n itr o g e n  i s  c u r v i l in e a r  above m ain ten an ce*  
b e c a u se  th e  c a p a c it y  o f  th e  a n im a ls  t o  s t o r e  n i t r o g e n ’ 
i s  l i m i t e d .

\|
| The s lo p e  o f  the n itr o g e n  b a la n c e  l i n e  (K) in
j e q u a t io n  (5 ) h as been  c a l l e d  th e  n itr o g e n  b a la n c e  
| in d ex  o f  th e  d ie t a r y  p r o t e in ,  w hich  i s  f,some f u n c t io n  
• o f ,  but n o t n e c e s s a r i l y  e q u a l t o ,  th e  b i o l o g i c a l  v a lu e  

o f  th e  p r o t e in  s o u r c e ^ . ( A l l i s o n ,  A nderson &
S e e le y ,  1946) . The s lo p e  must be th e  number o f g .  

n itr o g e n  s to r e d  f o r  e v e r y  g .  in ta k e  o f  t r u ly  d ig e s t e d



n it r o g e n  w h ich , by d e f i n i t i o n  ( s e e  page 3 b ) sh o u ld  be 
th e  b i o l o g i c a l  v a lu e  o f  th e  d ie ta r y  p r o t e in ,  e x p r e s se d  
a s  a d e c im a l.  When th e  r e g r e s s io n  r e l a t i n g  t r u ly  
d i g e s t i b l e  n itr o g e n  to  n itr o g e n  b a la n c e  i s  l i n e a r  
t h e r e f o r e ,  th e r e  seem s t o  be no re a so n  why th e  s lo p e ,  ; 
or th e  n i t r o g e n  b a la n ce  in d ex  sh o u ld  n o t  g iv e  an 
e s t im a te  o f  the maximum b i o l o g i c a l  v a lu e  w hich  i s  
a t t a i n a b l e . !

The c r i t i c i s m  made by A l l i s o n  (1 9 4 8 , 1951) i s  j 
t h a t  n i t r o g e n  b a la n ce  in d ic e s  g r e a t e r  th a n  1 .0  have  
b een  o b ta in e d . Two m ain p o s s i b i l i t i e s  w h ich  may 
g iv e  r i s e  to  an ap p aren t s to r a g e  o f  more n it r o g e n  th a n  
i s  b e in g  a b sorb ed  s u g g e s t  th e m s e lv e s .  F i r s t l y ,  th e r e  ; 
may be a  tem porary r e t e n t io n  o f endogenous n itr o g e n  
compounds or p r o t e in  c a ta b o lis m  p ro d u cts  and s e c o n d ly ,  
th e  e s t im a t io n  o f  m e ta b o lic  f a e c a l  n itr o g e n  may be too: 
h ig h .  E i t h e r  o f t h e s e  f a c t o r s  w ould a l s o  r e s u l t  in  ;
a b i o l o g i c a l  v a lu e  f o r  th e  e q u iv a le n t  p r o t e in  o f o v e r  
100 when e s t im a te d  by the M it c h e l l  (1 9 2 5 -2 4 ) procedure;. 
The c r i t i c i s m  w ould appear t o  be one a g a in s t  the  
d e te r m in a t io n  o f  p r o t e in  q u a l i t y  by n itr o g e n  b a la n c e  
m ethods r a th e r  th a n  one a g a in s t  th e  n i t r o g e n  b a la n c e  
in d e x .  The n itr o g e n  b a la n c e  in d ex  o f  0 .8 1  shown j
i n  e q u a t io n s  (2a ) , (2b ) and (2 c )  h as a s im i la r  !

i
i n t e r p r e t a t i o n ,  e x c e p t  t h a t  th e  m e ta b o lic  f a e c a l  !
n i t r o g e n  h as n o t been  ta k e n  in t o  c o n s id e r a t io n  in  j
t h e s e  e q u a t io n s .  |



j 011 oow1 s w h o ijS _ _ m ilk

1 .  I n tr o d u c t io n

In  th e  p r e v io u s  ex p er im en t i t  was s u g g e s te d  
th a t  b i o l o g i c a l  v a lu e s  o f  p r o t e in s  co u ld  be d eterm in ed ;  
by r e g r e s s io n  a n a ly s i s  o f  n it r o g e n  b a la n c e  r e s u l t s  
d eterm in ed  when d i f f e r e n t  q u a n t i t i e s  o f  th e  same d i e t  
w ere g iv e n .  The o b je c t  o f  th e  p r e s e n t  ex p er im en t wa$ 
to  r e p e a t  t h i s  typ e o f  d e te r m in a t io n  u s in g  cow*s w h o le;  
m ilk .

The en erg y  and n itr o g e n  m etab o lism  o f  c a lv e s  
when g iv e n  w hole m ilk  d i e t s  h as been  th e  s u b j e c t  o f  
e x p er im en t f o r  over  70 y e a r s .  S o x h le t* s  work in  
1878  in v o lv e d  s im u lta n e o u s  s tu d y  o f  m in e r a l,  n i t r o g e n  
and en e r g y  b a la n c e s  and th e s e  e x p e r im e n ts , t o g e th e r  
w ith  th o s e  o f  F in g e r l in g  (1 9 0 8 ) ,  B lackw ood, M orris & 
W rig h t, (1 9 3 6 ) , and o f  Tomme & Taranenko (1 9 3 9 ) ,  appear  
t o  be th e  o n ly  ones w h ich  have n o t b een  c o m p lic a te d  by j  

th e  i n c l u s i o n  o f  rou gh age in  th e  d i e t  o f  th e  a n im a ls .
Ho m eta b o lism  s t u d ie s  appear t o  have b een  made in  w hich  
v a r i a t io n  in  n u t r i t i o n a l  p la n e  h a s been  em p loyed .
S e v e r a l  p r a c t i c a l  t r i a l s  h a v e , h ow ever, b een  c a r r ie d  
ou t in  w hich  d i f f e r e n t  q u a n t i t i e s  o f  w h ole m ilk  have  
b een  g iv e n  (Hew Z ealand  D epartm ent o f  A g r ic u l t u r e ,  1948)  
and in  w hich  h ig h e r  p la n e s  o f  n u t r i t i o n  have been  
a s s o c ia t e d  w ith  g r e a te r  grow th , a t l e a s t  d u r in g  th e  
f i r s t  f i v e  w eeks o f  l i f e ,  

j In  v iew  o f  th e  p a u c ity  o f  in fo r m a t io n  on th e
! c a lc iu m  and phosphorus m eta b o lism  and th e  en erg y  

exch an ge o f  th e  young c a l f  in  r e l a t i o n  t o  n u t r i t i o n a l  ; 
p la n e ,  a d d i t io n a l  in fo r m a t io n  on th e s e  a s p e c t s  was 

s o u g h t .

| 2 .  P la n  o f  ex p er im en t

I The tw o b u l l  c a lv e s  w h ich  were used were f i v e  ;
i d ays o ld  a t  th e  commencement o f  th e  e x p e r im e n t. Whole 
! m ilk  was g iv e n  t o  each c a l f  as i t s  s o le  d i e t  in  

q u a n t i t i e s  v a r y in g  by 0 .8  1 .  f o r  th r e e  1 2 -d a y  p e r io d s .  
Thus C a lf  H213 r e c e iv e d  2 .6 ,  5 .0  and 5 .8  l i t r e s  in  
c o n s e c u t iv e  p e r io d s  and G a lf  N £14, 4 . 2 ,  5*4 and 6 .6  l i tr e s ,  

i Ten d ays were a llo w ed  b etw een  each ch a n g eo v er  t o  a t t a i n



TABLE 43

The gain in  bodyweight of the calves and i t s  s t a t i s t i c a l  
s ig n if ic a n c e  with regress ion  a n a ly s is  showing a d ifference  
between ca lv e s .

C a lf  If 213 C a lf  N214
M ilk  in g e s t e d B odyw eight M ilk  in g e s t e d B od yw eigh t
( 1 . /  day) g a in  ( g . /d a y ) ( l . / d a y ) g a in  ( g . /d a y )

2 .6 -  49 3 .4 + 230

5 .0 4480 4 .2 4 355

5 .8 *690 6 .6 4 910

Regression a n a lysis  of bodyweight gain (g ./d a y )

Component D eg rees
o f
freed om

E stim a te d
v a r ia n c e

V a ria n ce
r a t i o ( e 2 z )

P

T o t a l  e r r o r  

B etw een  c a lv e s

4.*T

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

P o o le d  r e g r e s s :  
io n 1 5 5 0 0 9 8 .0 8 5 0 .9 0 .0 0 1

D e v ia t io n s  from  
r e g r e s s  io n 3 6 4 6 .5 ---------



[he relation b e tw een  milk, in ta k e  o n d  

in body  we/ a  h i  o f  th e  oa/ves



e q u i l i b r i u m .  The w ho le  m i l k  u sed  c o n t a i n e d  on th e  
a v e r a g e  3 . 0  -  3 *1 $  f a t  and  was s u p p le m e n te d  by a  d a i l y  
d o se  o f  5 m l .  o f  a  m i n e r a l  m ix tu r e  h a v i n g  t h e  same 
c o m p o s i t i o n  p e r  l i t r e  a s  t h e  m i c r o - c o n s t i t u e n t s  g i v e n  
i n  T a b le  2 ,  e x c e p t  t h a t  20 g .  f e r r i c  c i t r a t e  and  60 g .  
h y d r a t e d  m agnesium  c h l o r i d e  w ere  i n c l u d e d .  The 
f o l l o w i n g  d e t e r m i n a t i o n s  w ere c a r r i e d  o u t  

U r in e
T o t a l  n i t r o g e n  ( d e t e r m in e d  d a i l y )  ; u r e a ,  

ammonia, p r o t e i n ,  am ino-U , p u r in e  b a s e s ,  u r i c  a c i d ,  
a l l a n t o i n ,  c r e a t i n e ,  c r e a t i n i n e  ( d e t e r m i n e d  e v e r y  two 
d a y s ) ; O a lc iu m  and p h o s p h o ru s  ( d e t e r m i n e d  on p o o le d  
a l i q u o t s  r e p r e s e n t i n g  t h e  l a s t  10 d a y s  o f  e a c h  p e r i o d ) .

F a e c e s
D ry  m a t t e r ,  t o t a l  n i t r o g e n ,  t o t a l  a s h ,  t o t a l  

^ a t 1 ( d e t e r m i n e d  e v e r y  tw o d a y s ) ;  m i n e r a l  a n a l y s e s  a s  |
f o r  u r i n e .  I

M i lk  I
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- I

T o t a l  s o l i d s ,  t o t a l  n i t r o g e n ,  t o t a l  a s h  
( d e t e r m i n e d  e v e r y  d a y ) ; T o t a l  f a t ,  c a l c i u m  and 
p h o s p h o ru s  ( d e t e r m i n e d  on p o o le d  s a m p le s )
R e s p i r a t o r y  m e ta b o l i s m  was d e t e r m in e d  once d u r i n g  e a c h  
12 d a y  p e r i o d .

3 .  R e s u l t s
( a ) _ 0 e n e r a l  o b s e r v a t i o n s  an d ^ b o d y w e ig h t

B o th  c a l v e s  w ere  b r i g h t  and  i n  good c o n d i t i o n  
a t  th e  commencement o f  t h e  e x p e r i m e n t .  C a l f  U213, 
when r e c e i v i n g  t h e  l o w e s t  q u a n t i t y  o f  m i lk  ( 2 . 6  l i t r e s , ,  
becam e r a t h e r  t h i n ,  b u t  s t i l l  r e m a in e d  a l e r t  and a c t iv e j  
T ow ards  th e  end o f  th e  e x p e r im e n t  t h i s  c a l f  becam e 
l e t h a r g i c  and 1 s c o u r e d 1 b a d l y .  C a l f  N214 was i n  
e x c e l l e n t  c o n d i t i o n  t h r o u g h o u t  th e  e x p e r i m e n t .  C a l f  
US13 was more n e rv o u s  and i r r i t a b l e  t h a n  C a l f  HS14.

T a b le  43 su m m a r ise s  t h e  b o d y w e ig h t  g a i n s  p e r  
day  c a l c u l a t e d  by r e g r e s s i o n  a n a l y s i s  o f  th e  i n d i v i d u a l  
w e i g h t s ,  and t h e s e  v a l u e s  p l o t t e d  a g a i n s t  m i lk  i n t a k e  
a r e  p r e s e n t e d  i n  F ig u r e  1 2 .  I t  w i l l  be n o t e d  t h a t  
t h e  r e l a t i o n  b e tw e e n  th e  r a t e  o f  g ro w th  and  m i lk  i n t a k e  

was l i n e a r ,  e v e n  a t  th e  h i g h e s t  l e v e l s  o f  f e e d i n g .



TABIB 44

A pparent d i g e s t i b i l i t y  o f  dry m a tte r , n i t r o g e n  and f a t

Mean d a i ly  f a e c a l  
e x c r e t io n  ( g . /d a y )

C o e f f i c i e n t  o f  appar: 
e n t  d i g e s t i b i l i t y  ($)

C a lf  N2 M il k  
in g e s t e d  
( l . / d a y )

Dry
m a tte r

N it r o :
gen

F at Dry
m a tte r

N i t r o : 
g en

Fat

13 2 .6 1 2 .8 0 .8 8 5 .0 9 6 .3 9 4 .1 9 3 .4

14 3 .4 1 9 .6 1 .8 3 4 .0 9 5 .4 9 0 .7 9 6 .1

14 4 .2 1 5 .2 1 .5 0 4 .4 9 7 .0 9 3 .8 9 6 .4

13 5 .0 1 1 .3 0 .8 5 3 .2 9 8 .2 9 7 .1 9 7 .9

13 5 .8 3 8 .8 2 .7 0 1 3 .0 9 4 .4 9 1 .7 9 2 .8

14 6 .6 1 9 .5 1 .6 4 6 .5 9 7 .5 9 5 .6 9 6 .8



T h e se  r e s u l t s  w ere  a n a l y s e d  s t a t i s t i c a l l y  by c o m p u ta t io n  

o f  t h e  p o o le d  r e g r e s s i o n  o f  t h e  b o d y w e ig h t  g a i n  on m i lk  
i n t a k e .  The m ethod u se d  i s  shown i n  t h e  se co n d  p a r t
o f  T a b le  43 and  h a s  b e e n  u s e d  i n  th e  a n a l y s i s  o f  a l l
t h e  r e s u l t s  o b t a i n e d .  I t  p e r m i t s  a n  e v a l u a t i o n  o f  ! 
t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e  r e g r e s s i o n  o f  g a i n :  
i n  b o d y - w e ig h t  on m i lk  i n t a k e  as  w e l l  a s  o f  th e  mean : 
d i f f e r e n c e s  b e tw e e n  th e  two c a l v e s  when g i v e n  e x a c t l y  ! 
t h e  same amount o f  m i l k .  The l a t t e r  d i f f e r e n c e  i s  j 
t h e  same a s  t h e  d i f f e r e n c e  i n  t h e  i n t e r c e p t  o f  th e  j

i
r e g r e s s i o n  on t h e  b o d y w e ig h t  a x i s .  The two e q u a t i o n ^  
r e l a t i n g  b o d y g a in  i n  g .  /  day  (G-) t o  m i lk  i n t a k e  i n  j 
l i t r e s  /  day  (M) w e r e j

i
C a l f  N213 & = 223 M -  622 ..........  ( 6a )  j

C a l f  Eg 14 G- = 223 M -  556 ........... ( 6b) j

As show n i n  t h e  a n a l y s i s  o f  v a r i a n c e  t h e  p o o le d  j
r e g r e s s i o n  was h i g h l y  s i g n i f i c a n t  s t a t i s t i c a l l y  w h i l e  j 
t h e  d i f f e r e n c e  b e tw e e n  c a l v e s  on th e  i n t e r c e p t  o f  th e  j 
e q u a t i o n  was a l s o  s i g n i f i c a n t .  From t h i s  i t  w ould  ;
a p p e a r  t h a t  C a l f  E£14 was a  more e f f i c i e n t  a n im a l  t h a n ;  
C a l f  H£13» The i n v e r s e  o f  t h e s e  tw o e q u a t i o n s  |
p e r m i t s  t h e  e s t i m a t i o n  o f  t h e  m i lk  r e q u i r e d  f o r  b o d y -  | 
w e i g h t  m a in te n a n c e  t h a t  i s ,  t h e  m i lk  i n t a k e  a s s o c i a t e d !  
w i t h  no g a i n  i n  b o d y w e ig h t .  F o r  C a l f  E§13 t h i s  was ;
2 . 8  l i t r e s  p e r  d a y ,  and  f o r  C a l f  E214 i t  was 2 .5  l i t r e ^ .  
T h is  d i f f e r e n c e  was s i g n i f i c a n t  and  th e  mean v a lu e  o f  | 
2 . 6 5  -  0 . 1 6  l i t r e s  may be t a k e n  as  a n  e s t i m a t e  o f  th e  ! 
r e q u i r e m e n t  o f  t h e  c a l f  f o r  b o d y w e ig h t  m a in te n a n c e  i n  ; 
t e r m s  o f  m i lk  w i t h  a  f a t  c o n t e n t  o f  3$ .

(b )  The a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  m i lk  I

From  f a e c e s  c o l l e c t i o n s  and a n a l y s e s ,  t h e  j

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

n i t r o g e n  and f a t  w ere  c a l c u l a t e d  a s  shown i n  T a b le  4 4 . | 
T h e re  w ere  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  d i f f e r e n c e s  in !  
th e  d i g e s t i b i l i t y  o f  any  com ponent due t o  e i t h e r  t h e  j  

e f f e c t  o f  t h e  amount o f  m i lk  consum ed, o r  t o  i n d i v i d u a l  
d i f f e r e n c e s  b e tw e e n  t h e  c a l v e s .  low a p p a r e n t
d i g e s t i b i l i t y  o f  t h e  d ry  m a t t e r  and n i t r o g e n ,  and  more 
p a r t i c u l a r l y  t h e  f a t  o c c u r r e d ,  h o w e v e r ,  when C a l f  E g l3
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n i t r o g e n  m e ta b o l i s m  i n  r e l a t i o n  t o  m i l k  i n t a k e

C a l f  Ng M ilk
i n g e s t e d
( l . / d a y )

N i t r o g e n
i n t a k e
( g . / d a y )

N i t r o g e n
a p p a r e n t ly
d i g e s t e d
( g . / d a y )

U r i n a r y
n i t r o g e n
( g . / d a y )

N i t r o g e n
b a l a n c e
( g . / d a y )

13 2 . 6 1 5 .0 1 4 .1 1 3 .5 0 . 5

14 3 .4 1 9 .8 1 8 .0 9 .5 8 .4

14 4 . 2 2 4 .1 2 2 .7 8 . 7 1 3 .9

13 5 .0 2 9 .1 2 8 .2 1 2 . 6 1 5 .7

13 5 . 8 3 2 .4 2 9 .7 1 3 .6 1 6 .1

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



f t  ju r e . | 3
Helohon be!ween nifrozen balance, a n d  the, ntfrocjen

a p p a re n c y  d iye^ ted  by th e  <za/ves

c a l f  no. & .

(7) c a lf  no. A4.

S

o/>pcrrent/y <dyes fee / A/ {y m fc /c y )



s c o u r e d  a s  p r e v i o u s l y  d e s c r i b e d .  The mean a p p a r e n t  
d i g e s t i b i l i t y  o f  n i t r o g e n  i r r e s p e c t i v e  o f  c a l f  o r  
f e e d i n g  l e v e l  was 9 3 .8 fo an d  t h a t  o f  f a t  9 5 .6 $ .  T h e se  
v a l u e s  a r e  com pared  w i t h  t h e  r e s u l t s  o b t a i n e d  by  o t h e r  

;w o r k e r s ,  and a l s o  w i t h  t h e  d i g e s t i b i l i t i e s  o f  s e m i -  
[ s y n t h e t i c  d i e t s  l a t e r  ( p a g e ! 0 9 ) . E x c e p t  f o r  C a l f  N213 
jwhen s c o u r i n g  o c c u r r e d ,  t h e  f a e c a l  e x c r e t i o n  o f  f a t  
j r e m a in e d  v e r y  c o n s t a n t  d e s p i t e  th e  w ide  r a n g e  o f  d i e t a r y  
[ i n t a k e  ( f ro m  75 g .  t o  205 g .  /  d a y ) .  T h is  s u g g e s t s  
| t h a t  m ost o f  t h e  f a e c a l  f a t  i s  o f  body o r i g i n  and d o e s  j 
[n o t  r e p r e s e n t  u n a b s o rb e d  d i e t a r y  f a t .  E v e n  d u r i n g  |
| f a s t i n g  t h e  c a l f  e x c r e t e d  4 . 2  g .  f a t  p e r  d a y ,  a  v a l u e
| c l o s e  t o  t h e  mean e x c r e t i o n  o f  4 . 6  g .  o b s e r v e d  i n  th e s e !

\

[ e x p e r im e n t s  when one ab n o rm a l  v a lu e  was e x c l u d e d .
I , * \
( Q) N i t r o g e n  m e ta b o l i s m

T a b le  45 su m m a r ise s  th e  r e s u l t s  f ro m  w h ic h  t h e  | 
n i t r o g e n  b a l a n c e s  may be  c a l c u l a t e d .  When th e  
n i t r o g e n  b a l a n c e s  w ere  p l o t t e d  a g a i n s t  t h e  d i e t a r y  
n i t r o g e n  a p p a r e n t l y  d i g e s t e d  as  shown i n  F i g u r e  1 3 ,  i t  \ 
was s e e n  t h a t  t h e  c a l v e s  d i f f e r e d  i n  t h e i r  n i t r o g e n  
b a l a n c e s  i n  t h e  same way a s  t h e y  d i d  i n  t h e i r  b o d y w e ig h t  
g a i n ,  C a l f  E214 s t o r i n g  more n i t r o g e n  t h a n  C a l f  11213 a t ;  
c o m p a ra b le  i n t a k e s .  E m p lo y in g  th e  s t a t i s t i c a l  method! 
u s e d  i n  t h e  a n a l y s i s  o f  b o d y w e ig h t  g a i n ,  i t  was fo u n d  
t h a t  th e  d i f f e r e n c e  i n  i n t e r c e p t  was s t a t i s t i c a l l y  |
s i g n i f i c a n t  (p  = 0 . 0 1 ) ,  so  t h a t  t h e r e  w ere tw o 
e q u a t i o n s  r e l a t i n g  n i t r o g e n  b a l a n c e  (EB) i n  g .  /  d a y  t o  
a p p a r e n t l y  d i g e s t e d  n i t r o g e n  i n t a k e  i n  g .  /  day  (ADIT)

C a l f  E213 1TB = 0 .9 7  (ADIT) -  1 2 .3 5    (7 a )  j
C a l f  1 2 1 4  m  -  0 . 9 7  (ADIT) -  9 .2    (7b)

Mean EB = 0 .9 7  (ADIT) -  1 1 .0    (7 c )  I
[The i n t e r c e p t s  o f  t h e  e q u a t i o n s  r e p r e s e n t  t h e  l o s s  o f
|body  n i t r o g e n  when t h e  n i t r o g e n  i n t a k e  i s  z e r o  a n d ,  a s  j

[ th e  i n d e p e n d e n t  v a r i a b l e  i s  a p p a r e n t l y  d i g e s t e d  n i t r o g e h  
[ th e y  a l s o  r e p r e s e n t  t h e  u r i n a r y  n i t r o g e n  e x c r e t i o n  I
[u n d e r  t h e  same c o n d i t i o n s .  The mean v a lu e  o f  t h e  j 
i n t e r c e p t ,  1 1 . 0  g .  i s  h i g h e r  t h a n  t h a t  fo u n d  w i t h  d i e t s  
c o n t a i n i n g  v a r i o u s  l e v e l s  o f  d r i e d  sk im  m i lk  p r o t e i n s  

w here  t h e s e  i n t e r c e p t s  i n c r e a s e d  w i t h  v a r y i n g  l e v e l  

o f  d i e t a r y  p r o t e i n  ( p a g e b 2 ) .  I t  was s u g g e s t e d  t h a t



TABSB vo

Mean d a i ly  e x c r e t io n  o f  u r in a r y  n itr o g e n o u s  m e ta b o l i t e s

N itr o g e n o u s  c o n s t i t u e n t O a lf  N213 O a lf  NS14

N itr o g e n
e x c r e te d
( g . /d a y )

N itr o g e n
e x c r e t e d
( g . /d a y )

U rea 8 .9 2 6 .2 2

Ammonia 1 .1 8 0 .7 3

A m in o -a c id s 0 .5 4 0 .2 3

T o ta l  u r e a , ammonia and 
amino-N 1 0 .4 4 7 .1 8

P u r in e  b a se s 0 .1 6 0 .1 4

U r ic  a c id 0 .0 4 0 .0 4

A lla n t  o in 0 .5 9 0 .5 5

T o ta l  p u r in e 0 .7 9 0 .7 5

C r e a t in e 0 .2 8 0 .2 7

C r e a t in in e 0 .4 6 0 .4 6

P r o t e in 0 .1 8 0 .1 7



t h i s  i n t e r c e p t  c o n s i s t s  o f  two f r a c t i o n s ,  one endogenous 
and  one l a r g e l y  d e te r m in e d  by t h e  h i g h e r  l e v e l s  o f  
d e a m i n a t i o n  w h ic h  o c c u r  on h i g h  p r o t e i n  d i e t s .  The 
p r e s e n t  r e s u l t  i s  i n  c o m p le te  a c c o r d a n c e  w i t h  t h o s e  
r e s u l t s ,  f o r  i n  c o w 's  m i lk  2 9 *7 $  o f  t h e  t o t a l  c a l o r i e s  j 
a r e  p r e s e n t  as  p r o t e i n ,  w h i l e  i n  t h e  p r e v i o u s  e x p e r im e n t s  
t h e  maximum was 2 0 .5 $ .  S t a t i s t i c a l l y ,  t h e  r e g r e s s i o nr
o f  u r i n a r y  n i t r o g e n  e x c r e t i o n  on n i t r o g e n  i n t a k e  was j
n o t  s i g n i f i c a n t .  T h i s  i s  a  r e f l e c t i o n  o f  t h e  h i g h  j

t

b i o l o g i c a l  v a lu e  o f  w hole  m i lk  p r o t e i n ,  f o r  th e  j

a d d i t i o n a l  am ounts  o f  p r o t e i n  g i v e n  w ere  a l l  s t o r e d .  |
The d i f f e r e n c e  b e tw e e n  t h e  c a l v e s  i n  t h e i r  u r i n a r y  j

n i t r o g e n  e x c r e t i o n  w a s , h o w e v e r ,  s t a t i s t i c a l l y  j

s i g n i f i c a n t  (P = 0 . 0 1 ) .  The i m p l i c a t i o n s  o f  t h i s  j
I

d i f f e r e n c e  w i l l  be d i s c u s s e d  l a t e r .  ij
i
j

As may be i n f e r r e d  f ro m  th e  r e s u l t s  f o r  t o t a l  j

u r i n a r y  n i t r o g e n  e x c r e t i o n ,  o n ly  s m a l l  c h a n g e s  i n  t h e  |
d i s t r i b u t i o n  o f  n i t r o g e n  o c c u r r e d  as  t h e  r e s u l t  o f  a  j

ch an g e  i n  n u t r i t i o n a l  p l a n e .  C r e a t i n i n e  n i t r o g e n  j 
i n c r e a s e d  (p  = 0 . 0 7 ) w i t h  i n c r e a s i n g  i n t a k e  o f  m i l k .  j

T h e re  w e r e ,  h o w e v e r ,  l a r g e  and s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e s  b e tw e e n  c a l v e s  i n  t h e i r  e x c r e t i o n  o f  u r e a ,  j
ammonia and am ino-N a s  shown i n  T a b le  4 6 .  An j
i n c r e a s e  i n  t h e  e x c r e t i o n  o f  t h e s e  t h r e e  m e t a b o l i t e s  j

a c c o u n te d  f o r  o v e r  90$  o f  th e  d i f f e r e n c e  b e tw e e n  t h e  j
1

n i t r o g e n  e x c r e t i o n  o f  t h e  c a l v e s .  The s m a l l  j
d i f f e r e n c e  b e tw e e n  t h e  c a l v e s  i n  t h e i r  e x c r e t i o n  o f  j

!

p u r i n e  n i t r o g e n  and c r e a t i n i n e  n i t r o g e n  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 .  I t  may be c o n c lu d e d

t h e r e f o r e  t h a t  t h e  h i g h e r  n i t r o g e n  e x c r e t i o n  by C a l f  

N213 was t h e  r e s u l t  o f  an  i n c r e a s e d  p r o t e i n  m e ta b o l i s m ,  

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

a s  i n d i c a t e d  by p u r in e  and c r e a t i n i n e  m e ta b o l i s m .

B i o l o g i c a l  v a l u e s  o f  th e  d i e t a r y  n i t r o g e n  w ere



c a l c u l a t e d  as  "before and  t h e  v a l u e s  a r e  shown i n  T a b le !  
4 7 .  '

TABES 47

B i o l o g i c a l  v a lu e  o f  th e  n i t r o g e n  o f  w hole  m i lk  a t  

d i f f e r e n t  l e v e l s  o f  i n t a k e .

: The b i o l o g i c a l  v a lu e  o f  t h e  whole m i lk  n i t r o g e n  in c r e a s e d  
i w i t h  i n c r e a s i n g  i n t a k e  o f  m i lk  i n  b o t h  c a l v e s .  The :
; r e g r e s s i o n  o f  b i o l o g i c a l  v a lu e  on w hole  m i l k  i n t a k e  wa$
I s t a t i s t i c a l l y  s i g n i f i c a n t  (P  » 0 . 0 5 ) and t h i s  r e s u l t  
1 c o n f i r m s  t h e  r e s u l t s  o b t a i n e d  w i th  s e m i - s y n t h e t i c  d i e t s  

w h ic h  showed t h a t ,  when t h e  c o m p o s i t io n  o f  th e  d i e t  lemedne 
c o n s t a n t ,  t h e  b i o l o g i c a l  v a lu e  o f  a  p r o t e i n  i n  a. g ro w in g  
a n im a l  v a r i e s  w i t h  t h e  t o t a l  i n t a k e  of f o o d .  I f  t h e  
r e g r e s s i o n  c o e f f i c i e n t  o f  0 . 9 7  x  100 ( e q u a t i o n s  7a ,b ,&  c) 
g i v e s  a n  a p p ro x im a te  e s t i m a t e  o f  th e  maximum b io lc g ic a l  
v a l u e  o f  whole m i lk  f o r  th e  c a l f ,  i t  i s  c lea r  t h a t  maximum

O a l f  Ng M ilk  i n t a k e  
( l . / d a y )

A b so rb ed
n i t r o g e n
( g . / d a y )

B i o l o g i c a l
v a lu e

13 2 . 6 1 4 .3 4 0 .0

14 3 .4 1 8 .5 6 3 . 8

14 4 . 2 2 2 .9 7 6 . 6

13 5 .0 2 8 .0 7 0 . 0

13 5 .8 5 0 .4 7 0 .3

14 6 . 6 3 5 .8 8 3 . 6



TABLE 48

R e s p i r a t o r y  e x ch an g e  d a t a  o f  t h e  c a l v e s

V arM )le  m e a s u re d O a l f H 2

15 14 14 15 15 14

M ilk  i n g e s t e d  
( l . / d a y ) 2 . 6 5 .4 4 . 2 5 .0 5 . 8 6 . 6

R e s p i r a t o r y  r a t e /  
m in . 26 21 28 45 59 25

M in u te  volum e ( l ) 5 . 8 5 .0 7 .2 1 0 .9 1 2 .4 9 .2

Oxygen co n su m p tio n  
( l . / h r . ) 1 5 .0 1 4 .1 1 6 .5 1 8 .0 2 2 . 2 2 1 .7

R .Q . 0 .8 2 0 .8 0 0 .8 4 0 .8 0 0 .7 5 0 . 7 8

H e a t  p r o d u c t i o n  
( c a l . / h r . ) 6 5 .1 6 7 . 6 8 0 .2 8 6 .3 105 a 105.9

H e a t  p r o d u c t i o n  
( c a l . / s q . . m . / l i r .)35 5 6 .4 5 5 .6 66 .5 7 0 .7 7 9 .6 7 4 .8

as S u r f a c e  a r e a , S  e s t i m a t e d  by t h e  f o r m u l a ,  S = 0 .1 5  W°*56 

w here  W =■ bodywe i g h t .



b i o l o g i c a l  v a l u e s  w ere n o t  a t t a i n e d  when c a l c u l a t e d  by j 

t h e  M i t c h e l l  (1 9 2 3 -2 4 )  m ethod  e v e n  when 6 . 6  1 .  o f  m i lk /  
d ay  w ere g i v e n .  T h is  may be e x p l a i n e d  by th e  l a r g e  ; 
e x c e s s  o f  p r o t e i n  c a l o r i e s  t o  t o t a l  c a l o r i e s  o f  w h o le  \

j
m i l k ,  e s p e c i a l l y  when th e  m i lk  c o n t a i n e d  o n ly  3 i° o f  j
f a t ,  a s  i n  t h e  p r e s e n t  e x p e r i m e n t . |
(d )  R e s p i r a t o r y  e x ch an g e  j

_  |

T a b le  48 p r e s e n t s  t h e  r e s u l t s  o f  r e s p i r a t o r y  j
e x c h a n g e  d e t e r m i n a t i o n s  . H e a t  p r o d u c t i o n  was 
c a l c u l a t e d  p e r  s q u a re  m e t re  o f  body s u r f a c e  u s in g  th e  
f o r m u l a ,  s u r f a c e  a r e a  = 0 . 1 5  b o d y w e ig h t  ^•.5^'.
S t a t i s t i c a l  a n a l y s i s  by th e  m ethod  p r e v i o u s l y  o u t l i n e d  
show ed t h a t  t h e  r e g r e s s i o n  o f  h e a t  p r o d u c t i o n  p e r  s q . m . /  
h r .  on  m i l k  i n g e s t e d  was s t a t i s t i c a l l y  s i g n i f i c a n t  
(P = 0 . 0 1 ) .  The d i f f e r e n c e  b e tw e e n  t h e  c a l v e s  c o u l i l
o n ly  be ju d g e d  s i g n i f i c a n t  when P =* 0 . 0 8 8 .  The j

!
r e g r e s s i o n  e q u a t i o n s  f o r  e a c h  c a l f  w e r e : - !

!

C a l f  N213 H I  = 6 .4 4  M + 4 0 . 1  ........... ( 8a )  j
C a l f  H214 HP = 6 .4 4  M + 3 2 .4  ........... ( 8b) j
Mean HP = 6 .4 4  M 4 3 6 .8  ........... ( 8 c)  j

w h e re  HP i s  th e  h e a t  p r o d u c t i o n  p e r  s q u a r e  m e t re  / h o u r .

The r e s p i r a t o r y  q u o t i e n t  was n o t  a p p r e c i a b l y
a f f e c t e d  by th e  p l a n e  o f  n u t r i t i o n .  The m in u te  j
volum e o f  t h e  r e s p i r a t i o n  and r e s p i r a t o r y  r a t e  w ere  I
i n c r e a s e d  a t  th e  h i g h e r  l e v e l s .  I

1 |
The i n c r e a s e  i n  th e  i n t a k e  o f  m i lk  was c l e a r l y |  

a s s o c i a t e d  w i t h  an  i n c r e a s e  i n  h e a t  p r o d u c t i o n .  A t j 
a  m i l k  i n t a k e  e q u i v a l e n t  t o  b o d y w e ig h t  m a in te n a n c e  the! 
mean h e a t  p r o d u c t i o n  /  s q .  m . / h r .  was 5 3 . 8  c a l . ; w hen | 
t h e  m i l k  i n t a k e  was d o u b le d  th e  h e a t  p r o d u c t i o n  was | 
7 0 . 9 ;  when i t  was i n c r e a s e d  t h r e e  t im e s  i t  was 8 8 . 0 . j 

I t  a p p e a r s  u n l i k e l y  t h a t  t h i s  i n c r e a s e  was due t o  j 
u n a b s o rb e d  m i lk  n u t r i e n t s  r e m a in in g  i n  t h e  rum en and  
abomasum o f  th e  c a l f  and  r e a c h i n g  t h e  s m a l l  i n t e s t i n e  j 

many h o u r s  a f t e r  th e  l a s t  m e a l ,  f o r  i t  w ou ld  e n t a i l  j 
t h e  a s s u m p t io n  o f  a  v e ry  h i g h  h e a t  in c r e m e n t  o f  f e e d i n g  
f o r  w hat m ust be s m a l l  q u a n t i t i e s  o f  m i lk .  A c t i v i t y  
o f  e a c h  c a l f  was m in im a l  s o  t h a t  I n c r e a s e d  m u s c u la r  
a c t i v i t y  d o es  n o t  a f f o r d  an  e x p l a n a t i o n .  P a r t  o f  t h e



TABI& ^

C a lc iu m  an d  p h o s p h o ru s  m e ta b o l i s m

C a l f  In
13 14 14 '1 3 13 14

M ilk  i n g e s t e d  
(1 . /  day)

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

i n t a k e
( g O 3 .8 7 5 .1 7 6 .2 6 7 .6 0 8 . 7 0 9 .9 0

C a lc iu m  
m e ta b o l ism  
p e r  day

u r i n e  
e x c r e t : 
i o n  

(m g.)
f a e c e s  
e x c r e t : 
i o n  

(g*)

23

1 .0 3

37

0 .9 6

50

0 .4 7

38

0 .6 3

40

2 .1 6

110

0 .7 1

B a la n c e
( g . )

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

i n t a k e
( g - ) 2 .5 5 3 .5 0 4 .1 1 5 .1 5 5 .8 0 6 .6 0

U r in e  
e x c r e t : 
i o n 0 .8 0 0 . 8 6 0 .9 4 0 .9 4 1 .2 7 1 .0 7

P h o sp h o ru s  
m e ta b o l ism  
p e r  day

( g . )
F a e c e s  
e x c r e t : 
i o n  

(g*)

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

B a la n c e
( g . )

1 . 5 1 2 . 3 8 2 . 9 8 3 . 8 8 3 .7 8 5 .2 9

i



i n c r e a s e  may be e x p l a i n e d  by a n  i n c r e a s e  i n  m u s c u la r  
t o n e ,  o r  a  h i g h e r  r a t e  of m u s c u la r  g ro w th  a t  t h e  
h i g h e r  n u t r i t i o n a l  l e v e l s .  I n  any  c a s e ,  th e  r e s u l t s  

s u g g e s t  t h a t  th e  h e a t  p r o d u c t i o n  o f  t h e  c a l f  d e t e r m in e ^  
u n d e r  c o n d i t i o n s  c o m p a ra b le  w i t h  t h o s e  em p lo y ed  i n  th e !  
d e t e r m i n a t i o n  of th e  b a s a l  m e ta b o l i s m  of  t h e  hum an, i s  i 
n o t  s t a b l e  b u t  i s  s e n s i t i v e  t o  c h a n g e s  i n  n u t r i t i o n a l  ! 
p l a n e .  T h a t  th e  e f f e c t  i s  due t o  n u t r i t i o n a l  p l a n e j  
and  n o t  t o  age i s  shown by th e  r e s u l t s  o b t a i n e d  w i t h  ! 
O a l f  HE14-. He was 14 d a y s  o l d e r  when g iv e n  3 .4  l i t f e s
o f  m i l k  t h a n  when g i v e n  4 . 2  l i t r e s ,  and  h i s  h e a t  j
p r o d u c t i o n  was h i g h e r  i n  th e  e a r l i e r  p e r i o d  when t h e  ! 
n u t r i t i o n a l  p la n e  was h i g h .  S u ch  an  i n s t a b i l i t y  o f  i 
h e a t  p r o d u c t i o n  i n  r e l a t i o n  t o  n u t r i t i o n a l  p l a n e  h a s  
b e e n  o b s e r v e d  i n  t h e  r a t  by H a m i l to n  (1937) and  by 
T r e i c h l e r  & M i t c h e l l  (1941) . I t  h a s  a l s o  b e e n  
o b s e r v e d  i n  a d u l t  cows by R itz m a n  & B e n e d ic t  ( 1 9 3 8 ) .

( e )  C a lc iu m  and p h o sp h o ru s  m e ta b o l i s m

T a b le  49 su m m a r ise s  t h e  c a l c iu m  and p h o s p h o ru s  ! 
m e ta b o l i s m  r e s u l t s .  S t a t i s t i c a l l y  th e  r e g r e s s i o n  of. 
c a l c i u m  and  p h o s p h o ru s  b a l a n c e  on m i lk  i n t a k e  w ere 
h i g h l y  s i g n i f i c a n t  (P  = 0 . 0 1 ) .  I n  n e i t h e r  c a s e  was j  

t h e  d i f f e r e n c e  b e tw e e n  c a l v e s  s i g n i f i c a n t .  When Ca A 
t h e  c a l c i u m  b a l a n c e  and  P = t h e  p h o sp h o ru s  b a l a n c e  i n  ! 
g .  p e r  day  th e  r e g r e s s i o n  e q u a t i o n s  w ere

Ca «. 1 .4 1  M -  0 .6 0 ............. ..........  (9) j

P  = 0 .8 6  M -  0 .6 4  ..........  (10) !
T h e re  was n o  i n d i c a t i o n ,  e v e n  a t  th e  h i g h e s t  l e v e l  o f  j

i

m i lk  i n t a k e ,  t h a t  th e  c a p a c i t y  o f  th e  c a l f  t o  r e t a i n  j 
c a l c i u m  o r  p h o s p h o ru s  h a d  b een  r e a c h e d .

j

U r i n a r y  c a l c iu m  e x c r e t i o n  was lo w  t h r o u g h o u t  
t h e  e x p e r i m e n t ,  am o u n tin g  t o  o n ly  5f<> o f  th e  f a e c a l  i 

c a l c i u m  e x c r e t i o n .  T h is  i s  h i g h e r  t h a n  th e  maximum j 

v a l u e  o f  2fo fo u n d  by B lackw ood e t  a l .  (1936) and  d o e s  \ 
n o t  j u s t i f y  th e  o m is s io n  o f  th e  u r i n a r y  c a l c iu m  
d e t e r m i n a t i o n  i n  e x p e r im e n t s  w i t h  c a l v e s  a s  t h e s e  

w o r k e r s  i n f e r r e d .

As p r e v i o u s l y  d i s c u s s e d ,  C a l f  N£13 w hen g i v e n

5 . 8  l i t r e s  o f  m i lk  s c o u r e d  b a d l y .  The mean d a i l y



e x c r e t i o n  of a s h  and a l s o  o f  c a lc iu m  i n  th e  f a e c e s  w a s ; 
e x c e p t i o n a l l y  h i g h  d u r i n g  t h i s  p e r i o d .  The 
p e r c e n t a g e  o f  c a lc iu m  i n  t h e  t o t a l  a s h  when t h e  an im al-  
s c o u r e d  was 2 7 .0  w h ic h  d id  n o t  d i f f e r  s i g n i f i c a n t l y  s
f ro m  t h e  mean p e r c e n t a g e  o f  2 8 .6  fo u n d  d u r in g  n o r m a l  j 
p e r i o d s .  S i m i l a r l y ,  th e  f a e c a l  e x c r e t i o n  o f  j
p h o s p h o ru s  a l s o  i n c r e a s e d  when t h e  a n im a l  s c o u r e d  b u t  i 
t h e  p e r c e n t a g e  o f  p h o s p h o ru s  i n  t h e  a s h  was 9 .3  com pared  
w i t h  a  g e n e r a l  mean o f  9 . 6 .  T h u s ,  a l t h o u g h  t h e  f a e c a l  
e x c r e t i o n  o f  a s h  i n c r e a s e d  t h r e e  t im e s  d u r i n g  s c o u r in g !  
t h e  p r o p o r t i o n  o f  c a l c iu m  and  p h o s p h o ru s  i n  t h e  a s h  !a. .i. ,

was n o t  a f f e c t e d .  T h i s  l a r g e  f a e c a l  l o s s  o f  c a lc iu m !  
an d  p h o s p h o ru s  d u r in g  th e  a l i m e n t a r y  d i s t u r b a n c e  j
n e c e s s a r i l y  r e s u l t e d  i n  a  low b a l a n c e .  The j
e x c r e t i o n  o f  p h o sp h o ru s  i n  th e  u r i n e  o f  C a l f  NE13 j
i n c r e a s e d  d u r in g  th e  s c o u r i n g  p e r i o d  d e s p i t e  t h e  f a c t  j
t h a t  t h e r e  was a m arked  i n c r e a s e  i n  t h e  e x c r e t i o n  o f  
p h o s p h o ru s  i n  t h e  f a e c e s .  The r e a s o n  f o r  t h i s  i s  j
n o t  known; i t  was c e r t a i n l y  n o t  due t o  an  e x c e s s i v e  j 
c a t a b o l i s m  o f  body p r o t e i n  d u r in g  t h i s  t i m e .  S x c l u d i j i g  
t h e  r e s u l t s  o b t a i n e d  i n  t h e  s c o u r i n g  p e r i o d ,  t h e  |
i n c r e a s e  i n  u r i n a r y  p h o s p h o ru s  w i th  i n c r e a s i n g  m i l k  j
i n t a k e  was s t a t i s t i c a l l y  s i g n i f i c a n t  (P = 0 . 0 1 ) '.  j

4 .  D i s c u s s i o n  !

The e f f e c t  o f  n u t r i t i o n a l  p l a n e  on t h e  s t o r a g e j  
o f  n i t r o g e n ,  c a lc iu m  and p h o s p h o ru s  on g ro w th  and  on | 
h e a t  p r o d u c t i o n  h a s  a l r e a d y  b e e n  d i s c u s s e d .  The two! 
c a l v e s ,  h o w e v e r ,  d i f f e r e d  f ro m  one a n o t h e r  i n  s e v e r a l  j 
w a y s .  O a l f  IT 213 r e q u i r e d  more m i lk  f o r  m a in te n a n c e  | 
o f  n i t r o g e n  e q u i l i b r i u m  t h a n  C a l f  IIS 14 and  he  a l s o  had; 
a  h i g h e r  b a s a l  m e ta b o l i s m .  T hese  r e s u l t s  a r e  i n t e r - !
r e l a t e d .  A h i g h  b a s a l  m e ta b o l i s m  e n t a i l s  a  g r e a t e r  j 
c a t a b o l i s m  o f  i n g e s t e d  fo o d  o r  body t i s s u e  t o  m eet th i j s  

demand f o r  e n e r g y ,  and th e  h i g h e r  u r i n a r y  n i t r o g e n ,  j 
l a r g e l y  made up o f  u r e a ,  ammonia and  am in o -F  r e f l e c t s  j 
t h e  h i g h e r  r a t e  o f  d e a m in a t io n  o f  i n g e s t e d  p r o t e i n  I 
w h ic h  o c c u r r e d  i n  o r d e r  t o  f u r n i s h  e n e r g y  f o r  t h i s  
p u r p o s e .  Arms by & F r i e s  i n  1911 com pared  t h e  

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

t h a t  o f  a s c r u b  s t e e r  and c o n c lu d e d  t h a t  " th e  e n e r g y



r e q u i r e m e n t  o f  th e  s c r u b  s t e e r  f o r  m a i n t e n a n c e , com puted  
t o  th e  same l i v e w e i g h t  a v e r a g e d  1 8 .7 $  h i g h e r  t h a n  t h a t  
o f  t h e  p u r e - b r e d .  A c c o r d in g ly  th e  l a t t e r  was a b l e  t o
u se  a r e l a t i v e l y  l a r g e r  p r o p o r t i o n  o f  th e  t o t a l  e n e r g y  
o f  h i s  r a t i o n  f o r  th e  p r o d u c t i o n  o f  g a i n 11. The j  

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

was 1 3 .2  '/o and ju d g in g  f ro m  t h e  p h o to g ra p h s  o f  A rm sby’s !
a n im a l s  t h e  p r e s e n t  c a l v e s  d i d  n o t  d i f f e r  so  much i n  Ij
a p p e a r a n c e  as  d i d  h i s .  B o th  th e  p r e s e n t  c a l v e s  i1
w ere  e s s e n t i a l l y  d a i r y  ty o e  a n im a ls  o f  th e  same b r e e d  j

I
b o r n  on n e i g h b o u r in g  f a rm s  w i t h i n  one day  o f  one a n o t h e r  
an d  w ere  t h o u g h t  t o  be r e a s o n a b l y  c o m p a r a b l e . ^  i

f u r t h e r  i n d i c a t i o n  o f  t h e  i n h e r e n t  d i f f e r e n c e s  b e tw een!f
a n i m a l s  was shown by Wood & Y ule  (1914) who fo u n d  t h a t  j 
t h e  a v e r a g e  l i v e w e i g h t  i n c r e a s e s  o f  i n d i v i d u a l  oxen  ! 
on th e  same d i e t s  and u n d e r  t h e  same c o n d i t i o n s  c o u ld  j 
v a r y  b e tw e e n  1 l b .  and  3 l b .  p e r  d a y .  Wood and  H i l l !  
( 1 9 1 4 ) l a t e r  showed t h a t  th e  d i f f e r e n c e  i n  l i v e w e i g h t  j 
i n c r e a s e  b e tw e e n  s u c h  good " d o e r s "  and b ad  " d o e r s "  was! 
i n v e r s e l y  r e l a t e d  t o  th e  s k i n  t e m p e r a t u r e  o f  t h e  
a n i m a l s ,  and  p re su m a b ly  t h e r e f o r e  t o  t h e i r  h e a t  
p r o d u c t i o n .  I t  i s  s u r p r i s i n g  t h a t  s u c h  l a r g e  
d i f f e r e n c e s  e x i s t  a t  an  e a r l y  a g e ,  and t h e s e  d i f f e r e n c e s  
m ust be o f  c o n s i d e r a b l e  p r a c t i c a l  i m p o r t a n c e .

From  t h e  r e s u l t s  p r e s e n t e d  i t  i s  c l e a r  t h a t  j  

b o d y w e ig h t  m a in te n a n c e  i n  th e  c a l v e s  i n v o l v e d  s t o r a g e  ! 
o f  m i n e r a l s  i n  bone and d e p o s i t i o n  o f  p r o t e i n .  From j 

t h e  e q u a t i o n s  p r e s e n t e d  ( 7 , 9 & 10 ) i t  c a n  be s e e n  
t h a t  2 .8 3  g .  n i t r o g e n ,  3 .1 3  g .  c a lc iu m  and 1 ,6 4  g .  
p h o s p h o ru s  were s t o r e d  i n  t h i s  w ay. The amount o f
t i s s u e  s t o r e d  i n  te rm s  o f  b o d y w e ig h t  may be c a l c u l a t e d ;  
r o u g h l y  f ro m  th e  c a lc iu m ,  p h o sp h o ru s  and n i t r o g e n  
b a l a n c e s .  S in c e  t h e  c a lc iu m  p h o s p h o ru s  r a t i o  i n  bone 
i s  2 .1 5  ( S h o h l ,  1939) t h e  p o s i t i v e  b a l a n c e  o f  3 .1 3  g .  ; 
c a l c i u m  s h o u ld  have  b e e n  a s s o c i a t e d  w i t h  s t o r a g e  o f  1 .4 6  
p h o s p h o r u s .  I f  a l l  t h e  n i t r o g e n  s t o r e d  r e p r e s e n t e d  
a  s t o r a g e  o f  t i s s u e  co m p a ra b le  i n  c o m p o s i t i o n  w i t h  
muscle? t h e n  2 .8 3  g .  n i t r o g e n  would have b e e n  a s s o c i a t e d  
w i t h  88 g .  m u sc le  s u b s t a n c e .  T h is  p r o t e i n  w ould  h av e  

a. r a t i o  o f  n i t r o g e n : /  p h o s p h o ru s  o f  1 4 .7  ( S h o h l ,  1939)?



g i v i n g  a n  e s t i m a t e  o f  p h o s p h o ru s  r e t e n t i o n  i n  m u sc le  o f
0 . 1 9  g .  and a n  e s t i m a t e  o f  t o t a l  p h o s p h o ru s  r e t e n t i o n  
o f  1 .6 5  g .  a g a i n s t  t h e  1 .6 4  g .  a c t u a l l y  d e t e r m i n e d .  The 
t o t a l  g a i n  o f  b o d y w e ig h t  w ou ld  th u s  be a b o u t  90 g . ,  
w h ich  i s  p re su m a b ly  b a l a n c e d  tyja  l o s s  o f  body f a t  and j 
p o s s i b l y  by  s l i g h t  d e h y d r a t i o n  o f  t h e  t i s s u e s .  T h i s  
g e n e r a l  p i c t u r e  o f  m a in te n a n c e  i n  th e  y oung  g ro w in g  
a n im a l  i s  i n  c o m p le te  a c c o rd a n c e  w i t h  W a t e r ’s  o b s e r v a t i  
i o n s  ( 1 9 0 8 , 1 9 1 0 ) i n  w h ich  he fo u n d  t h a t  th e  body fo rm ; 
o f  c a t t l e  d i d  n o t  r e m a in  i n f a n t i l e  when he  k e p t  th em  : 
a t  c o n s t a n t  b o d y w e ig h t ,  b u t  t h a t  t h e r e  was an  i n c r e a s e ;  
i n  t h e i r  s k e l e t a l  p r o p o r t i o n s  and a  l o s s  o f  s u b c u ta n e o u s  
a n d  d e p o t  f e t .  The r e s u l t s  o f  th e  p r e s e n t  e x p e r im e n t ;  
p r o v i d e  a  q u a n t i t a t i v e  e s t i m a t e  o f  t h e s e  c h a n g e s  i n  j 
t e r m s  o f  c a l c iu m ,  p h o s p h o ru s  and n i t r o g e n  s t o r a g e s .

I n  n i t r o g e n  m e ta b o l i s m  e x p e r i m e n t s ,  d i f f e r e n c e s  
b e tw e e n  a n im a l s  i n  t h e i r  b a s a l  m e ta b o l i s m  and a s s o c i a t e d  

= phenom ena m ust be t a k e n  i n t o  a c c o u n t  when e x p e r im e n t s  j  

i  a r e  p l a n n e d ,  and a l s o  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  j 
? r e s u l t s  o f  t h e s e  e x p e r i m e n t s .  T h u s ,  f o u r  a n im a ls  j  

I w ere  i n c l u d e d  i n  e a c h  o f  t h e  f o l l o w i n g  e x p e r im e n t s  andj 
j  i t  was a r r a n g e d  t h a t  a t  l e a s t  two a n im a l s  s h o u ld  

r e c e i v e  t h e  same t r e a t m e n t s .



E .  PROTEIN FREE SUPPLEMENTS FOR THE OALF

1 .  I n t r o d u c t i o n

I t  was s u g g e s t e d ,  (page  62) t h a t  i f  a  p r o t e i n -  
f r e e  s u p p le m e n t  was ad d ed  t o  a  b a s a l  d i e t ,  n i t r o g e n  | 
r e t e n t i o n  w ould  i n c r e a s e  due t o  r e d u c t i o n  o f  t h e  " b a s a l  
de a m in a t  i o n  c om p o n en t"

The f o l l o w i n g  a r e  s u b s t a n c e s  w h ic h  m ig h t  be 
u s e d  as  p r o t e i n - f r e e  s u p p le m e n ts

( a) C e l l u l o s e

The u t i l i s a t i o n  o f  c e l l u l o s e  by t h e  c a l f  j
e s s e n t i a l l y  c o m p r is e s  b a c t e r i a l  b reak d o w n  and rum en  j
d e v e lo p m e n t .  T h ese  c o n d i t i o n s  w ere  s p e c i f i c a l l y  j
e x c l u d e d  f ro m  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  s i n c e  rum en ] 

f e r m e n t a t i o n ,  b e s i d e s  b r e a k i n g  down c e l l u l o s e ,  a l s o  |
i n v o l v e s  a t  any  r a t e ,  some d e s t r u c t i o n  o f  d i e t a r y  I

i
am ino a c i d s ,  w i t h  th e  s y n t h e s i s  o f  b a c t e r i a l  p r o t e i n .  !i
( b) F a t  j

The s u p p l e m e n t a t i o n  o f  sk im  m i lk  w i t h  v a r i o u s  ! 
f a t s  was a t t e m p t e d  by L in d s e y  a s  e a r l y  a s  1 8 9 4 .  j
G u l l i c k s o n ,  F o u n ta in e  & F i t c h  (1942) h ave  r e v ie w e d  t h e  ; 
e a r l i e r  l i t e r a t u r e  an d  f u r t h e r  w ork h a s  b e e n  c a r r i e d  
o u t  by J a c o b s o n  & G annon, (1 9 4 7 ) ,  J a c o b s o n ,  Gannon & 
Thomas (19 4 9 )  a a d  M u r le y ,  J a c o b s o n ,  W ise & A l l e n  ( 1 9 4 9 ) .  
The g e n e r a l  c o n c l u s i o n s  t o  be draw n a r e ;  t h a t  b u t t e r f a t  
g i v e s  t h e  b e s t  r e s u l t s ,  b u t ,  owing t o  i t s  e x p e n s e ,  i t  ; 
i s  o b v i o u s l y  o f  l i t t l e  p r a c t i c a l  v a l u e .  l e s s  
e x p e n s iv e  a n im a l  f a t s  h av e  have  s a t i s f a c t o r y  r e s u l t s ,  
e s p e c i a l l y  when h o m o g e n ise d  i n t o  t h e  d i e t  (W ie se ,  i

J o h n s o n  & M i t c h e l l  1 9 4 7 ) ;  b u t  v e g e t a b l e  f a t s ,  w h ic h  
a r e  f r e q u e n t l y  v e r y  u n s a t u r a t e d ,  h ave  p ro v e d  u n s a t i s :  
f a c t o r y  s i n c e  th e y  t e n d  to w a rd s  u n t h r i f t i n e s s ,  e x c e s s i v e  
s c o u r i n g  and h i g h  m o r t a l i t y .  When t h e s e  v e g e t a b l e  
f a t s  a r e  h y d r o g e n a t e d ,  h o w e v e r ,  i t  i s  c l a im e d  t h a t  \ 
t h e y  com pare  f a v o u r a b l y  w i t h  b u t t e r f a t  when g i v e n  t o  I 
t h e  c a l f ,  a l t h o u g h  J a r v i s  & Waugh (1949) c o u ld  n o t  
c o n f i r m  t h e s e  o b s e r v a t i o n s  and showed t h a t  a n im a ls  
g i v e n  h y d r o g e n a te d  v e g e t a b l e  o i l s  s u f f e r e d  f ro m  f a t t y  

l i v e r s .

I n  a l l  t h e s e  t e s t s ,  h o w e v e r ,  th e  p e r c e n t a g e  o f :



f a t  i n  t h e  d i e t  was g e n e r a l l y  5 a n d ,  as  a l r e a d y  
m e n t io n e d  c a l v e s  7 - 1 2  (S x p t .G )  h a d  d i f f i c u l t y  i n  
a s s i m i l a t i n g  d i e t s  c o n t a i n i n g  4 . 6 ^  o f  f a t .  A sch affen b u rg  
e t  a l  (1949) fo u n d  t h a t  d i e t s  c o n t a i n i n g  2fo o f  m a r g a r in e  
g av e  good r e s u l t s .  I t  t h e r e f o r e  seem ed u n l i k e l y  t h a t j  
t h e  f a t  p e r c e n t a g e  c o u ld  be r a i s e d  above t h i s  l e v e l  j 
o f  4 •Sfo a s  a  s u p p le m e n t  w i t h o u t  c a u s i n g  s e v e r e  d i s t r e s ^  
t o  th e  a n i m a l s .  j

I
( c) S im p le  s u g a r s  s u c h  as l a c t o s e  an d  g l u c o s e  i

!
R o j a s ,  S c h w e ig e r t  & R u p e l  (1948) show ed t h a t  j  

t h e  c a l f  i s  v e r y  s e n s i t i v e  t o  l a r g e  q u a n t i t i e s  o f  j

l a c t o s e  i n  i t s  d i e t ,  s i n c e  when t h e  l a c t o s e  i n t a k e  was I 
i n c r e a s e d  f ro m  250 g .  t o  500 g .  p e r  d a y ,  s c o u r i n g  j  

r e s u l t e d  w i t h i n  a  few h o u r s .  I t  i s  w e l l  known t h a t  j 
l a c t o s e  i n  t h e  d i e t  o f  o t h e r  a n im a ls  c a u s e s  an i n c r e a s ^  
i n  g a s t r o - i n t e s t I n a l  m o t i l i t y  ( F i s c h e r  & S u t t o n ,  1 9 4 9 ) | 
N e v e r t h e l e s s ,  l i n d s e y  & A r c h i b a l d  (1925) c l a im e d  t h a t  j 
l a c t o s e  a t  a  30 p  l e v e l  i n  t h e  d i e t  o f  c a l v e s  was w e l l  j  
u t i l i s e d  b u t  was t o o  e x p e n s iv e  t o  be o f  p r a c t i c a l  j 

i m p o r t a n c e . j
i

L i t t l e  a t t e n t i o n  h a s  been  g iv e n  t o  t h e  
u t i l i s a t i o n  o f  g lu c o s e  by t h e  c a l f .  I n  t h i s  j
l a b o r a t o r y ,  p r e l i m i n a r y  a t t e m p t s  t o  u se  g l u c o s e  a s  a  j 

p r o t e i n - f r e e  su p p le m e n t  f o r  th e  c a l f  d i d  n o t  m eet w i t h j  
an y  g r e a t  s u c c e s s .  Two c a l v e s  e a c h  r e c e i v e d  250 g .  j 
g l u c o s e  p e r  day a s  a s u p p le m e n t  t o  a  s e m i - s y n t h e t i c  j 
d i e t  o f  a  s i m i l a r  c o m p o s i t i o n  t o  d i e t  NS6 ( T a b l e 2 5 ) .  j  

The a n im a l s  were g e n e r a l l y  l e t h a r g i c ,  and  show ed j
a l i m e n t a r y  d i s t r e s s  d u r in g  t h e  w hole  of t h e  t im e  t h a t  j  

g l u c o s e  was g iv e n ;  l a r g e  q u a n t i t i e s  o f  f a e c e s  b e in g  i  

p r o d u c e d .  S im p le  a d d i t i o n o f  t h e  r e s u l t s  g i v e n  i n  j 

T a b le  27 show s t h a t  th e  c a l f  n o r m a l ly  e x c r e t e s  a b o u t  i 
150 g .  o f  w et f a e c e s  /  d a y .  When g lu c o s e  was g i v e n  !
t h e  mean d a i l y  e x c r e t i o n  o f  w et f a e c e s  f o r  t h e  two 
c a l v e s  r o s e  t o  490 g .  /  d a y .  I t  was d e c i d e d  n o t  t o

i
c o n t i n u e  t h e s e  e x p e r im e n t s  on t h e  u t i l i s a t i o n  o f  j
g l u c o s e  by  t h e  c a l f .  T h is  i n t e s t i n a l  m o t i l i t y  e f f e c t  
o f  g l u c o s e  i n  t h e  c a l f  no d o u b t  e x p l a i n s  t h e  low 

d i g e s t i b i l i t y  o f  d i e t a r y  c o n s t i t u e n t s  w h ich  was. 

o b t a i n e d  when a  n i t r o g e n - f r e e  d i e t  was g iv e n  ( p a g e 4 f ) .



(a) S t a r c h

A c c o r d in g  t o  S avage  & McGay ( 1 9 4 2 ) ;  "The 
d i g e s t i o n  o f  s t a r c h ,  by t h e  c a l f  h a s  i n t e r e s t e d  w o rk e rs  
f o r  n e a r l y  a  c e n t u r y  h u t  l i t t l e  i s  known a h o u t  i t  today i11 
Some o f  t h e  e a r l i e r  a t t e m p t s  t o  s u p p le m e n t  w hole  m i lk  j  

w i t h  s t a r c h y  p r o d u c t s  w ere  made by L i e b i g  ( K e l l n e r , 1915) 
Cooked w h e a t  f l o u r  was f e r m e n te d  w i t h  g ro u n d  m a l t  and j 
p o t a s s i u m  b i c a r b o n a t e , and  t h e  r e s u l t i n g  m i x t u r e  s ie v e d !  
b e f o r e  f e e d i n g .  I n  t h i s  c a s e ,  t h e  s u p p le m e n t  w as ,  
o f  c o u r s e ,  a  m ix tu re  o f  s u g a r s  and s t a r c h  a n d ,  a l th o u g h !  
few  q u a n t i t a t i v e  r e s u l t s  a p p e a r  t o  be a v a i l a b l e ,  t h e r e  j 

seem s l i t t l e  d o u b t  t h a t  t h i s  method o f  c a l f  r e a r i n g  was) 
u s e d  s u c c e s s f u l l y  f o r  many y e a r s .  Most o f  t h e  |
e x p e r i m e n t a l  w o rk  c a r r i e d  o u t  a p p e a r s  t o  h a v e  b e e n  \
c o n c e r n e d  w i t h  t h e  use o f  s t a r c h  a s  a  s u b s t i t u t e  f o r  :
t h e  f a t  o f  m i l k ,  r a t h e r  t h a n  a s  a s u p p le m e n t  to  w ho le  
m i l k .  U ncooked s t a r c h  h a s  n o t  g i v e n  good r e s u l t s  j
w hen f e d  w i t h  sk im  m i lk  ( F i n g e r l i n g ,  1 9 0 8 ) ,  o r  w i t h  
r e c o n s t i t u t e d  d r i e d  sk im  m i lk  ( K a p p l i ,  1 9 2 5 ) .  Much I
t r o u b l e  was e x p e r i e n c e d  th r o u g h o u t  t h e s e  l a t t e r  j
e x p e r i m e n t s  as  t h e  r e s u l t  o f  d i g e s t i v e  d i s o r d e r s ,  and  I
t h e  same t r o u b l e  was e x p e r i e n c e d  when f l a k e  p o t a t o e s  j

I
w ere  g iv e n  t o  t h e  c a l f  ( S c h o lz ,  1 9 3 0 ) .  The r e s u l t s  
o f  H i t t c h e r  ( 1 9 0 9 ) ,  c l a i m i n g  t o  show t h a t  s t a r c h  
t r e a t e d  w i t h  m a l t  b e f o r e  f e e d i n g  gave b e t t e r  r e s u l t s ,  
a r e  o f  l i t t l e  v a lu e  s i n c e  o u t  of 3 7 ^ o a l v e s ,  15 d i e d  -  j 
p r o b a b l y  f ro m  v i t a m i n  A d e f i c i e n c y .  Good r e s u l t s  
h a v e ,  h o w e v e r ,  b een  o b t a i n e d  w i t h  sk im  m i l k  and  p o t a t o  I 
s t a r c h  t r e a t e d  w i t h  m a l t  d i a s t a s e  a f t e r  t h e  s t a r c h  h a d  ! 
b e e n  b o i l e d  (H anne, 1 9 0 7 ) ,  An e x p e r im e n t  c a r r i e d  o u t  
by  Shaw, Woodward & N o r to n  (1912) on two c a l v e s  showed ;

; t h a t  u n co o k ed  s t a r c h  when g iv e n  as  a  s u p p le m e n t  t o  j
w h o le  m i lk  was d i g e s t e d  t o  t h e  e x t e n t  o f  o n ly  21 f0 when !

!
t h e  c a l v e s  w ere  4 - 7  d ay s  o f  a g e .  At 30 d a y s  how ever,!

: I
d i g e s t i o n  was 96^  a l t h o u g h  i t  i s  n o t  known t o  w h a t  j
e x t e n t  rum en  f e r m e n t a t i o n  h a d  t a k e n  p l a c e  i n  t h e s e  i
o l d e r  c a l v e s .

Due t o  th is ,  s c a r c i t y  o f  i n f o r m a t i o n  on t h e  

u t i l i s a t i o n  o f  s t a r c h  by t h e  c a l f ,  a n  e x p e r im e n t  was 

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



g e l a t i n i s e d  s t a r c h  by t h e  y oung  c a l f ,  e s p e c i a l l y  f ro m  
t h e  p o i n t  of v iew  o f  i t s  p r o t e i n - s p a r i n g  a c t i o n ,  o r  
e f f e c t  on n i t r o g e n  b a l a n c e .  I t  was r e q u i r e d  t o  know 
t h e  e x t e n t  t o  w h ich  f e r m e n t a t i o n  o f  th e  s t a r c h  t o o k  
p l a c e .  S u b s i d i a r y  o b j e c t s  w ere  t o  d e t e r m in e  m i n e r a l :  
b a l a n c e s  d u r i n g  s t a r c h  f e e d i n g ,  and  a l s o  t h e  e f f e c t  o f :  
t h i s  n i t r o g e n - f r e e  s u p p le m e n t  on th e  d i s t r i b u t i o n  o f  I 
n i t r o g e n  i n  th e  u r in e  .

2 .  P l a n  of e x p e r im e n t  t o  d e t e r m in e  th e  n u t r i t i v e  v a l u e  I 
o f  g e l a t i n i s e d  s t a r c h  f o r  t h e  c a l f  j

F o u r  c a l v e s ,  num bers 2 1 ,  22 , 23 and  24 e a c h  | 
r e c e i v e d  a b a s i c  d i e t  of  3 .0  l i t r e s  of w ho le  m i lk  and  j 
2 l i t r e s  o f  w a t e r  p e r  d a y .  I n  a d d i t i o n ,  t h e  c a l v e s  j 
w ere  g i v e n  0 , 5 0 , 100 o r  200 g .  s t a r c h  a c c o r d i n g  t o  t h e  I 
p l a n  show n i n  T a b le  50 . j

j

TABIB 50 |

P l a n  o f  e x p e r im e n t  j

W e ig h t  o f  s t a r c h  r e c e i v e d  by e a c h  c a l f  ( g .  / d a y )

C a l f  H i P e r i o d P e r i o d P e r i o d P e r i o d
1 2 3 4

21 0 50 100 200
22 100 200 0 50

23 200 0 50 100

24 50 100 200 0

The c o l l e c t i o n  p e r i o d s  l a s t e d  10 d a y s  and  6 d a y s  w ere  j 
a l l o w e d  b e tw e e n  e a c h  p e r i o d  f o r  th e  c h a n g e - o v e r .  The j 
c a l v e s  w ere  10 d a y s  o ld  when th e  e x p e r im e n t  b e g a n .

The w e ig h e d  amount o f  s t a r c h  was f i r s t  
g e l a t i n i s e d  i n  2 l i t r e s  o f  b o i l i n g  w a t e r  c o n t a i n e d  i n  . 
a  t w o - g a l l o n  c h u rn  w i t h  c o n s t a n t  s t i r r i n g .  E x a c t l y  ; 
3 .0  l i t r e s  o f  w ho le  m i lk  was t h e n  added  f o l l o w e d  by 
10 m l.  o f  a s u p p le m e n ta r y  m i n e r a l  s o l u t i o n ,  t h e  
c o m p o s i t i o n  of w h ich  was t h e  same as  i n  t h e  l a s t  
e x p e r im e n t  (p ag e  b9) . S t i r r i n g  was c o n t i n u e d  f o r  
a b o u t  5 m in . F o r  t h e  e v e n in g  f e e d ,  a p p r o x i m a te ly



h a l f  t h e  c o n t e n t s  o f  t h e  c h u r n  w ere g i v e n ,  and  th e  
r e m a i n d e r  t h e  f o l l o w i n g  m o rn in g  when t h e  c h u r n  was 
w e l l  r i n s e d  w i t h  200 -3 0 0  mi. w a t e r  t o  e n s u r e  t h a t  t h e  
c a l f  r e c e i v e d  th e  t o t a l  amount of f e e d .  Twice 
w e e k ly ,  e a c h  c a l f  r e c e i v e d  tw o h a l i b u t  l i v e r  o i l  
c a p s u l e s  ( c o n t a i n i n g  4500 I .U .  v i t a m i n  A and  450 I .U .  
v i t a m i n  D p e r  c a p s u l e ) ,  and  50 m g . o ( - t o c o p h e r y l  a c e t a t e .

A m i lk  sam p le  was t a k e n  e v e r y  day  b e f o r e  t h e  
d i e t s  w ere  p r e p a r e d  f o r  t h e  d e t e r m i n a t i o n  o f  t o t a l  
n i t r o g e n  and  t o t a l  f a t .  Sam ples  w ere  a l s o  t a k e n  
d a i l y  and  p o o le d  f o r  s u b s e q u e n t  m i n e r a l  a n a l y s i s .
The f o l l o w i n g  a n a l y s e s  w ere c a r r i e d  o u t s -

M i lk
T o t a l  n i t r o g e n -  t o t a l  f a t  (G-erber) w ere  

d e t e r m in e d  e a c h  d a y .  C a lc iu m , m agnesium , p h o sp h o ru s
I

so d iu m  and  c h l o r i d e  d e t e r m i n a t i o n s  w ere  made on i
p o o le d  a l i q u o t s  f o r  th e  p e r i o d .  j

U r in e  !
j

T o t a l  n i t r o g e n  ( d e t e r m i n e d  d a i l y ) ;  c r e a t i n e ,  j 
c r e a t i n i n e  ( d e t e r m in e d  e v e ry  two d a y s ) ; u r e a ,  ammonia^ 
p r o t e i n ,  a m i n o - n i t r o g e n ,  p u r i n e s ,  u r i c  a c i d  and  |
a l l a n t o i n  ( d e t e r m i n e d  once p e r  10 d ay  p e r i o d ) . |
M i n e r a l  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  as  f o r  m i l k .  

F a e c e s

D ry  m a t t e r ,  t o t a l  n i t r o g e n ,  t o t a l  ’f a t 1 
( d e t e r m i n e d  e v e r y  two d a y s ) ;  ’f a t *  f r a c t i o n a t i o n  i n t o  
s o a p s ,  f r e e  f a t t y  a c i d s  and  n o n - s a p o n i f i a b l e  r e s i d u e  
(o n e  p e r  10 d ay  p e r i o d ) ,  s t a r c h  ( d e t e r m i n e d  once p e r  
10 d a y  p e r i o d ) ; m i n e r a l  a n a l y s e s  as f o r  m i l k .

3 .  R e s u l t s
( a) Gen e r a l  ob s e r v a t i o n s

A l l  t h e  c a l v e s  b e h a v e d  n o r m a l ly  t h r o u g h o u t  
t h e  e x p e r i m e n t .  Uo d i f f i c u l t y  was e x p e r i e n c e d  by 
th e  c a l v e s  i n  d r i n k i n g  t h e  m i lk  c o n t a i n i n g  g e l a t i n i s e ^  
s t a r c h ,  a l t h o u g h  t h e  v i s c o s i t y  o f  th e  200 g .  m ix tu r e  
was h i g h .  The o n ly  d i f f e r e n c e  n o t e d  when t h e  
c a l v e s  r e c e i v e d  s t a r c h  was i n  th e  c o n s i s t e n c y  and 

volum e o f  th e  f a e c e s  th e y  p ro d u c e d .  The f a e c e s  o f  

c a l v e s  2 2 , 23 and p a r t i c u l a r l y  c a l f  24 became lo o s e
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on c h a n g in g  f ro m  t h e  d i e t  c o n t a i n i n g  200 g .  s t a r c h  t o  
t h e  d i e t  c o n t a i n i n g  no s t a r c h .  L a rg e  q u a n t i t i e s  o f
w a t e r y  f a e c e s  w ere  p ro d u c e d  by t h e s e  t h r e e  c a l v e s  
w h e re a s  c a l f  21 e x c r e t e d  q u i t e  n o rm a l  f a e c e s  when j

r e c e i v i n g  no  s t a r c h .  T h is  may be e x p l a i n e d  by t h e  j 
d i f f e r e n c e  i n  th e  v i s c o s i t y  b e tw e e n  t h e s e  tw o d i e t s  -  ! 
p r e s u m a b ly  a  v i s c o u s  d i e t  w i l l  t e n d  t o  p a s s  more s low ly j 
t h r o u g h  t h e  g u t  o f  t h e  a n im a l ,  'C a l f  21 h ad  n o t  j

i
p r e v i o u s l y  b een  g iv e n  a  d i e t  c o n t a i n i n g  s t a r c h .

As th e  s t a r c h  i n t a k e  was i n c r e a s e d ,  t h e  f a e c e s  
became more and  more g e l a t i n o u s ,  no d o u b t  due t o  t h e  j 
e x c r e t i o n  o f  u n d i g e s t e d  s t a r c h .  The mean w e i g h t s
o f  f a e c e s  e x c r e t e d  when t h e  c a l v e s  r e c e i v e d  0 , 5 0 , 100 ]
and  200 g .  of  s t a r c h  p e r  day w ere  8 2 3 ,  327 , 336 and  80S) g .  
r e s p e c t i v e l y ,  w h ic h  shows t h a t  when t h e  c a l v e s  w ere  j 
r e c e i v i n g  200 g .  s t a r c h  t h e  amount o f  f a e c e s  p ro d u c e d  I
was h i g h  and  was o f  t h e  same o r d e r  a s  t h a t  e x c r e t e d  by j
t h e  a n im a ls  s u f f e r i n g  f ro m  d i a r r h o e a .  j

A p r e l i m i n a r y  a t t e m p t  t o  f e e d  300 g .  s t a r c h  p e r
day t o  a c a l f  c a u s e d  e x tre m e  d i s t e n t i o n  o f  t h e  g u t  and
p a i n  t o  t  he a n i m a l .  A bou t 3000 g .  o f  h i g h l y  g e l a t i n e ) us

)
f a e c e s  w ere  p ro d u c e d  e a c h  day end i t  was c o n c lu d e d  t h a t  
t h e  c a l f  was u n a b le  t o  d i g e s t  s t a r c h  when g iv e n  i n  s u c h  
l a r g e  q u a n t i t i e s .

( i g At n_ga i n

T a b le  51 su m m a r ise s  t h e  body w e ig h t  g a i n s  p e r  
day  c a l c u l a t e d  by r e g r e s s i o n  a n a l y s i s  o f  t h e  i n d i v i d u a l ,  
w e i g h t s ,  and  th e  means o f  t h e s e  v a l u e s  p l o t t e d  a g a i n s t  
s t a r c h  i n t a k e  a r e  p r e s e n t e d  i n  F ig u r e  1,4.

TABLS 51
B o d v w e ig h t  g a i n s  o f  th e  c a l v e s  ( g .  /  d a y )

C a l f Y/e i g h t o f  s t a r c h  f e d  (g . / d a y )
0 50 I io o  . 200

B odyw eign t g a i n s  ( g . / d a y )

21 111 228 189 301
22 86 226 197 255
23 54 128 291 178
24 97 149 301 367

Me an 87 183
_____________

245 275

The v a r i a t i o n  b e tw e e n  c a l v e s  i n  t h e i r  b o d y w e ig h t  g a i n



TABLB 52

B x c r e t i o n  o f  f a t  i n  g .  /  d a y , and th e  apparent d i g e s t i b i l i t i e a  
o f  m ilk  f a t  and n i t r o g e n  by th e  c a l v e s  when r e c e i v i n g  v a r io u s  
q u a n t i t i e s  o f  s t a r c h .

Amount o f  s t a r c h  ( g . ) 0 50 100 200

F a e c a l  f a t  
e x c r e t i o n  

( g - )
Mean 2 .3 5 2 .5 6 4 .0 9 2 .6 3

O a lf
N§21 9 7 .2 9 7 .7 9 8 .1 9 8 .5

A pparent  
d i g e s t i b i l i t y  
o f  f a t  {%)

C a l f
N£22

O a lf
NS23

9 8 .5

9 7 .6

9 8 .6

9 6 .3

9 0 .3

9 7 .9

9 7 .5

9 7 .5

O a lf
N224 9 8 .7 9 6 .9 9 8 .4 9 8 .3

Mean 9 8 .0 9 7 .4 9 6 .2 9 7 .9

O a lf
N221 9 4 .0 9 6 .0 9 5 .9 8 9 .0

O a l f
N222 9 1 .8 9 5 .1 7 7 .4 8 5 .9

A pparent  
d i g e s t i b i l i t y  
o f  n i t r o g e n

<50

O a lf
NS23

O a lf
N224

8 2 .7

8 9 .1

8 6 .4

9 1 .5

9 5 .7

9 0 .5

8 9 .2

9 0 .3

Mean 8 9 .4 9 2 .3 8 8 .9 8 8 .1



TABLB 55

F r a c t i o n a t i o n  o f  f a e c a l  f a t  e x c r e t e d  by t h e  c a l v e s  i n t o  s o a p s , 
f r e e  f a t t y  a c i d s ,  n o n - s a p o n i f i a b l e  r e s i d u e  and n e u t r a l  f a t  
( % t o t a l  f a t ) .

O a l f  N£ S t a r c h  f e d  ( g . /  day) 0 50 100 200

21

S o ap s

F r e e  f a t t y  a c i d s  
N o n - s a p o n i f  i a b l e  r e s .  
N e u t r a l  f a t

5 6 .2

2 0 .6

1 4 .5
9 .6

3 6 .4
1 8 .2

4 1 .9
3 .9

3 1 .8
1 3 .0

4 7 . 1  
7 .6

51 .2

1 3 .4
35.4

22

S o a p s
F r e e  f a t t y  a c i d s  
N o n - s a p o n i f i a b l e  r e s .  
N e u t r a l  f a t

3 0 .2
2 5 .2  

4 4 .5

5 8 .4  
1 8 .2

2 3 .4

5 3 .3
3 5 .5
1 1 .1

2 9 .8

2 1 .9
3 6 .5
1 1 .8

23

S o a p s
F r e e  f a t t y  a c i d s  
N o n - s a p o n i f i a b l e  r e s .  
N e u t r a l  f a t

2 7 .2

3 0 .4
4 3 .0

2 4 .4
2 1 .4  
5 3 .8

1 8 .4
4 4 .8
2 7 .6

9 .2

5 6 .0
2 1 .1
2 2 .6

24

S o a p s
F r e e  f a t t y  a c i d s  - 
N o n - s a p o n i f  i a b l e  r e s .  
N e u t r a l  f a t

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

3 1 .7
5 2 .6

6 .9
8 . 7

3 6 .8

1 3 .5
3 9 .9

9 . 8

1 8 .9
31.4
4 9 .7



! 8 5 .
I

on t h e  same q u a n t i t i e s  of  s t a r c h  v^as l a r g e ,  h a t  t h e s e  
d i f f e r e n c e s  w ere  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 . The j 
r e l a t i o n s h i p  b e tw e e n  s t a r c h  i n t a k e  and b o d y w e ig h t  g a i n  : 
w as s i g n i f i c a n t  (P = 0 . 0 5 ) a l t h o u g h  i t  w i l l  be s e e n  , 
t h a t  t h e  u t i l i s a t i o n  o f  s t a r c h  i n  t e rm s  o f  g a i n  i n  j  

b odyvfe igh t d e c r e a s e d  when 200 g .  o f  s t a r c h  was g i v e n .  I .
( c )_ T h e  a p p a r e n t  d i g e s t i b i l i t y  o f j t h e  d i e t s  j

i .  A p p a re n t  d i g e s t i b i l i t y  o f  f a t

T a b le  52 shows t h e  mean e x c r e t i o n  o f  f a e c a l  f a t  
t o g e t h e r  w i t h  th e  f a t  d i g e s t i b i l i t y ,  f ro m  w h ic h  i t  w i l l  
be s e e n  t h a t  s t a r c h  i n t a k e  had  l i t t l e  e f f e c t  o n  t h e  
d i g e s t i o n  of f a t .  The r e s u l t s  o f  Shaw, Woodward &
N o r to n  (1912)  and  o f  F i n g e r l i n g  (1908) s u g g e s t  t h a t  thej 
e x c r e t i o n  o f  f a e c a l  f a t  was c o m p a r i t i v e l y  h i g h  when I 
u n g e l a t i n i s e d  s t a r c h  was g iv e n  t o  t h e  c a l f .  The me ah  
e x c r e t i o n s  o f  f a t  i n  th e  f a e c e s  p e r  day w ere  4 .5  g .  and  
3 . 9  g .  r e s p e c t i v e l y ,  com pared  w i t h  t h e  mean e x c r e t i o n  j  

o f  3 .0  g .  o b t a i n e d  i n  t h e  p r e s e n t  e x p e r i m e n t .  Of th i s i  
q u a n t i t y ,  h o w e v e r ,  36% o f  t h e  f a t  was p r e s e n t  as  s o a p s  j 

(Table33) and  s i n c e  n e i t h e r  Shaw e t  a l  (1912) n o r  i

F i n g e r l i n g  ( 1908) d e t e r m in e d  f a t  p r e s e n t  as  s o a p s  i n  j  

t h e  f a e c e s  i t  i s  p r o b a b le  t h a t  t h e  f i g u r e s  c i t e d  above  ji
a r e  a b o u t  36% t o o  lo w . T h i s  s u g g e s t s  t h a t  g e l a t i n i s e d  
s t a r c h  h a s  n o t  th e  same e f f e c t  a s  raw s t a r c h  on t h e  ! 
e x c r e t i o n  o f  f a t  i n  t h e  f a e c e s .  i

S in c e  a  l a t i n  s q u a r e  l a y o u t  was u s e d ,  t h e  
e x p e r im e n t  p e r m i t s  a  t e s t  o f  d i f f e r e n c e s  b e tw e e n  t h e  | 
i n d i v i d u a l  c a l v e s  i n  t h e i r  d i g e s t i o n  of f a t ,  a s  w e l l  asj 
d i f f e r e n c e s  b e tw e e n  p e r i o d s .  T h e re  was a  t e n d e n c y  | 
f o r  t h e  e x c r e t i o n  of f a e c a l  f a t  t o  f a l l  as  t h e  c a l v e s  j 

became o l d e r .  These  d i f f e r e n c e s  w ere  n o t ,  h o w e v e r ,  ! 

s i g n i f i c a n t  a t  P = 0 . 0 5 .  |

S o a p s ,  f r e e  f a t t y  a c i d s ,  n o n - s a p o n i f i a b l e  j
r e s i d u e  and  n e u t r a l  f a t  e x p r e s s e d  as  a  p e r c e n t a g e  o f  j  

t h e  mean t o t a l  f a t  e x c r e t i o n  f o r  th e  p e r i o d  a r e  shown I 
i n  T a b le  53 . As t h e  c a l v e s  became o l d e r  t h e y
e x c r e t e d  a  s i g n i f i c a n t l y  l a r g e r  p r o p o r t i o n  o f  n o n -  
s a p o n i f i a b l e  r e s i d u e  i n  t h e  f a e c e s .  T h is  may be 

e x p l a i n e d  by an  i n c r e a s e d  l i v e r  t u r n o v e r  o f  b i l e



com pounds, w h ich  w ould  p re su m a b ly  be a s s o c i a t e d  w i t h  
i n c r e a s e d  a b s o r p t i o n  o f  d i e t a r y  f a t .  T h e re  w ere no 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  t o t a l  e x c r e t i o n  o f  3 o a p s ,  
f r e e  f a t t y  a c i d s  and  n e u t r a l  f a t .  T h i s  c o n f i r m s  
w o rk  w i t h  human a d u l t s  ( H i l l  & B l o o r ,  1 9 2 2 ; A n n e g e r s ,  j 
B o u tw e l l  & I v y ,  1948) an d  c h i l d r e n  ( W i l l i a m s ,  j
S h e p h e r d  & B n d i c o t t ,  1 9 3 9 ) ,  show ing  t h a t  t h e  t y p e  and  I 
q u a n t i t y  o f  f o o d  i n g e s t e d  d o es  n o t  s i g n i f i c a n t l y  a f f e c t  
t h e  c o m p o s i t i o n  o f  f a e c a l  f a t .  T h i s  i n d i c a t e s  th a t !  
“f a e c a l  f a t "  may be d e r i v e d  p r i m a r i l y  f ro m  r e s i d u e s  ofj 
s e c r e t i o n s  i n t o  t h e  i n t e s t i n e  and  t h e  l i p i d s  o f  f a e c a l j  
b a c t e r i a .  j

i
i i .  A p p a re n t  d i g e s t i b i l i t y  o f  n i t r o g e n  j

T a b le  52 shows t h a t  th e  d i g e s t i b i l i t y  o f  |
d i e t a r y  n i t r o g e n  d i d  n o t  change w hen s t a r c h  was g i v e n  j 
t o  th e  c a l v e s .  The mean a p p a r e n t  d i g e s t i b i l i t y  o f  j 
8 9 .6  was r a t h e r  lo w e r  t h a n  t h a t  p r e v i o u s l y  o b t a i n e d  j 
f o r  w ho le  m i lk  (ihbie 44) . I t  w o u ld  a p p e a r  t h e n  j 
t h a t  t h e  a p p a r e n t  d i g e s t i b i l i t y  o f  n i t r o g e n  when t h e  j 
c a l v e s  w ere  r e c e i v i n g  s t a r c h  and  p r o d u c i n g  f i r m  fa e c e s i  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  th e  d i g e s t i b i l i t y  
w hen s c o u r i n g  o c c u r r e d .  T h i s ,  i n  e f f e c t ,  means t h a t  
t h e  f e e d i n g  o f  s t a r c h  r e s u l t s  i n  a  s l i g h t  d e c l i n e  i n  j 
t h e  d i g e s t i b i l i t y  o f  th e  t o t a l  n i t r o g e n  o f  t h e  d i e t ,  j 
s i n c e  s c o u r i n g  h a s  p r e v i o u s l y  b e e n  n o t e d  t o  i n c r e a s e  j 
t h e  n i t r o g e n  e x c r e t e d  i n  th e  f a e c e s .

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

When a  w a t e r  e x t r a c t  o f  f a e c e s  f ro m  t h o s e  j 
c a l v e s  r e c e i v i n g  s t a r c h  was t e s t e d  w i t h  i o d i n e ,  a  r e d !  
c o l o u r  was p r o d u c e d ,  i n d i c a t i n g  t h a t  d e x t r i n s  o r  o th e ^  
s t a r c h  b reak d o w n  p r o d u c t s  w ere p r e s e n t .  T h e re  j 
a p p e a r e d  t o  be l i t t l e  t r u e  s t a r c h  I n  t h e  f a e c e s ,  e x c e p t  
w i t h  a n im a ls  r e c e i v i n g  200 g .  s t a r c h  /  d a y ,  when a  j 
b l u e  c o l o u r  w i t h  i o d i n e  was o b t a i n e d .  D u r in g  t h e  ! 
f i r s t  p e r i o d ,  s t a r c h  was d e t e r m in e d  by  th e  A .O .A .C . | 
m ethod  (1945) w h ic h  was fo u n d  t o  be u n s u i t a b l e ,  n o t  
o n ly  b e c a u s e  a l c o h o l i c  p o t a s h  d id  n o t  d i s s o l v e  t h e  

f a e c a l  m a t e r i a l  c o m p l e t e l y ,  b u t  m a in ly  b e c a u s e  t h e  

s t a r c h ,  w h ich  h ad  become d e x t r i n i s e d  on p a s s a g e  t h r o u g h



TABIB 54

The e x c r e t i o n  an d  a p p a r e n t  d i g e s t i b i l i t y  of s t a r c h ,  when f e d  
t o  c a l v e s  a t  f o u r  d i f f e r e n t  l e v e l s .

Amount o f  s t a r c h  f e d  
( g . / d a y ) 0 50 100 200

S t a r c h  i n  f a e c e s  
d i r e c t l y  d e t-e rm in ed  
( g . )

0 2 .8 3 1 .8 7 2 0 .5 0

S t a r c h  i n  f a e c e s  
c a l c u l a t e d  f ro m  
f a e c e s  a n a l y s i s  i . e .  
' r e s i d u a l 1 ( g . )

2 .1 2 2 .5 2 2 .9 9 3 7 .2 8

A p p a r e n t  d i g e s t i b i l i t y  o f  
s t a r c h  c a l c u l a t e d  f ro m  
' r e s i d u a l '  f i g u r e s  ( f0)

9 6 .1 9 7 .6 8 1 .6



t h e  t r a c t  was n o t  m e a s u re d .  A c o l o r i m e t r i c  m ethod 
( N i e l s e n ,  194-3? 1945) was l a t e r  u se d  s i n c e  some o f  t h e  
s t a r c h  b reak d o w n  p r o d u c t s  a r e  m e a su re d  i n  t h i s  
d e t e r m i n a t i o n  as  w e l l  as  t r u e  s t a r c h .  T h is  m ethod 
gave  a  n e g a t i v e  r e s u l t  w i t h  f a e c e s  f ro m  c a l v e s  w h ich  
w ere n o t  r e c e i v i n g  s t a r c h .  The mean f a e c a l  
e x c r e t i o n  o f  s t a r c h  p e r  d ay  o b t a i n e d  by t h i s  m ethod  i s ;  
shown i n  T a b le  54 . I t  was t h o u g h t ,  h o w e v e r ,  t h a t  j 

a t r u e r  e s t i m a t i o n  o f  s t a r c h  and s t a r c h  b reak d o w n  |
i

p r o d u c t s  i n  t h e  f a e c e s  c o u ld  be made f ro m  t h e  
r e s i d u a l  com ponent o f  t h e  f a e c e s .  T h is  was
o b t a i n e d  by a n a l y s i n g  t h e  f a e c e s  f o r  f a t ,  a s h  and  c ru d £

! p r o t e i n  ( n i t r o g e n  x  6 . 25) and s u b s t r a c t i n g  t h e  t o t a l  
f ro m  1 0 0 .  The d i f f e r e n c e  i s  p resu m ed  t o  be 
c a r b o h y d r a t e  m a t e r i a l ,  w h ic h ,  b e s i d e s  s t a r c h  and i t s  I
b re a k d o w n  p r o d u c t s ,  c o u ld  have  i n c l u d e d  u n a b s o rb e d  |

i
l a c t o s e  o r  b a c t e r i a l  p o l y s a c c h a r i d e s .  The mean | 
r e s i d u a l  f i g u r e s  a r e  a l s o  shown i n  T a b le  54 f ro m  |
w h ic h  i t  w i l l  b e  s e e n  t h a t  t h e i r  m a g n i tu d e  i s  o f  t h e  1 
same o r d e r  as  t h e  v a l u e s  o b t a i n e d  by d i r e c t  d e t e r m in a t i o n  
o f  s t a r c h .  The a g r e e m e n t ,  h o w ev e r ,  was n o t  g o o d ,  j 
E x c e p t  f o r  th e  50 g .  l e v e l  of s t a r c h  f e e d i n g ,  t h e  j

J
r e s i d u a l  f i g u r e s  w ere h i g h e r  t h a n  t h o s e  o b t a i n e d  by i 
d i r e c t  a n a l y s i s .  The d i f f e r e n c e ,  e s p e c i a l l y  a t  t h e  j 
h i g h e s t  s t a r c h  l e v e l  b e i n g  due t o  th e  lo w e r  s t a r c h  
b re a k d o w n  p r o d u c t s  w h ic h  do n o t  g iv e  a  c o l o u r  w i t h  j 
i o d i n e  and t h e r e f o r e  a r e  n o t  m ea su re d  by N i e l s e n ' s  j 
m e th o d .  W ith  s h e e p ,  J u c k e r  (1948) o b t a i n e d  a  h ig h e j r  
d i g e s t i b i l i t y  c o e f f i c i e n t  when s t a r c h  was d e t e r m in e d  j 
d i r e c t l y  on f a e c e s  t h a n  when th e  r e s i d u a l  com ponen t j 
was u s e d  f o r  t h e  c a l c u l a t i o n .  The c o m p a r a t i v e l y  
h i g h  r e s i d u a l  f i g u r e s  o b t a i n e d  on th e  f a e c e s  o f  c a l v e s  

r e c e i v i n g  no s t a r c h  was fo u n d  o n ly  w hen s c o u r i n g  |
o c c u r r e d  and w e re  p r o b a b ly  due t o  u n a b s o rb e d  l a c t o s e ,  j 
The r e s i d u a l  f i g u r e  o f  0 .5 6  g . /  d a y  o b t a i n e d  f o r  O a l f  j 
21  when r e c e i v i n g  w hole  m i lk  a lo n e  may h av e  b e e n  due j 
t o  b a c t e r i a l  p o l y s a c c h a r i d e .

A n a l y s i s  of v a r i a n c e  o f  t h e  r e s i d u a l  f r a c t i o n  
of  t h e  f a e c e s  showed t h a t  i t  was s i g n i f i c a n t l v -  a f f e c t e d  
by  th e  i n t a k e  o f  s t a r c h ,  b u t  t h e r e  was no  d e c r e a s e  i n



TABUS 5?

N i t r o g e n  'b a la n c e  r e s a l t s  f o r  c a l v e s  r e c e i v i n g  d i f f e r e n t  amounts 
o f  s t a r c h  ( g ,  /  d a y ) .

O a l f
N2

Amount o f  s t a r c h ,  f e d  
( g .  /  day)

0 50 100 200

21
E x c r e t i o n  

N i t r o g e n  1:

U r in e

F a e c e s

j a l a n c e

9*50

1 .0 0

6 .1 0

8 .6 0

0 .6 6

7 .1 6

7 .5 1

0 . 9 9

7 .7 9

6 .1 0

1 .7 6

8 .2 0

22
E x c r e t i o n

N i t r o g e n

Urine

F a e c e s

j a l a n c e

8 .1 8

1 .3 2

6 .5 9

7 .9 0

0 .7 9

7 .5 6

6 .0 0

5 .7 4

6 .8 5

4 .9 9

2 .6 8

8 .7 6

23

E x c r e t i o n  

N i t r o g e n  1:

U r in e

F a e c e s

>alance

7 .5 5

2 .8 4

6 .0 3

8 .4 1

2 .1 9

5 .4 8

6 .9 9

1 . 0 1

8 .0 5

5 .7 9

1 .7 9  

9 .02

24

E x c r e t i o n  

N i t r o g e n  t

U r in e

F a e c e s

>alance

7 .5 0

1 .7 5

6 .8 1

8 .9 9

1 .4 4

6 .5 6

6 .0 9

1 .5 6

8 .7 1

5 .5 9

1 .5 7

9 .1 5

Mean

E x c r e t i o n  

N i t r o g e n  1

U r in e

F a e c e s

>alance

8 . 1 8

1 .7 3

6 .3 8

8 .4 8

1 .2 7

6 .6 4

6 .6 0  

1 . 8 3  

7 .8 5

5 .5 7

1 .9 5

8 .7 8
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The effect o f  var/ous cjuantit ie s  o f  s ta r c h  
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t h e  r e s i d u a l  com ponent w i t h  t h e  age  o f  t h e  c a l v e s .
'T h is  r e s u l t  d i f f e r s  f ro m  t h a t  o b t a i n e d  by Shaw, Woodward 
& N o r to n  (1912) u s i n g  unco o k ed  s t a r c h .  T h e se  w o rk e r s  
showed t h a t  the  amount o f  s t a r c h  i n  th e  f a e c e s  d e c r e a s e d  
f ro m  34 g .  p e r  d ay  a t  12 d ay s  o f  age t o  0 . 7  g .  a t  39 j 

d a y s  o f  age  . E v i d e n t l y  t h e  c a l f  i s  a b le  t o  u t i l i s e  j 
g e l a t i n i s e d  s t a r c h  much more e a s i l y  t h a n  raw  s t a r c h  * 
when a b o u t  12 days  o l d .  The mean a p p a r e n t  I
d i g e s t i b i l i t i e s  o f  s t a r c h  a t  t h e  t h r e e  l e v e l s  o f  i n t a k #  
a r e  show n i n  T a b le  54 an d  h av e  b e e n  c a l c u l a t e d  u s i n g  | 
t h e  f a e c a l  r e s i d u a l  a s  a  m easu re  o f  e x c r e t i o n ,  a s su m in g  
t h a t  t h e  e x c r e t i o n  o f  0 .5 6  g .  o f  th e  f a e c a l  r e s i d u a l  j 
com ponen t re m a in e d  c o n s t a n t  t h r o u g h o u t  th e  e x p e r i m e n t . |

i
The e r r o r s  i n  t h i s  a s s u m p t io n  a r e ,  i n  a n y  c a s e  l e s s  | 
t h a n  ±%- |

( d) N i t r o g e n  b a l a n c e  !

D a i l y  n i t r o g e n  b a l a n c e s  t o g e t h e r  w i t h  u r i n a r y  j
i

and f a e c a l  n i t r o g e n  e x c r e t i o n s  a r e  d e t a i l e d  i n  T a b le  55 . 
As o r i g i n a l l y  s u r m is e d ,  t h e r e  w as a  s i g n i f i c a n t  j
i n c r e a s e  i n  n i t r o g e n  b a l a n c e  w i t h  i n c r e a s i n g  s t a r c h  j  

i n t a k e  (P  = 0 . 0 5 ) .  The mean v a lu e s  a r e  show n j
p l o t t e d  i n  F ig u r e  1 5 .  I t  w i l l  be s e e n  f ro m  F i g u r e  l(j> 
t h a t  t h e r e  was a  h i g h l y  s i g n i f i c a n t  d e c r e a s e  i n  t o t a l  | 
u r i n a r y  n i t r o g e n  e x c r e t i o n  (P  = 0 . 0 0 1 ) .  The f a e c a l  j 
n i t r o g e n  e x c r e t i o n  r e m a in e d  c o n s t a n t  t h r o u g h o u t .  T hus]  
t h e  i n c r e a s e  i n  n i t r o g e n  b a l a n c e  was due e n t i r e l y  t o  ! 
t h e  r e d u c t i o n  w h ic h  o c c u r r e d  i n  t h e  u r i n a r y  n i t r o g e n  j 
e x c r e t i o n ;  i n  o t h e r  w ords  s t a r c h  had  a p r o t e  i n - s p a r i n g  I 
e f f e c t .  T h is  i s  i n  a g re e m e n t  w i t h  th e  c o n t e n t i o n  j 

g i v e n  on page 79) . I

I t  w i l l  a l s o  be s e e n  f ro m  F i g u r e  16 t h a t  t h e  j  

d e c r e a s e  i n  u r i n a r y  n i t r o g e n  was due a lm o s t  e n t i r e l y  t o  
a  r e d u c t i o n  i n  th e  e x c r e t i o n  o f  u r e a .  T h e re  was | 
a l s o  a  s i g n i f i c a n t  d e c r e a s e  i n  th e  c r e a t i n e  e x c r e t i o n  !J
(P s= 0 . 0 1 ) .  T h e se  c h a n g e s  w i l l  be d i s c u s s e d  i n  more j  

d e t a i l  l a t e r  (pageju j)  . The e x c r e t i o n  o f  o t h e r  |
n i t r o g e n o u s  c o n s t i t u e n t s  r e m a in e d  c o m p a r a t i v e l y  
c o n s t a n t ,  a l t h o u g h  t h e r e  w ere  s i g n i f i c a n t  d i f f e r e n c e s  

b e tw e e n  c a l v e s  i n  t h e i r  e x c r e t i o n  o f  p u r in e  n i t r o g e n ,  

u r i c  a c i d  n i t r o g e n ,  c r e a t i n e  n i t r o g e n  and c r e a t i n i n e



TABI& 57

R e s p i r a t o r y  ex ch a n g e  d a t a  o f  th e  c a lv e s  r e c e i v i n g  d i f f e r e n t

t h e  e x p e r i m e n t a l  p e r ib f l )

am ounts  o f  s t a r c h  ( a r r a n g e d  a c c o r d i n g  t o

V a r i a b l e
O a l f  He=21 < C a l f  H§22 C a l f  H223 O a lf  H i24 Mean ( a l l  c a lv e s )

P e r i o d  

1 2
H i

3 4

p e r i o d  
1 2

H i

3 4

P e r io d  
1 2

H i

3 4

P e r i o d  H i 
1 2  3 4

P e r io d  

1 2
Hi

3 4

S t a r c h  (g./dssy) 0 50 100 200 100 200 0 50 200 0 50 100 50 100 200 0

P u l s e  r a t e /m in « 80 84 78 72 102 107 96 79 102 93 88 89 102 96 87 80 97 95 87 80

R e s p i r a t i o n  
r a t e  / m i n .

M in u te  volume
( I . )

T i d a l  a i r  (m l , )

1 9 .3

3 .1 6

164

1 6 .8

4 .0 ;

240

1 3 .8

> 4 . 1 ;

299

1 4 .0

5-58

399

1 2 .1

3.95

294

12 .0

3 .9 4

328

1 3 .2

4 . 66 

353

8 .9

4 .1 4

465

1 9 .5

5.97

306

1 3 .3

3.92

295

1 2 .3

3 .91

318

1 1 .1

4 .0 6  

365

1 1 .6

3 .0 1

260

1 2 .1

3.22

276

n . 2

4 .1 4

369

9 .4

3 .5 1

374

1 5 .6

3 .9 3

256

1 3 .6

’ 3 .7 8

282

1 2 .6

4 .21

335

10.9

4 .32

401

Oxygen consum
p t i o n  ( l . / f c r . ) 9 .8 3 1 2 . 9C 14.06 15.84- 12.92 1 5 .0 9 1 9 .8 6 1 6 .3 2 15.83 13.76 14 .18 11. ,57 11 .19 11.04 1 5 .15 1 3 .4 2 1 2 .4 4 1 3 .2 0 1 5 .8 1 14.29

R .Q . 0 .817 0.76c 0.775 0.812 0.778 0 .793 0 .747 0 .7 7 9 0.807 0.878 0 .841 0 .920 0 .7 8 3 0 .891 0 .747 0 .7 6 3 3.796 0 .8 3 3 0 .7 7 8 0.819

H e a t  p r o d u c t io n  
( c a l . / h r . ) 4 7 .4 2 6 1 ,4 6 6 7 .1 5 76.22 6 1 . 6c 5 7 .2 9 94 .10 7 7 .9 4 7 6 .2 1 67.41 68.75 57.25 5 3 .4 5 54.23 7 1 .7 9 63.77 59.69 60.10 75 .45 68.80

H e a t  p ro d u c t io n  
( c a l . / k g . /

24 h r . )
28.07 34 .54 35 .11 37.37 41.58 35.90 58.44 4 4 .64 47.33 41.54 41 ,25

3

31.02 38 .29 34.07 4 2 .4 3 35.93 38.82 36.51 44 .31 37.24



TABLE !?b

D a i l y  e x c r e t i o n  o f  n i t r o g e n  i n  d i f f e r e n t  n i t r o g e n o u s  m e t a b o l i t e s  i n  th e  u r i n e  o f  c a l v e s  r e c e i v i n g

v a r i o u s  q u a n t i t i e s  o f  s t a r c h  ( g .  /  d a y ) .

M e t a b o l i t e C a l f  NB21 
S t a r c h  r e c e i v e d  

( g . / d a y )

C a l f  N£22 
S t a r c h  r e c e i v e d  

( g . / d a y )

C a l f  Ng23 
S t a r c h  

( g . / d a y )

r e c e i v e d
C a l f  Ng24 

S ta rc h ,  r e c e i v e d  
( g .  /  day)

Mean 
S t a r c h  r e c e iv e d  

( g .  /  day)

0 50 100 200 o— -----50-; 100 ~20'0 ' ■“ O'" 50 100 200 0 50 100 200 0 50 100 200
U r e a 5 .4 3 4 4 .9 4 8 4 .1 2 8 2 .8 6 0 4 .  T b T * . b 3b 2 .2 9 7  1 .8 4 9 T 7 5 2 T 4 .1 3 7  ' 2 .8 9 2 3 .3 7 3 2 .7 4 9  4 .8 9 3 3 .7 6 3 2 .1 6 2 4 .2 6 8  4 .6 5 4  3.270 2.561
Ammonia 0 .1 7 1 0 .2 2 0 0 .2 2 7  0 .2 2 9 0 .5 6 6 0 .4 6 3 0 .1 2 1 0 .3 7 7 0 .3 5 2  0 .4 2 0 0 .2 3 4 0 .4 3 2 0 .2 9 4  0 .8 7 4 0 .2 1 3 0 .2 8 5 0 .3 4 6 0 .4 9 4 0 .199  0.331

P r o t e i n 0 .0 3 8  0 .0 8 8 0 .1 4 5 0 .0 6 3 0 .0 8 8 0 .2 1 4 0 .0 3 1 0 .1 5 1 0 .1 2 3  0 .1 0 3 0 .0 9 9 0 .0 8 9 0 .0 9 5  0 .0 9 3 0 .1 2 8 0 .0 7 7 0 .0 8 6 0 .1 2 4 0 . 1010.095

A m in o -a c id s 0 .1 4 3 0 .0 7 7 0 .0 5 5 0 .1 7 2 0 .0 3 2 0 .1 4 1 0 .1 6 3  0 .1 0 7 0 .1 4 4  0 .1 4 1 0 .2 2 2 0 .1 9 6 0 .1 6 1  0 .6 0 3 0 .1 0 2 0 .0 6 1 0 .1 2 0 0 .2 4 1  0 .136 0.134

P u r i n e s 0 .0 6 7  0 .0 9 6 0 .1 3 1 0 .0 7 8 0 .1 0 1 0 .0 9 5 0 .0 7 5 0 .0 9 1 0 .0 8 8  0 .0 9 2 0 .1 1 5 0 .1 2 1 0 .0 7 8  0 .1 4 8 0 .0 7 3 0 .0 9 8 0 .0 8 4 0 .1 0 8 0 . 0 9 9 0.097

U r i c  a c i d 0 .0 3 4 0 .0 2 4 0 .0 2 9 0 .0 4 7 0 .0 4 3 0 .0 3 8 0 .0 3 6 0 .0 3 7 0 .0 5 8  0 .0 6 3 0 .1 0 1 0 .0 8 9 0 .0 3 3  0 .0 2 1 0 .0 2 1 0 .0 4 4 0 .0 4 2 0 .0 3 7 0 . 04 7 0.054

A l l a n t o i n 0 .3 9 9 0 .4 7 9 0 .4 2 1  0 .4 6 5 0 .4 7 3 0 .4 4 1 0 .4 1 7 0 .5 3 3 0 .4 5 1  0 .4 4 6 0 .4 8 0 0 .4 7 7 0 .3 1 4  0 .3 5 2 0 .3 5 4 0 .4 4 6 0 .4 0 9 0 .4 2 9  0 .418  0.480

C r e a t i n i n e 0 .4 7 2 0 .3 2 7 0 .4 3 0 0 .4 1 7 0 .2 9 4 0 .2 9 2 0 .3 1 0 0 .2 5 0 0 .3 6 7  0 .4 4 8  ' 0 .4 7 5 0 .4 6 1 0 .3 2 0  0 .3 1 3 0 .2 4 6 0 .3 2 3 0 .3 6 3 0 .3 4 5 0.365 0.363

C r e a t i n e 0 .1 8 2 0 .1 5 1 0 .1 3 8 0 .1 4 7 0 .3 8 1 0 .3 1 1 0 .2 4 0 0 .2 0 5 0 .2 1 8  0 .2 6 6 0 . 2 0 1 0 .1 6 0 0 .2 9 3  0 .2 9 0 0 .1 6 9 0 .2 0 5 0 .2 6 9 0 .2 5 5 0.187 0.179

r



n i t r o g e n .  T e s t s  on th e  p r o t e i n  f r a c t i o n  show ed i t  
t o  c o n s i s t  e n t i r e l y  o f  s k i n  d e b r i s  and  h a i r  w ashed  f ro m  
t h e  b o t to m  of t h e  c r a t e  by u r i n e .  The n i t r o g e n  
p a r t i t i o n  i n  th e  u r i n e  i s  g i v e n  i n  d e t a i l  i n  T a b le  56 . ;

(e )  R e s p i r a t o r y  ex ch an g e  d a t a

I t  w i l l  be s e e n  f ro m  T a b le  57 w h ich  g i v e s  ]
d e t a i l s  o f  t h e  r e s p i r a t o r y  e x ch an g e  d a t a ,  t h a t  t h e  j
b a s a l  m e t a b o l i c  r a t e  o f  t h e  c a l v e s  t e n d e d  t o  i n c r e a s e  j  

;w i t h  t h e  i n c r e a s i n g  s t a r c h  i n t a k e .  T h ese  d i f f e r e n c e s
w ere  n o t ,  h o w e v e r ,  s t a t i s t i c a l l y  s i g n i f i c a n t .  Some j  

g e n e r a l  c h a n g e s  i n  m e ta b o l i s m  w i t h  t h e  age o f  th e  c a l f  j  

w ere f o u n d .  P u l s e  r a t e  p e r  m in u te  s i g n i f i c a n t l y  j  

d e c r e a s e d  a s  t h e  a n im a ls  became o l d e r .  T h is  was n o t  j 
due e n t i r e l y  t o  a g e n e r a l  d e c r e a s e  i n  m e ta b o l i s m  o f  the! 
c a l v e s ,  s i n c e  t h e  b a s a l  m e ta b o l i s m  o f  t h e s e  a n im a ls  didj

j

n o t  ch an g e  s i g n i f i c a n t l y  w i t h  t h e  age o f  th e  c a l v e s .  j
T h e re  was a l s o  a d e c r e a s e  i n  r e s p i r a t o r y  r a t e  w i t h  a  j

c o n c o m m ita n t  i n c r e a s e  i n  t i d a l  a i r  -  t h e s e  tw o v a r i a b l e s1
b e i n g  r e l a t e d  l i n e a r l y .  An i n c r e a s e  i n  t i d a l  a i r  j

f
w i t h  th e  age o f  t h e  a n im a ls  w ould  be e x p e c t e d ,  s i n c e  j

; t h e  l u n g  s i z e  and  c a p a c i t y  i n c r e a s e s  w i th  t h e  i n c r e a s e  I 
■ i n  body  g ro w th .  I n  o r d e r  t o  m a i n t a i n  a s i m i l a r  j  

; p u lm o n ary  v e n t i l a t i o n ,  th e  r e s p i r a t o r y  r a t e  i s  j
I p r o p o r t i o n a t e l y  d e c r e a s e d .  j
; |

The r e s u l t s  f o r  m ethane  and  h y d ro g e n  w h ic h  a r e  j
| g i v e n  i n  T a b le  58 showed t h a t  t h e r e  was l i t t l e ,  i f  any j
; f e r m e n t a t i o n  r e s u l t i n g  i n  t h e s e  end  p r o d u c t s , t a k i n g  |
j p l a c e  on th e  s t a r c h  d i e t s .  j

| T a b le  58 i
I I
|  P r o d u c t i o n  o f  m ethane  and h y d ro g e n  by t h e  c a l v e s  j

I  r e c e i v i n g  v a r i o u s  q u a n t i t i e s  o f  s t a r c h  ( m l . / h r . ) j

S t a r c h  ( g . / d a y )
0 50 100 200 p r o d u c t : 

i o n  by 
t h e  s t e p  
Brody 
(1945)

M ethane 4 5 .8 2 8 .8 1 0 .2 2 3 .1 1 2 0 0 .0

H ydro g en 7 .8 4 .9 2 . 1

o
•

o

—



TABLE 59

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

v a r i o u s  q u a n t i t i e s  o f  s t a r c h ,  ( f t ' . /d a y )

O a l f S t a r c h  r e c e i v e d  ( g . / d a y )
0 50 100 200

21

C a lc iu m
P h o s p h o ru s
Magnesium.
Sodium
C h lo r id e

3 .3 2 8
1 ,8 2 5
0 .3 0 0
0 .5 1 2
1 .6 5 4

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

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

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

22

O a lc iu m
P h o s p h o ru s
M agnesium
Sodium
C h l o r i d e

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

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

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

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

23

O a lc iu m
P h o s p h o ru s
M agnesium
Sodium
C h l o r i d e

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

3 .1 7 3
1 .7 3 8
0 .2 8 2
0 .9 8 2
1 .3 2 9

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

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

24

O a lc iu m
P h o s p h o ru s
M agnesium
Sodium
C h l o r i d e

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

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

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

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

m m

C a lc iu m
P h o s p h o ru s
M agnesium
Sodium
C h l o r i d e

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

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

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

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



TABLE 60

E x c r e t i o n  o f  t o t a l  a s h ,  and i n d i v i d u a l  m i n e r a l s  i n  th e  f a e c e a  
o f  th e  c a l v e s  r e c e i v i n g  v a r i o u s  q u a n t i t i e s  o f  s t a r c h  (m g . /d a y )

O a l f S t a r c h  i n t a k e  ( g . / d a y )
N2 0 50 100 200

(D otal a s h 2110 2600 2200 1770
C a lc iu m 243 314 208 185

21 P h o s p h o ru s 431 360 181 199u JL M agnesium 45 68 80 75
Sodium 45 18 17 48
C h l o r i d e 67 48 57 42

T o t a l  a s h 2350 2170 4460 3030
C a lc iu m 311 290 565 243

22 P h o s p h o ru s 106 110 336 217
M agnesium 45 62 82* 81
Sodium 211 15 129 205
C h l o r i d e 99 24 43 9

T o t a l  a s h 5750 3330 1460 2760
C a lc iu m 419 247 182 169

23 P h o sp h o ru s 304 113 83 159
M agnesium 175 84 55 51
Sodium 1168 177 24 246
C h l o r i d e 993 130 32 80

T o t a l  a s h 3860 2440 1690 2380
C a lc iu m 321 346 198 235

24. P h o s p h o ru s 102 196 83 128
M agnesium 42 46 66 71
Sodium 540 29 22 71
C h l o r i d e 617 51 49 54

T o t a l  a s h 3520 2640 2450 2490
C a lc iu m 323 299 288 208
P h o s p h o ru s 236 195 171 176

Mean M agnesium 48 65 71 70
Sodium 491 60 48 142
C h l o r i d e 463 63 45 46



IABIB o J l

E x c r e t i o n  o f  m in e r a ls  i n  th e  u r in e  o f  c a l v e s  (m g ./d a y )  r e c e iv in g  
v a r io u s  q u a n t i t i e a  o f  s t a r c h

O a lf
N2

S t a r c h  r e c e i v e d  ( g .  /d a y )
0 50 100 200

Oalcium 27 11 27 13
Phosphorus 969 929 1098 1124

21 Magnesium 118 77 106 57
Sodium 1490 1273 1227 1071
O h lo r id e 3060 2762 3034 2562

O alcium 44 22 11 9
Phosphorus 1576 1145 1140 1059

22 Magnesium 57 42 49 35
Sodium 1155 1054 1271 1135
O h lo r id e 2911 2678 2770 2680

Oalcium 77 61 59 4
Phosphorus 1382 1404 1161 940

23 Magnesium 93 52 35 105
Sodium 206 712 1651 1164
C h lo r id e 2098 2537 2567 2948

Oalcium 18 92 7 5
Phosphorus 1266 1488 976 1082

24 Magnesium 85 173 65 68
Sodium 501 851 1133 1052
O h lo r id e 1826 3983 2716 2869

Oalcium 42 47 26 8
Phosphorus 1298 1242 1094 1051

Mp fin Magnesium 88 86 64 66iuw VUJL Sodium 838 973 1321 1106
O h lo r id e 2474 2990 2772 2765



I n  f a c t  th e  h i g h e s t  v a l u e s  f o r  b o t h  m ethane and h y d ro g e n  
w ere  o b t a i n e d  when no s t a r c h  was g i v e n ,  s u g g e s t i n g  t h a t  
t h e  p r e s e n c e  o f  s t a r c h  i n  t h e  rum en p ro d u c e d  s u c h  a  
c o n d i t i o n  t h a t  b a c t e r i a  w h ic h  n o r m a l ly  a t t a c k  l a c t o s e  
w ere  u n a b le  t o  t h r i v e .  T h is  r e s u l t  w i l l  be d i s c u s s e d
i n  more d e t a i l  l a t e r .  j

( J i  M in e r  al_me t a b o l i s m  j
I

S in c e  t h e  f e e d i n g  o f  s t a r c h  was acc o m p a n ie d  by j 
a n  i n c r e a s e  i n  b o d y w e ig h t ,  w h ic h  i s  e s s e n t i a l l y  bone j

an d  m u sc le  g ro w th  i n  t h e  young a n im a l ,  a n  i n c r e a s e  i n  j
?

t h e  s t o r a g e  o f  c a lc iu m ,  p h o s p h o ru s ,  so d iu m , and  c h l o r i d e  
m ig h t  h a v e  b e e n  e x p e c t e d .  A l th o u g h  t h e r e  was a  j

t e n d e n c y  f o r  an  i n c r e a s e  i n  e a c h  c a s e ,  th e  d i f f e r e n c e s : 
w ere  n o t  s i g n i f i c a n t .  T a b le  59 shows t h e  r e s u l t s  j
f o r  e a c h  c a l f ,  and  a l s o  t h e  means f o r  a l l  t h e  c a l v e s ,  j

S in c e  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  j 
t h e  m i n e r a l  b a l a n c e s  due t o  t h e  f e e d i n g  o f  s t a r c h ,  i t  j  

was n o t  e x p e c t e d  t h a t  t h e r e  w o u ld  be any d i f f e r e n c e s  j
i n  t h e  r o u t e  of e x c r e t i o n  o f  t h e  m i n e r a l s .  This. was I
i n  f a c t ,  t h e  c a s e .  T h e re  was a  te n d e n c y  f o r  t h e  
c a l c i u m ,  p h o sp h o ru s  and m agnesium  t o  d e c r e a s e  i n  t h e  I
u r i n e  and a l s o  i n  t h e  f a e c e s  when s t a r c h  was g i v e n ,  \
b u t  t h e s e  d i f f e r e n c e s  w ere  n o t  s i g n i f i c a n t  . The j

c o m p le te  d a t a  f o r  f a e c a l  a s h ,  and  th e  f r a c t i o n a t i o n  of! 
t h i s  i n t o  t h e  c o n s t i t u e n t  m i n e r a l s  i s  shown i n  T a b le  60 , 
and  th e  u r i n a r y  e x c r e t i o n  o f  m i n e r a l s  i n  T a b le  6 1 .  j

I t  may be, t h a t  th e  i n c r e a s e s  i n  g ro w th  w h ic h  j  

w ere  fo u n d  when s t a r c h  was g i v e n ,  w ere  n o t  l a r g e  en o u g h  
to  c a u s e  any s i g n i f i c a n t  c h a n g e s  i n  t h e  b a l a n c e  o f  j

m i n e r a l s .  On th e  o t h e r  h a n d ,  f ro m  T a b le s  55 and  59?
i t  may be c a l c u l a t e d  t h a t  th e  r a t i o  o f  n i t r o g e n  t o  j
c a l c iu m  s t o r e d  by t h e  c a l v e s  was 2 . 0 2 ,  2 . 0 9 ,  2 . 4 4 ,  2 .6 5  
when 0 ,  50 , 100 and  200 g .  o f  s t a r c h  w ere  g i v e n .  
E v i d e n t l y  t h e  i n c r e a s e  i n  n i t r o g e n  s t o r a g e  was n o t  
a s s o c i a t e d  w i t h  a c o r r e s p o n d i n g  i n c r e a s e  i n  c a lc iu m  
b a l a n c e .  I t  i s  t h e r e f o r e  p r o b a b le  t h a t  t h e  a v a i l a b i l i t y  
o f  t h i s  m i n e r a l  l i m i t s  i t s  s t o r a g e .  The r e d u c t i o n  
i n  th e  e x c r e t i o n  o f  c a lc iu m  i n  t h e  u r in e  and f a e c e s  o f : 
t h e  c a l v e s  r e c e i v i n g  s t a r c h  may h av e  b e e n  an  a t t e m p t  

t o  im prove  th e  u t i l i s a t i o n  o f  th e  amount i n g e s t e d .



T h i s  was n o t  s u f f i c i e n t ,  h o w e v e r ,  t o  m eet t h e  e x t r a  
demands c o r r e s p o n d i n g  t o  th e  i n c r e a s e  i n  n i t r o g e n  
s to ra g e .  When t h e  c a l v e s  w ere  g iv e n  no s t a r c h ,  3 .1 6  g .  
c a l c iu m  and  6 .3 8  g .  n i t r o g e n  w ere  s t o r e d .  When 200 g .  

| o f  s t a r c h  w ere g i v e n  n i t r o g e n  r e t e n t i o n  i n c r e a s e d  t o  
I 8 . 7 8  g .  p e r  d a y .  I f ,  as  seems l o g i c a l  i n  a  r a p i d l y j
I g ro w in g  a n im a l ,  t h e  r a t i o  o f  c a lc iu m  r e t e n t i o n  t o  j
I n i t r o g e n  r e t e n t i o n  re m a in s  c o n s t a n t ,  a c a l c iu m  r e t e n t i o k
I *
j o f  4 .3 5  g .  w ou ld  he e x p e c t e d .  The d i e t  a t  t h i s  t im d ,
I h o w e v e r ,  c o n t a i n e d  o n ly  3 .5 3  g .  s u g g e s t i n g  t h a t  a  j
j d i e t a r y  s h o r t a g e  o f  c a lc iu m  c a n  o c c u r  when s t a r c h  i s  jI |
| a d d e d  t o  w ho le  m i lk .  A s i m i l a r  s u g g e s t i o n  may he j 
I made r e g a r d i n g  t h e  s t o r a g e  o f  p h o s p h o ru s ,  s i n c e  th e  j 
| r a t i o  o f  n i t r o g e n  t o  p h o sp h o ru s  s t o r e d  was 3 .8 6 ,  3 .7 9 ?  i 
! 4 . 0 8  and 4 .4 8  f o r  0 ,5 0 ,1 0 0  an d  200 g .  o f  s t a r c h  [
j i n g e s t e d .  A l t e r n a t i v e l y , i t  i s  more l i k e l y  t h a t  th 4  
| p h o s p h o ru s  s t o r a g e  i s  l i m i t e d  by t h e  c a lc iu m  s t o r a g e ,  j 

S i n c e  t h e  d i e t  c o n t a i n e d  3 .1 9  g .  p h o sp h o ru s  and th e  j
c a l c iu m  /  p h o s p h o ru s  r a t i o  i n  bone i s  2 .1 5  ( S h o h l , 1939 j\
i t  i s  s e e n  t h a t  t h e  d i e t  c o n t a i n e d  an  e x c e s s  o f  j

| p h o s p h o ru s  o v e r  c a lc iu m  f o r  t h e  g ro w th  o f  b o n e ,  j

I i n d i c a t i n g  t h a t  c a lc iu m  i s  t h e  l i m i t i n g  f a c t o r  i n  t h e  1I i
I u t i l i s a t i o n  o f  t h e  c o n s t i t u e n t s  o f  w hole m i lk  w hen ai
! n i t r o g e n  f r e e  s u p p le m e n t  • i s  u s e d .  I t  i s ,  h o w e v e r ,  ji
| a n  i m p o r t a n t  o b s e r v a t i o n  t h a t  t h e  f e e d i n g  o f  s t a r c h  j 
j d o e s  n o t  c a u s e  any a b n o rm a l  e x c r e t i o n  o f  m i n e r a l s  i n  j
1 I
j t h e  f a e c e s .  j

! (g )  P o s t - m o r te m  e x amin a t i o n  j
| “  |
! The c a l v e s  were s l a u g h t e r e d  3 h r .  a f t e r  f e e d i n g
I I
j and  im m e d ia te ly  d i s s e c t e d .  The d i g e s t i v e  t r a c t  w asj
i  i

j t h e n  l i g a t u r e d  b e tw e e n  t h e  abomasum and s m a l l  i n t e s t i n e ,
I *
1 and  b e tw e e n  th e  s m a l l  i n t e s t i n e  and caecum . The !
[ c o n t e n t s  o f  e a c h  s e c t i o n  w ere  e m p t ie d  and  w e ig h e d ,  j\ ?
! a l i q u o t s  b e in g  t a k e n  f o r  t h e  d e t e r m i n a t i o n  o f  d ry  
; m a t t e r  p e r c e n t a g e  and  t o t a l  s te a m  v o l a t i l e  f a t t y  a c i d s ;

On d i s s e c t i o n ,  m i lk  was fo u n d  i n  t h e  rum en o f  i 

i o n ly  one o f  th e  c a l v e s ,  O a lf  N §22. The a b o m a s a l  
> c o n t e n t s  o f  t h e  c a l v e s  r e c e i v i n g  0 ,  50 and 100 g .  s t a r c h  

c o n s i s t e d  m a in ly  o f  l a r g e  m i lk  c l o t s ,  w h e reas  th e  rum en 

: c o n t e n t s  o f  C a l f  N£21 w h ich  was r e c e i v i n g  200 g .  of



TABIE b2

The w e ig h t  o f  the  i n t e s t i n a l  c o n t e n t s  o f  th e  c a l v e s ,  th e  q u a n tity  of 
s te a m  v o l a t i l e  f a t t y  a c id s  found  i n  th e  t r a c t s  and a com parison of 
th e  s tea m  v o l a t i l e  f a t t y  a c id s  o f  th e  c a l f  w i t h  t h o s e  o f  o th e r  
a n im a ls  f o r  v a r io u s  s e c t i o n s  o f  th e  d i g e s t i v e  t r a c t .

S e c t i o n  o f
d i g e s t i v e
t r a c t

S ta r c h  f e d  ( g . /  day)

0 50 100 200

I n t e s t i n a l
c o n t e n t s
( g .w e t )

Rumen
Abomasum
Sm all

i n t e s t i n e
Caecum
T o t a l

350
460

333
SO

1223

710
263

750
110

1833

350
370

480
180

1830

100
400

650
120

1270

T o t a l  steam 
v o l a t i l e  
f a t t y  acids 
(m l. 1$/10 
a c id )

Rumen 
Abomasum 
S m a ll  

i n t e s t  ine 
Caecum 
T o t a l

4 9 . 8
2 5 .9

4 3 .7
4 8 .0

1 6 7 .4

4 3 6 .9
6 3 .5

1 5 1 .1
1 6 0 .5
8 1 2 .0

4 5 .5
1 1 8 .1

7 0 .7  
3 0 .3  

2 6 4 .6

1 8 .7
4 5 .2

6 8 .3
7 3 .8  

2 0 6 .0

T o ta l  steam-  
v o l a t i l e  
f a t t y  acids 
( g , a c e t i c  
a c id /1 0 0  
g .  D .M .)

Rumen
Abomasum
S m a ll
i n t e s t i n e
Caecum

0 .6 0
0 . 3 1

0 .8 7
2 .8 4

5 .9 0
0 .1 3

1 .6 4
5 .5 8

0 .6 7
1 .3 4

0 .9 7
1 .1 2

0 .6 4
0 .7 3

0 .6 4
3 .8 9

Sheep  x
IP

Ox P ig Rat * O alf

A c e t i c  a c i d (g ./ lO O  g .  dry m a tte r  i n  th e t r a c t )

Rumen
Abomasum
S m a ll

i n t e s t i n e
Caecum

7 .2 4
0 .3 7

0 .4 7
3 .5 1

4 .8 2
1 .0 8

1 .0 7
3 .1 7

1 .5 1

0 .4 7
3 .9 1

0 .2 3

0 .4 3  
4 .6 4

1 .9 5
0 .6 3

1 .0 3
3 .3 6

x  R e s u l t s  o f  E l s d e n ,  H i tc h c o c k ,  M a r sh a ll  & P h i l l i p s o n  (1946)



s t a r c h  w ere  more l i q u i d ,  w i t h  r e l a t i v e l y  few  s m a l l  
c l o t s .  Ho p a r t i c u l a r  d i f f e r e n c e s  were n o t e d  b e tw e e n  
t h e  a n im a ls  i n  th e  c o n t e n t s  o f  t h e i r  s m a l l  i n t e s t i n e s  
o r  c a e c a .

The w e ig h t  o f  th e  d i g e s t a  i n  e a c h  s e c t i o n  o f  
t h e  i n t e s t i n a l  t r a c t  and t h e  q u a n t i t y  o f  s te a m  v o l a t i l e  
a c i d s  p r e s e n t  ( e x p r e s s e d  a s  m l .H /1 0  a c i d  and  as  g .  
a c e t i c  a c i d  p e r  lOOg. d r y  m a t t e r )  a r e  shown i n  T a b le  6 2 . 
The i n t e s t i n a l  c o n t e n t s  and  a l s o  t h e  c o n c e n t r a t i o n  o f  ! 
v o l a t i l e  a c i d  w ere  g r e a t e s t  i n  t h e  c a l f  r e c e i v i n g  50 g i  
o f  s t a r c h  p e r  d a y .  i t  w i l l  be n o t i c e d ,  h o w e v e r ,  t h a t  
t h e r e  was no l a r g e  i n c r e a s e  i n  t h e  v o l a t i l e  a c i d  c o n t e n t  
o f  t h e  d i g e s t a  o f  t h o s e  a n im a ls  r e c e i v i n g  t h e  h i g h e s t  j '  

q u a n t i t i e s  o f  s t a r c h  when com pared  w i t h  t h e  d i g e s t a  o f  
t h e  c a l f  w h ich  r e c e i v e d  no s t a r c h .  The amount o f  
v o l a t i l e  a c i d  p r e s e n t  i n  t h e  d i g e s t a  d e p e n d s ,  o f  c o u r s e ,  
upon  t h e  r a t e  a t  w h ic h  i t  i s  p ro d u c e d  and t h e  r a t e  a t  ■ 
w h ich  i t  d i s a p p e a r s .  T h e r e f o r e  i t  i s  n o t  an  !
i n f a l l i b l e  m easu re  o f  t h e  amount o f  f e r m e n t a t i o n  w h ich ; 
t a k e s  p l a c e ,  th o u g h  i t  does  g iv e  some i n d i c a t i o n  when j 
c o m p a r in g  a n im a l s  o f  t h e  same s p e c i e s .  T a k in g  i n t o  ! 
a c c o u n t  t h e  n e g l i g i b l e  p r o d u c t i o n  o f  m e th an e  and 
h y d ro g e n  w h ich  t o o k  p l a c e  when s t a r c h  was g iv e n  (p ag e  89} , 
t h e  above r e s u l t s  l e n d  w e ig h t  t o  t h e  s u g g e s t i o n  t h a t  j 
l i t t l e  b a c t e r i a l  b reak d o w n  of  s t a r c h  t o o k  p l a c e  w i t h  \ 
t h e s e  c a l v e s .

A c o m p a r is o n  i s  a l s o  made i n  T a b le  62 b e tw e e n  I 
t h e  mean v o l a t i l e  a c i d  c o n t e n t  o f  th e  d i g e s t a  o f  th e  
c a l v e s  i n  t h e  p r e s e n t  e x p e r i m e n t ,  w i t h  t h a t  o f  o t h e r  j 
ru m in a n t  and  n o n - ru m in a n t  a n i m a l s .  T h ese  mean d a t a j  
w ere  c a l c u l a t e d  f ro m  th e  r e s u l t s  o f  work c a r r i e d  o u t  b^ 
E l s d e n ,  H i t c h c o c k ,  M a r s h a l l  & P h i l l i p s o n  ( 1 9 4 6 ) .  The 
v a r i a t i o n  fo u n d  i n  th e  v o l a t i l e  a c i d  c o n t e n t  o f  th e  
d i g e s t a  o f  t h e  c a l v e s  w h e th e r  or n o t  th e y  r e c e i v e d  
s t a r c h ,  was no g r e a t e r  t h a n  t h e  v a r i a t i o n  fo u n d  i n  t h e ;  
d i g e s t a  o f  a n im a ls  o f  t h e  same s p e c i e s .  I t  w i l l  
be s e e n  t h a t  th e  h i g h e s t  c o n t e n t  o f  v o l a t i l e  a c i d  was ; 
f o u n d  i n  t h e  caecum  o f  th e  c a l f ,  a s  i s  t h e  c a s e  w i t h  

o t h e r  n o n - r u m i n a t i n g  a n i m a l s .  B a k e r ,  N a s r ,  M o rr ic e  

& B ru c e  (1950) r e c e n t l y  d e t e r m in e d  th e  s i t e s  and  a g e n t s



o f  b re a k d o w n  of v a r i o u s  s t a r c h e s  i n  t h e  g u t  o f  d i f f e r e n t  
a n im a l  s p e c i e s  by m ic r o s c o p ic  m e th o d s .  They fo u n d  
t h a t  i n  n o n - r u m in a n t s ,  raw t u b e r  s t a r c h e s  c a n  e s c a p e  
t h e  a c t i o n  o f  d i g e s t i v e  j u i c e s  and  a r e  a t t a c k e d  by 
b a c t e r i a  i n  th e  caecum . M i c r o b i a l  b reak d o w n  of s t a r c h  
i s  u s u a l l y  i n c o m p l e t e ,  h o w e v e r ,  and  e v e n  w i t h  r u m i n a t i n g  
a n im a ls  s t a r c h  a p p e a r s  i n  th e  f a e c e s .  B o i l e d  s t a r c h  I 

| i s  a lm o s t  c o m p le te ly  d i g e s t e d  b e f o r e  r e a c h i n g  t h e  caecum  
o f  t h e  r a t .  From t h e s e  r e s u l t s  i t  m ig h t be s u g g e s t e d  

. t h e r e f o r e ,  t h a t  th e  young cal:f}is u n a b le  t o  c o m p l e t e l y  
I d i g e s t  co o k ed  s t a r c h  by means o f  i n t e s t i n a l  a n a l y s e s ,  
j and t h a t  th e  s t a r c h  w h ich  r e m a in s  u n d i g e s t e d  i n  t h e  
| s m a l l  i n t e s t i n e  i s  s u b s e q u e n t l y  a t t a c k e d  by m ic r o -  
| o rg a n is m s  i n  th e  caecum  o r  l a r g e ,  i n t e s t i n e .

! 4 .  D i s c u s s i o n  j

 ̂ t h e  me t a b o l i s  a b le !̂ e n e r g y _ o f
s t a r c h

A ssum ing  t h a t  t h e  r e s i d u a l  com ponent o f  t h e  
| f a e c e s  g i v e s  a  r e l i a b l e  e s t i m a t i o n  o f  t h e  s t a r c h  j

I e x c r e t e d  by t h e  c a l f ,  t h e  s t a r c h  a b s o r b e d ,  o r  t h e  
■ m e t a b o l i s a b l e  s t a r c h ,  may be c a l c u l a t e d .  From t h e  

r e g r e s s i o n  e q u a t i o n  r e l a t i n g  d i g e s t e d  s t a r c h  t o  n i t r o g e n  
| b a l a n c e ,  i t  was fo u n d  t h a t  one c a l o r i e  o f  d i g e s t e d  
: s t a r c h  r e s u l t e d  i n  a n  i n c r e a s e d  n i t r o g e n  b a l a n c e  of 
; 3 .8 8  m g ..  On th e  o t h e r  h a n d ,  f ro m  th e  d a t a  g i v e n  oh 
|  pagesiib-/,d t  w i l l  be s e e n  t h a t  w i t h  a n im a l s  r e c e i v i n g  j  

| m ixed  d i e t s  o f  f a t ,  p r o t e i n  and c a r b o h y d r a t e ,  one j

i c a l o r i e  o f  d i e t  r e s u l t e d  i n  a  b o d y w e ig h t  g a i n  o f  0 .3 2 6  g .  
| A n i t r o g e n  b a l a n c e  o f  2 .6 2  g .  was a s s o c i a t e d  w i t h  a  ; 
j b o d y w e ig h t  g a i n  of 100 g .  and t h u s  f o r  one c a l o r i e  o f  & 
j  m ixed  d i e t  th e  n i t r o g e n  s t o r a g e  was 8 .5 4  m g ..  T h i s  j 

j  i s  c o n s i d e r a b l y  g r e a t e r  t h a n  th e  v a lu e  o f  3 .8 8  m g . /  j 

: c a l o r i e  o b t a i n e d  w i t h  s t a r c h .  I n  so f a r  t h a t  t h e  
n i t r o g e n  e x c r e t i o n  i n  th e  u r i n e  o f  t h o s e  c a l v e s  w h ic h  i  

r e c e i v e d  s t a r c h  d i d  n o t  r e a c h  th e  end o g en o u s  l e v e l ,  
t h i s  r e s u l t  s u g g e s t s  t h a t  t h e  n e t  a v a i l a b i l i t y  o f  t h e  ; 
m e t a b o l i s a b l e  e n e rg y  o f  s t a r c h  f o r  t h e  c a l f  was lo w .
A more q u a n t i t a t i v e  e s t i m a t e  c a n n o t  b e  m ade, h o w e v e r ,  
f ro m  t h e  p r e s e n t  d a t a .  The low  a v a i l a b i l i t y  o f  

s t a r c h  may be p a r t l y  due  t o  i t s  h i g h  s p e c i f i c  dynam ic



a c t i o n  d u r i n g  m e ta b o l i s m ,  b u t  t h e  d i s c r e p a n c y  i s  t o o  
l a r g e  t o  be due e n t i r e l y  to  t h i s  f a c t o r .  I t  i s  
p o s s i b l e  t h a t  t h e  c a l o r i e s  o f  s t a r c h  a r e  o n ly  p a r t l y  
u t i l i s e d  t o  s p a r e  p r o t e i n ,  th e  b a l a n c e  b e in g  s t o r e d  
a s  f a t .  A t r u e  i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  may
n o t  be made w i t h o u t  t h e  d e t e r m i n a t i o n  of th e  e n e r g y  
b a l a n c e s  o f  a n im a ls  g i v e n  co m p arab le  l e v e l s  o f  s t a r c h .

(b) J x e l a t i n i s e d ^ s t a r c h  as  a f o o d  f o r  th e  c a l f

Ho s i g n s  o f  d i s c o m f o r t  o r  d i s t r e s s  were
e x p e r i e n c e d  by t h e  c a l v e s  when t h e y  r e c e i v e d  50 -  2,00 g .
s t a r c h  p e r  d a y ;  i n  f a c t  s c o u r i n g  o n ly  o c c u r r e d  when | 
w h o le  m i lk  was g i v e n .  I t  i s  p o s s i b l e  t h a t  s t a r c h  had; 
a  t e n d e n c y  t o  s l o w  down th e  p a s s a g e  o f  f o o d  th r o u g h  the; 
d i g e s t i v e  t r a c t  -  a  v e r y  b e n e f i c i a l  p r o p e r t y  w here  t h e  j  

c a l f  i s  c o n c e r n e d , s i n c e  t h i s  a n im a l  i s  e a s i l y  s u s c e p t i b l e  
: t o  c h a n g e s  o f  f e e d i n g  r o u t i n e  w h ich  r e s u l t  i n  d i a r r h o e a .

No ab n o rm a l d i g e s t i o n  o f  m i lk  f a t  was f o u n d ,  j 
n o r  w ere m in e r a l  c o n s t i t u e n t s  e x c r e t e d  i n  a b n o rm a l  
a m o u n ts .  T h e re  may h av e  b e e n  a  s m a l l  r e d u c t i o n  i n  I

; t h e  d i g e s t i b i l i t y  o f  th e  n i t r o g e n ,  b u t  t h e  g e n e r a l  
c o n c l u s i o n  t o  be draw n i s 3 t h a t  s t a r c h  h a d  no  i l l -

: e f f e c t s  upon  th e  m e ta b o l i s m  o f  t h e  c a l f ,  u n l e s s  s u c h  j
i

\ l a r g e  q u a n t i t i e s  a s  300 g .  p e r  day w ere g i v e n .  j
; |

L i m i t a t i o n s  t o  th e  f e e d i n g  o f  g e l a t i n i s e d
s t a r c h  t o  th e  c a l f  a r e  t h e r e f o r e  a s  f o l l o w s .  F i r s t l y , ;  

i t h e  a p p a r e n t  d i g e s t i b i l i t y  o f  s t a r c h  a t  h i g h  l e v e l s  o f  ;
: i n t a k e  i s  lo w . Thus th e  a p p a r e n t  d i g e s t i b i l i t y  f e l l  !
I t o  8 2 $  when 200 g .  o f  s t a r c h  p e r  day  were g i v e n .
S e c o n d l y ,  th e  n e t  a v a i l a b i l i t y  o f  t h e  m e t a b o l i s a b l e  
e n e r g y  i s  p o s s i b l y  lo w . T h e se  two f a c t o r s  s u g g e s t  

i  t h a t  i t  i s  d o u b t f u l  w h e th e r  t h e  p r a c t i c e  o f  s t a r c h  
■ f e e d i n g  w ould  e v e r  become e c o n o m i c a l l y  s o u n d .  T h i r d l y ,  

i t  i s  p o s s i b l e  t h a t  th e  p r im a ry  l i m i t i n g  f a c t o r  w i t h  
any n i t r o g e n - f r e e  s u p p le m e n t  f o r  w hole m i lk  g i v e n  t o  
t h e  c a l f  i s ,  t h a t  i n s u f f i c i e n t  c a lc iu m  i s  s u p p l i e d .
T h i s  c o u ld  p re su m a b ly  be overcom e by a d d in g  th e  
n e c e s s a r y  s u p p le m e n t s .

From t h e  r e s u l t s  o f  t h i s  and  th e  p r e v i o u s  
e x p e r im e n t  i t  m ig h t  a p p e a r  t h a t  c o n s i d e r a b l e  q u a n t i t i e s  

o f  p r o t e i n  a r e  w a s te d  when c a l v e s  a r e  g i v e n  w ho le  m i lk



a t  r e c o g n i s e d  l e v e l s  o f  f e e d i n g .  As was i n f e r r e d  
w hen th e  p r e s e n t  e x p e r im e n t  was -planned ( s e e  page 79) 
l i m i t a t i o n s  of e n e r g y  s u p p ly  w ere th o u g h t  o f  f i r s t  
im p o r ta n c e  and t h a t ,  as a d i e t  f o r  th e  c a l f ,  w hole 
m i lk  was r e g a r d e d  as  c o n t a i n i n g  a n  e x c e s s  o f  n i t r o g e n  
r e l a t i v e  t o  t o t a l  e n e rg y  an d  as  i s  now p re su m ed , t o  j 

; t o t a l  c a l c i u m .  T h is  s u g g e s t s  t h a t  one a d v a n ta g e  o f  |
! i
| t h e  h i g h  p r o t e i n  c o n t e n t  o f  w ho le  m i l k  may be t h a t  i t  '
; h e l p s  t o  m a i n t a i n  h i g h  l e v e l s  o f  c a l c iu m .  T h is  i s  ;
! p r o b a b l y  n o t  th e  c a s e ,  s i n c e  o n ly  2 0 $  o f  t h e  c a lc iu m; I
i o f  w ho le  m i lk  i s  a s s o c i a t e d  w i t h  t h e  c a s e i n  f r a c t i o n ,  \
I t h e  r e m a i n d e r  b e in g  c o l l o i d a l  and i n o r g a n i c  c a l c iu m  ; 
j  p h o s p h a te  (L in g ,  1 9 4 4 ) . A t h i g h  i n t a k e s  o f  n i t r o g e n *; I
| h o w e v e r ,  e v e n  t h i s  s m a l l  p e r c e n t a g e  may be o f  
j c o n s i d e r a b l e  im p o r t a n c e .

j Why N a tu r e  h a s  a p p a r e n t l y  p r o v id e d  t h e  young  ;
| c a l f  w i t h  a n  u n b a la n c e d  d i e t  i s  o f  g r e a t  i n t e r e s t .  j 
j I t  may be t h a t  e x c e s s  p r o t e i n  w o u ld  be o f  v a lu e  i n  
j i n c r e a s i n g  th e  h e a t  p r o d u c t i o n  i n  an a n im a l  b o m  w i t h  j 
; l i t t l e ,  i f  a n y ,  h e a t  i n s u l a t i n g  r e s e r v e s  o f  b o d y - f a t .  ^
! On th e  o t h e r  h a n d ,  th e  im b a la n c e  o f  t h e  p r o t e i n  and 
| e n e r g y  of w hole m i lk  may be a p p a r e n t  r a t h e r  t h a n  r e a l . :
; A t t h e  l e v e l s  o f  i n t a k e  em ployed  i n  f a r m  p r a c t i c e ,  much
I o f  th e  p r o t e i n  i s  c a t a b o l i s e d  t o  m eet th e  i n t e n s e  b a s a l

m e ta b o l i s m  of t h e  young c a l f .  When th e  i n t a k e  i s  j  
r a i s e d ,  h o w e v e r ,  l e s s  and l e s s  e n e r g y  i s  r e q u i r e d  f o r  j 
t h i s  p u rp o se  and  w hole  m i lk  becom es a  more b a l a n c e d  | 
f o o d .  I
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1 .  I n t r o d u c t i o n

The p r e v i o u s  e x p e r im e n t s  have  b een  c o n c e r n e d  
w i t h  t h e  v a r i o u s  f a c t o r s  w h ich  a f f e c t  t h e  s t o r a g e s  and

i •

l l o s s e s  o f  body n i t r o g e n  i n  c a l v e s .  T h ese  e x p e r im e n t s  
\ ' 
jshowed t h e  e f f e c t s  o f  (a )  t h e  l e v e l  o f  i n t a k e  o f  d i e t s  i
jo f  c o n s t a n t  c o m p o s i t i o n ;  (b) d i e t s  c o n t a i n i n g  d i f f e r e n t ;
|p e r c e n t a g e s  o f  p r o t e i n ;  ( c )  d i e t s  c o n t a i n i n g  no  p r o t e i n ;
( w h a te v e r ;  (d) n i t r o g e n - f r e e  s u p p le m e n t s ,  and (e )
| s t a r v a t i o n .  S i m u l t a n e o u s l y ,  i n f o r m a t i o n  was o b ta in e d
jon t h e  e f f e c t  o f  d i g e s t i v e  d i s t u r b a n c e s  ( s e e  p a g e s  2 6 , 6 0 ) .
IMany o f  t h e s e  f a c t o r s  m ust be t a k e n  i n t o  c o n s i d e r a t i o n  j 
| :

|when d i f f e r e n c e s  i n  n i t r o g e n  b a l a n c e  o c c u r  d u r in g  j
I e x p e r im e n t s  i n  w h ich  p r o t e i n s  o f  d i f f e r e n t  a m in o - a c id  *
j c o m p o s i t i o n  a r e  com ponen ts  o f  t h e  d i e t .  j

I * T h e re  seems l i t t l e  d o u b t  t h a t  th e  a d u l t  r u m in a n tj i
| i s  t o  a  l a r g e  e x t e n t  i n d e p e n d e n t  of  a  d i e t a r y  s o u r c e  of;i \
| e s s e n t i a l  a m in o - a c id s  t o  m ee t t h e  demands o f  bodyw eigh t;
> :

|m a i n t e n a n c e ,  g ro w th  o f  t i s s u e s ,  w ool and  h a i r ,  and
| p o s s i b l y  m i lk  s e c r e t i o n .  B o th  Z u n tz  (1891) and j
jHageman (1891) o r i g i n a l l y  p ro p o u n d e d  t h e  t h e o r y  t h a t  thje
! m i c r o - f l o r a  o f  th e  rum en i s  c a p a b le  o f  c o n v e r t i n g  n o n -  j

| p r o t e i n  n i t r o g e n o u s  s u b s t a n c e s  i n t o  p r o t e i n s  w h ic h  a r e  j
! "  j

I d i g e s t e d  and a b s o rb e d  i n  t h e  lo w e r  p a r t  o f  t h e  t r a c t ,  j 

(T h ere  was much c o n t r o v e r s y  on t h i s  p ro b le m  d u r in g  t h e  |
I e a r l y  p a r t  o f  t h e  t w e n t i e t h  c e n t u r y .  M i t c h e l l  & H am ilton
1 i
I (1929) c o n c lu d e d  f ro m  e x p e r im e n t s  c a r r i e d  o u t  d u r in g  j 
| t h e  f i r s t  w o r ld  war t h a t  th e  p r a c t i c a l  v a lu e  of p r o t e i n  
( s y n t h e s i s  i n  t h e  rumen was d o u b t f u l  and t h a t  much j

( f u r t h e r  w ork  was r e q u i r e d .  E re b s  ( 1 9 3 7 ) ,  a f t e r  j\ j
!w r i t i n g  a n  e x t e n s i v e  re v ie w  a d m i t t e d  t h a t  u r e a  i n  t h e
I ;
i f o o d  o f  t h e  r u m in a n t  a p p e a r e d  t o  have  some k in d  o f  I 
J * p r o t e i n - s p a r i n g  e f f e c t 1. He was r e l u c t a n t  t o
b e l i e v e  t h a t  compounds su c h  as  u r e a  and g l y c i n e  w ere  

■ c o n v e r t e d  t o  p r o t e i n  i n  am ounts  w h ich  were i m p o r t a n t  
; t o  t h e  a n im a l .  McNaught & S m ith  (1947)  have  j
r e v ie w e d  t h e  more r e c e n t  l i t e r a t u r e  on t h i s  s u b j e c t .  

• S y n t h e s i s  o f  p r o t e i n  f ro m  n o n - p r o t e i n  n i t r o g e n  was 

: shown i n  m e ta b o l i s m  t r i a l s  w i th  r u m in a n ts  by H a r r i s  &
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E s s e n t i a l ” a m in o - a c id  c o m p o s i t i o n  o f  g e l a t i n  and  c a s e i n  and  th e  
p e r c e n t a g e  d e v i a t i o n  f ro m  th e  c o r r e s p o n d i n g  v a l u e s  f o r  w hole  egg 
p r o t e i n s .

A m ino-ac  id A m in o -a c id  c o n t e n t  (^ ) D e v i a t i o n  f ro m  th e  
c o r r e s p o n d i n g  v a l u e s  
f o r  w hole  eg g  pro te ins

G e l a t i n G a s e in 1/hole
egg

G e l a t i n G a s e in

A r g in in e 8 .7 4 . 2 6 .4 + 36 -  34

H i s t i d i n e 0 . 9 3 .0 2 . 1 -  57 + 43

I y  s  in e 5 .8 7 .9 7 .2 -  19 4- 10

T y r o s in e 0 . 7 6 .9 4 . 5 . -  84 + 53

T r y p to p h a n 0 .0 1 .2 1 .5 -1 0 0 s -  20

P h e n y l a l a n i n e 2 . 1 5 .6 6 .3 -  66 -  11

G yst in e 0 . 1 0 . 3 2 .4 -  96 -  87s

M e th io n in e 0 . 8 3 .5 4 . 1 -  78 -  15

G y s t in e  f  
M e th io n in e 0 . 9 3 .8 6 .5 -  86 -  42

T hre  o n in e 2 .0 4 . 1 4 . 9 -  59 -  16

L e u c in e 3 .1 9 .9 9 .2 -  66 + 8

I s  o le  uc in e 1 .7 6 .5 8 .0 -  79 -  19

V a l in e 2 . 8 6 .7 7 .3 -  62 -  8

G ly c in e 2 4 .0 2 . 1 2 .2 t  83 0

*  F i r s t  l i m i t i n g  a m in o - a c id



M i t c h e l l  (1941  a ,b )  and  W ork, H am re, Henke & H a r r i s  

( 1 9 4 3 ) .  I n  v i t r o  e x p e r im e n t s  ( P e a r s o n  & S m i th ,  1943 
a ,  h ,  c) h ave  c o n f i rm e d  t h e s e  r e s u l t s .  N i t r o g e n  
"balance e x p e r im e n t s  w i t h  s h e e p  i n d i c a t e  t h a t  w i t h  
r a t i o n s  c o n t a i n i n g  a  w ide v a r i e t y  o f  p r o t e i n s  t h e  
b i o l o g i c a l  v a lu e  o f  th e  d i e t a r y  n i t r o g e n  r e m a in s  
c o n s t a n t  ( M i l l e r  & M o r r i s o n ,  1942 ; J o h n s o n ,  H a m i l to n ,  
M i t c h e l l  & R o b in s o n ,  1942) . Thus t h e  o r i g i n a l  

; h y p o t h e s i s  h a s  b e e n  shown t o  b e ,  i n  t h e  m ain  p a r t ,  t r u ^ .  
i W h ile  t r u e  o f  th e  a d u l t  r u m in a n t ,  t h i s  p a r t i a l  
; i n d e p e n d e n c e  o f  a d i e t a r y  s o u rc e  o f  a m in o - a c id s  i s  
; u n l i k e l y  t o  h o l d  f o r  th e  c a l f  s h o r t l y  a f t e r  b i r t h  

b e f o r e  t h e  d e v e lo p m e n t o f  i t s  rum en t a k e s  p l a c e .

An e x p e r im e n t  was t h e r e f o r e  c a r r i e d  o u t  t o  
t e s t  t h e  v a l i d i t y  o f  th e  h y p o t h e s i s  t h a t  t h e  r u m in a n t  \

: a n i m a l  b e f o r e  t h e  d e v e l o p m e n t  o f  i t s  r u m e n  o c c u r s  i s  
; a s  d e p e n d e n t  o n  i t s  d i e t  f o r  a  s u p p l y  o f  e s s e n t i a l  amiijLO- 

: a c i d s  a s  i s  m a n ,  t h e  r a t  o r  t h e  d o g .  T h e  p r o t e i n s ,  j  

g e l a t i n  a n d  c a s e i n  w e r e  u s e d  a s  t h e  s o l e  s o u r c e  o f  |
: p r o t e i n  and  t h e  r e s u l t s  com pared  w i t h  th e  p r o t e i n s  o f  i  

! d r i e d  sk im  m i lk  f o r  w h ich  much d a t a  h a d  a l r e a d y  b e e n  
c o l l e c t e d .  !

I t  h a s  b e e n  known s i n c e  t h e  e x p e r im e n t s  o f  
: E dw ards  & B a lz a c  i n  1832 t h a t  g e l a t i n  i s  n o t  a s u f f i c i e n t  

s o u r c e  o f  p r o t e i n  and th e  c o n c e p t  o f  e s s e n t i a l  a m in o -  I 
a c i d s  may be r e g a r d e d  as  h a v in g  commenced w i t h  B s c h e r * s  
(1876) e x p e r im e n t s  w i t h  g e l a t i n  s u p p le m e n te d  w i t h  

; t y r o s i n e .  F o r  th e  r a t ,  t h e  b i o l o g i c a l  v a l u e  o f
g e l a t i n  was fo u n d  t o  be 23 (Maso & P a lm e r ,  1935) and 
p r e p a r a t i o n  of p o rk  c r a c k l i n g s  c o n t a i n i n g  3 3 .5 $  c o l l a g e n  

: and  2 5 .7 $  e l a s t i n  gave a v a lu e  o f  25 , ( M i t c h e l l ,  B e a d le s  
: & K r u g e r ,  1 9 2 7 ) .  G a s e in  i s  q u i t e  a good s o u r c e  o f  j  

p r o t e i n  f o r  th e  r a t  h a v in g  a  b i o l o g i c a l  v a lu e  o f  69 
(Kon, 1 9 2 8 ;  B e a d le s ,  Q u i s e n b e r r y ,  N akam ura & M i t c h e l l ,  
1933 ; K ik ,  1 9 3 8 ) .  T a b le  63 su m m a r ise s  t h e  a m in o - a c id  
c o m p o s i t i o n  o f  t h e  two p r o t e i n s  and  t h e  p e r c e n t a g e  
d e f i c i t  o f  a m in o - a c id s  c a l c u l a t e d  a c c o r d i n g  t o  t h e  
m ethod  o f  B lo c k  & M i t c h e l l  (1 9 4 5 -6 )  u s in g  d r i e d  w ho le  

e g g  a s  a  s t a n d a r d .  T h is  does  n o t  im p ly  t h a t  w ho le  

eg g  ca n  be u se d  as  a  s t a n d a r d  f o r  m easu rem en t o f  t h e
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C o m p o s i t io n  o f  th e  t i i r e e  d i e t s  ( g .  /  1 . )

I n g r e d i e n t D r i e d  sk im G e l a t i n  d i e t G a s e in  d i e t
m i lk  d i e t d i e t  N£13 d i e t  N£14

l a r d 4 2 .2 4 2 .7 4 2 .7
G-lucose 3 8 .1 6 5 .0 6 5 .0

S p ra y  d r i e d - s k i m  m i lk 4 7 .4 -------- --------

G a s e in ----- -------- 1 8 .9
G e l a t i n -------- 1 7 .7 --------

A r a c h i s  o i l  c o n t a i n i n g
2 ,0 0 0  I .U .  v i t a m i n  A 3 . 3 3 .3 3 .3
and  200 I . U .  v i t a m i n  D /
m i.
Y e a s t  e x t r a c t -------- 10 m l . / c a l f / d a y 10m l. / c a l f /  

d a y .

M in e r a l  m ix tu r e  1 5 . 8 1 0 .6 --------

M in e r a l  m ix tu r e  2 -------- -------- 1 0 .6
DL A - t o c o p h e r o l  a c e t a t e 5 0 m g . / c a l f / 5 0 m g . / c a l f / 5 0 m g . / c a l f /

clay day day

C h o l e s t e r o l -------- 0 . 1 --------

l e c i t h i n -------- 0 . 3 0 . 3
G l y c e r y l  m o n o s t e a r a t e -------- 0 . 7 0 . 7
R i b o f l a v i n -------- 2 m g . / c a l f /

d ay
2 m g . / c a l f /

day

C o m p o s i t io n  o f  d i e t  ( c/o)
F a t 4 . 6 4 . 6 4 . 6

N i t r o g e n 0 .  2bo 0 .2 5 3 0 .2 5 3
G a l o r i e s / l . ( c a l c u l a t e d ) 771 772 772
P e r c e n t  o f  c a l o r i e s

p r e s e n t  a s  p r o t e i n 1 1 .9 1 1 .9 1 1 .7

F o o tn o te  ; M in e r a l  m ix tu re  N i l  i s  g i v e n  i n  T a b le  2 .  M ix tu r e  N£2 
h ad  a lo w e r  p h o s p h o ru s  c o n t e n t  t o  a l lo w  f o r  t h e  
p h o s p h o ru s  p r e s e n t  i h  t h e  c a s e i n .

The g e l a t i n  waa th e  h i g h e s t  g r a d e  c o m m e rc ia l  g e l a t i n  
p u r c h a s e d  f ro m  M e s s r s .  R ic h a r d  H odgson  & Sons l t d . .
I t  was v e ry  l i g h t  i n  c o l o u r  and was f r e e  f ro m  e l a s t i n  
and  h e a v y  m e t a l  i m p u r i t i e s .  The c a s e i n  was 
c o m m e rc ia l  l i g h t  w h i te  c a s i n  p u r c h a s e d  f ro m  M e s s r s .  
P r id e a u x  M ilk  Foods l t d .



a m in o - a c id  r e q u i r e m e n t s  o f  t h e  c a l f .  The t a b l e  i s  
m e r e ly  m ean t t o  i n d i c a t e  th e  l a r g e  d i f f e r e n c e s  b e tw e e n  
t h e  c o m p o s i t i o n  o f  g e l a t i n  and  c a s e i n  and  a  p r o t e i n  
w h ic h  h a s  b e e n  c o n s i d e r e d  t o  be c o m p le te ly  a d e q u a te  f o r  
t h e  r a t .  J rom  T a b le  63 i t  c a n  be s e e n  t h a t  c a s e i n  
i s  d e f i c i e n t  i n  c y s t i n e  an d  t h a t  g e l a t i n e  i s  a n  e x t r e m e l y  
u n b a la n c e d  p r o t e i n  ow ing t o  th e  a b s e n c e  o f  t r y p t o p h a n  
t h e  v e r y  h i g h  c o n t e n t  o f  g l y c i n e  an d  d e f i c i e n c e s  o f  j
t y r o s i n e ,  c y s t i n e ,  m e th io n in e  and th e  l e u c i n e s .  j

j
2 .  P l a n  of e x p e r im e n t  I

P o u r  c a l v e s  w ere  u s e d ,  and t h e  p l a n  o f  t h e  j
e x p e r im e n t  i s  shown i n  T a b le  64* j

TABIB 64 j
|

T re a tm e n t  o f  e x p e r i m e n t a l  a n im a ls  i n  t h e  g e l a t i n  |
and  c a s e i n  e x p e r im e n t  !

O a l f
ITS

D i e t
g i v e n
( 1 . /

day)

-
A d ju s tm en t
p e r i o d

P r e l i m :
i n a r y
p e r i o d

P i r s t  ; 
e x p e r r  
jum bal 
p e r io d

£s c q v :
3ry
p e r io d

S econd  
e x p e r i :  
m e n ta l  
p e r i o d

(6 d ay s) (12 days) (12  days) (8 days) ( 1 2  d ays '

16

17
18 

19

4 . 8

4 .4
4 . 8

4 .4

D .S .M . 
D .S .M . 
D .S  ,M.
D .S.M .

D .S.M .
D .S.M .
D.S.M .
D .S .M .

G a s e in
C a s e in
Gelatin
G ela tin

D .S .M.
D .S .M .
D .S.M .
D .S.M .

G e l a t i n
G e l a t i n
G a s e in
G a s e in

D .S .M . = D r i e d  sk im  m i lk  d i e t .  j
I t  w i l l  be  n o te d  t h a t  e a c h  c a l f  r e c e i v e d  b o t h  t h e  j
g e l a t i n  and th e  c a s e i n  d i e t  f o l l o w i n g  a p e r i o d  d u r i n g  j 
w h ich  d r i e d  sk im  m i lk  was g i v e n  a s  t h e  s o l e  s o u r c e  o f  j 
p r o t e i n .  The c o m p o s i t io r^ o f  t h e  t h r e e  d i e t s  w h ich  ; 
w ere  g i v e n  i s  d e t a i l e d  i n  T a b le  6 5 .  G l y c e r y l  j
m o n o s t e a r a t e  an d  eg g  l e c i t h i n  w ere u se d  i n  th e  
p r e p a r a t i o n  of th e  d i e t s  as  e m u l s i f y i n g  a g e n t s .  D a i l y :  
s u p p le m e n ts  o f  d l  -  - / - - t o c o p h e r o l  a c e t a t e  w ere  g i v e n  
t h r o u g h o u t .  D u r in g  th e  p e r i o d s  i n  w h ich  g e l a t i n
and  c a s e i n  w ere g iv e n ,  19 nil. o f  y e a s t  e x t r a c t  and 2mg. 
r i b o f l a v i n  w ere  g i v e n  p e r  d a y .  I n  o r d e r  t o  m in im ise  

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



TABLE 66

Mean g a i n s  { -)  o r  l o s s e s  ( - )  i n  b o d y w e ig h t  ( g . /  day)

O a l f I n i t i a l
■weight

(Its*)

P r e l i m i n :  
a ry  p a io d  

D.S.M.

E x p e r i m e n t a l  
p e r i o d  1 .

R e c o v e ry
p e r i o d
D .S .M .

E x p e r i m e n t a l  
p e r i o d  2 .

16 35*7 + 248 + 257 
( c a s e i n )

4 250 -  212 
( g e l a t i n )

17 3 7 .2 + 210 + 204 
( c a s e i n )

4 255 -  239 
( g e l a t i n )

18 3 7 .2 f  377 -  189 
( g e l a t i n )

4 298 4 200 
( c a s e i n )

19 3 3 .4 + 254 -  443 
( g e l a t i n )

4 320 4 204 
( c a s e i n )

TABI33 67

Mean d a i l y  c h a n g e s  i n  w e i g h t  ( g .  /  day) c l a s s i f i e d  a c c o r d i n g  to  
e x p e r i m e n t a l  t r e a t m e n t

l e v e l  o f  f e e d i n g  
( l . / d a y )

P r o t e i n  s o u r c e

D r i e d  sk im  
m i lk

G a s e in G e l a t i n

4 . 4  (X) 4 222 4 204 -  341

4 . 8  (H) + 313 4 278 -  201

Mean ■f 268 4 241 -  271



Mean ch an ges m B ody wei<yht on ch a n ym y from  o 

D ried  Sk-im M/lk. diet to (Zo&esh ancf G oto t/n  d ie ts

O D ried Slam Milk. diet.
f \  Cas ein diet
0  Gretaf/n diet



9 9 .
j c a l v e s  w ere  g i v e n  a  c o n s t a n t  am ount o f  th e  d i e t  
I t h r o u g h o u t  th e  e x p e r im e n t .  C a lv e s  H£16 an d  18 w ere  j 
; g i v e n  4 . 8  1 .  /  day and  c a l v e s  US 17 and  19 , 4 .4  1 .  Thej 
g e l a t i n  d i e t  s e t  t o  a  s o l i d  j e l l y  a t  low t e m p e r a t u r e s ,  i 

; h u t  was g i v e n  to  th e  c a l v e s  i n  t h e  l i q u i d  fo rm  a t  3 7 °G \ 
j a s  w ere  a l l  t h e  d i e t s . /

! The f o l l o w i n g  a n a l y s e s  w ere c a r r i e d  o u t : -  
D i e t s  I

T o t a l  n i t r o g e n ,  t o t a l  f a t  and  d r y  m a t t e r  
( d e t e r m i n e d  on e a c h  sam ple)

U r in e
T o t a l  n i t r o g e n  ( d e t e r m i n e d  e a c h  d a y ) ,  n i t r o g e n  

d i s t r i b u t i o n  ( d e te r m in e d  e v e r y  two d a y s ) .
i

I  f f a e c e a
i T o t a l  n i t r o g e n ,  t o t a l  f a t  and  d ry  m a t t e r
i
| ( d e t e r m in e d  e v e r y  two d a y s ) .
f
| 3 .  R e s u l t s
| ( a )_ B °d y  w e ig h ty  c h an g es

j F i g u r e  17 shows th e  mean c h a n g e s  i n  b o d y w e ig h t
j on t r a n s f e r e n c e  f ro m  t h e  d r i e d  sk im  m i lk  d i e t  t o  t h e  j
| c a s e i n  o r  g e l a t i n  d i e t s .  T a b le  66 su m m a r ise s  t h e s e  |
! d a t a ,  by e x p r e s s i n g  th e m  as  g a i n s  o r  l o s s e s  i n  w e ig h t  ! 
j . !
| p e r  d a y ,  c a l c u l a t e d  by l i n e a r  r e g r e s s i o n  a n a l y s i s .  |
j A l l  g a i n s  i n  w e ig h t  o f  th e  c a l v e s  when g i v e n  t h e  d r i e d !

sk im  m i lk  d i e t ,  o r  th e  c a s e i n  d i e t  w ere  v e ry  low i n d e e d .
T h i s  m ust have  b e e n  due t o  th e  low  l e v e l  of p r o t e i n  i n ;i
t h e  d i e t  s i n c e  i n  t h e  p r e v io u s  e x p e r im e n t s  i n  w h ic h  a  j  

I s i m i l a r  d i e t  c o n t a i n i n g  more d r i e d  sk im  m i lk  p r o t e i n  j 
| w ere  g i v e n  i n  e q u i v a l e n t  a m o u n ts ,  f a r  g r e a t e r  g a i n s  i n |
| b o d y w e ig h t  o c c u r r e d .  j
\ i

I ’| E x c lu d in g  f o r  th e  moment th e  r e c o v e r y  p e r i o d ,  j

| t h e  c a l f  w h ich  r e c e i v e d  th e  h i g h e r  l e v e l  o f  m i l k  p e r
; day  g a in e d  more t h a n  i t s  p a i r  m a te ,  o r ,  when th e  g e l a t i n
! d i e t  was g i v e n ,  l o s t  l e s s .  The mean change i n
; w e ig h t  r e s u l t i n g  f ro m  an i n c r e a s e  i n  t h e  a l lo w a n c e  o f  :
| d i e t  f ro m  4 . 4  t o  4 . 8  l i t r e s  c a n  be e v a l u a t e d  f ro m
s T a b le  67 . S t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  g iv e n

i n  t h i s  t a b l e  showed t h a t  t h e  l o s s  i n  w e ig h t  w hen th e

: g e l a t i n  d i e t  was g i v e n  was v e ry  h i g h l y  s i g n i f i c a n t l y



: d i f f e r e n t  f ro m  t l i e  g a i n s  w h ich  o c c u r r e d  when d r i e d  sh im  
: m i l k  d i e t  o r  c a s e i n  d i e t  was g i v e n .  The d i f f e r e n c e  
? i n  g a i n  b e tw e e n  c a l v e s  g i v e n  t h e  c a s e i n  d i e t  and  t h o s e
■ g i v e n  th e  d r i e d  sk im  m i lk  d i e t  was n o t  s i g n i f i c a n t •

D u r in g  t h e  r e c o v e r y  p e r i o d  t h e  two c a l v e s  w h ic h  
| h a d  b e e n  g i v e n  t h e  g e l a t i n  d i e t  and h ad  l o s t  c o n s i d e r a b l e
I ;
j w e ig h t  g a i n e d  more t h a n  th o s e  w h ic h  h a d  b e e n  g iv e n  the:
I c a s e i n  d i e t  i n  t h e  preceeding p e r i o d .  The a n im a ls  :

p r e v i o u s l y  g i v e n  c a s e i n  g a i n e d  252 g . ;  t h o s e  w h ic h  h a d
j p r e v i o u s l y  r e c e i v e d  g e l a t i n  g a in e d  307 g .  The j
| d i f f e r e n c e  was s i g n i f i c a n t  a t  t h e  odds o f  1 6 : 1 .  From
| t h e  a p p e a r a n c e  o f  t h e  c a l v e s ,  i t  was s e e n  t h a t  a  j
| s l i g h t  d e h y d r a t i o n  o c c u r r e d  d u r i n g  th e  p e r i o d s  when

g e l a t i n  was g i v e n ,  and t h e  more r a p i d  g a i n  p r o b a b ly  j
r e f l e c t s  an  i n c r e a s e  i n  t i s s u e  h y d r a t i o n  w h ich  t o o k  |
p l a c e  on t r a n s f e r e n c e  t o  t h e  d r i e d  sk im  m i lk  d i e t .  j
(b ) T he_ a p p a r e n t  d i g e s t i b i l i t y  o f  th e _ _ d ie ts  I

The mean a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  d r y  j
m a t t e r  f a t ,  and  t o t a l  n i t r o g e n  as  w e l l  a s  t h e  c a lc u la b le d  
’’a p p a r e n t  d i g e s t i b i l i t y ” c o e f f i c i e n t s  o f  t h e  d i e t a r y  j
e n e r g y  a r e  g i v e n  i n  T a b le  6 8 . i

TAB IB 68 . |
|

Summary o f  a p p a r e n t  d i g e s t i b i l i t y  c o e f f i c i e n t s  and  j
t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e  j

D i e t A p p a re n t  d i g e s t i b i l i t y  c o e f f i c i e n t s  j

D ry m a t t e r T o t a l  f a t T o t a l  N C a l o r i e s  j

D r i e d  
sk im  .milk

G a s e in
G e l a t i n

9 0 .7 ± 1 .4 8

8 7 .5 * 1 .4 8
8 5 .4 * 1 .4 8

8 4 .3 * 2 .6 3

7 7 .4 * 2 .6 3
7 6 .2 * 2 .6 3

7 9 .6 * 1 .9 4

7 7 .4 * 1 .9 4
6 3 .5 * 1 .9 4

8 4 .4 * 2 .5 6  j

8 4 .6 * 2 .5 6  ] 

8 2 .2 * 2 .5 6

The s t a n d a r d  e r r o r s  o f  t h e  means w ere  d e r i v e d  f ro m  
a n a l y s i s  o f  v a r i a n c e .  The d i g e s t i b i l i t y  o f  a l l  th e  
d i e t a r y  com ponents  was lo w . T h i s  was p r o b a b ly  due 
t o  t h e  low  l e v e l  o f  p r o t e i n  i n  th e  d i e t  and w i l l  be 
d i s c u s s e d  i n  more d e t a i l  l a t e r  (p ag e  1 0 9 ) .  The 

a p p a r e n t  d i g e s t i b i l i t y  o f  b o t h  th e  f a t  and d ry  m a t t e r  

t e n d e d  t o  be r e d u c e d  when th e  a n im a ls  r e c e i v e d  t h e



TAEL'S 59

H e a t  p r o d u c t i o n  o f  th e  c a l v e s  d e t e r m in e d  13 L o u rs  a f t e r  . f e e d i n g  
c a l c u l a t e d  f ro m  r e s p i r a t o r y  e x c h a n g e  d e t e r m i n a t i o n s .

C a l f D i e t H e a t  p r o d u c t i o n  
( c a l . /  24 H r . )

H e a t  p r o d u c t i o n  
( c a l . /  k g . / 2 4  hr)

D .S .M . (1) 1704 4 5 .4 7

16 C a s e in 1818 4 5 .3 3
D .S .M . (2) 1881 4 5 .7 5
Ge l a t  i n 1974 4 7 .3 4

D .S .M . (1) 1713 4 4 .6 6
C a s e in 1830 4 4 .8 5  •

17 D .S .M . (2 ) 1431 3 7 .6 9
G e l a t i n 1805 4 3 .9 8

D .S .M . (1) 1771 4 3 .8 4

18 G e l a t i n 1962 4 9 .9 1
D .S .M . (2) 1828 4 6 .6 9
C a s e i n 2010 4 7 .7 5

D .S .M . (1) 1590 4 4 .5 4

19 G e l a t i n 1230 3 9 .6 6
D .S .M . (2) 1706 5 1 .0 8
C a s e in 1680 4 7 .6 7

D .S .M . (1) 1699 4 4 .6 3
D .S .M . (2) 1712 4 5 .0 5

Mean C a s e in 1834 4 6 .4 0
G e l a t i n 1743 4 5 .2 2



1 0 1 .
g e l a t i n  d i e t ,  b u t  t h e  d i f f e r e n c e s  w ere  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 .  The a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  
t o t a l  n i t r o g e n  o f  th e  g e l a t i n  d i e t ,  w as , h o w e v e r ,  
s i g n i f i c a n t l y  s m a l l e r  t h a n  t h a t  o f  t h e  d r i e d  sk im  m i l k :  
d i e t .  The t r u e  d i g e s t i b i l i t i e s  o f  th e  n i t r o g e n  o f
t h e  t h r e e  d i e t s  were 9 0 . 5 , 8 7 . 3  and  8 5 . 3  f o r  t h e  d r i e d ;  
sk im  m i l k ,  c a s e i n  and g e l a t i n  d i e t s  r e s p e c t i v e l y .  i

The l a s t  colum n o f  T a b le  68 shows t h e  
p e r c e n t a g e  o f  t h e  c a l o r i e  i n t a k e  w h ich  d id  n o t  a p p e a r  ' 
i n  th e  f a e c e s .  T hese  v a l u e s  a r e  low b e c a u s e  t h e  f a t  
d i g e s t i b i l i t y  was low . N e v e r t h e l e s s  th e  c a l c u l a t e d  \ 
num ber o f  c a l o r i e s  a p p a r e n t l y  d i g e s t e d  by  any c a l f  was j 
h i g h e r  t h a n  i t s  b a s a l  m e ta b o l i s m  a t  t h e  same t im e  (see. 
bexow.) . I n  o n ly  one s u b - p e r i o d  o f  th e  e x p e r im e n t
was th e  a p p a r e n t  u p ta k e  of d i e t a r y  e n e rg y  f ro m  t h e  g u t  
low  en o u g h  t o  be e x c e e d e d  by th e  d i r e c t l y  d e t e r m in e d  
b a s a l  m e ta b o l i s m ,  and  t h a t  s u b - p e r i o d  f o r  c a l f  N£19 :
d u r in g  t h e  p e r i o d  i n  w h ic h  th e  g e l a t i n  d i e t  was g i v e n  j 
h a s  b e e n  o m i t t e d  i n  c a l c u l a t i n g  th e  mean r e s u l t s .
( c )  Bn e r g y _ m e ta b o l ism

The h e a t  p r o d u c t i o n  o f  t h e  c a l v e s ,  c a l c u l a t e d  \ 
f ro m  t h e i r  r e s p i r a t o r y  e x ch an g e  w ere u s e d  t o  c a l c u l a t e !  
t h e  en d o g en o u s  m e ta b o l ism  u s in g  th e  p r e v i o u s l y  d e t e r m in e d  
f a c t o r  of  1 . 9  mg. o f  endogenous  n i t r o g e n  p e r  b a s a l  j 
c a l o r i e .  T a b le  69 su m m arise s  th e  h e a t  p r o d u c t i o n  o f  
t h e  c a l v e s .  Two low v a l u e s  w ere  e n c o u n t e r e d ;  one j 
f o r  c a l f  N217 i n  th e  r e c o v e r y  p e r i o d ,  and  th e  o t h e r  f o p  
c a l f  NE19 i n  th e  p e r io d  i n  w h ic h  g e l a t i n  was g i v e n .  I 
I n  b o th  c a s e s  t h e r e  h ad  b e e n  a s h o r t  h i s t o r y  o f  d i a n h p e a  
w i t h  a  c o n c o m i ta n t  r e d u c t i o n  i n  t h e  amount o f  e n e r g y  
a p p a r e n t l y  d i g e s t e d .  I n  v iew  o f  th e  i n s t a b i l i t y  of; 
th e  c a l f ’s  h e a t  p r o d u c t i o n  d u r i n g  i n a n i t i o n  (p a g e s  3 3 , M )  
s u c h  an  o c c u r r e n c e  i s  u n d e r s t a n d a b l e . The mean heat^ 
p r o d u c t i o n  o f  th e  c a l v e s  g i v e n  4 . 8  l i t r e s  o f  th e  d i e t  
e a c h  day was 4 6 .5 2  c a l . / k g . / 2 4  h r .  and o f  t h o s e  g i v e n  ;
4 . 4  l i t r e s  p e r  d ay ,  4 4 .5 0  c a l . / k g . / d a y . The 
d i f f e r e n c e  b e tw e e n  them  was s t a t i s t i c a l l y  s i g n i f i c a n t ,  
c o n f i r m in g  p r e v i o u s  f i n d i n g s  (p ag e  74) t h a t  th e  p la n e  

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

when i t  i s  d e te r m in e d  15 -  24 h r .  a f t e r  t h e  l a s t  f e e d .



TABLE 70

Mean n i t r o g e n  B a lan ce  d a t a  per  d a y .

C a l f Amount o f  
d i e t  ( 1 .  
/  day)

D i e t  N
(...... —
in t a k e

( g . )
P a e c a l  N 

(g-)
U rin e  N 

(g-)
N Balance  

(g.)

16 4 . 8

D.S.M.

Gasin
' r e c o v :
e r y '

Ge l a t i n

1 2 . 7 5

1 2 . 6 3

1 2 . 1 2

1 2 . 5 4

2 . 6 8

2 . 4 6

3 . 5 3

3 . 3 7

4 . 4 3

6 .6 4

5 . 9 7

1 2 . 4 8

+ 5 .6 4  

+ 3 . 5 3  

+ 2 . 6 2  

-  3 . 3 0

17 4 . 4

D.S.M.
Case i n

‘R eco v ery 1

G e l a t i n

1 1 . 6 9
1 1 .6 6

1 1 .1 0

1 1 . 1 3

2 . 0 6
3 . 1 7

4 . 6 1

2 . 7 9

4 . 1 4
6 . 1 2

4 . 7 2

9 . 2 7

+ 5 . 4 8  

+ 2 . 7 3

+ 1 . 7 8

-  0 . 9 2

18 4 . 8

D .S .M .

G e l a t i n

'Recovery'

G a se in

1 2 .7 5

1 2 .8 5

1 2 . 1 2

1 2 . 4 9

2 . 0 6

4 . 2 6

2 . 3 7

2 . 6 1

3 . 6 7

1 0 . 8 1

5 . 5 1

5 . 5 1

+ 7 . 0 1  

-  2 . 2 2  

+ 4 . 2 4  

4  4 . 7 3

19 4 . 4

D.S.M.

G e l a t i n

'Recovery*

G a se in

1 1 . 6 9

1 0 . 9 8

1 1 .1 0

1 1 . 6 7

3 . 1 2

5 . 8 9

4 . 0 1

2 . 9 8

4 . 5 1

9 . 4 6

4 . 0 7

4 . 3 9

4 4 . 0 5  

-  4 . 3 7  

4 3 . 0 1  

+ 4 . 3 2

Mean i r r e s p e c t :  
i v e  o f  f e e d i n g  
l e v e l

D.S .M.

C a s e in

G e l a t i n

1 2 . 2 2

1 2 . 1 1

1 2 . 1 0

2 . 4 8

2 . 8 1

4 . 3 0

4 . 1 9

5 .6 6

1 0 . 5 0

4 5 .5 5  

4  3 .6 4  

-  2 .7 0

S ta n d a rd  e r r o r  
o f  the  means ± 0 .4 7 7 ± 0 . 4 4 9  

.  , ...................-1
t  1 . 6 2



I n  t h i s  c o n n e c t i o n  i t  s h o u ld  be n o te d  t h a t  t h e  p r e s e n t ;
; mean f i g u r e s  f o r  b a s a l  m e ta b o l i s m  w ere h i g h e r  t h a n  j

t h o s e  o b s e rv e d  when c a l v e s  w ere  g i v e n  n i t r o g e n - f r e e  
d i e t s  and s u b s e q u e n t l y  s u b j e c t e d  t o  s h o r t  f a s t s ,  (p ag e  b l )

; t h i s  a g a i n  b e in g  due t o  th e  e f f e c t  o f  t h e  p r e v i o u s  j
j c a l o r i e  i n t a k e .  j
j (

I i s m !

| The mean d a t a  r e l a t i n g  t o  th e  n i t r o g e n  b a l a n c e ^
| o f  e a c h  c a l f  a r e  p r e s e n t e d  i n  Table 7 0 .  S a c h  v a lu e  | 
j f o r  t h e  p r e l i m i n a r y  p e r i o d  and m ain  e x p e r i m e n t a l  j
j p e r i o d s  r e p r e s e n t s  t h e  mean o f  f i v e  2 -d a y  s u b - p e r i o d s ,
: e x c e p t  f o r  c a l f  h 219  w h ere ,  f o r  r e a s o n s  a l r e a d y  g i v e n ,  
j one s u b - p e r i o d  was o m i t t e d .  The b a l a n c e s  r e c o r d e d  
| f o r  t h e  r e c o v e r y  p e r io d  r e f e r  to  d e t e r m i n a t i o n s  made 
| o v e r  4 d a y s .  j

j A n a l y s i s  o f  v a r i a n c e  show ed t h a t  t h e r e  w ere  no|
)

i s i g n i f i c a n t  d i f f e r e n c e s  due t o  t r e a t m e n t  a s  f a r  a s  j 
j f a e c a l  n i t r o g e n  e x c r e t i o n  was c o n c e r n e d ,  th e  h ig h  meanj 
] v a l u e  f o r  g e l a t i n  b e in g  l a r g e l y  due t o  one h i g h  v a lu e  j 
j o b t a i n e d  w i t h  c a l f  1 ^ 1 9 .  The e f f e c t  o f  d i e t  on j 
| u r i n a r y  n i t r o g e n  e x c r e t i o n  was v e r y  h i g h l y  s i g n i f i c a n t j  
j  (P = 0 .0 0 1 )  a s  was t h e  e f f e c t  on n i t r o g e n  b a l a n c e  j 
| (p  = 0 . 0 1 ) .  The e f f e c t  on u r i n a r y  n i t r o g e n  e x c r e t io jn
I i s  shown i n  P ig u r e  18 i n  a  b l o c k  d ia g ra m ,  w h ic h  shows j]
I c l e a r l y  th e  l a r g e  e x c r e t i o n  o f  n i t r o g e n  w h ic h  o ccu rred !
| i n  th e  u r i n e  o f  t h o s e  a n im a ls  r e c e i v i n g  th e  g e l a t i n  |
I *d i e t .  Bven th e  d i f f e r e n c e  i n  th e  e x c r e t i o n  o f  |
I u r i n a r y  n i t r o g e n  b e tw een  th e  c a l v e s  g i v e n  c a s e i n  and  j
j t h o s e  g iv e n  d r i e d  sk im  m i lk  was s t a t i s t i c a l l y  s i g n i f i c a n t

j a t  odds o f  1 7 si*  ' iI 1! !
j A l l  b a l a n c e s  were o f  c o u r s e  lo w , s i n c e  a l l  th©|
| d i e t s  w ere p r o t e i n - d e f i c i e n t  i r r e s p e c t i v e  o f  th e  amincj- 
1 a c i d  c o m p o s i t i o n  o f  th e  p r o t e i n s  e m p lo y e d .  . D esp ite j  
; t h i s  p r o t e i n  d e f i c i e n c y  th e  a n im a ls  g iv e n  d r i e d  sk im  I 
; m i l k  o r  c a s e i n  g a in e d  i n  w e i g h t ,  th o u g h  a t  a  lo w e r  j  

r a t e  t h a n  n o rm a l .  When th e  n i t r o g e n  b a l a n c e s  o f  j  

! th e  c a l v e s  w ere r e l a t e d  t o  t h e i r  g a i n s  i n  b o d y w e ig h t  ! 
t h e  f o l l o w i n g  e q u a t i o n  was f o u n d : -

I B  = 0 .0 1 2 8 0  ~ 0 .8 9 8  . . . . .  (11)
w here  hB i s  th e  n i t r o g e n  b a l a n c e  i n  g .  p e r  day and  a



TABLTS 71

C a l c u l a t e d  b i o l o g i c a l  v a lu e  o f  d i e t a r y  p r o t e i n  ( c/o)

O a l f  ST § D r i e d  s k im  m i lk G a s e in G e l a t i n

16 8 9 .4 7 2 . 0 1 9 .6

17 9 1 .6 7 4 .4 3 9 .7

18 9 7 .3 8 0 .6 2 9 .3

19 9 0 .7 8 8 .1 4 .4

Mean 9 2 .3 7 8 .8 2 9 .5

TABLB 72

B i o l o g i c a l  v a lu e  o f  p r o t e i n s  i n  man, r a t  and  c a l f

P r o t e i n C a l f R a t Man R e l a t i v e  v a l u e s  D .S .M. = 100

C a l f R a t Man

D r i e d  m i lk 92 84 74 100 100 100

G a s e in 79 69 58 85 82 78

G e l a t i n 29 25 — 32 30 —



i s  th e  g a i n  i n  w e ig h t  p e r  d a y .  T h is  r e g r e s s i o n  was : 
h i g h l y  s i g n i f i c a n t  s t a t i s t i c a l l y  (P =. 0 . 0 1 ) ,  and  w i l l  

| he d i s c u s s e d  i n  more d e t a i l  l a t e r  (pagelib )  .

• ( 0l - . 2 i 2 12 I i £a i  v a lu e  o f  th e  p r o t e i n s

j B i o l o g i c a l  v a l u e s  w ere  c a l c u l a t e d  f ro m  th e  .
j i
| n i t r o g e n  b a l a n c e s  and b a s a l  m e ta b o l i s m  c£ th e  c a l v e s  j
j m ak ing  th e  a s s u m p t io n  t h a t  th e  end o g en o u s  m e ta b o l i s m  !
I o f  n i t r o g e n  i n  th e  c a l f  i s  p r o p o r t i o n a l  t o  i t s  b a s a l  !
■ " Ih e a t  l o s s .  D r i e d  sk im  m i lk  h ad  t h e  h i g h e s t  b i o l o g i c a l  

v a l u e ,  c a s e i n  was i n t e r m e d i a t e  and g e l a t i n  was t h e  j 
l o w e s t . The d i f f e r e n c e s  b e tw e e n  th e  means w ere  j
s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t . The h i g h  v a lu e  I 
o b t a i n e d  f o r  c a l f  KA19 when g i v e n  c a s e i n  i s  a n o m a lo u s ,  j  

T h i s  a n im a l  showed t h e  g r e a t e s t  l o s s  o f  n i t r o g e n  when I 
g iv e n  th e  g e l a t i n  d i e t ,  an d  t h e  s u b s e q u e n t  h i g h  v a lu e  
o b t a i n e d  when c a s e i n  was g i v e n  may r e f l e c t  th e  i n c r e a s e d
r e t e n t i o n  o f  n i t r o g e n  f o l l o w i n g  s e v e r e  d e p l e t i o n .  I

i
W hile  t h i s  may be an  e x p l a n a t i o n  o f  t h e  h i g h  v a lu e  i t  j

i

d o e s  n o t  p r o v id e  a r e a s o n  f o r  o m i t t i n g  i t  i n  !
i

c a l c u l a t i n g  th e  m ean. !
|

I t  i s  o f  i n t e r e s t  t o  com pare t h e s e  v a l u e s  w i th j
t h o s e  o b t a i n e d  f o r  o t h e r  a n i m a l s .  T a b le  71 show s j!
t h e  b i o l o g i c a l  v a l u e s  o b t a i n e d  i n  th e  p r e s e n t  j
e x p e r im e n t  and  T a b le  72 shows th e  means com pared  w i t h  j 
v a l u e s  sum m arised  by B lo ck  & M i t c h e l l  ( 1 9 4 5 - 6 ) .  Thej 
v a l u e s  o b t a i n e d  w i t h  t h e  c a l v e s  were a l l  h i g h e r  t h a n  j 
t h o s e  o b t a i n e d  w i t h  r a t s ,  w h ic h  were i n  t u r n  h i g h e r  | 
t h a n  th o s e  o b t a i n e d  w i t h  men. As shown i n  th e  j
s e c o n d  p a r t  o f  T ab le  72 , th e  r e l a t i v e  v a l u e s  o b t a i n e d  j

I
when d r i e d  sk im  m i lk  was t a k e n  as  e q u a l  to  1 0 0 ,  we r e ,  j 
h o w e v e r ,  v e ry  s i m i l a r ,  i r r e s p e c t i v e  of s p e c i e s .  I t  j 
a p p e a r s  t h e r e f o r e ,  t h a t  th e  n u t r i t i v e  v a lu e  o f  p r o t e i n ^  
w h ich  a r e  as  d i v e r s e  i n  a m in o -a c id  c o n t e n t  as  g e l a t i n  ! 
and c a s e i n ,  i s  th e  same i n  th e  c a l f  as i n  s im p le  |
s to m a c h e d  a n i m a l s .  The r e a s o n  why th e  b i o l o g i c a l  
v a l u e s  d e te r m in e d  w i t h  c a l v e s  w ere h i g h e r  t h a n  t h o s e  | 
d e t e r m in e d  w i th  o t h e r  s p e c i e s  may be due t o  a s p e c i e s  ; 
d i f f e r e n c e  i n  th e  u t i l i s a t i o n  o f  t h e  c o n s t i t u e n t  am in o -  
ac  i d s ,  b u t  s i n c e  t h e  r a t i o s  o f  t h e  t h r e e  p r o t e i n s  t o

one a n o t h e r  i n  th e  p r e s e n t  e x p e r im e n t  and i n  o t h e r



TABUS 7 3 .

Summary o f  mean d a i l y  e x c r e t i o n  o f  a r i n a r y  m e t a b o l i t e s

( mg. N /  d a y )

N i t r o g e n o u s
m e t a b o l i t e

D r i e d  sk im  
m i lk  d i e t

G a s e in
d i e t

G-elat i n  
d i e t

S t a n d a r d  e r r o r  o f  
d i f f e r e n c e  b e tw een  
means

U re a  *  
ammonia

2 0 1 0 .8 2 9 9 7 . 8 6 5 2 6 .8 ± JrjQ s x x

P r o t e i n 1 2 8 . 8 1 4 3 .5 1 4 9 . 9 -  33 U .S .  ;

Amino-N 2 6 8 . 9 2 8 2 . 0 7 1 1 .5 + 8 ,  XXX

G r e a t i n i n e 4 0 7 . 8 3 7 8 .4 3 8 4 .0 -  17 U .S .

G r e a t i n e 2 9 6 .0 3 3 0 .9 4 9 9 . 3 ±  55 *

P u r in e  b a s e 9 3 .6 1 4 6 .0 2 5 2 .1 ± 2 7  x

U r i c  a c i d 6 9 . 9 7 0 . 4 5 0 .0 ± 4 . 2  x

A l l a n t o i n 5 9 9 . 1 5 1 8 .7 5 3 0 .6 ±  1 2 . 5  U .S .

x x x  S i g n i f i c a n t  when P = 0 . 0 0 1

x  S i g n i f i c a n t  when P «  0 . 0 5

N .S .  = 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
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e x p e r i m e n t s  (B lo c k  & M i t c h e l l ,  1 9 4 5 -6 )  a r e  v e r y  s i m i l a r ,  
a  more l i k e l y  e x p l a n a t i o n  i s  t h a t  t h e  l e v e l  o f  p r o t e i n  , 
i n  th e  p r e s e n t  d i e t s  l e d  -to a  c o m p a r a t i v e l y  g r e a t e r  
d e g r e e  of p r o t e i n  d e f i c i e n c y  t h a n  o c c u r r e d  i n  r a t  o r  
man. T h i s  i s  e x p l a i n e d  by th e  e x t r e m e l y  h i g h  demand 
o f  t h e  r a p i d l y  g ro w in g  t i s s u e s  o f  t h e  c a l f  f o r  t h e  j 
e s s e n t i a l  a m in o - a c id s  g i v e n .
( f  )__The d Is  t r i b a t  i o n  of  u r i n a r y  n i t r o g e n o u s  m e t a b o l i t e s

The mean r e s u l t s  o b t a i n e d  on a n a l y s i s  o f  t h e  1 
u r in e  f o r  n i t r o g e n o u s  m e t a b o l i t e s  a r e  g i v e n  i n  T a b le  73* 
T h e se  means r e f e r  t o  th e  l a s t  6 d ay s  of e a c h  p e r i o d  
e x c e p t  f o r  c a l f  FE19 when g i v e n  t h e  g e l a t i n  d j e t  and 
c a l f  NE18 when g i v e n  t h e  c a s e i n  d i e t  . A s i n g l e  1
sam p le  o f  u r in e  i n  t h e s e  p e r i o d s  h a d  t o  be r e j e c t e d  and 
t h e  mean d a i l y  e x c r e t i o n  was m e a su re d  o v e r  4 d a y s .  
A lbum in  n i t r o g e n ,  c r e a t i n i n e  n i t r o g e n ,  a l l a n t o i n  
n i t r o g e n  and  th e  t o t a l  p u r in e  n i t r o g e n  w ere  u n a f f e c t e d !  
by th e  d i e t a r y  s o u rc e  o f  p r o t e i n .  T h e re  was a  s m a l l !  
d e c l i n e  i n  t h e  e x c r e t i o n  o f  p u r in e  n i t r o g e n  as  u r i c  ' 
a c i d ,  and  t h i s  was acco m p an ied  by an i n c r e a s e  i n  t h e  | 
e x c r e t i o n  of p u r in e  b a s e s .  T hese  c h a n g e s ,  h o w ev e r ,  
i n v o l v e d  o n ly  s m a l l  q u a n t i t i e s  o f  n i t r o g e n  and  w ere  n o t  
s u f f i c i e n t l y  l a r g e  t o  r e s u l t  i n  any m arked chan g e  i n

s
th e  t o t a l  e x c r e t i o n  o f  p u r i n e .  The m a jo r  p a r t  o f  j
t h e  i n c r e a s e  i n  u r in e  n i t r o g e n  e x c r e t i o n  was i n  th e  
u r e a ,  ammonia and a m i n o - n i t r o g e n  f r a c t i o n s .  T h e se  | 
t h r e e  f r a c t i o n s  a lo n e  a c c o u n te d  f o r  n e a r l y  90>6 o f  t h e  j 
i n c r e a s e d  n i t r o g e n  e x c r e t i o n  by t h e  c a l v e s  when g iv e n  j 
th e  g e l a t i n  d i e t .  C r e a t i n e  n i t r o g e n  a l s o  i n c r e a s e d  J 
when b o th  th e  g e l a t i n  d i e t  and t h e  c a s e i n  d i e t  w e re  jI
g i v e n .  The ch an g es  a r e  shown i n  b l o c k  d ia g ra m  fo rm  j 
i n  F i g u r e s  19 , 2 0 ,  21 . : w here  t h e y  may be
com pared  w i t h  th e  t o t a l  n i t r o g e n  e x c r e t i o n  shown i n  I 

F i g u r e  1 8 .

T h e se  r e s u l t s  a r e  q u i t e  c o m p a t ib le  w i t h  t h e  
c o n t e n t i o n  t h a t  t h e r e  was an  i n c r e a s e  i n  th e  d e - a m in a tk n  
o f  d i e t a r y  a m in o - a c id s  when t h e  c a l v e s  w ere  g i v e n  
e i t h e r  g e l a t i n  o r  c a s e i n  a s  t h e  s o l e  s o u r c e  o f  p r o t e i n ,  
and w i l l  be d i s c u s s e d  i n  d e t a i l  l a t e r  (page  no)

(g ) G -eneral o b s e r v a t i o n s  /
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S eram  p r o t e i n  c o n c e n t r a t i o n s  ( g .  /  100 m l . )  i n  c a l v e s  r e c e i v i n g  
low p r o t e i n  d i e t s  and  i n  a  n o r m a l  c a l f  g i v e n  c o l o s t r u m .

F r a c t i o n  o f  s e ru m  p r o t e i n G a l f Ng

Na2S0^

c o n c t n .
( g . / l . )

F r a c t  i o n
16
Ge la t in  

d i e t

17
Gelatin

d i e t

18 
Gase i n  

d i e t

19
G a s e in

d i e t

Mean
Normal 
c a l f  (AJ) 
g iv e n  
adequate 
colostrum

0 -  159 ” S' g l o b u l i n ” 1 .8 4 1 .0 9 1 .1 5 1 .0 5 1 .2 6 2 .1 4

159 -  270 " o( f  /3 g lobu lin” 1 .8 4 1 .8 1 1 .6 5 1 .5 9 1 .7 2 1 .8 5

above 270 a lb u m en 1 .9 7 2 .2 9 1 .6 7 1 ,9 4 1 .9 7 2 .6 4

T o t a l 5 .6 7 5 .1 9 4 .5 7 4 .6 2 4 .9 5 6 .6 1



(g) G ener a l  o b s e r v a t i o n s

I n  g e n e r a l  th e  h e a l t h  o f  th e  c a l v e s  r e m a in e d  
good  th r o u g h o u t  t h e  e x p e r i m e n t s ,  b a t  t h e r e  w ere a 
num ber o f  i n s t a n c e s  i n  w h ic h  a b n o r m a l i t i e s  o c c u r r e d  a n a : 
a s  th e  a n im a ls  w ere g i v e n  p r o t e i n  d e f i c i e n t  d i e t s  t h e i r  
b e h a v i o u r  was n o t  r e a l l y  n o r m a l .  A l l  c a l v e s  t e n d e d  j  

: to  become a  l i t t l e  w eak, a s  ju d g e d  by a lo w e r  in c id e n c e !  
I o f  p l a y i n g  i n  t h e i r  m e ta b o l i s m  c a g e s  and t h e i r  g e n e r a l  j 
( l e t h a r g y .  H a i r  l o s s  was c o n s i d e r a b l e  t h r o u g h o u t ,  j  

i i n c r e a s i n g  i n  s e v e r i t y  when t h e  c a s e i n  d i e t  was g i v e n ,  j 
;M ild a l i m e n t a r y  d i s t u r b a n c e s  w ere  i n v a r i a b l y  p r e s e n t  I 
a s  h a s  p r e v i o u s l y  been  d i s c u s s e d .  When t h e  ca lv e s .  j  

(were g i v e n  th e  g e l a t i n  d i e t  s m a l l  r e f u s a l s  o f  t h e  d i e t  j 
( o c c u r r e d  a f t e r  8 -1 0  d ay s  and t h e r e  was a t e n d e n c y  f o r  j 
( th e  c a l v e s  t o  become d e h y d r a t e d .  On t h e s e  o c c a s io n s  ! 
e x t r a  w a te r  was added  t o  t h e i r  f e e d  and i n  o n ly  one j 

(c a se  ( c a l f  N219) was i t  n e c e s s a r y  t o  r e s o r t  t o  th e  j 

i n j e c t i o n  o f  a  n o rm a l  s a l t  s o l u t i o n  t o  r e s t o r e  t i s s u e  j 
h y d r a t i o n .  When th e  g e l a t i n  d i e t  was g i v e n  a  j

i

:p i g m e n t a t i o n  o f  th e  to n g u e  d e v e lo p e d  i n  t h i s  c a l f ,  and j 
t h e  w hole  o r a l  c a v i t y  became a d a rk  m a g e n ta  c o l o u r .  
N i c o t i n i c  a c i d  d e f i c i e n c y  was s u s p e c t e d  i n  t h i s  j

t r y p t o p h a n  d e f i c i e n t  c a l f  b u t  no a d d i t i o n a l  n i c o t i n i c  ] 
a c i d  was g i v e n  i n  v iew  o f  th e  m e t a b o l i c  r e l a t i o n s h i p s  j 

b e tw e e n  t r y p t o p h a n  and n i c o t i n i c  a c i d .  S i m i l a r  o r a l  
l e s i o n s  have  b e e n  r e p o r t e d  i n  c a l v e s  g i v e n  r i b o f l a v i n  j

j

d e f i c i e n t  d i e t s  (W iese ,  J o h n s o n ,  M i t c h e l l  & Nevens j
\

1 9 4 7 ) .  T h e re  w as ,  h o w e v e r ,  no r e s p o n s e  t o  a d d i t i o n a l !  
r i b o f l a v i n  ( 2 m g . /  day) and th e  c o n d i t i o n  s lo w ly  |
im p ro v e d  a s  t h e  e x p e r i m e n t a l  p e r i o d  p r o g r e s s e d .  The j 

e x c l u s i o n  of n i c o t i n i c  a c i d  f ro m  t h e  d i e t s  c o n t a i n i n g  j 
l a r g e  q u a n t i t i e s  o f  c a s e i n  does  n o t  p ro d u c e  any  j

a b n o r m a l i t i e s  a t  a l l  i n  young c a l v e s  ( J o h n s o n ,  W ie s e ,  | 

M i t c h e l l  & N ev en s ,  1 9 4 7 ) .  A s i m i l a r  c o n d i t i o n ,  
th o u g h  n o t  so  s e v e r e  was n o t e d  i n  c a l f  N216 when 
t r a n s f e r r e d  t o  g e l a t i n .

A t s l a u g h t e r  n o t h i n g  a b n o rm a l  was n o t e d  i n  th e  ; 

c a r c a s e s  o f  th e  c a l v e s .  S e r a  w ere  c o l l e c t e d  a t  t h i s  
t im e  and t h e  p la sm a  p r o t e i n s  d e te r m in e d  by so d iu m  

s u l p h a t e  f r a c t i o n a t i o n .  T a b le  74 su m m a r ise s  t h e
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| r e s u l t s .

j R e s u l t s  o b t a i n e d  f o r  a n o rm a l  c a l f  a g ed  6 days!
j g i v e n  c o t 's  .whole m i lk  a r e  i n c l u d e d  f o r  c o m p a r i s o n .
| The se ru m  p r o t e i n  c o n c e n t r a t i o n  was low i n  a l l  t h e  
| e x p e r i m e n t a l  c a lv e s  t h e  r e d u c t i o n  b e i n g  i n  b o th  th e  

g l o b u l i n  and  a lb u m in  f r a c t i o n s . I n  a d u l t  c a t t l e  j
f

t h e  t o t a l  se ru m  p r o t e i n  c o n c e n t r a t i o n  i s  a p p r o x im a te ly !
7 - 8  g .  /  100 m l . ,  t h i s  h i g h e r  f i g u r e  b e i n g  a c c o u n te d  j  

f o r  m a in ly  by a  g r e a t e r  c o n c e n t r a t i o n  o f  g l o b u l i n s .  |
The low  g l o b u l i n  c o n t e n t  o f  t h e  b lo o d  of t h e  p r e s e n t  |!
c a l v e s  may be p a r t i a l l y  a c c o u n te d  f o r  by  th e  f a c t  t h a t j  
t h e y  w ere n o t  f e d  c o lo s t r u m ,  b u t  t h e  low a lb u m in  c o n te i i t  
i s  c l e a r l y  r e l a t e d  t o  th e  i n a d e q u a t e  l e v e l  o f  p r o t e i n  j 
n u t r i t i o n .  I

F

4 .  D i s c u s s i o n

S in c e  t h e  young c a l f  c a n  s t o r e  n i t r o g e n  and  
grow w hen g iv e n  a p r o t e i n  known t o  be o f  good n u t r i t i v e  
v a lu e  i n  r a t  n u t r i t i o n  an d  y e t  w i l l  l o s e  body n i t r o g e n  
and  w e ig h t  when g iv e n  a  p r o t e i n  w h ic h  i s  i n a d e q u a t e ,  
i t  i s  o b v io u s  t h a t  i t  i s  d e p e n d e n t  on  i t s  d i e t  f o r  a t  |

i
l e a s t  a  p a r t  o f  i t s  a m in o -a c id  s u p p ly .  S in c e  t h e r e  j

I
was a  c l o s e  p r o x im i t y  b e tw e e n  b i o l o g i c a l  v a l u e s  j
o b t a i n e d  w i t h  t h e  r a t ,  man and c a l f  f o r  a  good p r o te in f -  

| d r i e d  sk im  m i lk ,  a f a i r  p r o t e i n ,  -  c a s e i n  and  a v e r y  j 
j  p o o r  p r o t e i n  -  g e l a t i n ,  i t  w ould  seem  t h a t  t h e  c a l f  j 
! i s  j u s t  a s  d e p e n d e n t  a s  th e  r a t  o r  man, on a  d i e t a r y  j
j  !

| s o u r c e  o f  am in o -a c  i d s .  T h e se  r e s u l t s  seem  t o  be |
! *
| t h e  f i r s t  u n e q u iv o c a l  d e m o n s t r a t i o n  t h a t  l a r g e  f a rm  |
i !
! a n im a ls  do r e q u i r e  d i e t a r y  s o u r c e s  o f  a m in o - a c id s  f o r  !
J !
I n i t r o g e n  m e ta b o l i s m  p r o c e s s e s  o f  th e  b o d y .  The ]

I
r e s u l t s  a p p l y ,  h o w e v e r ,  o n ly  t o  th e  c a l f  r e a r e d  u n d e r  j 

I c o n d i t i o n s  i n  w h ic h  th e  d e v e lo p m e n t  o f  an  a c t i v e  rum en I
I i
I c o u ld  n o t  p o s s i b l y  o c c u r ,  and t h i s ,  c o n s i d e r e d  t o g e t h e r  
; w i t h  t h e  f a c t  t h a t  th e  a d u l t  r u m in a n t  d o e s  n o t  r e a c t  
j i n  a  s i m i l a r  m anner p r o v id e s  a d d i t i o n a l  c o n f i r m a t i o n  
j o f  th e  Z u n tz  (1891) and  Hageman (1891) h y p o t h e s i s  o f  
I rum en  f u n c t i o n .

T h i s  r e s u l t  h a s  a num ber o f  i m p l i c a t i o n s ;

: f i r s t l y ,  t h e  p r o t e i n  q u a l i t y  o f  c a l f  m ea ls  and  g r u e l s
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w h ic h  a r e  u se d  f o r  c a l f  r e a r i n g .  The a m in o -a c id  
c o m p o s i t i o n  o f  t h e s e  m ix tu r e s  i s  s e ld o m , i f  e v e r ,

; t a k e n  i n t o  c o n s i d e r a t i o n .  G-ruels u s u a l l y  c o n t a i n  
a  l a r g e  q u a n t i t y  o f  l i n s e e d  m ea l  w h ic h  h a s  a  v e r y  low

! c o n t e n t  o f  l y s i n e .  B ean  and  p e a  m ea ls  a r e  a l s o
I w i d e l y  a d v o c a te d  f o r  th e  young  c a l f  and  a r e  v e r y  low ! 
| i n  t y r o s i n e  -  i n  f a c t  th e y  have  a  b i o l o g i c a l  v a l u e  o f
| o n ly  38 and  48  f o r  t h e  r a t  (B lo c k  & M i t c h e l l ,  1946) .

T h u s ,  b e t t e r  q u a l i t y  p r o t e i n s  s h o u ld  be u s e d  f o r  t h e  j
young  c a l f  and th e  p r o t e i n s  o f  low b i o l o g i c a l  v a l u e  j
w ou ld  be b e t t e r  u t i l i s e d  i f  g iv e n  t o  t h e  cow. j

S e c o n d ly ,  t h e  p r e s e n t  r e s u l t s  s u p p le m e n t  !
o t h e r s  sh o w in g  t h a t  th e  r e q u i r e m e n t  of t h e  y o u n g  c a l f  j

f o r  d i e t a r y  e s s e n t i a l s  d i f f e r s  f ro m  th e  r e q u i r e m e n t  i n i  
I !•

j  t h e  a d u l t .  I t  i s  known t h a t  m i c r o b i a l  s y n t h e s i s  of j
i |
| t h e  f o l l o w i n g  v i t a m in s  t a k e s  p l a c e  i n  t h e  rumen o f  j
| m a tu re  a n i m a l s : -  K, a n e u r i n ,  r i b o f l a v i n ,  b i o t i n ,  f o l i c j
| a c i d ,  n i c o t i n i c  a c i d ,  p a n t o t h e n i c  a c i d  and  v i t a m i n  B 6j
| (Kon & P o r t e r ,  1 9 4 7 ) .  F o r m a l l y ,  t h e s e  v i t a m i n s  j
j a r e  s y n t h e s i s e d  i n  s u f f i c i e n t  q u a n t i t i e s  t o  m eet t h e  
j I
! r e q u i r e m e n t s  o f  t h e  a n im a l .  I n  th e  c a l f  w i t h  no
| s y n t h e t i c  f l o r a ,  a  d e f i c i e n c y  o f  r i b o f l a v i n  (W ie se ,
| J o h n s o n ,  M i t c h e l l  & F e v e n s ,  1 9 4 7 ; W arner  & S u t t o n ,  j
j |

| 1 9 4 8 ; B r i s s o n  & S u t t o n ,  1 9 5 1 ) ,  b i o t i n  (W ie se ,  J o h n s o n  j

j & F e v e n s ,  1 9 4 6 ) ,  a n e u r i n  ( J o h n s o n ,  H a m i l to n ,  F e v e n s  j  

|  &  B o le y ,  1 9 4 8 ) ,  and p y r id o x i n e  ( J o h n s o n ,  P in k o s  &  j  

i B u rk e ,  1950) h a s  b e e n  d e m o n s t r a t e d .  An a t t e m p t  t o  i 
! p ro d u c e  n i c o t i n i c  a c i d  d e f i c i e n c y  i n  t h e  c a l f  was j
| n o t  s u c c e s s f u l  ( J o h n s o n ,  W ie s e ,  M i t c h e l l ,  & F e v e n s ,  i 
| 1947) . S i m i l a r  s t u d i e s  c o n c e r n in g  t h e  j
| r e q u i r e m e n t s  o f  t h e  c a l f  f o r  o t h e r  v i t a m i n s  w i l l  j
| u n d o u b te d ly  f o l l o w ,  b u t  t h e r e  i s  s u f f i c i e n t  e v id e n c e  j
l 1
1 a v a i l a b l e  t o  show t h a t  t h e  c a l f  m ust r e c e i v e  a  d i e t a r y ;
: s o u r c e  o f  many o f  th e  v i t a m in s  and a m in o - a e id s  w h ic h
| t h e  m a tu re  a n im a l  i s  a b le  t o  s y n t h e s i s e .  D u r in g  :
! i t s  e a r l y  l i f e ,  and  e v e n  when rum en f u n c t i o n  h a s
I commenced b u t  h a s  n o t  r e a c h e d  i t s  m ax im al s y n t h e t i c
1

• a c t i v i t y ,  t h e  c a l f  may t h e r e f o r e  be l i a b l e  t o  
s h o r t a g e s  o f  t h e s e  e s s e n t i a l s .
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T h i r d l y ,  t h e  f a c t  t h a t  l o s s e s  i n  w e ig h t  j

o c c u r r e d  when g e l a t i n  was g i v e n  s u g g e s t s  t h a t  
t r y p t o p h a n  -  t h e  f i r s t  l i m i t i n g  a m in o - a c id  o f  g e l a t i n ,  
i s  r e q u i r e d  f o r  m a in te n a n c e  o f  n i t r o g e n  e q u i l i b r i u m  
an d  body w e ig h t  . The d e t e r m i n a t i o n  o f  t h e  s p e c i f i c  j
r e q u i r e m e n t  f o r  t h i s  a m in o - a c id  and  f o r  o t h e r  I
e s s e n t i a l  a m in o -a c id s  by t h e  young c a l f  may now f o l lo w  j

I
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The mean a p p a r e n t  d i g e s t i b i l i t i e s  o f  t h e  c o n s t i t u e n t s  o f  d r i e d  
sk im  m i lk  i n  s e m i - s y n t h e t i c  d i e t s ,  and  o f  w hole  m i lk  com pared  
w i t h  t h o s e  o b t a i n e d  by o t h e r  w o r k e r s .

R e f e r e n c e D ry
m a t t e r

F a t H i t r o g e n

S e m i- s  y n th e  t  i c  
d i e t s  ( a l l  p r o t e i n )  
and  e n e r g y  p e r c e n 
t a g e s  -  s e e  T a b le s  
8 ,  2 7 , 3 6 ,3 7  & 68)

9 5 .1 9 2 .9 9 0 .3

Skimmed m i l k  w i t h  
f a t  added  and 
e m u l s i f i e d  
( F i n g e r l i n g  1908)

9 8 .0 9 3 .0 9 5 .0

W hole m i lk  
( s e e  T a b le  44) 9 6 .5 9 3 .8 9 5 .7

W hole m i lk  
(Tomme & T aran eh k o , 
1939)

-------- 9 5 .1 9 4 .5

Whole m i lk  
S c h n e i d e r  (1937) 9 8 .0 100 9 6 .0
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The e ffe c t  o f  th e  p e r c je n to p e  o f  p ro f& h  >n T he, 

d ie t , o n  th e  o p p o n e n t d ip e s tih /tif/e s  o f  f o t  a n d  n /tr o p e n
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Many a s p e c t s  o f  p r o t e i n  m e ta b o l i s m  h ave  b een  ; 
d i s c u s s e d  i n  t h e  s e c t i o n s  d e a l i n g  w i t h  i n d i v i d u a l  
e x p e r i m e n t s .  F u r t h e r  a s p e c t s  o f  m e ta b o l i s m  may, 
h o w e v e r ,  be i n v e s t i g a t e d  by co m b in in g  t h e  i n d i v i d u a l  | 
r e s u l t s  o f  e a c h  e x p e r im e n t .  I

i
1 .  The a p p a r e n t  d i g e s t i b i l i t y  o f  s y n t h e t i c  d i e t s  and | 

w hole  m i l k

The mean a p p a r e n t  d i g e s t i b i l i t i e s  o f  th e  d ry  
m a t t e r ,  f a t  and n i t r o g e n  i n  th e  s y n t h e t i c  d i e t s  

c o n t a i n i n g  d r i e d  sh im  m i lk  ( T a b le s  b , 2 7 ,3 6 ,3 7  & btf) and  j 
t h o s e  o f  w hole m i lk  (T a b le  44) a r e  su m m arised  i n  T a b le  | 
75? w h ich  a l s o  shows some o f  t h e  r e s u l t s  o b t a i n e d  by | 
o t h e r  w o r k e r s .  The a p p a r e n t  d i g e s t i b i l i t y  o f  th e  j 
d r y  m a t t e r  and f a t  o f  th e  s y n t h e t i c  d i e t s  was w i t h i n  j 
t h e  n o rm a l  ra n g e  when com pared  w i t h  t h e  a p p a r e n t  j
d i g e s t i b i l i t y  o f  w ho le  m i lk  c o n s t i t u e n t s . The r e s u l t s  
o b t a i n e d  i n  th e  p r e s e n t  s e r i e s  o f  e x p e r im e n t s  f o r  th e  j 
a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  f a t  i n  th e  s e m i - s y n t h e t i $
d i e t s  and  a l s o  i n  w hole  m i lk  a r e  much lo w e r  t h a n  th e  i

|
e a r l i e r  G-erman r e s u l t s  su m m arised  by S c h n e i d e r  (1947)  . j  

T h i s  was no  d o u b t  due t o  th e  f a c t  t h a t  e a r l i e r  w o rk e rs )  
d e t e r m in e d  f a e c a l  f a t  by s im p le  e x t r a c t i o n ,  so  t h a t  j  

t h e  s o a p s  w h ich  c o n s t i t u t e  a b o u t  50 fo o f  th e  f a t  i n  j  

f a e c e s  w ere  n o t  d e t e r m in e d .  The a p p a r e n t  d i g e s t i b i l i j ^  
o f  t h e  n i t r o g e n  o f  t h e  s e m i - s y n t h e t i c  d i e t s  a p p e a r s  t o l  
h a v e  b een  s l i g h t l y  lo w e r  t h a n  t h a t  of w hole m i l k .  T h is  j  

m ig h t  p e rh a p s  be due t o  an  e f f e c t  o f  h e a t  on t h e  m i l k  j 
p r o te in s ,  d u r in g  d r y i n g ,  o r  d u r i n g  p r e p a r a t i o n  ,o f  t h e  I 
d i e t s  (S evens  & Shaw, 1935; Gook, M organ, W east & j 
P a r k e r ,  1 9 5 1 ) .  A more l i k e l y  e x p l a n a t i o n  i s  t h a t  t h e  
lo w e r  p r o t e i n  c o n t e n t  i s  a lo n e  r e s p o n s i b l e  f o r  t h e  j 

lo w e r e d  a p p a r e n t  d i g e s t i b i l i t y  o f  th e  n i t r o g e n .  T h a t;  
t h i s  i s  so  may be s e e n  f ro m  F ig u r e  22 w h ic h  shows t h a t :  
a s  t h e  p e r c e n t a g e  of p r o t e i n  i n  th e  d i e t  was r e d u c e d ,  I 
a  m arked  d e c l i n e  i n  t h e  a p p a r e n t  d i g e s t i b i l i t y  o f  t h e  ; 
p r o t e i n  o c c u r r e d .  P a r t  of t h i s  d e c l i n e  was p o s s i b l y '  
due t o  th e  p r e s e n c e  of m e t a b o l i c  f a e c a l  n i t r o g e n .

F i g u r e  22 a l s o  shows t h a t  a  lo w e r  p e r c e n t a g e  o f  p r o t e i n



i n  th e  d i e t  r e s u l t e d  i n  a  lo w e r  a p p a r e n t  d i g e s t i b i l i t y  ; 
o f  th e  d i e t a r y  f a t .  One s u g g e s t i o n  i s  t h a t  t h e  
p r o t e i n  w i t h  i t s  a s s o c i a t e d  p h o s p h o l i p i d  i s  n e c e s s a r y  
f o r  t h e  e f f i c i e n t  a b s o r p t i o n  of f a t ,  o r  a n o t h e r ,  t h a t  
t h e  p e r c e n t a g e  o f  p r o t e i n  i n  th e  d i e t  a f f e c t s  t h e  ty p e  

j o f  c l o t  p ro d u c e d  i n  t h e  abomasum o f  th e  c a l f ,  w h ich  i n  :
| t u r n  m ig h t  be r e l a t e d  t o  t h e  e f f i c i e n c y  of f a t  d i g e s t i o k .

! 2 .  B x c r e t l o n  o f  n i t r o g e n o u s  m e t a b o l i t e s  i n  t h e  u r in e
< -

| D i s t r i b u t i o n  of n i t r o g e n  i n  t h e  u r i n e  o f  th e  j
I \
| c a l f  e v i d e n t l y  h a s  n o t  been  d e te r m in e d  b e f o r e .  I t  i s  ; 
j t h e r e f o r e  of i n t e r e s t  t o  com pare t h e  r e s u l t s  o b t a i n e d  j 
j i n  t h e s e  e x p e r im e n t s  w i th  t h o s e  o b t a i n e d  w i t h  o t h e r  ;

a n i m a l s ,  and a l s o  t o  compare t h e  c h a n g e s  i n  d i s t r i b u t i o n  
j w h ic h  o c c u r  u n d e r  d i f f e r e n t  c o n d i t i o n s .  T a b le  76 
| s u m m a r ise s  th e  n i t r o g e n  d i s t r i b u t i o n s  w hich  w ere o b ta in e d  
| d u r i n g  t h e  p r e s e n t  s e r i e s  of e x p e r i m e n t s .  F o r  j
| c o m p a r a t iv e  p u rp o s e s  t h e  f i g u r e s  a r e  c a l c u l a t e d  as  mg. ! 
j n i t r o g e n  /  k g .  b o d y w e ig h t .  j
i  - !| S in c e  t h e  s o - c a l l e d  en d o g en o u s  e x c r e t i o n  o f  j

! m e t a b o l i t e s  ( F o l i n ,  1905) d o e s  n o t  a l t e r  e s s e n t i a l l y  
| d u r i n g  v a r i o u s  t r e a t m e n t s  o f  th e  c a l f ,  i t  i s  p r e s e n t  i n  
| e a c h  d e t e r m i n a t i o n  o f  th e  .m e ta b o l i t e s  e x c r e t e d  d u r i n g  j
I I
I t h e  v a r i o u s  e x p e r i m e n t s .  D u r in g  s t a r v a t i o n ,  th e
| body r e l i e s  e n t i r e l y  on i t s  own s u b s t a n c e  f o r  e n e r g y  |
| !

S and  t h u s  t h e  d i f f e r e n c e  b e tw e e n  th e  e n d o g e n o u s  !\ \
! e x c r e t i o n  o f  m e t a b o l i t e s  and th e  e x c r e t i o n  o f  m e t a b o l i t e s\ f
| d u r i n g  s t a r v a t i o n  g iv e s  a  good i n d i c a t i o n  of t h e  e n d -  j
| p r o d u c t s  of  p r o t e i n  m e ta b o l i s m  a r i s i n g  f ro m  t h e  breakdown
I o f  body c o n s t i t u e n t s  t o  p r o v id e  e n e rg y  f o r  v i t a l  j
i I
| p r o c e s s e s .  I n  n e i t h e r  c a s e  i s  t h e  r e s u l t  d i s t u r b e d  ;
| by a  d i e t a r y  s o u rc e  o f  n i t r o g e n o u s  com pounds. I n  |
| m ost a n im a l s ,  u r e a  i s  r e g a r d e d  as t h e  e n d - p r o d u c t  o f  ]
] t h e  c a t a b o l i c  p r o c e s s e s  o f  p r o t e i n  m e ta b o l i s m  t h a t  j

j  c o n t r i b u t e  t o  e n e rg y  p r o d u c t i o n .  A l l a n t o i n  and  t h e  >
j o t h e r  p u r i n e s ,  as  w e l l  as c r e a t i n i n e ,  may be r e g a r d e d
1 a s  t h e  e x c r e t o r y  p r o d u c t s  o f  compounds w h ich  p l a y
j s p e c i a l i s e d  r o l e s  i n  e s s e n t i a l  m e t a b o l i c  p r o c e s s e s  o f  ;
I t h e  b o d y .  I t  w i l l  be s e e n  t h a t ,  w i t h  t h e  c a l f ,  a s

w i t h  o t h e r  a n im a l s ,  t h e  d i f f e r e n c e s  i n  n i t r o g e n

e x c r e t i o n  were a lm o s t  e n t i r e l y  i n  t h e  u r e a  and c r e a t i n e



TABLE 16

Comparison of n itrogen excreted  as d iffe r e n t  m etabolites in  the 
urine of ca lves subjected  to various experim ental treatm ents

M etabolite E xcretion  (mg.U/kg. bod;yweight/24 h r s .)  during:-
U -free  
feeding  
(e x p t . 
B)

Starva: 
t io n  
(ex p t. 
A)

Whole
milk
(exp t.
D)

Whole 
milk +
200 g .
starch  
(expt 32)

Low pro; 
t e in  D.S. 
M. (e x p t . 
P.

Low pro: 
t e in  gela: 
t in  (expt 
F

T otal 81.9 245.6 256.5 134.0 1 1 2 .0 263.9

Urea f  
ammonia 47.7 196.7 192.1 7 0 . 6 53.8 159.0

Amino-acids ------ ------ 6 ,5 3.2 7 .2 17.9

Creatine 2 .9 7 .5 6.3 4 .4 7 .9 12.5
Cre at in ine 1 0 . 1 9 .1 10.3 8 . 8 10.9 9.6

A llan to in ------ 14.7 1 2 . 8 1 1 . 8 16.0 13.3
Purine base ------ 4 .5 3.4 2.4 2 .5 6.3
U ric acid 1.3 1.4 1 . 0 1.4 1 .9 1.3

T otal pur in® — ■— 2 0 . 6 1 7 . 2 15.6 20.4 20.9

P rotein ------ ------ 4 .1
. _____ J

2 .4 3 .4 3 .8



fr a c t io n s , as previously  in ferred  (see  Figures 2 - 7 ,
18 -  2 1 ). o f the to ta l  increase in  n itrogen  excretion  
above the endogenous le v e l  during s ta rv a tio n , 91 «1$ was 
due to the excretion  of urea and ammonia, and 2 .8$  to  
the ex cretio n  of crea tin e . Thus, changes in  these  
same fra ctio n s during other experiments may be explained  
by th e ir  production during catabolism  of nitrogenous 
compounds to supply energy to  the t is s u e s .

The comparatively high ex cretio n  of urea and 
ammonia N when whole milk was given i s  a r e f le c t io n  on; 
the high protein  content of whole m ilk, and the 
reduction  of the urea fra c tio n  when starch  was g iven  
as a n itrogen  free supplement (Table 56 ) i s  a ce r ta in  j 
in d ica tio n  that d ietary  protein  was averted from the  
process o f deamination to one of sto ra g e . j

When the ca lves received  a low -protein  d ie t ,  
the amino-acids in  the d ie t became the lim it in g  fa cto r]  
The amino acids in  excess o f those required would be j 
deaminated because they could not be u t i l i s e d  by the j 
body fo r  maintenance or growth. Thus, the urea 
concentration  in  the urine of the ca lves on the d ie t  
contain ing low percentage of dried skim milk approached 
the endogenous le v e l  (Table 76) and y e t, when the 
ca lves received  the g e la t in  d ie t containing the same j 
percentage of protein  they excreted a quantity o f urea? 
and ammonia nitrogen  c lo se ly  approaching that excreted; 
during s ta rv a tio n . |

Amino-nitrogen determ inations were not made 
throughout the experim ents, but i t  w il l  be seen from j 
Table 76 and Figure 20 that there was a large increase j 
in  the excretion  of amino-H when the poor p rotein  j 
g e la t in  was g iven . This may in d icate  a concentration  
of unreq.uired amino-acids in  the blood higher than the I 
renal threshold  fo r  these compounds.

I t  i s  certa in  from Table 76 that crea tin e  i s  a! 
normal con stitu en t of c a lf  urine. On one occasion  
only, during the period when a n itro g en -free  d ie t was 
given  did th is  con stituen t disappear com pletely from 
the urine. This excretion  of creatine by the c a lf



; i s  in  agreement with, r e su lts  obtained w ith  other  
animals sin ce during t is s u e  growth, in clud ing  pregnancy, 
crea tin e  i s  a normal con stitu en t of urine (Rose, 1911-2 ). 
The present experiments in d ica te  that crea tin e  excretion  
i s  in  some way connected w ith  the deamination of amino- 

; acids and the a ss im ila tio n  of th e ir  carbon contain ing | 
j compounds. As already d iscussed , there was an 
| increase in  the excretion  of creatine during s ta rv a tio n  
j  much higher than the endogenous ex cre tio n . There
! was a lso  a s ig n if ic a n t  lowering of crea tin e ex cre tio n
\

| when starch  was given (Figure 16 ). The lo s s  of 
j crea tin e  during sta rv a tio n  was understandable s in ce
5 i

| the breakdown of muscle would also e n ta il  a lo s s  of 
I crea tin e  from the muscle c e l l .  From the reduction  :l ;
| in  creatine excretion  which occurred when the nitrogen! 
j  balance increased on feeding sta rch , two suggestions  
I fo llo w . F ir s t ly ,  assuming that the production ofi i
j  creatin e in  the body i s  constant, an increased growth j

| o f muscular t is s u e  may mean an increased re te n tio n  of j

| creatine in  the t is s u e s .  Secondly, that the 
I ;

j production of creatin e i s  not con stan t, but i s  reduced
| due to the a ss im ila tio n  of c r e a tin e  precursors, possib ly
i
| arginine or methyl groups, in to  muscle t i s s u e .
1 Arginine i s  known to  be a precursor of crea tin e , and i
I

| thus the second su ggestion  is  supported by the fa c t  !
! '
) that the excretion  of creatin e was high during the 
\ \
| time that the g e la tin  d ie t  was g iven  (Table 7 g ) , since;
I » ;

j the arginine content of g e la t in  i s  comparatively high | 
j (see Table 63). ]
\ I

The excretion  of creatin in e /k g . bodyweight 
j by the c a l f  remained constant during a l l  the experim ents,
| d esp ite  large changes in  n itrogen  metabolism. The j 
j mean ex cretio n  was 9.9 mg. n itrogen /  kg. bodyweight, j 

which i s  in  good agreement w ith  r e s u lts  obtained for  
; other sp ec ies  e .g .  man with a r a t io  of 7 .5  -  10 mg. N /
; kg. bodyweight (Peters & Tan Slyke, 1931). The 
: concept of the endogenous metabolism of F olin  (1905)
: is  therefore confirmed. As the creatin in e  n itrogen  

of the urine remained constant ir re sp e c tiv e  of the 
source of n itrogen , and since poor u t i l i s a t io n  of



TABIBJZ7

A n a l y s i s  of  v a r i a n c e  o f  l i n e a r  r e g r e s s i o n  and  l o g a r i t h m i c

r e g r e s s i o n  o f  b i o l o g i c a l  v a lu e  o f  d i e t a r y  p r o t e i n  on cfo  

t o t a l  n i t r o g e n  i n  th e  u r in e  p r e s e n t  a s  c r e a t i n i n e .

Component of 
b io lo g ic a l value 
v a r ia tio n

Degrees of 
freedom

Estim ated
variance

Yariance
r a t io ,

(e2z)

T otal 26

lin e a r  regress:  
ion 1 7,544.96 59.7

D eviations 25 126.48

logarithm ic
reg ressio n

1 9 ,582.77 215 .0

D eviations 25 44.57



d ietary  protein  en ta iled  an increase in  t o t a l  urinary 
n itrogen  excretion , then the r a t io  of crea tin in e  
nitrogen  to  t o t a l  n itrogen  in  the urine should r e f le c t  
quite c lo se ly  the b io lo g ic a l value of the in gested  
p rotein  (Murlin, Szymansky & N asset, 1958). ?ttien a 

jprotein  w ith a b io lo g ica l value of 100 i s  given th is  !
i i

|percentage of creatine n itrogen  should be 1 1 .8 , that is-
I j
]the same as the percentage of the nitrogen present as 
|crea tin in e  when the animal is  g iven  no protein  whatever!.
j •

|Analysing s t a t i s t i c a l l y  the data obtained in  the 
j present se r ie s  of experim ents, i t  was found that the j 
|l in e a r  and logarithm ic regression  between the percentage 
| of t o t a l  n itrogen  present in  the urine as cr ea tin in e  
| and the b io lo g ic a l value of the ingested  p rotein  was I
i i

\ s ig n if ic a n t . Table 77 shows the an a lysis  of variance;. 
The' r e la tio n sh ip  tends to  be cu rv ilin ea r , probably due j 

[to the fa c t  that the b io lo g ic a l value of a p rotein  i s  j 
|not e n t ir e ly  a fu n ction  of endogenous n itrogen  and to ta jL  
|urinary n itrogen . As previously  g iven ,
I tvtj■ NB «f MN 4* BN inn
| BV -  a m  f  mn I 00 .....
j where BY = b io lo g ic a l va lu e, NB = nitrogen  balance,
jMN » m etabolic fa ec a l n itrogen , BN » endogenous nitrogejn, 
j and ADN = apparently d igested  n itrogen . ;

I BT .  a . *  « x  100 . . .  (12=) 1

j where UN ® u r in a ry  n it r o g e n .
| For s i m p l i f i c a t i o n ,  s u b s t i t u t i n g  TDN f o r  ADN + MN,
| w here TDN i s  th e  t r u ly  d i g e s t i b l e  n itr o g e n ,

j m  = EN ~ ^  x  100   (12b)
!
jsh o w in g  th a t  the b io l o g i c a l  v a lu e  o f  a p r o t e in  i s  a 
( f u n c t io n  o f TDN as w e l l  a s  BN and UN.
! By s im p le  a lg e b r a ,

§  .  1 ,  ' »  j f  -  »  *  100 . . .  (13)

Thus th e  r a t i o  c r e a t in in e  n it r o g e n  /  t o t a l  u r in a ry  
; n i t r o g e n ,  u s in g  c r e a t in in e  n i tr o g e n  as an in d ex  o f  th e  
! en dogenous n itr o g e n  e x c r e t io n ,  i s  a f f e c t e d  by th e  

a p p a r e n tly  d ig e s t e d  n itr o g e n  and t o  a l e s s e r  e x t e n t  by 
th e  m e ta b o lic  f a e c a l  n itr o g e n  as w e l l  as by th e



T&BIB 78

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

d i f f e r e n t  s p e c i e s  (D u k es ,  1 9 4 7 )

S p e c i e s A l l a n t o i n  H P t i r in e  N U r i c  a c i d  N

C a l f 7 2 .4 2 0 .1 7 .4
Cow 9 2 .1 0 . 7 7 . 3
S h eep 6 4 .0 2 0 .0 1 6 .0

C o a t 8 1 .0 1 2 .0 7 .0

H o rse 8 8 .0 0 . 5 1 2 .0

P i g 9 2 .3 5 .8 1 .8

Bog 9 7 .1 1 .3 1 . 9
Man 2 .0 8 .0 9 0 .0



■ b io lo g ic a l  v a lu e  o f  th e  a b s o r b e d  n i t r o g e n .

I t  w i l l  be n o t i c e d  f ro m  T a b le  76 t h a t  p u r in e  
n i t r o g e n  e x c r e t i o n  a l s o  r e m a in e d  f a i r l y  c o n s t a n t  

■ t h r o u g h o u t  t h e  e x p e r i m e n t s ,  and  a l t h o u g h  t h e  d a t a
r e l a t i n g  t o  end o g en o u s  p u r in e  e x c r e t i o n  a r e  n o t

| I
| c o m p le te ,  t h e r e  seems l i t t l e  d o u b t t h a t  t h e  p u r in e  j
j i
j n i t r o g e n  e x c r e t i o n  was a lm o s t  a s  c o n s t a n t  a s  was t h e
| e x o r a t i o n  o f  c r e a t i n i n e .  The e x c r e t i o n  o f  p u r in e  j
* i| compounds a l s o  r e m a in s  c o n s t a n t  i n  o t h e r  s p e c i e s  d u r i h g
j v a r i o u s  d i e t a r y  s t r e s s e s  and p h y s i c a l  e x e r c i s e  ( C a r r y , ’

1 9 2 6 -7 )  b u t  t h e  v a r i a t i o n  i n  t h e  d i s t r i b u t i o n  o f  I
p u r i n e  n i t r o g e n  i n  th e  u r in e  of v a r i o u s  s p e c i e s  i s  j

j  c o n s i d e r a b l e . T a b le  78 shows th e  p e r c e n t a g e  j

j d i s t r i b u t i o n  o f  p u r i n e s  i n  t h e  u r i n e  o f  a  num ber o f  !
! 1 
| a n im a l s  t a k e n  f ro m  a  summary by Dukes (1947) . I t

w i l l  be n o t i c e d  t h a t  t h e  c a l f  e x c r e t e s  a  s l i g h t l y  j

h i g h e r  p e r c e n t a g e  o f  i t s  t o t a l  p u r in e  a s  p u r i n e  b a s e s  j
t h a n  d o e s  th e  m a tu re  a n im a l .  T h e re  i s  a  c o r re s p o n d in g
r e d u c t i o n  i n  t h e  e x c r e t i o n  o f  a l l a n t o i n  by  th e  c a l f ,  |
when com pared  w i t h  th e  e x c r e t i o n  by a l l  o t h e r  s p e c i e s  j

e x c e p t  man, t h e  e x c r e t i o n  o f  u r i c  a c i d  a s  a  p e r c e n t a g e
o f  th e  t o t a l  p u r in e  e x c r e t i o n  r e m a in in g  c o n s t a n t .  I t  j
i s  n o t  known, h o w e v e r ,  w h e th e r  th e  d i f f e r e n t  s p e c i e s

j o f  a n im a l  su m m arised  by Dukes r e c e i v e d  d i e t s  w h ich
| w ere  f r e e  f ro m  p u r i n e s .  I f  t h e y  d id  n o t ,  w rong
j c o n c l u s i o n s  may be d raw n. F o r  i n s t a n c e ,  t h e  I
| c o n c l u s i o n s  made by M o ris  & Ray (1939) and  H u t c h i n s o n  j
| & M o r r i s  (1936b) may be c r i t i c i s e d  i n  t h i s  r e s p e c t .  j
|  T h e se  w o rk e r s  c o n c lu d e d  t h a t  i n  t h e  r u m in a n t  t h e r e  i

i s  a  m arked  r e d u c t i o n  o f  n u c l e a r  c e l l  m e ta b o l i s m  during
f a s t i n g .  T h e se  c o n c l u s i o n s  w ere  b a s e d  on t h e
r e d u c t i o n  o f  t h e  e x c r e t i o n  o f  p u r in e  n i t r o g e n  i n  t h e
u r i n e  when th e  a n im a ls  were f a s t e d ,  f o l l o w i n g  t h e  j

i n g e s t i o n  of d i e t s  w h ich  c o n t a i n e d  n o rm a l  f o o d s  s u c h
a s  h a y .  T h e se  d i e t s  w ere n o t  p u r in e  f r e e ,  and  t h e
r e d u c t i o n  w h ich  was n o t e d  m e re ly  r e f l e c t s  t h e  c e s s a t i o n

| o f  an  e x t e r n a l  p u r in e  s o u r c e .  T h is  e m p h a s is e s
s t i l l  more t h e  s p e c i e s  d i f f e r e n c e s  shown i n  t h e  t a b l e

s i n c e  p u r in e  b a s e s ,  i f  p r e s e n t  i n  th e  d i e t  w ou ld

p re s u m a b ly  be e x c r e t e d  i n  th e  u r in e  as  s u c h .  The
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D i s t r i b u t i o n  o f  n i t r o g e n  i n  d i f f e r e n t  n i t r o g e n o u s  m e t a b o l i t e s  
i n  th e  u r in e  o f  s t a r v i n g  c a l v e s ,  g o a t s ,  s h e e p  a n d  cows e x p r e s s e d  
a s  p e r c e n t a g e s  o f  t o t a l  u r i n a r y  n i t r o g e n .

M e t a b o l i t e C a l f Groat S h eep 36 Cow *

U re a 7 2 .4 9 6 4 .4 2 5 7 .5 6 3 0 .3 9
Ammonia 7 .5 7 3 .6 4 3 .8 7 3 1 .7 7
T o t a l  u r e a  *  

ammonia 8 0 .0 6 6 8 .0 6 6 1 .4 3 6 2 .1 6

C r e a t i n i n e 3 .7 0 6 .1 2 7 .8 8 7 .3 5

C r e a t i n e 3 .0 6 3 .6 3 4 .8 6 4 .7 7

U r i c  a c i d 0 .5 7 1 .0 8 1 .4 4 0 .5 8

P u r i n e  b a s e 1 .8 3 6 .1 6 4 .6 6 2 .1 4

A l l a n t o i n 5 .9 5 1 1 .1 2 1 8 .4 1 1 4 .2 4

T o t a l  p u r in e 8 .3 5 1 8 .4 8 2 4 .5 1 1 6 .9 6

x  R e s u lt s  o f  M orris  & Ray (1 9 3 9 ) r e c a lc u la t e d  and 
e x p r e s s e d  i n  a form  s u i t a b le  f o r  com paring w ith  
p r e s e n t  r e s u l t s  f o r  c a l v e s .
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h i g h e r  e x c r e t i o n  o f  p u r in e  b a s e  n i t r o g e n  by th e  c a l f  
s u g g e s t s  t h e r e f o r e  a  lo w e r  a c t i v i t y  o f  t h e  p u r in e
enzyme s y s t e m s .  Prom t h e  pa th w ay  o f  p u r in e  o x id a t io n ;
i n  th e  body (B a ld w in ,  1948) i t  i s  p o s s i b l e  t h a t  t h e  
x a n t h i n e  o x id a s e  s y s te m  h a s  a  lo w e r  a c t i v i t y  i n  t h e
c a l f  t h a n  i n  o t h e r  s p e c i e s . I

|

P a th w ay  o f  p u r in e  o x i d a t i o n  (B a ld w in ,  1948) !

“ i0  a c i d  f i f e  « U a « r t o l a  j

The f r a c t i o n  d e s i g n a t e d  as  1 p r o t e i n 1 was shown j  

t o  c o n s i s t  l a r g e l y  of s k i n  and h a i r  d e b r i s  w ashed  J
f ro m  t h e  b o t to m  o f  th e  c r a t e  by u r i n e .  I n  t h e  j
y o u n g e r  a n im a l ,  h o w ev e r ,  t h i s  f r a c t i o n  w ould  i n c l u d e  |

\

s m a l l  am ounts  o f  h e a t  c o a g u l a b l e  p r o t e i n  s u c h  as  j
; r e p o r t e d  by S m ith  & L i t t l e  (1924) i n  th e  u r i n e  o f !
n ew ly  b o r n  c a l v e s .  S e p a r a t i o n  o f  t h e s e  f r a c t i o n s  was] 
n o t  c a r r i e d  o u t  as  a  r o u t i n e  d e t e r m i n a t i o n .

The n i t r o g e n o u s  c o n s t i t u e n t s  o f  t h e  u r i n e  o f  j
d i f f e r e n t  s p e c i e s  a r e  m ost s u i t a b l y  com pared  d u r in g  
s t a r v a t i o n  s i n c e  t h e  r e s u l t s  a r e  n o t  t h e n  c o m p l i c a t e d  
by an  ex ogenous  s o u r c e  o f  n i t r o g e n .  T a b le  7s  com pares  
t h e  n i t r o g e n  d i s t r i b u t i o n  o f  th e  u r in e  d u r i n g  s t a r v a t i o n  
of  t h e  c a l f  w i t h  t h a t  fo u n d  on s t a r v a t i o n  o f  t h e  a d u l t  i 

r u m i n a n t .  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  t o t a l  j 

n i t r o g e n  e x c r e t e d  th e  s t a r v a t i o n  m e ta b o l i s m  o f  t h e  c a l f  
d i f f e r e d  m a in ly  f ro m  t h a t  o f  th e  cow i n  t h a t  t h e  j

c r e a t i n i n e  n i t r o g e n  and a l s o  t h e  p u r in e  n i t r o g e n  was 
o n ly  h a l f  o f  t h a t  found  i n  th e  same s p e c i e s  a t  m a t u r i t y ,  
o r  i n  m a tu re  a n im a ls  o f  s i m i l a r  b o d y w e ig h t .  The I 
e x c r e t i o n  o f  u r e a  and ammonia n i t r o g e n  was a  c o n s i d e r a b l y  
g r e a t e r  p e r c e n t a g e  o f  th e  t o t a l  n i t r o g e n  i n  th e  c a l f  ] 
t h a n  i n  t h e s e  s p e c i e s ,  a g a i n  e m p h a s i s in g  t h e  i n t e n s e  ] 

m e ta b o l i s m  o f  th e  c a l f .  !

5 .  S t o r a g e  o f  n i t r o g e n  d u r in g  g ro w th

The i n f o r m a t i o n  r e l a t i n g  n i t r o g e n  b a l a n c e  t o  
b o d y w e ig h t  g a i n  f ro m  a l l  t h e  d e t e r m i n a t i o n s  i n  t h i s  
s e r i e s  of e x p e r im e n t s  i s  shown i n  F ig u r e  2 3 .  I t  w i l l  
be n o t i c e d  t h a t  t h e r e  a r e  two r e l a t i o n s h i p s ,  one 
o b t a i n e d  when low n i t r o g e n  d i e t s  w ere g i v e n  ( 12$



c a l o r i e s  a s  p r o t e i n  -  s e e  page 102) a n d  t h e  o t h e r  
o b t a i n e d  w i t h  d i e t s  l e s s  d e f i c i e n t  i n  p r o t e i n  (1 4 $  and  
o v e r ) .  B o th  w ere s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t .
The e q u a t i o n s  f o r  th e  two r e g r e s s i o n s  w e r e : -  

Low p r o t e i n  d i e t s  NB = 0 .0 1 3 9  G- + 0 .1 5 8  . . .  (1 4 a )
O th e r  d i e t s  NB = 0 .0 2 6 2  G + 0 .7 0 3  . . .  (14b)

j w h e re  NB i s  th e  n i t r o g e n  b a la n d e  i n  g .  /  day and G t h e  !
] g a i n  i n  b o d y w e ig h t  i n  g .  /  d a y .  The r e s u l t s  i n
j t h e  r e g i o n  o f  n e g a t i v e  n i t r o g e n  b a l a n c e  w ere  s t a t i s t i c a l l y  
j s i g n i f i c a n t l y  d i f f e r e n t  f ro m  t h e  r e g r e s s i o n  o b t a i n e d  
| f o r  n o rm a l  d i e t s ,  b u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f ro m ;
] t h e  r e g r e s s i o n  f o r  low  p r o t e i n  d i e t s .  E q u a t i o n  (1 4 a )  I 
I was t h e r e f o r e  c a l c u l a t e d  f ro m  p o s i t i v e  n i t r o g e n  balance!j ;
j  r e s u l t s  o b t a i n e d  w i t h  low p r o t e i n  d i e t s  t o g e t h e r  w i t h  j 

I n e g a t i v e  n i t r o g e n  b a l a n c e  r e s u l t s  o b t a i n e d  on a l l  d i e t b .
| The i n t e r c e p t s  o f  0 . 2  and 0 . 7  f o r  t h e  lo w -  an d  a d e q u a t e -  
| p r o t e i n  d i e t s  r e s p e c t i v e l y  im p ly  t h a t  when t h e r e  i s  no]
| g a i n  i n  w e i g h t ,  s t o r a g e  o f  n i t r o g e n  s t i l l  t a k e s  p l a c e , ]
| t h a t  i s  b o d y w e ig h t  m a in te n a n c e  does  n o t  e n t a i l  c e s s a t i o n  
j  o f  g ro w th .  T h i s  c o n f i rm s  t h e  r e s u l t s  w h ic h  w ere  
| o b t a i n e d  when v a r y i n g  q u a n t i t i e s  o f  w hole  m i l k  w ere 
| g i v e n  t o  th e  c a l f  ( s e e  page 77).

| The e q u a t i o n s  a l s o  show t h a t  f o r  l o w - p r o t e i n
| d i e t s  e v e r y  100 g .  b o d y w e ig h t  g a i n  i s  a s s o c i a t e d  w i t h  :

j t h e  s t o r a g e  o f  1 .3 9  g .  n i t r o g e n  ( o r . 8 .7  g .  p r o t e i n ) .
] D u r in g  n o rm a l  g ro w th ,  t h e  r e g r e s s i o n  c o e f f i c i e n t  o f  j

| 0 .0 2 6 2  show s t h a t  f o r  e v e r y  100 g .  b o d y w e ig h t  g a i n  t h e ]
I c a l f  s t o r e s  2 .6 2  g .  n i t r o g e n  ( o r  1 6 .5  g .  p r o t e i n ) .  I 
i i
j T h i s  may be i n t e r p r e t e d  t o  mean t h a t  t h e  m a jo r  p a r t  o f
j b o d y w e ig h t  g a i n  i n  th e  young c a l f  i s  a  g a i n  o f  f l e s h ,  ]
j  s i n c e  1 6 .5  g .  p r o t e i n  w ould  be e x p e c t e d  t o  be p r e s e n t  j

I i n  a b o u t  80 -  85 g .  m u s c le .  The r e m a in d e r  m ust
j
j r e p r e s e n t  f a t ,  bone and w a t e r .  The d i f f e r e n c e  b e tw e e n  

j t h e s e  two e s t i m a t e s  ( 2 .6 2  i  0 .1 2 2  l e s s  1 .3 9  -  0 .1 9 9 )
; was h i g h l y  s i g n i f i c a n t  i n d i c a t i n g  t h a t  t h e  a n im a ls  
I g i v e n  th e  l o w - p r o t e i n  d i e t  s t o r e d  c o n s i d e r a b l y  l e s s  
I n i t r o g e n  p e r  100 g .  body g a i n  t h a n  d i d  t h o s e  g i v e n  
! l e s s  p r o t e i n - d e f i c i e n t  r a t i o n s .  A l a r g e r  p a r t  o f  

t h e  b o d y w e ig h t  g a i n  o f  t h o s e  a n im a l s  r e c e i v i n g  t h e  

low  p r o t e i n  d i e t  m ust t h e r e f o r e  have  b e e n  b o d y - f a t .
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4 .  S t o r a g e  o f  c a l o r i e s  d u r in g  b o d y g ro w th

The energy s to r e d  during body growth can on ly  
be determ ined c a lo r im e tr ic a lly  or by s la u g h te r  a n a ly s is ,  
bat a f i r s t  approxim ation can be made by s t a t i s t i c a l  
a n a ly s is  o f r e s u l t s  ob ta in ed  w ith  d ie t s  c o n ta in in g  low : 
and adequate p r o te in , and r e la t in g  th e  d ig e s te d  energy!  
in ta k e  to  the g a in  in  bod yw eigh t. The r e g r e s s io n  o f  
c a lo r ie  in ta k e  (DC) on bodyweight g a in  (Gr) w a s :-  
For low p r o te in  d i e t s ,  DC = 4 .3 8  G- -  1921  . . .  (1 5 a )
and fo r  o th er  d i e t s ,  DC * 3 .0 7  G -  1771 . . .  (15b )  j
where DC r e p r e se n ts  the t o t a l  number o f  c a lo r ie s  
in g e s te d  d a i ly  l e s s  th e  c a lo r ie s  e x c r e te d  in  the f a e c e s .  
The r e g r e s s io n s  were both  h ig h ly  s i g n i f i c a n t  s t a t i s t i c a l l y  
(P = 0 .0 1  and 0 .0 0 1  r e s p e c t iv e ly ) ,  a lth o u g h , as may be : 
seen  from F igure 24 th e  v a r ia t io n  about the r e g r e s s io n s  
was h ig h . T h is v a r ia b i l i t y  i s  understandable s in c e  i 
the erro rs  in v o lv ed  in  d eterm in in g  g a in  in  w eigh t and j 
c a lo r ic  in ta k e  are h ig h ; no account i s  tak en  o f  th e  
l o s s  o f  energy in  th e  urine f o r  th e  d ie t s  h ig h  in  
p r o te in , or o f the v a r ia t io n  from anim al t o  anim al in  ; 
en ergy  requirem ents fo r  m aintenance and grow th. The 
eq u a tio n s are on ly  g e n e r a l i s a t io n s , but i t  i s  probable! 
th a t  th ey  r ep re sen t the average r e la t io n s h ip s  which  
e x i s t .

The r e g r e s s io n  c o n sta n ts  in  th e se  two eq u ation s  
r ep re sen t the number of d ig e s te d  c a lo r ie s  r eq u ired  per  
g .  g a in  in  bodyweight (4 .3 8  and 3 .0 7  r e s p e c t iv e ly ) .
The d if fe r e n c e  betw een th ese  two e s t im a te s  was h ig h ly  
s i g n i f i c a n t .  T his r e s u l t  agrees w ith  the d a ta  
showing th a t  the n itr o g en  s to r e d  fo r  every  100 g .  gain; 
in  bodyw eight was low er in  th o se  anim als g iv e n  lo w -  
p r o te in  d i e t s .  Presumably a la r g e r  part o f  the g a in  
o f  th e se  anim als was f a t  havin g  a g r e a te r  c a l o r i f i c  
va lu e per gram. I t  i s  not p o s s ib le  to  c a lc u la te  
the c a l o r i f i c  va lu e  o f  th e  r e ta in e d  m a te r ia l ,  fo r  th e  
f a t ,  w ater and ash v a lu es  a s s o c ia te d  w ith  th e  g a in s  
i s  not known.

The in te r c e p ts  o f th e se  two e q u a tio n s r ep r e se n t  
th e  t h e o r e t ic a l  m aintenance requirem ent o f  th e  c a lv e s



TAB IS 80

N e t  p r o t e i n  r e q u i r e m e n t s ,  u n c o r r e c t e d  f o r  l o s s e s  i n  d i g e s t i o n  o r  
i n  m e ta b o l i s m ,  and d i g e s t i b l e  e n e r g y  r e q u i r e m e n t a  o f  young  c a lv e s  
w e ig h in g  30 k g .  t o g e t h e r  w i t h  a n  e s t i m a t e  o f  t h e  p e r c e n t a g e  o f  th e  
t o t a l  c a l o r i e s  w h ic h  m as t  he p r e s e n t  a s  p r o t e i n  i n  o r d e r  t o  a v o id  
d e a m i n a t i o n  o f  d i e t a r y  p r o t e i n  t o  m ee t e n e r g y  r e q u i r e m e n t s .

G a in  i n  
we i g h t  
( g . / d a y )

N i t r o g e n
r e t e n t i o n
( g . / d a y )

E ndogenous
n i t r o g e n
( g . / d a y )

/

T o t a l  p r o :
t e i n
r e q u i r e d
by  t h e
t i s s u e s
( g . / d a y )

D i g e s t i b l e
e n e r g y
r e q u i r e d
( c a l . / d a y )

X

P e r c e n t a g e  of 
t h e  d i g e s t i b l e  
e n e r g y  n eed ed  
a s  p r o t e i n  to  
a v o id  deam: 
i n a t i o n

0 0 .7 0 2 .4 0 1 9 .4 1572 6 .9

100 3 .3 2 2 .4 0 3 5 .7 1879 1 0 .7

200 5 .9 4 2 .4 0 5 2 .1 2186 1 3 .5

400 1 1 .1 8 2 .4 0 8 4 .9 2800 1 7 .1

800 2 1 .6 6 2 .4 0 1 5 0 .4 4028 2 1 .1

1000 2 6 .9 0 2 .4 0 1 8 3 .1 4642 2 2 .2

/  80 m g . /  k g .  b o d y - w e ig h t

x  5 2 .4  O a l . / k g .  b o d y w e ig h t  4 307 C a l . / lO O  g .  g a i n  i n  w e ig h t



i n  te rm s  o f  d i g e s t e d  c a l o r i e s  p e r  day (1921  and  1771 c a l .  
r e s p e c t i v e l y . )  The d i f f e r e n c e  b e tw e e n  t h e s e  two 
e s t i m a t e s  was n o t  s i g n i f i c a n t .  The mean e s t i m a t e  o f  
1846 c a l o r i e s  ( 5 8 .1  c a l o r i e s  p e r  k g . )  i s  i n  e x c e s s  o f  
th e  d e t e r m in e d  b a s a l  m e ta b o l i s m  o f  40 -  45 c a l . / k g . / d a y  
by a n  amount o f  e n e rg y  w hich  may be a c c o u n te d  f o r  by a h  
a c t i v i t y  in c r e m e n t  o f  a b o u t  30$ . T h i s  i s  e x t r e m e l y  
r e a s o n a b l e  f o r  a n  a n im a l  c o n f i n e d  i n  a  m e ta b o l i s m  c r a t e  

; ( B l a x t e r ,  1948) .

5 .  The n e t  p r o t e i n  r e q u i r e m e n t s  o f  t h e  c a l f

I t  was shown ( s e e  T a b le  33) t h a t  t h e  endogenous:
n i t r o g e n  m e ta b o l i s m  of  t h e  c a l f  was 80 mg. /  k g .
b o d y w e ig h t .  T h i s  v a lu e  r e p r e s e n t s  t h e  a n im a l s  minimum 
r e q u i r e m e n t  o f  n i t r o g e n  f o r  m a in te n a n c e  o f  n i t r o g e n  !

■ e q u i l i b r i u m .  T o g e th e r  w i t h  t h e  r e s u l t s  g i v e n  i n  
e q u a t i o n s  (14b) and  (L5b) (p a g e s  116 an d  11 7 ) > t h i s  j
v a lu e  p e r m i t s  a n  e s t i m a t e  o f  t h e  r e q u i r e m e n t s  o f  p r o t e i n  
a n d  d i g e s t i b l e  e n e rg y  of th e  c a l f .  The p r o t e i n  

; r e q u i r e m e n t s  a r e  n e t  r e q u i r e m e n t s  s i n c e  t h e y  o n ly  
| r e p r e s e n t  t h e  p r o t e i n  w h ich  i s  s t o r e d  o r  w h ic h  w i l l  
j m ee t t h e  en d o g en o u s  l o s s e s  i n  t h e  u r i n e . W ith  
; p r o t e i n s  o f  100$  b i o l o g i c a l  v a lu e  and 100$  d i g e s t i b i l i b ;  
j t h e y  r e p r e s e n t  t h e  m in im a l  r e q u i r e m e n t s  o f  d i e t a r y  
! p r o t e i n  t h a t  e n s u r e  no  d e a m in a t io n  o f  p r o t e i n  f o r  
| e n e r g y  p u r p o s e s .

j The r e s u l t s  o f  t h e  c a l c u l a t i o n  a r e  show n i n
j  T a b le  80* The l a s t  colum n o f  t h e  t a b l e  shows t h a t  
| t h e  p e r c e n t a g e  o f  p r o t e i n  c a l o r i e s  i n  th e  d i e t  m ust 
I i n c r e a s e  w i t h  i n c r e a s i n g  r a t e  o f  g a i n .  The f i g u r e s  
j a p p ly  t o  p r o t e i n s  w i t h  a  b i o l o g i c a l  v a lu e  o f  100 o n l y ,  
j  a n d  w ould  be h i g h e r  i f  t h e  b i o l o g i c a l  v a lu e  o f  t h e  
I p r o t e i n  was l e s s  t h a n  1 0 0 .  I f  a n  a n im a l  w ere
? g i v e n  a  d i e t  c o n t a i n i n g  20$  o f  i t s  d i g e s t e d  e n e r g y  a s  
! a  h i g h  q u a l i t y  p r o t e i n ,  m axim al b i o l o g i c a l  v a l u e s  
I w ould  n o t  be a t t a i n e d  u n l e s s  t h e  t o t a l  i n t a k e  was 
I s u f f i c i e n t  t o  r e s u l t  i n  a  g a i n  o f  a t  l e a s t  700 g . / d a y .
I I f  t h e  i n t a k e  was s m a l l e r ,  t h e  u r i n a r y  e x c r e t i o n  o f  

n i t r o g e n  would r e l a t i v e l y  i n c r e a s e ,  s i n c e  t h e  p r o t e i n  
g i v e n  w ould  be g r e a t l y  i n  e x c e s s  o f  t h e  r e q u i r e m e n t s



TABIA 81

Minimum d i g e s t i b l e  cru.de p r o t e i n  r e q u i r e m e n t  ( l b ,  /  day) f o r  a  
100 l b .  A y r s h i r e  c a l f  g a i n i n g  i n  w e ig h t  f ro m  0 .8 6  l b .  t o  2 .2  l b . 
p e r  d a y ,  com p ared  w i t h  t h e  r e q u i r e m e n t s  a d v o c a te d  By Armsby and 
by  M o r r i s o n .

G-ain i n  w e ig h t  p e r  d ay

0 .8 6  l b . s  
(390 g . )

1 .3 2  l b .
(600  g . )

1 .7 6  l b .
(800 g . )

2 . 201b.
(looo g.;

R e q u i r e m e n ts  c a l c u l a t e d  
f ro m  p r e s e n t  r e s u l t s  
( l b .  p r o t e i n / d a y )  
B i o l o g i c a l  v a lu e  o f  
t h e  p r o t e i n  9 0 .

0 .2 1 0 .3 0 0 .3 8 0 .4 7

R e q u i r e m e n ts  c a l c u l a t e d  
f ro m  p r e s e n t  r e s u l t s  
( l b .  p r o t e i n  /  day) 
B i o l o g i c a l  v a lu e  o f  
t h e  p r o t e i n  50

0.39 0 .5 5 0 .7 0 0 .8 5

Armsby f e e d i n g  
s t a n d a r d s .
( l b .  p r o t e i n  /  day)

0 .4 8

M o r r i s o n  f e e d i n g  
s t a n d a r d s
( l b .  p r o t e i n  /  day)

D.3 -  0 .4

s  R a g sd a le  sta n d a rd



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

T a b le  81 shows t h e s e  r e s u l t s  c a l c u l a t e d  i n  
t e r m s  o f  l b .  d i g e s t i b l e  c ru d e  p r o t e i n  /  day  f o r  A y r s h i r e  
c a l v e s  w e ig h in g  100 l b .  and  g a i n i n g  i n  w e ig h t  f ro m  
0 .8 6  l b .  p e r  d ay  t o  2 .2  l b .  /  d a y .  A l i v e w e i g h t

{

i n c r e a s e  o f  0 .8 6  l b .  p e r  day i s  t h e  R a g s d a le  s t a n d a r d  If
r a t e  f o r  g ro w th  o f  a  c a l f  w e ig h in g  100 l b .  ( R a g s d a l e ,  
1 9 3 4 ) •  I n  th e  c a l c u l a t i o n ,  t h e  f o l l o w i n g  e q u a t i o n
was u s e d : -

E = 6 .2 5  [ ^  (E + G + M.D)J -  M.1)1 ___ ( 16) j
a s  g iv e n  by B la x te r  & M it c h e l l  ( 1 9 4 8 ) ,  where R = j

|r e q u ir e m e n t f o r  a p p a r e n tly  d i g e s t i b l e  p r o t e in ,  B .7 .  »  
i b i o l o g i c a l  v a lu e  o f th e  p r o t e in ,  E = th e  minimum 
’endogenous l o s s  o f  n i t r o g e n ,  G- «  th e  d a i ly  in crem en t inj 
t i s s u e  n itr o g e n  d u r in g  grow th , M » the m e ta b o lic  f a e c a l  
n itr o g e n  e x c r e t io n  per 100 g .  o f  d ry  m a tter  in g e s t e d  j 
and D i s  th e  dry m a tter  in t a k e .  I

The apparent d i g e s t i b i l i t y  o f  th e  p r o t e in  was j

| ta k e n  as 96fo ( s e e  page 10$ and i f  w hole m ilk  p r o te in s
were u se d , a b i o l o g i c a l  v a lu e  o f  about 90 sh o u ld  be |; (

! o b ta in e d . In  ord er t o  compare th e  r e s u l t s  w ith  j 
| f e e d in g  sta n d a rd s  g iv e n  by o th e r  w orkers the r e s u l t s  j

I are  a l s o  c a lc u la t e d  in  term s o f  d i g e s t i b l e  crude p ro te ijn  
w ith  a b i o l o g i c a l  v a lu e  o f 50. T hese r e q u ire m e n ts  j  

i a g a in  r e p r e s e n t  m inim al req u irem en ts  w ith o u t any |
j m argin  fo r  s a f e t y .  When compared w ith  a llo w a n c e s  j 
I o f  crude p r o t e in  a d v o ca ted  by Armsby (1917) and j
; M orrison  ( 1 9 4 8 ) , i t  w i l l  be s e e n  th a t  th e  p r o t e in  |
! s ta n d a r d s  o f  M orrison  are h a r d ly  s u f f i c i e n t  to  m a in ta ih
? i

I th e  grow th o f 0 .8 6  l b .  per day and c e r t a in ly  no h ig h e r !  
j r a te  o f  l iv e w e ig h t  in c r e a s e ,  u n le s s  w hole m ilk  i s  th e  j 
I s o le  fo o d . The Armsby f e e d in g  s ta n d a r d s  a llo w  a j 
; s a f e t y  m argin o f 23fo f o r  th e  R a g sd a le  grow th s ta n d a r d , j 
: and are no doubt ample f o r  th e  grow th r a te  o f  1 l b .  

p er  day -  th e  r a te  o f grow th reg a rd ed  as id e a l  by m ost ; 
a g r i c u l t u r a l  a d v is o r s .  They are  s u f f i c i e n t  f o r  
l a r g e r  g a in s ,  how ever, o n ly  i f  p r o te in  w ith  a h ig h  
b i o l o g i c a l  v a lu e  i s  g iv e n .

I t  may be co n c lu d ed  t h a t  th e  sta n d a rd  r a t e s



o f  g a i n  o f  a  c a l f  a r e  f a r  f ro m  m a x im a l,  an d  t h a t  t h e  
f e e d i n g  s t a n d a r d s  em ployed  a r e  t h e r e f o r e  lo w e r  t h a n  
t h e  optim um  and  a r e  i n  f a c t  w a s t e f u l  o f  p r o t e i n  s i n c e ,  
a s  t h e  g ro w th  r a t e  of a  c a l f  "becomes g r e a t e r ,  t h e  
e n d o g en o u s  l o s s e s  "become a  s m a l l e r  p r o p o r t i o n  o f  t h e  
w h o le .  The c a l f  d o es  n o t  h av e  a  *minimumf p r o t e i n  
r e q u i r e m e n t ,  "but o n ly  a  m in im a l  r e q u i r e m e n t  f o r  a  

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



resume 121 .

The in tr o d u c tio n  in d ic a te d  th a t  l i t t l e  i s  
I known regard in g  the p r o te in  and energy requirem ent o f  ! 
j  th e  young c a l f  fo r  m aintenance and grow th, and th a t  
: th e  c a l f  sh ou ld  he ju s t  as dependent on a d ie ta r y  

sou rce o f am ino-acids as i s  th e  ra t or man. i

The d e t a i le d  n itr o g e n  m etabolism  of th e  young I
c a l f  had not p r e v io u s ly  been s tu d ie d . In  order to  j

e s t a b l i s h  the b a s ic  m etabolism  of t h i s  an im al, the  
l o s s e s  during s ta r v a t io n  and the endogenous n itr o g e n  j

e x c r e t io n  were determ ined. The c a l f  has a b a s a l Ii !
m etabolism  at l e a s t  tw ice  th a t o f  th e  mature anim al, j 

or th a t  o f anim als of o th er  s p e c ie s  w ith  a s im ila r  !
| body  s i z e .  I t  was concluded th a t an e s tim a te  o f  j 
| endogenous n itr o g e n  e x c r e t io n  may be made from a |
| d e term in a tio n  of the b a sa l energy m etab olism . j
i  j

I t  was shown th a t maximal b io lo g ic a l  v a lu e s  j 

are a tta in e d  in  the c a l f  on ly  when a h igh  in ta k e  o f  j  

a r t i f i c i a l  d ie t  c o n ta in in g  a low percentage o f  protein !  
i s  g iv e n . With whole m ilk , maximal b i o l o g i c a l  va lu es;  
were not a t ta in e d  at h ig h  in ta k e s , due to  the !
com p arative ly  h igh  con ten t o f p r o te in . A n itr o g e n  !

j

f r e e  supplem ent ( g e la t in i s e d  sta rch ) th e r e fo r e  j
in c r e a se d  n itr o g e n  s to r a g e . ;

G e la t in , c a s e in  and th e  p r o te in s  of d r ied  skimj 
m ilk  have d if f e r e n t  b io lo g ic a l  v a lu es  fo r  the young calf. 
These d if f e r e n c e s  are o f the same order as th o se  !

I
I observed  in  the ra t or man. T h is  i s  the f i r s t  ;
! u n eq u ivoca l dem onstration  o f a la r g e  farm anim al j

r e q u ir in g  a d ie ta r y  sou rce o f  a m in o -a c id s . j

The f i n a l  s e c t io n  o f the t h e s i s  r e la te d  b o d y  j 
g a in s  to  n itr o g e n  sto ra g e  and to  d ig e s te d  c a lo r ie s  from 

| which th e  p r o te in  requirem ent o f th e  c a l f  was 
I c a lc u la t e d . I t  was shown th a t  the c a l f  has not a 
| d e f in i t e  minimum p r o te in  req u irem en t, but on ly  a 
| minimum requirem ent fo r  a g iven  r a te  o f grow th.
I A more d e t a i le d  summary o f th e  r e s u l t s  i s
! g iv e n  s e p a r a te ly .
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