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J. Dairy Res. (1963), 30, 1 1

B y  G . G .  R A M M E L L

W a lla c e v H le  D a i r y  L a b o r a t o r y ,  D e p a r t m e n t  o f  A g r i c u l t u r e ,  W e l l in g t o n ,  N e w  Z e a l a n d

(.R e c e iv e d  17  J u l y  1 9 6 2 )

T h e  o c c u r r e n c e  a n d  s i g n i f i c a n c e  o f  b l o o d  in  b o v i n e  m i l k

S u m m a r y . R e s u l t s  a r e  g iv e n  o f  t h e  e x a m in a t i o n  f o r  b lo o d  o f  3 2 1 4  m i lk  s a m p l e s  f r o m  

9 3 5  c h e e s e  f a c t o r y  s u p p l i e s .  O v e r  7 5 %  o f  t h e  m i lk s  c o n t a in e d  le s s  t h a n  2-5  p p m .  

b lo o d .  E x c e s s i v e  b lo o d  w a s  d u e  t o  f a c t o r s  l a r g e l y  c o n t r o l la b le  b y  a n  e f f ic ie n t  f a r m e r ,  

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

N o  e v id e n c e  c o u ld  b e  o b t a i n e d  t h a t  t h e  c o n c e n t r a t io n s  o f  b lo o d  l ik e ly  t o  b e  f o u n d  in  

c o m m e r c ia l  m i lk  h a v e  a n y  a d v e r s e  e f fe c t  o n  t h e  k e e p in g  q u a l i t y  o f  w h o le  m i lk  o r  

b u t t e r .

B e c a u s e  o f  a  p o s s i b l e  c o r r e la t io n  b e tw e e n  t h e  b lo o d  c o n t e n t  o f  m i lk  a n d  f a t -  

o x i d a t i o n  in  C h e d d a r  c h e e s e  ( R a m m e l l ,  1 9 6 1 « )  a  p r e l im in a r y  s u r v e y  o f  m i lk s  f o r  

t h e i r  b lo o d  c o n t e n t  w a s  m a d e .  F a r m i n g  c o n d i t io n s  a n d  p r a c t i c e s  w e r e  a l s o  e x a m in e d  

t o  s e e  i f  t h e s e  c o u ld  b e  c o r r e l a t e d  w it h  t h e  o c c u r r e n c e  o f  b lo o d .

METHODS

C o l le c t io n  o f  m i l k s .  S a m p l e s  ( a b o u t  3 0  m l)  w e r e  c o l le c t e d  o n  t h e  r e c e iv in g  s t a g e  o f  

t h i r t y - t w o  c h e e s e  f a c t o r i e s  in  t h e  N o r t h  I s l a n d  o f  N e w  Z e a l a n d  b y  d a i r y  i n s t r u c t o r s  

o f  t h e  N .Z .  D e p a r t m e n t  o f  A g r ic u l t u r e .  M o s t  o f  t h e  s a m p l e s  w e r e  e x a m in e d  a t  t h e  

l a b o r a t o r y  w it h in  4  h  o f  b e in g  t a k e n ,  b u t  w h e r e  a  lo n g e r  d e l a y  o f  u p  t o  2 4  h  w a s  

e x p e c t e d ,  t h e  m i lk s  w e r e  p r e s e r v e d  w it h  0 - 0 5 %  b o r ic  a c id .  S a m p l e s  w e r e  c o l le c te d  

i n t e r m i t t e n t l y  o v e r  t w o  d a i r y  s e a s o n s .
B l o o d  d e t e r m i n a t io n .  S a m p l e s  o f  m i lk  (2 0  m l)  w e r e  e x a m in e d  b y  t h e  m e t h o d  

d e s c r ib e d  e a r l ie r  ( R a m m e l l ,  1 9 6 1  b ).

I n s p e c t i o n  o f  f a r m s .  V i s i t s  w e r e  m a d e  t o  t w e n t y - f o u r  o f  t h e  f a r m s  f r o m  w h ic h  8 2 0  

m i lk  s a m p l e s  w e r e  e x a m in e d ,  a n d  t h e  d a i r y  s h e d  a n d  m i lk in g  r o u t in e  i n s p e c t e d .  

P a r t i c u l a r  a t t e n t io n  w a s  p a i d  t o  t h o s e  f a c t o r s  t h a t  m ig h t  b e  e x p e c t e d  t o  r e s u l t  in  

b lo o d  b e in g  p r e s e n t  in  t h e  m ilk .

RESULTS AND DISCUSSION 

B l o o d  c o n te n t  o f  m i l k

T h e  b lo o d  c o n t e n t  o f  t h e  b u l k e d  m i lk  f r o m  i n d i v i d u a l  f a r m s  v a r i e d  a p p r e c i a b l y  

f r o m  f a r m  t o  f a r m  ( F i g .  1 ). S o m e  m i lk  s u p p l i e s  c o n s i s t e n t ly  c o n t a in e d  l i t t l e  b lo o d  

( l a ) ;  o t h e r s  c o n s i s t e n t l y  c o n t a in e d  a p p r e c i a b l e  a m o u n t s  o f  b lo o d  ( 1 6 ) ;  a n d  t h e  

r e m a in d e r  v a r i e d  f r o m  d a y  t o  d a y  ( l c ,  d ) .  

l D airy  Res. 30



9 C . G . R a m m e l l

T h e  p e r c e n t a g e  d i s t r ib u t i o n  b y  b lo o d  c o n t e n t  o f  a l l  t h e  3 2 1 4  m i lk  s a m p l e s  e x a m in e d  

f r o m  9 3 5  s u p p b e r s  d u r in g  t h e  t w o  s e a s o n s  i s  s h o w n  in  F i g .  2 .

T h e  w e ig h t  o f  m i lk  d e l iv e r e d  t o  a  f a c t o r y  b y  e a c h  f a r m e r  w a s  f o u n d  f r o m  t h e  f a c t o r y  

r e c o r d s  a n d  u s e d  t o  c a l c u l a t e  t h e  w e ig h t e d  a v e r a g e  b lo o d  c o n t e n t  o f  t h e  f a c t o r y ’s  

m i lk  s u p p ly  o n  t h e  d a y  t h e  m i l k s  w e r e  e x a m in e d .  R e s u l t s  o b t a i n e d  f o r  o n e  f a c t o r y ,  

s o m e  o f  w h o s e  s i x t e e n  s u p p l i e r s ’ m i lk  c o n s i s t e n t ly  c o n t a in e d  a p p r e c i a b l e  a m o u n t s  o f  

b lo o d ,  a r e  s h o w n  in  F i g .  3 . T h e r e  a p p e a r s  t o  b e  a  t e n d e n c y  f o r  t h e  b lo o d  c o n t e n t  t o  

b e  h ig h e s t  a t  t h e  p e a k  o f  t h e  s e a s o n .  I n s u f f i c i e n t  s a m p l e s  w e r e  o b t a i n e d  f r o m  o t h e r  

f a c t o r i e s  t o  s e e  i f  t h i s  a p p a r e n t  t r e n d  w a s  c h a r a c t e r i s t i c  o f  a l l  f a c t o r i e s ’ s u p p l i e s .

Fig. 1. Daily variation in the blood content of milk supplied to a cheese factory by four dairy 
farms (a, b, c and d). Forty-five milk samples were obtained intermittently from the bulked milk 
from each of the four farms throughout the period September to December 1959.

C a u s e s  o f  b lo o d  i n  m i l k

T e a t  d a m a g e .  A p a r t  f r o m  t h e  b lo o d  s o m e t im e s  p r e s e n t  in  t h e  m i lk  d u r in g  t h e  f i r s t  

f e w  d a y s  a f t e r  c a lv in g ,  b lo o d  e n t e r e d  t h e  m i lk  t h r o u g h  d a m a g e  t o  t h e  t e a t .  F a c t o r s  

a p p l y in g  t h r o u g h o u t  t h e  s e a s o n  w e r e  c u t s  o n  t h e  t e a t s  c a u s e d  b y  o t h e r  c o w s ’ h o r n s ,  

o r  f a r m  im p le m e n t s  a n d  s t r u c t u r e s ; a n d  s o r e s  o n  t h e  t e a t s  c a u s e d  b y  f a u l t y  m i lk in g  

t e c h n iq u e  o r  in c le m e n t  w e a t h e r  c o n d i t io n s .  T h e s e  w o u n d s  w e r e  s o m e t im e s  a g g r a v a t e d  

b y  t h e  e n t r y  o f  u n d e s i r a b le  o r g a n i s m s  in t o  t h e  w o u n d ,  t h e r e b y  p r o lo n g in g  t h e  h e a l in g  

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

n e c r o s i s  o f  t h e  t e a t  c a n a l  a n d  s o m e t im e s  lo s s  o f  t h e  q u a r t e r .
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M i l k i n g  m a c h i n e s  a n d  c u p s .  C o w s  w e r e  m a c h in e - m ilk e d  o n  a l l  t h e  f a r m s  in s p e c t e d .  

T h e r e  w a s  n o  c o r r e l a t io n  b e tw e e n  t h e  in c id e n c e  o f  b l o o d  a n d  t h e  t y p e  o f  m i lk in g  

m a c h in e  o r  t e a t - c u p  i n f l a t io n s  u s e d .  A l t h o u g h  m o s t  o f  t h e  m a c h in e s  p o s s e s s e d  s i g h t
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F ig . 2. Percentage distribution by  blood content o f 3214 m ilk sam ples obtained from  935 
suppliers during two dairy  seasons. The distribution is weighted to allow for differences in the 
number of tim es each supplier’s  m ilk was examined.
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F ig . 3. V ariation in the weighted average blood content o f a  cheese factory ’s m ilk supply 
throughout the period Septem ber 1959 to Jan u ary  1960. The figure is based on the exam ination 
o f 752 m ilk sam ples from  the factory ’s  sixteen suppliers.

g l a s s e s  in  t h e  m i lk  p ip e ,  t h e s e  w e r e  o f  l i t t l e  o r  n o  v a l u e  f o r  d e t e c t i n g  b lo o d  in  t h e  

m ilk  p a s s i n g  t h r o u g h .  E v e n  w h e n  t h e  c o w ’ s  t e a t  w a s  b le e d in g  p r o f u s e ly ,  b l o o d  w a s  

r a r e l y  s e e n  in  t h e  m i lk ,  a n d  t h e n  o n ly  f o r  a  f le e t in g  m o m e n t .  T h e  i n a b i l i t y  t o  s e e
1-2
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b lo o d  w h e n  p r e s e n t  w a s  d u e  t o  t h e  f r o t h in g  t h a t  o c c u r r e d  in  t h e  s i g h t  g l a s s e s ,  a n d  t o  

t h e  a b s e n c e  o f  a  c o n t r o l  s i g h t  g l a s s  t h r o u g h  w h ic h  b lo o d - f r e e  m i lk  p a s s e d .

T h e  v a c u u m  o n  m o s t  o f  t h e  m i lk in g  m a c h in e s  w a s  c lo s e ly  c o n t r o l le d  a t  15  i n H g  

b y  R u a k u r a  v a c u u m  r e g u l a t o r s .  N o  c a s e s  w e r e  o b s e r v e d  o f  a  h ig h  v a c u u m  t h a t  m ig h t  

in d u c e  b le e d in g  f r o m  t h e  c o w ’s  t e a t s .

S i g n i f i c a n c e  o f  b lo o d  i n  m i l k

E f f e c t  o f  b lo o d  o n  d a i r y  p r o d u c e .  A p a r t  f r o m  t h e  p o s s i b l e  e f fe c t  o f  b lo o d  o n  f a t  

o x i d a t i o n  in  c h e e s e  ( R a m m e l l ,  1 9 6 1 a )  t h e r e  a r e  n o  r e p o r t e d  r e f e r e n c e s  t o  i t s  e f f e c t  o n  

o t h e r  d a i r y  p r o d u c t s .  A t t e m p t s  in  t h i s  l a b o r a t o r y  t o  c o r r e l a t e  e x c e s s i v e  b lo o d  w it h  

o f f - f l a v o u r s  in  w h o le  f r e s h  m ilk  h a v e  f a i l e d .  B a c t e r i a l  s p o i l a g e  a l w a y s  o c c u r r e d  

b e fo r e  a n y  o x i d a t i o n  o f  t h e  f a t ,  a s  j u d g e d  b y  p e r o x id e  v a l u e  a n d  f l a v o u r ,  m i g h t  

o th e r w is e  h a v e  b e c o m e  a p p a r e n t .  E x p e r i m e n t s  in  w h ic h  u p  t o  1 0 0  p p m .  o f  h a e rn o -  

l y s e d  b lo o d  w a s  a d d e d  t o  c o m m e r c ia l ly  p a s t e u r i z e d  m i lk  a l s o  f a i l e d  t o  p r o d u c e  a n y  

o x id iz e d  f l a v o u r s  a t t r i b u t a b l e  t o  t h e  a d d e d  b lo o d .  U n d e r  c o m m e r c ia l  c o n d i t io n s ,  o f  

c o u r s e ,  a n y  b lo o d  p r e s e n t  in  m i lk  w o u ld  n o t  n o r m a l l y  b e  h a e m o ly s e d ,  a n d  s o  t h e  

e f f e c t iv e  c o n c e n t r a t io n  o f  h a e m o g lo b in  w o u ld  b e  n e g l ig ib le .

I t  i s  a l s o  u n l ik e ly  t h a t  b lo o d  w il l  a f f e c t  t h e  q u a l i t y  o f  t h o s e  p r o d u c t s  in  w h ic h  t h e  

f a t  i s  s e p a r a t e d  f r o m  t h e  m i lk .  W i t h  b u t t e r ,  f o r  e x a m p l e ,  5 0 0 - 1 0 0 0  p p m .  o f  b lo o d  h a d  

t o  b e  a d d e d  t o  t h e  b u t t e r  b e fo r e  a n y  m a r k e d  a c c e le r a t io n  o f  f a t - o x i d a t i o n  c o u ld  b e  

d e t e c t e d .  E v e n  t h o u g h  t h e  b lo o d  c o n t e n t  o f  c o m m e r c ia l  m i l k  m i g h t  o r ig i n a l l y  b e  

f a i r l y  h ig h ,  m u c h  o f  i t  w ill  b e  r e m o v e d  in  t h e  s e p a r a t o r  s l im e .  M o s t  o f  a n y  b lo o d  

r e m a in in g  w ill  t h e n  b e  s e p a r a t e d  a lo n g  w it h  t h e  n o n - f a t  p o r t i o n  o f  t h e  m i lk .  T h u s  

b lo o d  in  m i lk  s h o u ld  n o t  a c c e l e r a t e  f a t - o x i d a t i o n  in  c o m m e r c ia l  b u t t e r .

B l o o d  a s  a n  i n d i c a t o r  o f  d a i r y  s h e d  h y g ie n e .  S in c e  m o s t  o f  t h e  m i lk s  e x a m in e d  w e r e  

v i r t u a l l y  f r e e  f r o m  b lo o d ,  i t s  p r e s e n c e  in  m i lk  m u s t  b e  c o n s id e r e d  a b n o r m a l .  N o  

e v id e n c e  w a s  o b t a i n e d  o f  a n y  i n t e r n a l  b le e d in g  ( o t h e r  t h a n  t h a t  s o m e t im e s  o c c u r r in g  

e a r l y  in  l a c t a t i o n ) : a l l  h ig h  l e v e l s  o f  b lo o d  t h a t  w e r e  f u r t h e r  i n v e s t i g a t e d  w e r e  f o u n d  

t o  b e  a s s o c i a t e d  w it h  e x t e r n a l  b le e d in g .  O n  f a r m s  w h e r e  t h e  b lo o d  l e v e l  w a s  c o n 

s i s t e n t l y  h ig h  ( e .g .  F i g .  1 6 ) ,  t h e  s t a n d a r d  o f  d a i r y  s h e d  h y g ie n e  a n d  h e r d  m a n a g e 

m e n t  w a s  a l w a y s  lo w . T h e  a l m o s t  u n i v e r s a l  u s e  o f  m i lk in g  m a c h in e s  in  N e w  Z e a l a n d  

p r o b a b l y  c o n t r i b u t e s  t o  t h e  o c c a s i o n a l l y  h ig h  l e v e l  o f  b lo o d  f o u n d  in  s u p p l i e r s ’ 

m i lk s ,  f o r  t h e  c a r e le s s  f a r m e r  w h o  i s  m i lk in g  w it h  m a c h in e s  i s  l e s s  l i k e l y  t o  n o t ic e  

d a m a g e d  t e a t s  t h a n  w h e n  h a n d - m i lk in g .  T h e  e f f ic ie n t  f a r m e r ,  h o w e v e r ,  p a y s  d u e  

a t t e n t io n  t o  t h e  c o n d i t io n  o f  h is  c o w s ’ t e a t s ,  a c c o r d in g  t h e m  s p e c i a l  t r e a t m e n t  w h e n  

d a m a g e d ,  a n d  s e g r e g a t in g  a n y  a b n o r m a l  m i lk .

T h e  e x a m in a t i o n  o f  m i lk  f o r  i t s  b lo o d  c o n t e n t  m ig h t  t h u s  s e r v e  a s  a n  a d d i t i o n a l  

m e a n s  o f  i n d i c a t i n g  t h e  c o n d i t io n s  u n d e r  w h ic h  t h e  m i lk  w a s  p r o d u c e d .  E x p e r i e n c e  

h e r e  in d i c a t e s  t h a t  f o r  a  f a r m e r  t o  p r o d u c e  m i lk  c o n s i s t e n t l y  f r e e  f r o m  b lo o d ,  h is  

m i lk in g  t e c h n iq u e  a n d  g e n e r a l  h e r d  m a n a g e m e n t  m u s t  b e  o f  a  h ig h  s t a n d a r d .

U n t i l  r e p o r t s  o n  t h e  b lo o d  c o n t e n t  o f  m i lk  in  o t h e r  c o u n t r i e s  a r e  p u b l i s h e d ,  i t  i s  

d i f f i c u l t  t o  g e n e r a l iz e  o n  t h e  o c c u r r e n c e  a n d  s ig n i f i c a n c e  o f  b lo o d  in  m ilk ,  b u t  p r i v a t e  

c o m m u n ic a t io n s  s u g g e s t  t h a t  t h e  p r o b le m  o f  b lo o d  in  m ilk ,  l ik e  t h a t  o f  m a s t i t i s ,  i s  

c o m m o n  t h r o u g h o u t  t h e  w o r ld .  I t  i s  p o s s i b l e  t h a t  t h e  p r o b le m s  o f  m a s t i t i s  a n d  b lo o d  

in  m i lk  a r e  o f t e n  r e l a t e d ,  a n d  t h a t  b y  p a y i n g  a t t e n t io n  t o  t h o s e  f a c t o r s  r e s p o n s i b l e  

f o r  b lo o d  in  m ilk ,  t h e  f a r m e r  w ill  a l s o  r e d u c e  t h e  in c id e n c e  o f  m a s t i t i s  in  h is  h e r d .
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The action  o f re n n in  on casein

The disruption of the k -casein com plex*

B y  R .  B E E B Y

D i v i s i o n  o f  D a i r y  R e s e a r c h ,  C . S . I . R .O . ,  M e lb o u r n e ,  A u s t r a l i a  

a n d  H s .  N IT S C H M A JS T N

I n s t i t u t e  o f  O r g a n ic  C h e m is t r y ,  U n i v e r s i t y  o f  B e r n e ,  S w i t z e r l a n d  

( R e c e iv e d  2 3  J u l y  1 9 6 2 )

S u m m a r y . A p p r o x i m a t e ly  3 0 %  o f  t h e  n i t r o g e n  o f  /c -c a se in  w a s  s o lu b le  a t  p H  4-7  

a f t e r  t h e  p r o t e i n  h a d  b e e n  t r e a t e d  w it h  r e n n in  a t  p H  7 w h ile  a p p r o x i m a t e l y  10  %  w a s  

s o lu b le  in  1 2 %  t r i c h lo r o a c e t ic  a c i d  (T C A ) .  T h e  m a t e r i a l  s o lu b le  in  1 2 %  T C A  a p 

p e a r e d  a t  a  s lo w e r  r a t e  i n i t i a l l y  t h a n  d i d  t h e  n i t r o g e n  s o lu b le  a t  p H  4-7  b u t  a s  t h e  

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

T r e a t i n g  /c -c a se in  w it h  u r e a ,  o r  r e p e a t e d  p r e c i p i t a t i o n  o f  t h e  p r o t e in  a t  p H  4 -7 , 

c a u s e d  t h e  f o r m a t i o n  o f  m a t e r i a l  in s o lu b le  a t  p H  7 , a p p a r e n t l y  p a r a - /c - c a s e in .  B o t h  

t r e a t m e n t s  a p p e a r e d  t o  f r e e  t h e  s a m e  s o lu b le  f r a c t i o n  a s  d o e s  r e n n in  a c t i n g  in  lo w  

c o n c e n t r a t io n  o r  f o r  a  s h o r t  t im e .

L o w  c o n c e n t r a t io n s  o f  r e n n in  (0 -0 7  p g / m l )  r e l e a s e d  o n ly  p a r t  o f  t h e  a v a i l a b l e  s o lu b le  

n i t r o g e n  f r o m  2 %  s o lu t io n s  o f  w h o le  c a s e in  a t  p H  7 . H e a t i n g  t h e  r e a c t i o n  m i x t u r e  

a p p e a r e d  t o  r e s t o r e  t h e  c a s e in  c o m p le x ,  t h e  r e s t o r a t i o n  b e in g  l e s s  c o m p le t e  t h e  lo n g e r  

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

I t  i s  s u g g e s t e d  t h a t  /c -c a se in  i s  n o t  a  s in g le  p r o t e i n  b u t  a  c o m p le x ,  a n d  t h a t  t h e  

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

t h i s  c o m p le x .

A l t h o u g h  r e n n in  h a s  b e e n  s h o w n  t o  p o s s e s s  a  p r o t e o l y t i c  a c t i v i t y  c o m p a r a b l e  t o  

t h a t  o f  t r y p s i n  a n d  a  s p e c i f i c i t y  s i m i la r  t o  t h a t  o f  p e p s i n  ( F i s h ,  1 9 5 7 ) ,  p r o t e o l y t i c  

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

c o n v e r s io n  in t o  t h e  c a l c iu m - s e n s i t iv e  f o r m  ( p a r a - c a s e in )  b y  t h e  e n z y m e .

A la i s ,  M o c q u o t ,  N i t s c h m a n n  &  Z a h le r  (1 9 5 3 )  r e p o r t e d  t h e  r a p i d  r e le a s e  o f  p e p t i d e  

m a t e r i a l ,  a m o u n t i n g  t o  s o m e  5  %  o f  t h e  c a s e in  n i t r o g e n ,  f r o m  w h o le  c a s e in  w h e n  i t  

w a s  t r a n s f o r m e d  in t o  p a r a - c a s e i n  b y  r e n n in  a t  p H  6-8 . T h e  r e a c t i o n  w a s  d i s t i n c t  

f r o m  t h e  s lo w e r  g e n e r a l  p r o t e o l y t i c  d e g r a d a t i o n  o f  t h e  c a s e in  a t  t h i s  p H ,  a n d  w a s  

r e f e r r e d  t o  a s  t h e  p r im a r y  a c t i o n  o f  t h e  e n z y m e .  T h e  l i b e r a t e d  m a t e r i a l  s t e m m e d  f r o m

* This work, which was commenced in Berne, Switzerland, and continued in Melbourne, Australia, was 
reported in brief at a Food Science Conference held in September 1961 at the Division of Food Preserva
tion, C.S.I.R.O., North Ryde, Sydney, Australia. This paper may be considered no. XV of the series: 
‘Das Lab und seine Wirkung auf das Casein der Milch’. No. XIV is Nitschmann, Hs. & Beeby, R. (1960). 
Chimia, 14, 318.
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t h e  a - c a s e in  f r a c t io n ,  a n d  l a t e r  W i s s m a n n  &  N i t s c h m a n n  (1 9 5 7 )  r e p o r t e d  t h e  a p p e a r 

a n c e  o f  p h e n y la l a n in e  a s  a  n e w  ^ - t e r m i n a l  r e s id u e  in  a - c a s e in  fo l lo w in g  t r e a t m e n t  

w it h  re n n in .  T h i s  l e d  t o  t h e  c o n c lu s io n  t h a t  t h e  p r im a r y  a c t io n  o f  t h e  e n z y m e  w a s  

o n e  o f  s p e c i f ic  l im i t e d  h y d r o ly s i s .

A  f u r t h e r  a d v a n c e  w a s  m a d e  w h e n  W a u g h  &  v o n  H i p p e l  (1 9 5 6 )  i s o l a t e d  « - c a s e in ,  

a  c o m p o n e n t  o f  t h e  a - c a s e in  c o m p le x .  T h e  p e p t i d e  m a t e r i a l  f r e e d  d u r in g  t h e  p r im a r y  

a t t a c k  b y  r e n n in  o n  c a s e in  w a s  s h o w n  t o  o r ig in a t e  f r o m  t h i s  f r a c t i o n  ( W a u g h  &  v o n  

H ip p e l ,  1 9 5 6 ;  G a m i e r ,  1 9 5 7 ;  W a k e ,  1 9 5 9 ) . W a k e  (1 9 5 9 )  f o u n d  n o  d i f fe r e n c e  b e tw e e n  

t h e  W - te r m in a l  r e s i d u e s  o f  « - c a s e in  b e fo r e  a n d  a f t e r  t r e a t m e n t  w it h  r e n n in  a n d  

c o n c lu d e d  t h a t  n o  p e p t i d e  b o n d s  h a d  b e e n  s p l i t .  H o w e v e r ,  t h e  q u a n t i t y  o f  a - a m in o  

g r o u p s  f o u n d  w a s  in  t h e  r a n g e  0 - 1 2 - 0 - 1 6 /m o le  p e r  1 0 5 g  o f  p r o t e in  w h ic h  i s  s o  lo w  a s  

t o  m a k e  s u c h  a  c o n c lu s io n  u n c e r t a in .

I n  t h e  p r e s e n t  s t u d y  e v id e n c e  i s  p r e s e n t e d  t h a t  t h e  p r im a r y  a c t io n  o f  r e n n in  o n  

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

in  l i b e r a t in g  a  c o m p o n e n t  f r o m  t h e  « - c a s e in  f r a c t i o n  b y  t h e  r u p t u r e  o f  s e c o n d a r y  

b o n d s  o n ly .

EXPER IM EN TA L

M a t e r i a l s

A ll  r e a g e n t s  w e r e  o f  a n a l y t i c a l  g r a d e .  T h e  r e n n in  w a s  e i th e r  c r y s t a l l in e  o r  in  a  

f o r m  in  w h ic h  c r y s t a l l i z a t io n  c o u ld  b e  in d u c e d  b y  s e e d in g .  S t o c k  r e n n in  s o lu t io n s  

w e r e  s t o r e d  a t  5 ° C  w it h  t h y m o l .

W h o le  c a s e in  w a s  p r e c i p i t a t e d  f r o m  r a w  s k im - m i lk  b y  s lo w ly  a d ju s t i n g  t h e  p H  t o

4 -6  w it h  n -H C I.  T h e  p r e c i p i t a t e d  p r o t e in  w a s  w a s h e d  w it h  d i s t i l l e d  w a t e r  a n d  t h e n  

e x t r a c t e d  a t  p H  4 -0  ( a c e t ic  a c id )  f o r  5  h  t o  r e m o v e  p r o t e o l y t i c  e n z y m e s  a s  d e s c r ib e d  

b y  M c M e e k in , H i p p  &  G r o v e s  (1 9 5 9 ) .  T h e  p r e c i p i t a t e  w a s  d i s s o l v e d  b y  t h e  a d d i t i o n  

o f  N - N a O H , t a k i n g  c a r e  t h a t  t h e  p H  o f  t h e  s o lu t io n  d i d  n o t  r i s e  a b o v e  7-5 , a n d  t h e  

p r o t e in  p r e c i p i t a t e d  a g a i n  w it h  n -H C I.  A f t e r  f o u r  p r e c i p i t a t i o n s  t h e  c a s e in  w a s  d r ie d  

w it h  a b s o l u t e  a lc o h o l  f o l lo w e d  b y  e th e r ,  a n d  g r o u n d .  C a s e in  s o lu t io n s  w e r e  p r e p a r e d  

b y  m i x i n g  t h e  d r ie d  p r o t e in  w it h  w a t e r  a n d  a d d i n g  N - N a O H  d r o p w is e  u n t i l  s o lu t io n  

w a s  c o m p le t e .

« - C a s e in  w a s  p r e p a r e d  a c c o r d in g  t o  t h e  p r o c e d u r e  o f  M c K e n z ie  &  W a k e  ( 1 9 6 1 )  

e x c e p t  t h a t  t h e  u r e a  s t e p  w a s  o m i t t e d  a n d  t h e  p r e c i p i t a t e d  « - c a s e in  d i s s o l v e d  a t  

p H  7 - 7 - 5  b y  t h e  a d d i t i o n  o f  0 - lN - N a O H . A f t e r  p r e c i p i t a t i o n  a t  p H  4-7 t h e  p r o t e in  

w a s  d i s s o l v e d  a g a i n  a t  p H  7 - 7 - 5  a n d  t h e  s o lu t io n  f r e e z e - d r ie d .  T h e  y ie ld  w a s  a p 

p r o x i m a t e l y  0 -9  g/1 o f  s k im - m i lk .

A n o th e r  m e t h o d  b a s e d  o n  t h e  p r o c e d u r e  o f  W a u g h  &  v o n  H i p p e l  (1 9 5 6 )  a n d  

y ie ld in g  3 - 4  g  o f  « - c a s e in  p e r  l i t r e  o f  s k im - m i lk  w a s  d e v e lo p e d  in  w h ic h  t h e  a - « -  

c o m p le x  w a s  s p l i t  in  a  d i lu t e  s t a t e  t o  m in im iz e  i n t e r a c t i o n s  a n d  c o n s e q u e n t  l o s s  o f  

« - c a s e in  b y  c o - p r e c ip i t a t io n  w it h  a -  a n d  /3 -c a se in . W h o le  c a s e in  w a s  p r e c i p i t a t e d  a n d  

p r o t e a s e  r e m o v e d  a s  d e s c r ib e d  a b o v e .  A f t e r  a  s e c o n d  p r e c i p i t a t i o n  t h e  p r o t e in  w a s  

d i s s o l v e d  a t  p H  7 b y  t h e  a d d i t i o n  o f  N - N a O H , t h e  c o n c e n t r a t io n  o f  p r o t e in  a d j u s t e d  

t o  2 - 3 % ,  a n d  t h e  s o lu t io n  c o o le d  t o  2 ° C .  C a lc iu m  c h lo r id e  ( 8 0 % ,  w /v )  w a s  a d d e d  

s lo w ly  t o  g iv e  a  f in a l  c a lc iu m  c o n c e n t r a t io n  o f  0 - 2 7 m , t h e  p H  b e in g  m a in t a i n e d  a t  7 

b y  t h e  a d d i t io n  o f  0-1 N - N a O H . T h e  m i x t u r e  w a s  h e ld  a t  2 ° C  f o r  3 0  m in  a f t e r  w h ic h  

i t  w a s  w a r m e d  t o  37  °C . T h e  t u r b i d  s u p e r n a t a n t  w a s  d e c a n t e d  f r o m  t h e  p r e c i p i t a t e
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t h a t  h a d  f o r m e d ,  c e n t r i f u g e d  f o r  3 0  m in  a t  2 0  0 0 0  r e v / m in  in  a  S p i n c o  m o d e l  L  

u l t r a c e n t r i f u g e  ( r o t o r  2 1 ) ,  a n d  d i a l y s e d  o v e r n ig h t  a g a i n s t  r u n n in g  w a t e r .  T h e  d i a l y s e d  

s o lu t io n  w a s  r e d u c e d  t o  10  %  o f  i t s  o r ig in a l  v o lu m e  in  a  s t a i n l e s s  s t e e l  e v a p o r a t o r  a t  

3 0  °C  a n d  t r e a t e d  a g a i n  w it h  c a lc iu m  a s  d e s c r ib e d .  T h e  t u r b i d  s o lu t io n  w a s  t h e n  

c e n t r i f u g e d  f o r  4 5  m in  a t  2 0 0 0 0  r e v / m in .  T h e  c l e a r  s u p e r n a t a n t  w a s  d i a l y s e d  a t  2 ° C  

a g a i n s t  2 0  v o lu m e s  o f  0 - lM - N a C l  f o r  2 4  h . T h e  d i a l y s i s  w a s  r e p e a t e d  t w ic e  a n d  t h e  

d i a l y s e d  s o lu t io n  f r e e z e - d r ie d .

T h y m o l  w a s  a d d e d  t o  a l l  c a s e in  s o lu t io n s  d u r in g  t h e  p r e p a r a t io n  o f  w h o le  c a s e in  

a n d  «--case in .

A ction  of rennin  on casern

METHODS
C a s e in  s o lu t io n s  w e r e  t r e a t e d  w it h  r e n n in  a t  2 5  °C .

T o t a l  n i t r o g e n  w a s  d e t e r m in e d  b y  a  m i c r o - K je l d a h l  p r o c e d u r e .

P o r t io n s  w e r e  t a k e n  d u r in g  t h e  r e a c t i o n  w it h  r e n n in  a n d  t h e  c a s e in  p r e c i p i t a t e d  

b y  t h e  a d d i t i o n  o f  e i t h e r  a  o n e - te n t h  v o lu m e  o f  a c e t i c  a c i d - s o d i u m  a c e t a t e  b u f fe r  

(m  w it h  r e s p e c t  t o  e a c h )  o r  a n  e q u a l  v o lu m e  o f  2 4  %  (w /v )  T C A . T h e  s o lu b le  n i t r o g e n  

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

d e s c r ib e d  b y  B r o w n ,  D u d a ,  K o r k e s  &  H a n d l e r  (1 9 5 7 ) .  A  s a m p l e  o f  f i l t r a t e  ( 0 T -

0 -5  m l)  c o n t a in in g  u p  t o  5 y g  N  w a s  d i g e s t e d  in  a  t e s t  t u b e  w it h  1 m l  o f  a c i d  r e a g e n t  

(1 0  m l  o f  c o n c e n t r a t e d  H 2S 0 4 +  15  g  K 2S 0 4 m a d e  u p  t o  1 0 0  m l  w it h  d i s t i l l e d  w a t e r ) .  

T h e  d ig e s t io n  w a s  c o n t in u e d  f o r  l j  h  a f t e r  t h e  w a t e r  h a d  e v a p o r a t e d .  F i v e  m l  o f  

d i s t i l l e d  w a t e r  w a s  a d d e d  t o  t h e  c o o le d  s a m p le .  W h e n  s o lu t io n  o f  t h e  h y d r a t e d  

s u l p h a t e  w a s  c o m p le t e  1 m l  o f  p h e n o la t e  r e a g e n t  a n d  2  m l  o f  s a t u r a t e d  N a 3P 0 4 

w e r e  a d d e d  a n d  t h e  c o n t e n t s  o f  t h e  t u b e  m ix e d .  O n e  m l  o f  0 - 0 2 %  s o d iu m  n it r o -  

p r u s s id e  w a s  t h e n  a d d e d  a n d ,  a f t e r  m ix in g ,  1 m l  o f  0 - lM - s o d iu m  h y p o c h lo r i t e .  T h e  

p h e n o la t e  r e a g e n t  c o n t a in e d  2-5  g  o f  p h e n o l  + 1 6  g  o f  N a O H  p e r  1 0 0  m l  a n d  w a s  

a d ju s t e d  s o  t h a t  1 m l j u s t  n e u t r a l i z e d  ( t o  m e t h y l  r e d )  1 m l  o f  a c i d  r e a g e n t .  T h e  

c o lo u r  w a s  d e v e lo p e d  b y  h e a t i n g  in  a  b a t h  a t  1 0 0  °C  f o r  5 m in  a n d  w h e n  c o o l  t h e  

o p t i c a l  d e n s i t y  w a s  m e a s u r e d  a t  6 2 5  m y .  D e t e r m i n a t i o n s  w e r e  m a d e  in  t r i p l i c a t e .

F o r  p a p e r  e l e c t r o p h o r e s i s  a n  E E L  u n i t  w a s  u s e d  a t  4 ° C .  T h e  s t r i p s  w e r e  d r ie d  a t  

1 0 3  °C  f o r  2 0  m in  a n d  t h e  p r o t e in  b a n d s  s t a i n e d  b y  im m e r s in g  f o r  2 0  m in  in  0-1 %  

b r o m p h e n o l  b lu e  in  e t h a n o l  c o n t a in in g  2  %  H g C l 2.

T h e  r e l e a s e  o f  s o lu b le  n i t r o g e n  f r o m  K - c a s e in  b y  r e n n i n

R e n n in  (0 -1 4  y g / m l )  w a s  a d d e d  t o  a  0 - 5 %  s o lu t io n  o f  « - c a s e in  ( p H  7 ) a n d  t h e  

r e le a s e  o f  n i t r o g e n  s o lu b le  a t  p H  4-7 a n d  in  12  %  T C A  d e t e r m in e d .  A s  F i g .  1 s h o w s ,  

t h e  r e le a s e  o f  n i t r o g e n  s o lu b le  a t  p H  4-7  w a s  i n i t i a l l y  c o n s id e r a b ly  f a s t e r  t h a n  t h e  

r e le a s e  o f  n i t r o g e n  s o lu b le  in  1 2 %  T C A . A s  t h e  r e a c t i o n  p r o c e e d e d  t h e  n i t r o g e n  

s o lu b le  in  12  %  T C A  a c c o u n t e d  f o r  a  g r e a t e r  p r o p o r t i o n  o f  t h e  n i t r o g e n  s o lu b le  a t  

p H  4 -7 , t h e  p r o p o r t i o n s  b e in g  a p p r o x i m a t e l y  2 0  a n d  3 3  %  r e s p e c t iv e l y  in  t h e  e a r l y  

s t a g e s  a n d  t h e  e n d  o f  t h e  r e a c t io n .

T h e  r e le a s e  o f  s o lu b le  n i t r o g e n  f r o m  « - c a s e in  w a s  a c c o m p a n ie d  b y  a g g r e g a t i o n  a n d  

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

d i s p e r s e  a n d  p e r s i s t e d  e v e n  a t  p H  1 0 - 1 1 .

T h e  s o lu b le  m a t e r i a l  r e l e a s e d  d u r in g  t h e  e a r l y  s t a g e s  o f  r e n n in  a c t io n  w a s  i s o l a t e d  

a s  fo l lo w s . R e n n in  (0 -1 4  y g / m l )  w a s  a d d e d  t o  a  1 %  « - c a s e in  s o lu t io n  ( p H  7 ) a n d
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a f t e r  5  m in  t h e  e n z y m e  w a s  i n a c t i v a t e d  b y  h e a t i n g  t h e  m i x t u r e .  W h e n  c o o l  t h e  

s o lu t io n  w a s  a d ju s t e d  t o  p H  4-7  b y  t h e  a d d i t i o n  o f  O T x - H C l ,  t h e  p r e c i p i t a t e  r e m o v e d  

b y  c e n t r i f u g a t io n  ( 6 0 0 0 0 g )  a n d  t h e  s u p e r n a t a n t  f r e e z e - d r ie d  a f t e r  a d ju s t i n g  t o  p H  7 

w it h  0 T x - N a O H .  S a l t  w a s  r e m o v e d  b y  d i s s o lv in g  t h e  f r e e z e - d r ie d  m a t e r i a l  in  

d i s t i l l e d  w a t e r  a n d  p a s s i n g  t h r o u g h  a  c o lu m n  o f  G- 2 5  S e p h a d e x  ( P o r a t h  &  F l o d in ,

1 9 5 9 ) . T h e  d e s a l t e d  s o lu t io n  w a s  f r e e z e - d r ie d .

P a r a - K - c a s e in  w a s  p r e p a r e d  b y  a l lo w in g  t h e  r e a c t i o n  w it h  r e n n in  t o  p r o c e e d  f o r  

4 0  m in .  T h e  p r o t e in  w a s  t h e n  p r e c i p i t a t e d  a t  p H  4 -7 , f i l t e r e d  a n d  w a s h e d .  T h e  p r e 

c i p i t a t e d  p a r a - K - c a s e in  w a s  t i t r a t e d  t o  p H  11 w it h  s r - N a O H , t o  b r e a k  u p  t h e  l a r g e  

a g g r e g a t e s ,  t h e  p H  r e d u c e d  t o  7 w it h  n -H C I  a n d  t h e  s u s p e n s io n  f r e e z e - d r ie d .

F ig . 1. The rate o f release o f soluble nitrogen in a  «-casein solution (0-5 % ) containing rennin 
(0-14 (ig/ml) a t  25°C  and pH  7. O, Nitrogen soluble a t  pH  4-7; • .  nitrogen soluble in 12%  
TCA.

T h e  e ffe c t  o f  u r e a  o n  K - c a s e in

I n  t h e  m e t h o d  o f  M c K e n z ie  &  W a k e  (1 9 6 1 )  f o r  t h e  p r e p a r a t io n  o f  /c -c a se in  t h e  

p r o t e in  i s  p r e c i p i t a t e d  f r o m  5 0  %  e t h a n o l  b y  a m m o n iu m  a c e t a t e .  T h e  p r e c i p i t a t e  i s  

d i s s o l v e d  in  6 M - u r e a  a n d  t h e  u r e a  r e m o v e d  b y  d i a l y s i s  a g a i n s t  0 - 0 0 5 M - N a C l.  W h e n  

/c -c a se in  w a s  p r e p a r e d  a c c o r d in g  t o  t h i s  m e t h o d  a  p r e c i p i t a t e  b e g a n  t o  f o r m  10  m in  

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

w a s ,  l ik e  p a r a - /c - c a s e in ,  in s o lu b le  a t  p H  7 a n d  o n ly  p a r t i a l l y  d i s p e r s e d  a t  p H  1 0 - 1 1 .  

R e n n in  r e l e a s e d  n o  s o lu b le  n i t r o g e n  f r o m  t h i s  m a t e r i a l  a t  p H  7.

T h e  c a u s e  o f  p r e c i p i t a t i o n  w a s  t r a c e d  t o  im p u r e  a m m o n iu m  a c e t a t e  w h ic h  w a s  

f o u n d  t o  c o n t a in  a c e t ic  a c id .  T h i s  lo w e r e d  t h e  p H  t o  a p p r o x i m a t e l y  5 -0 . W h e n
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jc -c a se in  w a s  d i s s o l v e d  in  6 M - u r e a  a n d  t h e  u r e a  r e m o v e d  a s  a b o v e  p r e c i p i t a t i o n  

o c c u r r e d  a f t e r  2 4  h . T h i s  w a s  a p p a r e n t l y  d u e  t o  a b s o r p t i o n  o f  c a r b o n  d i o x i d e  b y  t h e  

s o lu t io n ,  w h ic h  c a u s e d  t h e  p H  t o  d r o p  t o  5 . T h i s  p r e c i p i t a t e ,  h o w e v e r ,  d i s s o l v e d  

r e a d i l y  a t  p H  7 . T h e  a d d i t i o n  o f  r e n n in  t o  t h e  s o lu t io n  c a u s e d  t h e  r e le a s e  o f  s o lu b le  

n i t r o g e n  a n d  t h e  f o r m a t i o n  o f  in s o lu b le  p a r a - /c - c a s e in .  T h u s  t h e  m a t e r i a l  w it h  p r o p e r 

t i e s  s i m i la r  t o  p a r a - /c - c a s e in  f o r m e d  o n ly  w h e n  p r e c i p i t a t i o n  o c c u r r e d  b e fo r e  t h e  

b u l k  o f  t h e  u r e a  h a d  h a d  t im e  t o  d i a l y s e  a w a y .

T h e  e i f e c t  o f  u r e a  in  b r e a k i n g  d o w n  k -c a s e in  in t o  s o lu b le  a n d  in s o lu b le  f r a c t i o n s  

w a s  f u r t h e r  s t u d ie d .  T w o  g  o f  /c -c a se in  w a s  d i s s o l v e d  in  1 0 0  m l  o f  6 M - u r e a  w h ic h  

c o n t a i n e d  a c e t ic  a c i d - s o d i u m  a c e t a t e  b u f fe r  (0 - 0 1 M w it h  r e s p e c t  t o  e a c h ) .  T h e  s o l u 

t io n  w a s  t h e n  d i a l y s e d  f o r  2 4  h  a g a i n s t  10  1 o f  t h e  a c e t a t e  b u f fe r  ( p H  4 -7 ) a t  2 ° C .  

T h e  d i a l y s i s  w a s  r e p e a t e d .  T h e  p r e c i p i t a t e  w a s  c o l le c t e d  b y  f i l t r a t io n ,  w a s h e d  w it h  

d i s t i l l e d  w a t e r  a n d  d i s p e r s e d  a t  p H  7 . T h e  f r a c t i o n  in s o lu b le  a t  p H  7 w a s  c o l le c t e d  

b y  c e n t r i f u g a t io n ,  d i s p e r s e d  b r ie f ly  a t  p H  11 , t h e  p H  r e d u c e d  a g a i n  t o  7 a n d  t h e  

s u s p e n s io n  f r e e z e - d r ie d .  T h e  f i l t r a t e  w a s  d i a l y s e d  f o r  5  h  a g a i n s t  10  1 o f  0 - 0 lM - N a C l ,  

c e n t r i f u g e d  3 0  m in  a t  6 0  0 0 0 g  a n d  f r e e z e - d r ie d .  S a l t  w a s  r e m o v e d  a s  d e s c r i b e d  b y  

P o r a t h  & F l o d i n  ( 1 9 5 9 ) .  T h e  y ie ld  o f  t h e  s o lu b le  f r a c t i o n  w a s  a p p r o x i m a t e l y  0 -4  g  

o r  2 0  % .

T h e  e ffe c t  o f  p r e c i p i t a t i o n  a t  p H  4-7  o n  « . - c a s e in  

B e f o r e  t r e a t m e n t  w it h  r e n n in  a p p r o x i m a t e l y  10  %  o f  t h e  t o t a l  n i t r o g e n  o f  /c -c a se in  

w a s  s o lu b le  a t  p H  4-7  ( P ig .  1). T h i s  s o lu b le  m a t e r i a l  w a s  a p p a r e n t l y  n o t  /c -c a se in  

b e c a u s e  t h e  s o lu t io n  d e v e lo p e d  n o  t u r b i d i t y  w h e n  t r e a t e d  w it h  r e n n in  a t  p H  7 , 

w h i le  a  /c -c a se in  s o lu t io n  w it h  h a l f  t h e  n i t r o g e n  c o n t e n t  (4  m g  N / 1 0 0  m l)  b e c a m e  

d i s t i n c t l y  t u r b i d  u n d e r  t h e s e  c o n d i t io n s .  A l s o  t h e  d i lu t e  /c -c a se in  s o lu t io n  w a s  t u r b i d  

a t  p H  4-7  w h ile  t h e  o t h e r  p r e p a r a t io n  w a s  c le a r .

F i f t y  m l  o f  a  4 %  s o lu t io n  o f  /c -c a se in  w a s  a d ju s t e d  t o  p H  4-7  w it h  0 T n - H C 1 a n d  

t h e  p r e c i p i t a t e d  p r o t e in  s e p a r a t e d  b y  f i l t r a t io n .  T h e  p r e c i p i t a t e  w a s  d i s s o l v e d  a t  

p H  7 - 7 - 5  b y  t h e  a d d i t i o n  o f  0-1 N - N a O H  a n d  a g a i n  p r e c i p i t a t e d  a t  p H  4 -7 . A f t e r  

f o u r  p r e c i p i t a t i o n s  t h e  c o m b in e d  f i l t r a t e s  w e r e  c e n t r i f u g e d  f o r  3 0  m in  a t  6 0  0 0 0 g , 

a d j u s t e d  t o  p H  7 w it h  O T isr -N a O H  a n d  f r e e z e - d r ie d .  S a l t  w a s  r e m o v e d  a s  d e s c r ib e d  

b y  P o r a t h  &  F l o d in  ( 1 9 5 9 ) .  T h e  y ie ld  w a s  a p p r o x i m a t e l y  0-3  g  o r  1 5  % .

T h e  p r e c i p i t a t e d  /c -c a se in  c o n t a in e d  m o r e  m a t e r i a l  in s o lu b le  a t  p H  7 - 7 - 5  a f t e r  

e a c h  p r e c i p i t a t i o n .  T h e  f in a l  p r e c i p i t a t e  w a s  d i s p e r s e d  a t  p H  7 a n d  c e n t r i f u g e d  f o r  

3 0  m in  a t  6 0  0 0 0 g .  T h e  s e d im e n t  w a s  s u s p e n d e d  a t  p H  7 a n d  f r e e z e - d r ie d .  T h e  

s u p e r n a t a n t  w a s  f r e e z e - d r ie d ,  y ie ld in g  a p p r o x i m a t e l y  0-8  g  o r  a p p r o x i m a t e l y  4 0 %  

o f  a p p a r e n t l y  u n c h a n g e d  /c -c a se in  ( p a p e r  e le c t r o p h o r e s i s ) .

T h e  s o lu b le  a n d  i n s o l u b l e  f r a c t i o n s  f r o m  « - c a s e i n  

T h e  in s o lu b le  f r a c t i o n s  r e s u l t in g  f r o m  t h e  t r e a t m e n t  o f  /c -c a se in  w it h  u r e a  a n d  

f r o m  r e p e a t e d  p r e c i p i t a t i o n  a t  p H  4-7  w e r e  c o m p a r e d  w it h  p a r a - /c - c a s e in  b y  p a p e r  

e le c t r o p h o r e s i s  o n  W h a t m a n  3 M M  p a p e r  in  0 - 0 1 m - K O H - 0 - 0 1 m - K C 1 ( p H  1 1 -7 ). T h e  

p a t t e r n s  a r e  s h o w n  in  P l a t e  1. T h e  t h r e e  in s o lu b le  f r a c t i o n s  h a d  s i m i la r  m o b i l i t i e s  

w h ic h  w e r e  le s s  t h a n  t h a t  o f  /c -c a se in , s u g g e s t i n g  s t r o n g l y  t h a t  p a r a - /c - c a s e in  h a d  b e e n  

f o r m e d  b y  t h e  t r e a t m e n t  w it h  u r e a  a n d  b y  p r e c i p i t a t i o n  a t  p H  4 -7 .

T h e  s o lu b le  f r a c t i o n s  o b t a i n e d  f r o m  /c -c a se in  b y  t r e a t m e n t  w it h  r e n n in ,  w it h  u r e a ,

A ction  of renn in  on casein
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a n d  b y  p r e c i p i t a t i o n  w e r e  c o m p a r e d  b y  p a p e r  e l e c t r o p h o r e s i s  o n  W h a t m a n  3 M M  

p a p e r  in  v e r o n a l  b u f fe r  ( io n ic  s t r e n g t h  0 -0 2 , p H  8 -6 ). T h e  t h r e e  p r e p a r a t io n s  g a v e  

s i m i la r  p a t t e r n s  ( P la t e  2 ) . T h e  b u l k  o f  t h e  m a t e r i a l  m o v e d  t o w a r d s  t h e  c a t h o d e  u n d e r  

t h e s e  c o n d i t io n s  in  c o n t r a s t  t o  x r-case in  w h ic h  m o v e d  t o w a r d s  t h e  a n o d e .

T h e  s o lu b le  f r a c t i o n s  w e r e  a n a l y s e d  f o r  t o t a l  n i t r o g e n  ( K je l d a h l ) ,  t o t a l  p h o s p h o r u s  

( F i s k e  &  S u b b a r o w ,  1 9 2 5 ) , a r g in in e  ( M a c p h e r s o n ,  1 9 4 6 )  a n d  s i a l i c  a c i d  e x p r e s s e d  a s  

A7- a c e t y l  n e u r a m in ic  a c i d  ( W a r r e n ,  1 9 5 9 ) . T h e  r e s u l t s  a r e  g iv e n  in  T a b l e  1.

T a b l e  1. N i t r o g e n ,  p h o s p h o r u s ,  a r g i n i n e  a n d  s i a l i c  a c i d  c o n te n t s  o f  th e  s o lu b le  c o m p o n e n t s  

o b t a in e d  f r o m  K - c a s e in  b y  t r e a t m e n t  w it h  r e n n i n ,  u r e a  o r  p r e c i p i t a t i o n  a t  p H  4-7

Fraction  freed from 
x-casein by % N % P

0//o
arginine

%  sialic 
acid

(1) Rennin 13-6 0-8 2-9 3-8
(2) U rea 141 0-8 2-4 3 1
(3) Pptn . a t  pH  4 ’7 13-4 0-6 2-3 2-1

T h e  s o lu b le  s a m p l e  p r e p a r e d  b y  p r e c i p i t a t i o n  o f  x r-case in  a t  p H  4-7  c o n t a in e d  le s s  

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

a c i d  t o  p h o s p h o r u s  w a s  s i m i l a r  f o r  e a c h .  T h i s  s u g g e s t s  t h a t  t h i s  s a m p l e  m a y  h a v e  

c o n t a in e d  o t h e r  m a t e r i a l  d e f ic ie n t  in  b o t h  s i a l i c  a c id  a n d  p h o s p h o r u s .  H o w e v e r ,  t h e  

r e s t  o f  t h e  d a t a  a n d  t h e i r  e l e c t r o p h o r e t i c  p r o p e r t i e s  ( P la t e  2 ) i n d i c a t e d  t h a t  t h e  

t h r e e  s a m p l e s  w e r e  a t  l e a s t  v e r y  s im i la r .  T h i s  f a c t ,  t o g e t h e r  w it h  t h e  f o r m a t i o n  o f  

m a t e r i a l  c lo s e ly  r e s e m b l in g  p a ra -x r - c a se in  d u r in g  t h e  p r e c i p i t a t i o n  o f  x r-case in  o r  i t s  

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

x :-c a se in  b y  t h e s e  t r e a t m e n t s  a s  w a s  r e l e a s e d  b y  t h e  a c t io n  o f  r e n n in .  I f  t h e  e n z y m e  

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

t h e n  i n a c t i v a t i n g  t h e  e n z y m e  m ig h t  b e  e x p e c t e d  t o  r e v e r s e  t h e  p r o c e s s  a n d  c a u s e  a  

d e c r e a s e  in  t h e  s o lu b le  n i t r o g e n .

T h e  e ffe c t  o f  h e a t i n g  a  r e n n i n - c a s e i n  m i x t u r e  o n  th e  r e l e a s e  o f  s o lu b le  n i t r o g e n  

B e c a u s e  a g g r e g a t i o n  a c c o m p a n i e d  t h e  r e le a s e  o f  s o lu b le  n i t r o g e n  f r o m  xr-case in  

a n d  t h e  a g g r e g a t e s  w e r e  d i f f ic u l t  t o  d i s p e r s e ,  w h o le  c a s e in  w a s  u s e d  t o  c h e c k  t h e  

p o s s i b i l i t y  o f  r e v e r s a l  o f  t h e  r e le a s e  o f  s o lu b le  n i t r o g e n .  T h e  s lo w e r  a p p e a r a n c e  o f  

n i t r o g e n  s o lu b le  in  1 2 %  T C A  c o m p a r e d  w it h  t h a t  s o lu b le  a t  p H  4-7  i n d i c a t e d  t h e  

l ik e l ih o o d  o f  a  b r e a k d o w n  o f  t h e  r e l e a s e d  m a t e r i a l  a f t e r  i t  h a d  b e e n  f r e e d .  T o  m i n i 

m iz e  t h i s  e f f e c t  a  lo w  c o n c e n t r a t io n  o f  r e n n in  w a s  u s e d .

A  2  %  w h o le  c a s e in  s o lu t io n  w a s  t r e a t e d  w it h  r e n n in  (0 -0 7  p g / m l )  a t  p H  7 a n d  

d u p l i c a t e  p o r t i o n s  t a k e n  a t  i n t e r v a l s  t o  d e t e r m in e  t h e  r a t e  o f  r e le a s e  o f  n i t r o g e n  

s o lu b le  a t  p H  4 -7 . O n e  s e r ie s  w a s  h e a t e d  f o r  4 - 5  m in  a t  8 0  °C  b e fo r e  p r e c i p i t a t i n g  t h e  

c a s e in  a n d  a n o t h e r  s e r ie s  n o t  h e a t e d .  T h e  r e s u l t s  ( F i g .  2 ) s h o w  t h a t  t h i s  c o n c e n t r a t io n  

o f  r e n n in  r a p i d l y  r e le a s e d  a p p r o x i m a t e l y  2  %  o f  th e  c a s e in  n i t r o g e n .  H e a t i n g  p r io r  

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

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

W h e n  a  h ig h e r  c o n c e n t r a t io n  o f  r e n n in  (1 -1 4  p g / m l )  w a s  u s e d ,  t h e  s o lu b le  n i t r o g e n  

in  f i l t r a t e s  f r o m  h e a t e d  a n d  n o n - h e a t e d  p o r t i o n s  w a s  2 -6  a n d  3 - 4 %  r e s p e c t iv e l y  

a f t e r  5 m in  r e a c t i o n  a n d  4-9 a n d  5-1 %  r e s p e c t iv e l y  a f t e r  3 0  m in .  T h i s  f ig u r e  o f  5 %
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Fig . 2. The effect o f heating to 8 0 °C for 5 min on the nitrogen soluble a t  pH  4-7 in a  2 %  
solution o f whole casein containing 0'07 /¿g o f  rennin per ml (25 °C and pH  7). O . Non-heatod 
sam ples; • ,  heated sam ples.

F ig . 3. The release o f soluble nitrogen from  whole casein by  successive treatm ents of 10 min 
duration with rennin (0-07 p.g/ml) a t  25 °C and pH  7. O . Nitrogen soluble a t  pH  4-7 before 
heating; • ,  nitrogen soluble a t  pH  4-7 after heating; A, nitrogen soluble in 12%  TCA before 
heating; A , nitrogen soluble in 12%  TCA after heating.
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a g r e e s  w it h  t h a t  f o u n d  b y  A l a i s  e t a l .  ( 1 9 5 3 )  f o r  t h e  a m o u n t  o f  s o lu b le  n i t r o g e n  t h a t  

c o u ld  b e  r e l e a s e d  f r o m  w h o le  c a s e in  b y  r e n n in .

T h e  lo w e r  c o n t e n t  o f  s o lu b le  n i t r o g e n  in  t h e  h e a t e d  s a m p l e s  w a s  c o n s i s t e n t  w it h  

t h e  e x p e c t e d  r e c o m b in a t io n  o f  t h e  f r e e d  f r a c t i o n  w it h  t h e  c a s e in .  I f  t h i s  w e r e  s o  

t h e n  i t  s h o u ld  b e  p o s s ib le  t o  r e le a s e  i t  a g a i n  b y  a d d i n g  m o r e  r e n n in .

T o  t e s t  t h i s  p o s s i b i l i t y  a  2  %  w h o le  c a s e in  s o lu t io n  ( p H  7 ) w a s  t r e a t e d  w it h  r e n n in  

(0 -0 7  /x g /m l) , a n d  a f t e r  10  m in  t h e  e n z y m e  w a s  i n a c t i v a t e d  b y  h e a t i n g  a s  d e s c r i b e d .  

T h e  m i x t u r e  w a s  c o o le d ,  f r e s h  r e n n in  a d d e d  (0 -0 7  /x g /m l)  a n d  t h e  r e a c t i o n  s t o p p e d  

a g a i n  a f t e r  10  m in .  I n  t h i s  w a y  t h e  c a s e in  s o lu t io n  w a s  g iv e n  f iv e  s e p a r a t e  t r e a t m e n t s  

w it h  r e n n in .  P o r t io n s  w e r e  r e m o v e d  b e fo r e  a n d  a f t e r  i n a c t i v a t i o n  o f  t h e  e n z y m e  e a c h  

t im e  a n d  t h e  s o lu b le  n i t r o g e n  d e t e r m in e d .  I n  o n e  s e r ie s  t h e  c a s e in  w a s  p r e c i p i t a t e d  

a t  p H  4-7 a n d  in  a n o t h e r  w it h  12  %  T C A . T h e  r e s u l t s  a r e  g iv e n  in  F i g .  3 . T h e  a m o u n t s  

o f  n i t r o g e n  s o lu b le  in  12  %  T C A  r e l e a s e d  b y  e a c h  a d d i t i o n  o f  e n z y m e  w e r e  a p p r o x i 

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

t h i s  t h e  n i t r o g e n  s o lu b le  a t  p H  4-7  w a s  a l w a y s  h ig h e r  b e fo r e  h e a t i n g  t h a n  a f t e r ,  

a l t h o u g h  t h e  d i f fe r e n c e  b e c a m e  le s s  w it h  in c r e a s in g  n u m b e r  o f  e n z y m e  t r e a t m e n t s .  

E x t r a p o l a t i o n  i n d i c a t e d  t h a t  t h e  t w o  w o u ld  c o in c id e  a t  5  %  o f  t h e  c a s e in  n i t r o g e n ,  

w h ic h  i s  t h e  t o t a l  a m o u n t  o f  s o lu b le  n i t r o g e n  a v a i l a b l e  f o r  r e l e a s e  ( A la i s  e t a l .  1 9 5 3  

a n d  p r e s e n t  p a p e r ) .

T h e  a m o u n t  o f  n i t r o g e n  s o lu b le  a t  p H  4-7  f o u n d  a f t e r  t h e  f i f t h  t r e a t m e n t  w a s  

2-3  %  o f  t h e  c a s e in  n i t r o g e n .  H o w e v e r ,  t h e  s u m  o f  t h e  a m o u n t s  f r e e d  b y  t h e  s e p a r a t e  

r e n n in  t r e a t m e n t s ,  w h ic h  r e p r e s e n t s  t h e  t o t a l  a m o u n t  t h a t  h a d  a c t u a l l y  b e e n  r e 

l e a s e d  b y  t h e  e n z y m e  d u r in g  t h e  c o u r s e  o f  t h e  e x p e r im e n t ,  w a s  4 -7  %  o f  t h e  c a s e in  

n i t r o g e n .  I n  a  s e p a r a t e  e x p e r im e n t  in  w h ic h  t h e  n u m b e r  o f  e n z y m e  t r e a t m e n t s  w a s  

n in e ,  t h e  t o t a l  n i t r o g e n  r e le a s e d  w a s  8 %  w h ile  t h e  n i t r o g e n  c o n t e n t  o f  t h e  f i l t r a t e  

a f t e r  t h e  n in t h  a d d i t i o n  o f  r e n n in  w a s  4-3  %  a n d  f e l l  t o  3-9  %  o n  h e a t in g .

DISCUSSION

T h e  e x p e r im e n t s  in  w h ic h  w h o le  c a s e in  w a s  s u b je c t e d  t o  s u c c e s s iv e  t r e a t m e n t s  

w it h  r e n n in  s h o w  c le a r ly  t h a t  p a r t  o f  t h e  m a t e r i a l  r e l e a s e d  b y  t h e  e n z y m e  i s  b o u n d  b y  

t h e  c a s e in  w h e n  t h e  m i x t u r e  i s  h e a t e d .  S in c e  a  s u f f i c ie n t  n u m b e r  o f  r e n n in  t r e a t m e n t s  

a p p e a r s  t o  s e t  f r e e  m o r e  s o lu b le  n i t r o g e n  t h a n  i s  a v a i l a b l e  f o r  r e l e a s e ,  i t  i s  a p p a r e n t  

t h a t  t h e  p o r t io n  t h a t  i s  b o u n d  o n  h e a t i n g  i s  r e l e a s e d  a g a i n  d u r in g  t h e  s u b s e q u e n t  

e n z y m e  t r e a t m e n t s .  T h i s  s u g g e s t s  s t r o n g l y  t h a t  t h e  o r ig in a l  c a s e in  c o m p le x  i s  r e 

f o r m e d  u n d e r  t h e s e  c o n d i t io n s  a n d ,  t h e r e fo r e ,  t h a t  c o v a le n t  b o n d s  a r e  n o t  b r o k e n  in  

r e le a s in g  t h e  s o lu b le  m a t e r i a l .

T h e  d i f fe r e n c e  b e tw e e n  t h e  n i t r o g e n  c o n t e n t s  o f  t h e  h e a t e d  a n d  n o n - h e a t e d  s a m p le s  

r e p r e s e n t s  t h e  a m o u n t  t h a t  r e c o m b in e s .  H o w e v e r ,  a s  t h e  r e n n in  a c t i o n  p r o c e e d s ,  t h e  

n i t r o g e n  s o lu b le  a t  p H  4-7 l o s e s  i t s  a b i l i t y  t o  r e - fo r m  t h e  c a s e in  c o m p le x  ( F i g s .  2 , 3 ) , 

i n d i c a t i n g  t h a t  i t  i s  a l t e r e d  b y  t h e  e n z y m e .  F u r t h e r  e v id e n c e  t h a t  t h i s  i s  s o  i s  

o b t a i n e d  f r o m  t h e  f a c t  t h a t  t h e  n i t r o g e n  s o lu b le  in  1 2 %  T C A  f o r m s  a  c o n s t a n t  

p r o p o r t io n  o f  t h e  n i t r o g e n  s o lu b le  a t  p H  4-7 t h a t  i s  f o u n d  a f t e r  h e a t in g ,  i .e .  t h e  

n i t r o g e n  t h a t  c a n  n o  lo n g e r  r e c o m b in e  w it h  t h e  p a r a - c a s e i n .  A l s o ,  t h e  n i t r o g e n  

w h ic h  c a n n o t  r e - fo r m  t h e  c a s e in  c o m p le x  a p p e a r s  i n i t i a l l y  a t  a  s lo w e r  r a t e  t h a n  t h e  

t o t a l  n i t r o g e n  r e le a s e d ,  b u t  l a t e r  i t  a p p e a r s  a t  a  f a s t e r  r a t e  ( F ig .  2 ) .
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T h a t  p o r t i o n  o f  t h e  n i t r o g e n  r e l e a s e d  f r o m  c a s e in  b y  r e n n in  w h ic h  i s  s o lu b le  in  

1 2 %  T G A  w a s  s h o w n  b y  A l a i s  (1 9 5 6 )  a n d  N i t s c h m a n n ,  W is s m a n n  &  H e n z i  (1 9 5 7 )  

t o  c o n s i s t  a l m o s t  e x c l u s i v e l y  o f  a  s in g le  p e p t i d e  w it h  a  m o le c u la r  w e ig h t  in  t h e  r e g io n  

o f  8 0 0 0  a n d  c o n t a in in g  s i a l i c  a c i d  a n d  o t h e r  c a r b o h y d r a t e  m a t e r i a l .  I t  s e e m s  m o s t  

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

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

t h e  c a s e in .  S in c e  t h e  g l y c o p e p t i d e  d o e s  n o t  r e c o m b in e  w it h  t h e  p a r a - c a s e i n  o n  h e a t i n g  

( F i g .  3 ) ,  i t  i s  m o s t  l ik e ly  f o r m e d  b y  t h e  r u p t u r e  o f  a  c o v a l e n t  b o n d ;  G a m i e r ,  M o c q u o t  

&  B r i g n o n  (1 9 6 2 )  h a v e  s u g g e s t e d  a n  e s t e r  b o n d .

T h e  e x p e r im e n t s  w it h  /c -c a se in  p r o v i d e  c o n s id e r a b le  s u b s t a n t i a t i o n  f o r  t h e  a b o v e  

h y p o t h e s i s .  P r e c ip i t a t i o n  o f  t h e  p r o t e in  a t  p H  4-7  o r  t r e a t m e n t  w it h  u r e a  r e l e a s e s  

m a t e r i a l  w h ic h  c o n t a i n s  s i a l i c  a c i d  a n d  w h ic h  i s  v e r y  s im i la r  t o  t h e  m a t e r i a l  s p l i t  o f f  

b y  r e n n in .  A t  t h e  s a m e  t im e  in s o lu b le  m a t e r i a l  w h ic h  m a r k e d l y  r e s e m b le s  p a ra - /c -  

c a s e in  i s  f o r m e d .  T h i s  i n d i c a t e s  t h a t  «r -ca se in  i s  n o t  a  s in g le  p r o t e in  b u t  a  c o m p le x  

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

c o m p le x  w o u ld  e x p l a in  t h e  e le c t r o p h o r e t ic  h e t e r o g e n e i t y  o b s e r v e d  in  K -c a se in  p r e 

p a r a t i o n s  u n d e r  d i s a g g r e g a t in g  c o n d i t io n s  ( L i b b e y  &  A s h w o r t h ,  1 9 6 1 ;  N e e l in ,  R o s e  

&  T e s s i e r ,  1 9 6 2 ) . I n  t h e  p r e s e n c e  o f  r e n n in  t h e  g ly c o p e p t i d e  a p p e a r s  i n i t i a l l y  a t  a  

s lo w e r  r a t e  t h a n  d o e s  t h e  n i t r o g e n  s o lu b le  a t  p H  4-7 b u t  l a t e r  i t  a p p e a r s  m o r e  r a p i d l y  

( F i g .  1 ), a g a i n  i n d i c a t i n g  t h a t  i t  i s  f o r m e d  f r o m  m a t e r i a l  t h a t  i s  f i r s t  r e l e a s e d  b y  t h e  

e n z y m e .

T h e  f i r s t  s p e c i f i c  a c t i o n  o f  r e n n in  o n  c a s e in  th e r e f o r e  a p p e a r s  t o  b e  t h e  r a p i d  

d i s r u p t i o n  o f  t h e  « - c a s e i n  c o m p le x  b y  t h e  o p e n in g  o f  t h e  s e c o n d a r y  b o n d s  r e s p o n s ib le  

f o r  i t s  s t a b i l i t y .

T h e  a u t h o r s  w is h  t o  t h a n k  M r  G . L o f t u s  H i l l s ,  M r  R .  D .  H i l l  a n d  D r  N .  S n o w , 

D iv i s i o n  o f  D a i r y  R e s e a r c h ,  C . S . I . R .O . ,  f o r  h e lp fu l  d i s c u s s io n  d u r in g  t h e  p r e p a r a t io n  

o f  t h e  m a n u s c r ip t .  T h a n k s  a r e  a l s o  d u e  t o  t h e  B o a r d  o f  D ir e c t o r s ,  T h e o d o r - K o c h e r  

I n s t i t u t e ,  B e r n e ,  f o r  p r o v i d i n g  f a c i l i t i e s  f o r  o n e  o f  u s  ( R .  B . )  a t  t h e  I n s t i t u t e .

A ction  of rennin  on casein
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EXPLANATION OF PLATES
P la te  1

Paper-electrophoresis patterns o f «-casein and the insoluble fractions resulting from  treatm ent o f the 
protein with rennin, urea and precipitation a t  pH  4-7. The sam ples were run in K 0H -K C 1 buffer at 
pH  11-7 ( ¡i, =  0-02) for 16 h a t  150 V. A, «-casein; B , fraction from  treatm ent with rennin; C, fraction 
from  treatm ent with u rea ; D , fraction obtained by  precipitation a t  pH  4-7.

P la te  2

Paper-electrophoresis patterns of «-casein and the soluble fractions resulting from  treatm ent o f the 
protein with rennin, urea and precipitation at pH  4-7. The sam ples were run in veronal-acetate buffer at 
pH  8-6 (ft =  0-02) for 16 h a t  200 V. A, «-casein; B , fraction from treatm ent with urea; C, fraction 
obtained by  precipitation a t  pH  4-7; D , fraction from treatm ent with rennin.

P rin ted  in  Great B r ita in
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A c tio n  o f re n ne t and o th e r p ro te o ly t ic  enzym es on 
casein in  ca se in -a g a r gels

B y  G . C . C H E E S E M A JS T

N a t i o n a l  I n s t i t u t e  f o r  R e s e a r c h  i n  D a i r y i n g ,  S h i n f i e l d ,  R e a d i n g  

( R e c e iv e d  3  A u g u s t  1 9 6 2 )

S u m m a r y . A  s e r i e s  o f  p r e c i p i t a t i o n  z o n e s  a p p e a r s  w h e n  p r o t e o l y t i c  e n z y m e s  d i f fu s e  

t h r o u g h  a n  a g a r  g e l  c o n t a in in g  1 %  w h o le  c a s e in  a n d  1 0 - 2 0  m M -e a lc iu m  c h lo r id e .  

A s  t h e  e n z y m e  d i f fu s e s  t h r o u g h  t h e  g e l  t h e  c a s e in  s t a b i l i t y  c h a n g e s  g i v i n g  f i r s t  a  

p r e c i p i t a t e  w h ic h  s u b s e q u e n t l y  r e d i s s o l v e s  f o l lo w e d  b y  a  s e c o n d  p r e c i p i t a t e  w h ic h  

a l s o  r e d i s s o lv e s .  T h e  f i r s t  o r  o u t e r m o s t  z o n e  o f  p r e c i p i t a t i o n  o c c u r s  a t  t h e  p e r ip h e r y  

o f  t h e  a r e a  o f  t h e  d i f f u s e d  e n z y m e .  U s i n g  a  h ig h  e n z y m e  c o n c e n t r a t io n  a l l  f o u r  z o n e s ,  

t w o  o f  p r e c i p i t a t i o n  a n d  t w o  o f  s u b s e q u e n t  c le a r in g ,  a r e  v i s i b l e  in  a b o u t  2 4  h . T h e  

p r o p o r t i o n  o f  t h e  t o t a l  n i t r o g e n  w h ic h  o c c u r s  a s  n o n - p r o te in  n i t r o g e n  (n .p .r .) in  t h e  

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

r e n n e t  a c t i o n  o n  c a s e in  s o lu t io n s .

T h e  n a t u r e  o f  t h e  c h e m ic a l  a n d  p h y s i c a l  c h a n g e s  w h ic h  t a k e  p l a c e  w h e n  a  g e l  o r  

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

m a in l y  o b s c u r e .  I t  i s  w e ll  e s t a b l i s h e d  t h a t  r e l e a s e  o f  n .p .n . b y  t h e  e n z y m e  p r e 

c e d e s  g e l  f o r m a t i o n  ( A la i s ,  M o c q u o t ,  N i t s c h m a n n  &  Z a h le r ,  1 9 5 3 )  a n d  t h a t  t h i s

N.P.N. i s  r e l e a s e d  m a in l y  f r o m  o n e  s p e c i f i c  c a s e in  f r a c t i o n ,  « - c a s e in  ( W a k e ,  1 9 5 9 ) . 

T h e  « - c a s e in  a p p e a r s  t o  m a in t a i n  t h e  s t a b l e  c o l lo id a l  m ic e l le  s y s t e m  in  m i lk  b y  

f o r m in g  a  c o m p le x  w it h  t h e  l e s s  s t a b l e  c a s e in  c o m p o n e n t s  ( W a u g h  &  v o n  H ip p e l ,  

1 9 5 6 ) .

T h e  c o l lo id a l  p r o t e in  s y s t e m  a n d  t h e  f o r m a t i o n  a n d  s t r u c t u r e  o f  t h e  g e l  a r e  i n 

f lu e n c e d  b y  c a l c iu m  io n  c o n c e n t r a t io n  a n d  t e m p e r a t u r e .  T e m p e r a t u r e  d e p e n d e n c e  i s  

s h o w n  b y  t h e  i n c r e a s e d  s t a b i l i t y  o f  m i lk  t o  t h e  a c t i o n  o f  r e n n e t  b e lo w  1 0 - 1 5 °C  

( B e r r id g e ,  1 9 4 2 ) .  T h i s  s e e m s  t o  b e  a  c o n s e q u e n c e  o f  t h e  h ig h  a c t i v a t i o n  e n e r g y  r e 

q u i r e d  f o r  t h e  a g g r e g a t i o n  o f  r e n n e t - t r e a t e d  « - c a s e i n  s o lu t io n s  a t  t e m p e r a t u r e s  o f  

10  °C  o r  b e lo w  ( C h e e s e m a n , 1 9 6 2 ) .

D u r i n g  a n  a t t e m p t  t o  d e v e lo p  a n  a g a r  d i f fu s io n  a s s a y  f o r  r e n n e t  i n t e r e s t in g  

p h e n o m e n a  w e r e  o b s e r v e d  w h ic h  m a y  h a v e  s o m e  b e a r i n g  o n  t h e  b e h a v i o u r  o f  c a s e in  

d u r i n g  a n d  a f t e r  r e n n e t  a c t io n .  T h e  e x p e r im e n t s  w e r e  d e s ig n e d  t o  m a k e  u s e  o f  t h e  

f a c t  t h a t  u n d e r  s u i t a b l e  c o n d i t io n s  c a s e in  r e m a in s  s o lu b le  in  t h e  p r e s e n c e  o f  m o d e r a t e  

c o n c e n t r a t io n s  o f  c a l c iu m  u n t i l  i t  i s  m o d i f ie d  b y  r e n n e t ,  w h e n  i t  b e c o m e s  in s o lu b le .  

T h e  e n z y m e  w a s  a l lo w e d  t o  d i f fu s e  in t o  a  g e l  c o n t a in in g  s o lu b le  c a s e in  a n d  a  z o n e  o f  

p r e c i p i t a t i o n  w a s  e x p e c t e d .  I n  f a c t  t w o  z o n e s  w e r e  o b s e r v e d .  T h i s  s e e m e d  w o r t h  

f u r t h e r  i n v e s t i g a t i o n .
Dairy Res. 30
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T h e  f o l lo w in g  h a v e  b e e n  t h e  s u b je c t s  o f  s h o r t  e x p e r im e n t s :

(1 )  T h e  f o r m a t i o n  o f  z o n e s  o f  p r e c i p i t a t i o n  b y  r e n n e t ,  p e p s in  a n d  t r y p s i n  in  a g a r  

g e l s  c o n t a in in g  w h o le  c a s e in  w it h  a n d  w it h o u t  a d d e d  c a lc iu m  c h lo r id e .

(2 )  T h e  l i b e r a t io n  o f  n .p .n . f r o m  c a s e in  b y  r e n n e t  in  t h e  g e l .

(3 )  T h e  e f fe c t  o n  z o n e  f o r m a t i o n  w h e n  p u r i f ie d  f r a c t i o n s  o f  c a s e in  w e r e  u s e d  in  

p l a c e  o f  w h o le  c a s e in .

(4 ) T h e  e f fe c t  o f  t e m p e r a t u r e  o n  z o n e  f o r m a t io n .

(5 )  T h e  m o d i f i c a t io n  o f  t h e  z o n e s  in  t h e  p r e s e n c e  o f  s o d iu m  d o d e c y l  s u l p h a t e ,  a  

d e t e r g e n t  w h ic h  w il l  i n t e r a c t  w it h  a n d  c a u s e  d i s s o c ia t io n  o f  p r o t e in  a g g r e g a t e s .

EXPERIMENTAL
A g a r  a s s a y  p l a t e s  w e r e  p r e p a r e d  in  t h e  m a n n e r  u s e d  f o r  a n t i b i o t i c  a s s a y s .  T h e  

m e d iu m  c o n t a in e d  a g a r  1 % ,  s o d iu m  a c e t a t e  0 - 1 m , s o d iu m  c a s e i n a t e  ( p r e p a r e d  f r o m  

ly o p h i l i z e d  a c i d - p r e c ip i t a t e d  w h o le  c a s e in )  1 % ,  c a l c iu m  c h lo r id e  10  m M . T h e  p H  

w a s  a d ju s t e d  f in a l ly  t o  5-7  b e fo r e  a d d i t i o n  o f  t h e  a g a r .  A  f in a l  p H  o f  6 T  w a s  a l s o  u s e d  

o n  o c c a s io n ,  a n d  2 0  m M -c a lc iu m  c h lo r id e  s o m e t im e s  in  p l a c e  o f  10  m M . U n d i lu t e d  

c o m m e r c ia l  r e n n e t  w a s  p u t  in t o  w e l l s  c u t  in  t h e  a g a r  p l a t e s  a n d  t h e  c m  m e  w a s  

a l lo w e d  t o  d i f fu s e  f o r  4 8  h  a t  r o o m  t e m p e r a t u r e .  F o r  e x p e r im e n t s  o n  t h e  p o s s i b i l i t y  

o f  d e v e lo p in g  a  m e t h o d  o f  a s s a y ,  d i lu t io n s  o f  t h e  c o m m e r c ia l  r e n n e t  s o lu t io n s  u p  t o  

1 /1 0 0 0  w e r e  u s e d .

W h e n  e x p e r im e n t s  w e r e  d o n e  w i t h o u t  c a l c iu m  c h lo r id e  in  t h e  a g a r  t h e  p l a t e s  w e r e  

f lo o d e d  a f t e r  t h e  d i f fu s io n  p e r io d  w it h  a  s o lu t io n  o f  c a l c iu m  c h lo r id e  (2 0  m M ). 

S o l u t i o n s  o f  p e p s in  ( A r m o u r  P h a r m a c e u t i c a l  C o .)  a n d  t r y p s i n  ( B r i t i s h  D r u g  H o u s e s  

L t d . )  w e r e  p r e p a r e d  b y  d i s s o l v i n g  t h e  c r y s t a l l in e  e n z y m e s  in  t h e  b u f fe r  u s e d  f o r  

m a k i n g  u p  t h e  a g a r .

T h e  l ib e r a t io n  o f  n .p .n . b y  e n z y m e  a s  i t  d i f fu s e d  t h r o u g h  t h e  c a s e i n - a g a r  g e l  w a s  

d e t e r m in e d  b y  e x t r a c t i n g  e x c i s e d  p o r t i o n s  o f  t h e  g e l  w it h  a  r e l a t i v e l y  s m a l l  v o lu m e  

o f  t r i c h lo r o a c e t ic  a c i d  ( T C A )  o f  s u f f i c ie n t  c o n c e n t r a t io n  t o  g iv e  a  f in a l  c o n c e n t r a t io n  

o f  2 %  in  t h e  m i x t u r e .  T h e  s o lu b le  n i t r o g e n  w a s  d e t e r m in e d  b y  t h e  m i c r o - K je l d a h l  

m e t h o d .  T h e  r a t e  o f  r e l e a s e  o f  n .p .n . f r o m  c a s e in  in  s o lu t io n  w a s  d e t e r m in e d  u n d e r  

c o n d i t io n s  a p p r o x i m a t i n g  t o  t h o s e  in  t h e  a g a r  g e l s ,  n a m e ly ,  1 %  c a s e in ,  0 T  M - a e e ta te  

b u f fe r  a t  a  f in a l  p H  o f  5-7 a n d  2 0  m M -c a lc iu m  c h lo r id e  o r  n o  c a lc iu m  c h lo r id e .  T h e  

s o lu t io n s  w e r e  p r e s e r v e d  w it h  0 -0 0 1  M - th io m e r s a l .  T h i s  c o n c e n t r a t io n  w a s  s h o w n  t o  

h a v e  n o  e f f e c t  o n  t h e  c lo t t in g  o f  m i lk .  U n d i lu t e d  c o m m e r c ia l  r e n n e t  (0 -1 2 5  m l)  w a s  

a d d e d  t o  2 0  m l  o f  t h e  c a s e in  s o lu t io n  a n d  t h e  n .p .n . d e t e r m in e d  f r o m  t im e  t o  t im e  

o v e r  a  p e r io d  o f  5 2  h .

a - C a s e in  w a s  p r e p a r e d  b y  t h e  u r e a  m e t h o d  o f  H i p p ,  G r o v e s ,  C u s t e r  &  M c M e e k in

(1 9 5 2 )  a n d  w o u ld  th e r e f o r e  b e  e x p e c t e d  t o  c o n t a in  « - c a s e in .  /3 -C a se in  w a s  s u p p l i e d  

b y  D r  R .  A s c h a f f e n b u r g  o f  t h i s  I n s t i t u t e .  « - C a s e in  w a s  p r e p a r e d  b y  t h e  m e t h o d  o f  

C h e e s e m a n  ( 1 9 6 2 ) .  T h e  a -  a n d  /3 -c a se in s  w e r e  t e s t e d  in  t h e  a b s e n c e  o f  c a lc iu m  a t  a  

f in a l  p H  o f  6-1 s in c e  s o lu t io n  o f  t h e s e  f r a c t i o n s  w a s  d i f f i c u l t  a t  p H  5 -7 . T h e  « - c a s e in ,  

h o w e v e r ,  r e m a in e d  s o lu b le  a t  p H  5-7  a n d  w a s  t h e r e f o r e  t e s t e d  b y  t h e  f i r s t  m e t h o d ,  

n a m e l y  w it h  1 0  m M -c a lc iu m  c h lo r id e  in  t h e  a g a r  a n d  a  f in a l  p H  o f  5-7 .

A n  i n d ic a t io n  o f  t h e  e f f e c t  o f  t e m p e r a t u r e  o n  t h e  p r o c e s s  w a s  o b t a i n e d  b y  a l lo w in g  

d i f fu s io n  t o  o c c u r  a t  4 ° C  f o r  4 8  h . A f t e r  o b s e r v a t i o n  t h e  e f f e c t  o f  a l lo w in g  t h e  p l a t e s  

t o  c o m e  t o  r o o m  t e m p e r a t u r e  w a s  n o t e d .
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T h e  e f f e c t  o f  s o d iu m  d o d e c y l  s u l p h a t e  (s .d .s .) o n  t h e  a p p e a r a n c e  o f  t h e  z o n e s  w a s  

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

a s  a  r e s u l t  o f  d i f fu s io n  f o r  4 8  h , a n d  f i l l in g  t h i s  c h a n n e l  w it h  a  c o n c e n t r a t e d  s o lu t io n  

o f  s .d .s . in  O T  M - a c e t a t e  b u f fe r  a t  t h e  a p p r o p r i a t e  p H .  T h e  s .d .s . w a s  t h e n  a l lo w e d  t o  

d i f fu s e  o v e r n ig h t  a t  r o o m  t e m p e r a t u r e .

R E SU L T S

(1 ) D if f u s io n  o f  r e n n e t  t h r o u g h  a g a r  c o n t a in in g  w h o le  c a s e in .

T w o  z o n e s  o f  p r e c i p i t a t i o n  w e r e  p r o d u c e d  in  t h e  f o r m  o f  r i n g s  s e p a r a t e d  b y  a  

c i r c u la r  z o n e  o f  r e l a t i v e l y  c l e a r  a g a r  (P I . 1 ( i ) ) .  T h e  m e a n  d i a m e t e r s  o f  a l l  t h e  z o n e s  

in c r e a s e d  w it h  t h e  t im e  o f  d i f fu s io n  a n d  w it h  t h e  c o n c e n t r a t io n  o f  t h e  e n z y m e .  T h e  

r e c t i l in e a r  r e l a t i o n  b e tw e e n  t h e  z o n e  d i a m e t e r  a n d  t h e  e n z y m e  d i lu t io n  i s  i l l u s t r a t e d  

in  F i g .  1.

D iffusion  in  casein-agar gels

Fig . 1. A ssay  o f rennet by  diffusion through whole casein-agar gel. The relationship is shown 
between zone diam eter, after 16*5 h a t  room  tem perature, and enzyme dilution. F ive levels o f
dilution o f  commercial rennet solution and five replicates per dilution were used. # ------# ,
F itted  regression line; # ----# ,  95 % confidence lim its for a  single diam eter a t  a  given dilution.

(2 )  D if fu s io n  o f  e n z y m e s  t h r o u g h  a g a r  c o n t a in in g  w h o le  c a s e in .

( a )  R e n n e t .  I n  t h e  a b s e n c e  o f  a d d e d  c a l c iu m  o n ly  t h e  in n e r  z o n e  o f  p r e c i p i t a t i o n  

w a s  a p p a r e n t .  T h e  o u t e r  z o n e  a p p e a r e d  a f t e r  t h e  a g a r  w a s  f lo o d e d  w it h  c a lc iu m  

c h lo r id e  s o lu t io n  (P I . 2  ( i a ,  b ) ) .

( b )  P e p s i n .  T h e  r e s u l t s  h e r e  w e r e  s i m i la r  t o  t h o s e  w it h  r e n n e t ,  t h e  d i f fe r e n c e s  

b e in g  m e r e ly  q u a n t i t a t i v e  (P I . 2  ( i iu ) ) .

(c) T r y p s i n .  T h r e e  r i n g s  o f  p r e c i p i t a t i o n  a p p e a r e d  a f t e r  d i f fu s io n  a n d  a n  a d d i t i o n a l  

o u t e r  r in g  w a s  s e e n  o n ly  a f t e r  c a l c iu m  h a d  b e e n  a d d e d  (P I . 2  (ii& )).

(3 )  D i f f u s io n  o f  r e n n e t  t h r o u g h  a g a r  c o n t a in in g  p u r i f i e d  f r a c t i o n s  o f  c a s e in .

T h e  s o - c a l le d  a - c a s e in  p r o d u c e d  t w o  z o n e s  o f  p r e c i p i t a t i o n  e v e n  b e fo r e  c a lc iu m  h a d  

b e e n  a d d e d  (P I . 2  ( i i i a ) ) .  T h e  /3 -c a se in  s h o w e d  o n ly  a  s l i g h t  o p a c i t y  e x t e n d i n g  f r o m  

t h e  c e n t r e  t o  a  p o s i t io n  p r o b a b l y  c o r r e s p o n d in g  t o  t h e  i n t e r m e d ia t e  c le a r  z o n e  p r o 

d u c e d  in  w h o le  c a s e in  (P I . 2  ( i i i6 ) ) .  W a s h in g  w it h  c a l c iu m  c h lo r id e  s o lu t io n  d i d  n o t  

p r o d u c e  a n y  n e w  r in g s .  T h e  /c -c a se in  p r o d u c e d  z o n e s  s im i la r  t o  t h o s e  o b t a i n e d  w it h  

w h o le  c a s e in  u n d e r  t h e  s a m e  c o n d i t io n s .
2-2



(4 ) T h e  e f f e c t  o f  t e m p e r a t u r e  o n  z o n e  f o r m a t io n .

A t  4 ° C  o n ly  t h e  o u t e r m o s t  z o n e  o f  p r e c i p i t a t i o n  a p p e a r e d  in  c a s e i n - a g a r  c o n t a in in g  

c a l c iu m  c h lo r id e .  T h e  a r e a  w ith in  t h i s  z o n e  w a s  s im i la r  in  a p p e a r a n c e  t o  t h a t  o b t a i n e d  

w it h  /3 -c a se in . H o w e v e r ,  o n  a l lo w in g  t h e  c a s e i n - a g a r  t o  c o m e  t o  r o o m  t e m p e r a t u r e

2 0  G . C . C h e e s e m a n
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Fig. 2. Non-protein nitrogen (2 %  TCA soluble) in the zones obtained by rennet action in whole 
casein-agar gels. The values shown are averages from three separate experim ents. The columns 
numbered 1-5 correspond to : (1) the unattacked portion o f the gel; (2) the first or outer precipi
tation  zone; (3) the sm all interm ediate clear zone; (4) the inner precipitation zone; (5) the inner 
clear zone.

Fig. 3. Increase in 2 %  TCA soluble nitrogen during the action o f rennet 
on whole casein solutions.



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

t h e  in n e r m o s t  c l e a r  z o n e .  T h i s  r e a c t i o n  w a s  i r r e v e r s ib le .

(5 )  T h e  m o d i f i c a t io n  o f  t h e  z o n e s  b y  s o d iu m  d o d e c y l  s u lp h a t e .

T h e  c o m p le x  p a t t e r n s  p r o d u c e d  w h e n  s o d iu m  d o d e c y l  s u l p h a t e  w a s  a l lo w e d  t o  

d i f fu s e  in t o  t h e  z o n e s  a r e  s h o w n  in  P I .  1 (iira, b , c ) .  T h e r e  w e r e  t h r e e  a r e a s  o f  p r e c i p i t a 

t io n  b u t  t h e y  d i d  n o t  q u i t e  c o in c id e  w it h  t h e  p o s i t io n s  o f  t h e  o r ig in a l  z o n e s .

(6 )  T h e  c o n c e n t r a t io n  o f  n .p .n . p r e s e n t  in  t h e  v a r i o u s  z o n e s .

T h e s e  r e s u l t s  a r e  s h o w n  in  F i g .  2 f r o m  w h ic h  i t  i s  c le a r  t h a t  a  r e l a t i v e l y  l a r g e  

p r o p o r t io n  o f  n .p .n . w a s  f o u n d  in  t h e  in n e r  z o n e s  a n d  t h a t  e v e n  t h e  o u t e r m o s t  z o n e  

c o n t a in e d  a  s i g n i f i c a n t  p r o p o r t io n .

(7 ) R e l e a s e  o f  n .p .n . f r o m  w h o le  c a s e in  in  s o lu t io n .

T h e  r e le a s e  o f  n .p .n . f r o m  s o lu t io n s  o f  c a s e in  i s  s h o w n  in  F i g .  3 . T h e  r a t e  o f  i n c r e a s e  

a f t e r  i n c u b a t i o n  f o r  2 4  h  w a s  r e l a t i v e l y  s m a l l .
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D ISC U SSIO N

T h e  u s e  o f  a  d i f fu s io n  a s s a y  f o r  r e n n e t  d o e s  n o t  a p p e a r  t o  b e  a t t r a c t i v e .  T h e  

s e n s i t i v i t y  o f  t h e  m e t h o d  i s  p o o r  ( s e e  F i g .  1) a n d  in  t h i s  r e s p e c t  d o e s  n o t  c o m p a r e  

f a v o u r a b l y  w it h  t h e  m i lk - c l o t t i n g  t e c h n iq u e  (c f .  B e r r i d g e ,  1 9 5 2 )  w h ic h  r e m a i n s  t h e  

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

S e v e r a l  z o n e s  o f  p r e c i p i t a t i o n  d u r in g  t h e  d i f fu s io n  o f  r e a g e n t s  t h r o u g h  a  g e l  s u g g e s t  

L i e s e g a n g  r in g s .  H e r e ,  h o w e v e r ,  t h e  c o n d i t io n s  a r e  m o r e  c o m p le x  t h a n  t h e  d i f fu s io n  

o f  a  p a i r  o f  io n s  in t o  a n o t h e r  s a l t  s o lu t io n ,  f o r  w e  h a v e  n o t  o n ly  t h e  e n z y m e  i t s e l f  

d i f f u s in g  o u t w a r d s  b u t  p r o d u c t s  o f  i t s  a c t i v i t y  a l s o .  S o m e  o f  t h e s e  a r e  s m a l l e r  

m o le c u le s  a n d  w il l  d i f fu s e  m o r e  q u i c k ly  t h a n  t h e  e n z y m e .  A l t h o u g h  t h e  a m o u n t  o f

n .p .n . o b t a i n e d  f r o m  t h e  o u t e r m o s t  z o n e  w o u ld  s u g g e s t  t h a t  t h i s  z o n e  c o r r e s p o n d s  t o  

t h e  f i r s t  s t a g e  o f  e n z y m e  a c t io n ,  c o n s id e r a t io n  m u s t  b e  g iv e n  t o  t h e  p o s s i b l e  c o n 

t r i b u t i o n  o f  p r o d u c t s  o f  e n z y m e  d i g e s t io n  w h ic h  m a y  h a v e  d i f f u s e d  f r o m  r e g io n s  in  

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

C a s e in  s o lu t io n s  w it h  s i m i la r  p r o t e in ,  c a l c iu m  a n d  e le c t r o ly t e  c o n c e n t r a t io n s  a n d  

a t  s i m i la r  p H  v a l u e s  t o  t h o s e  o f  t h e  g e l s  a r e  a l m o s t  c le a r .  A d d i t io n  o f  e n z y m e  b r in g s  

a b o u t  o n ly  a  v e r y  s l i g h t  c lo u d in e s s ,  n o  p r e c i p i t a t i o n  o c c u r s ,  n o r  i s  t h e r e  a n y  o t h e r  

v i s i b l e  c h a n g e .  T h e  m a x im u m  a m o u n t  o f  n .p .n . r e l e a s e  i s ,  h o w e v e r ,  s i m i la r  t o  t h a t  

o b t a i n e d  f r o m  t h e  c a s e i n - a g a r  g e l s .  T h e  s p e c i a l  c o n d i t io n s  e x i s t i n g  in  t h e  g e l  m u s t  

t h e r e f o r e  b e  r e s p o n s ib le  f o r  t h e  in s o lu b le  z o n e s .

I t  i s  a l r e a d y  k n o w n  t h a t  a s  t h e  e n z y m e  a l t e r s  t h e  p r o t e in  t h e  s e n s i t i v i t y  o f  t h e  

p r o d u c t  t o  t h e  c a l c iu m  io n  c o n c e n t r a t io n  c h a n g e s .  I t  m u s t  b e  e m p h a s i z e d  t h a t  t h e  

a p p e a r a n c e  o f  t h e  z o n e s  in  w h o le  c a s e i n - a g a r  g e l s  i s  d e p e n d e n t  u p o n  t h e  c o n c e n t r a t io n  

o f  c a l c iu m  a n d  o t h e r  e l e c t r o ly t e s .  I f  t h e  c a l c iu m  c o n c e n t r a t io n  i s  t o o  h ig h  t h e n  t h e  

w h o le  p l a t e  i s  o p a q u e : i f  t o o  lo w  t h e n  n o  z o n e s  a p p e a r .

A l t h o u g h  s e v e r a l  h y p o t h e s e s  c o m e  t o  m in d  t o  e x p l a in  t h e  z o n e  f o r m a t i o n  p r o b a b l y  

t h e  m o s t  a t t r a c t i v e  i s  o n e  i n v o lv in g  i n t e r a c t i o n  b e t w e e n  t h e  a g a r  a n d  t h e  c a s e in .  T h e  

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

w it h  t h e  a l t e r e d  c a s e in  g i v i n g  r i s e  t o  c o m p le x e s  o f  v a r y i n g  d e g r e e s  o f  c a l c iu m  s e n s i 

t i v i t y .  U n d e r  t h e s e  c o n d i t io n s  t h e  r e le a s e  o f  n .p .n . c o u ld  p r o c e e d  a s  t h e  a n a l y s e s  

s u g g e s t  o r  t h e r e  c o u ld  b e  a  r e l e a s e  f r o m  in n e r  z o n e s  w it h  f a s t e r - d i f f u s i n g  s m a l l e r
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m o le c u le s  b e in g  r e s p o n s ib le  f o r  t h e  o b s e r v e d  n .p .n . f ig u r e s  in  t h e  o u t e r  z o n e s .  T h a t  

t h e  a g a r  m a y  h a v e  s o m e  in f lu e n c e  i s  s u g g e s t e d  b y  t h e  f a c t  t h a t  a  c o n c e n t r a t io n  o f  

a b o u t  1 %  a g a r  a p p e a r s  e s s e n t i a l  f o r  t h e  c l e a r  d e v e lo p m e n t  o f  t h e  t w o  p r e c i p i t a t i o n  

z o n e s .  A t  h ig h e r  a n d  lo w e r  a g a r  c o n c e n t r a t io n s  t h e  i n t e r m e d ia t e  c l e a r  z o n e  i s  l e s s  

w e ll  m a r k e d  a n d  t h e  t w o  z o n e s  o f  p r e c i p i t a t i o n  t e n d  t o  m e r g e  in t o  a  s in g le  z o n e .

T h e  f a i lu r e  o f  t h e  in n e r  z o n e  o f  p r e c i p i t a t i o n  t o  a p p e a r  u n t i l  t h e  t e m p e r a t u r e  i s  

r a i s e d  s u g g e s t s  t h a t  t h e  m o d i f ie d  c a s e in  i s  k e p t  in  s o lu t io n  b y  /3 -c a se in  w h ic h  i s  m o r e  

s o lu b le  a t  lo w e r  t e m p e r a t u r e s .  T h e  z o n e s  o f  c l e a r in g  a n d  p r e c i p i t a t i o n  f o r m e d  b y  

s o d iu m  d o d e c y l  s u l p h a t e  s u g g e s t  a t  l e a s t  t h r e e  d i f f e r e n t  m o d i f i c a t io n s  o f  t h e  c a s e in ,  

a l t h o u g h  t h e  z o n e s  f r o m  t h e  s .D .s .  d o  n o t  q u i t e  c o in c id e  w it h  t h o s e  p r o d u c e d  b y  

t h e  e n z y m e s .

A t  t h i s  s t a g e  i t  i s  im p o s s i b le  t o  s a y  w h e t h e r  t h e  e x p l a n a t i o n  g i v e n  a b o v e  i s  c o r r e c t .  

H o w e v e r ,  t h e r e  c a n  b e  n o  d o u b t  t h a t  t h e  o b s e r v a t i o n s  r e p o r t e d  a r e  a s s o c i a t e d  w it h  

c h a n g e s  i n d u c e d  in  t h e  c a s e in s  b y  t h e  e n z y m e s .

T h e  a u t h o r  i s  g r a t e f u l  t o  D r  N .  J .  B e r r i d g e  f o r  h is  i n t e r e s t  a n d  e n c o u r a g e m e n t ,  t o  

M is s  Z . H o s k i n g  f o r  t h e  a n a l y s i s  o f  t h e  r e n n e t  a s s a y  r e s u l t s  a n d  t h e  p r o v i s io n  o f  t h e  

d a t a  f o r  F i g .  1, a n d  t o  M is s  K .  V .  I .  C a r m ic h a e l  a n d  M is s  S .  E .  H u n t  f o r  t e c h n ic a l  

a s s i s t a n c e .
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EXPLAN ATION  OF PLA TES  

P la t e  1

(i) Zones o f precipitation and clearing obtained when rennet diffuses through 1 %  whole casein-agar gel. 
Thegel contained 0-1 M-acetate buffer (pH  5-7) and CaCl2 at a  concentration of 20nm . U ndiluted commercial 
rennet (0-125 ml) w as placed in the well and the gel was photographed after 48 h a t  room tem perature.
(ii) E ffect o f sodium  dodecyl sulphate on the zones produced by  rennet action, (a) In  the absence o f 
additional calcium  only the innerm ost s.D .s. precipitated zone is plainly seen. (6) After w ashing with 
CaCl2 solution the other two s.D .s. precipitated zones become visible, (c) A  diagram  showing the extent 
o f  the three s.D .s. precipitated zones shown in (6).

P la t e  2

Zones of precipitation and clearing obtained when rennet, pepsin and trypsin  diffuse through 1 % casein- 
agar gels.

(i) (a) Action o f rennet in whole casein-agar gels in the absence o f  calcium. (6) Sam e gel after flooding 
with 20 mM-CaCl2 solution.

(ii) (a) Action o f pepsin in whole casein-agar gels. (6) Action o f trypsin  in whole casein-agar gels.
(Hi) (a) Action o f rennet on a-casein-agar gel a t  pH  6-1 in the absence o f  calcium. (6) Action o f rennet 
on /3-casein-agar gel a t  pH  6-1 in the absence o f  calcium.
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The re la tio n s h ip  betw een m i lk  y ie ld , co m p o s itio n  and tissue 
dam age in  a case o f s u b c lin ica l m a s tit is

B y  R .  W A I T E  a n d  P .  S .  B L A C K B U R N

T h e  H a n n a h  D a i r y  R e s e a r c h  I n s t i t u t e ,  A y r

( R e c e iv e d  10  A u g u s t  1 9 6 2 )

S u m m a r y . A  c h e m ic a l ,  c y t o l o g i c a l  a n d  b a c t e r i o l o g i c a l  e x a m in a t i o n  o f  t h e  m i lk  

f r o m  e a c h  q u a r t e r  o f  a  c o w  s u f fe r in g  f r o m  s u b c l in i c a l  m a s t i t i s ,  b u t  g i v in g  5 - 6  g a l  o f  

m i lk  p e r  d a y ,  w a s  m a d e  a t  w e e k ly  i n t e r v a l s  d u r in g  t h e  f i r s t  8 4  d a y s  a f t e r  p a r t u r i t io n .  

T h e  in fe c t io n ,  c a u s e d  b y  m i c r o c o c c a l  a n d  s t a p h y l o c o c c a l  b a c t e r i a ,  r e s i s t e d  r e p e a t e d  

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

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

T h e  c o w  w a s  s l a u g h t e r e d  a n d  a  h is t o l o g i c a l  e x a m in a t i o n  m a d e  o f  t h e  u d d e r  in  a n  

a t t e m p t  t o  e s t a b l i s h  t h e  c a u s e  o f  t h e  c o n t in u in g  in fe c t io n  a n d  t o  a s s e s s  t h e  e x t e n t  o f  

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

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

f o r  t h e  o t h e r  t w o  q u a r t e r s  a n d  i t  c a n  o n ly  b e  a s s u m e d  t h a t  r e in f e c t io n  o c c u r r e d  f r o m  

t h e  t w o  a b s c e s s e d  q u a r t e r s .

T h e  a m o u n t  o f  a c t i v e  l e s io n s  in  t h e  lo b u le s  o f  a l l  t h e  q u a r t e r s  w a s  s m a l l ,  1 - 6  % ,  b u t  

h a l f  o r  m o r e  o f  a l l  t h e  l o b u le s  w e r e  in v o l u t e d ,  a l t h o u g h  o n ly  a  m i n o r i t y  a p p e a r e d  t o  

h a v e  i n v o l u t e d  a s  a  r e s u l t  o f  in fe c t io n .  I n  t h e  t w o  a b s c e s s e d  q u a r t e r s  t h e r e  w a s  

e x t e n s i v e  d a m a g e  t o  t h e  d u c t  s y s t e m ,  2 3  a n d  31  %  s h o w in g  le s io n s .

W h e n  t h e  m i lk  c o n t a in e d  a n  a b n o r m a l l y  l a r g e  n u m b e r  o f  c e l ls  t h e  c h e m ic a l  c o m 

p o s i t io n  w a s  a l s o  a b n o r m a l ,  c o n t a in in g  l e s s  l a c t o s e  ( a n d  h e n c e  le s s  s o l id s - n o t - f a t )  a n d  

h a v i n g  a  n i t r o g e n  d i s t r ib u t i o n  in  w h ic h  t h e r e  w a s  m o r e  b lo o d  s e r u m  a l b u m i n  a n d  

g lo b u l in  a n d  le s s  c a s e in  t h a n  u s u a l .  C e ll  c o n t e n t  a n d  c h e m ic a l  c o m p o s i t io n  w e r e  

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

e s t i m a t e d  t h a t  t h e  s o l id s - n o t - f a t  c o n t e n t  o f  t h e  m i lk  o f  t h e  w h o le  u d d e r  a s  a  r e s u l t  

o f  t h e  in fe c t io n s  w a s  c o n s id e r a b ly  lo w e r  t h a n  i t  w o u ld  o t h e r w is e  h a v e  b e e n  (8 -0  

i n s t e a d  o f  8-8  % )  a n d  t h a t  t h e  d a i l y  lo s s  in  m i lk  y ie l d  w a s  a b o u t  9 lb .

I n  a  s t u d y  o f  t h e  c h e m ic a l  c o m p o s i t io n  o f  t h e  m i lk  o f  a  g r o u p  o f  c o w s  t h r o u g h o u t  

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

h e a v i l y  in f e c t e d  w it h  s t a p h y l o c o c c i  in  t h e  f i r s t  s a m p l e  t a k e n  5  h  a f t e r  c a lv in g .  T h e  

c e l l  c o u n t  o f  t h i s  s a m p l e  a n d  t h o s e  t a k e n  s o o n  a f t e r w a r d s  w a s  a l s o  a b n o r m a l l y  h ig h ,  

c o n t a in in g  b e tw e e n  1 - 2  x  10® c e l l s /m l ,  o f  w h ic h  5 0 - 9 0  %  w e r e  p o ly m o r p h s .  P e n ic i l l in  

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

s u b s e q u e n t  s a m p l e s .  T h e  c o w  s h o w e d  n o n e  o f  t h e  c l in ic a l  s i g n s  o f  m a s t i t i s  a n d  b y  th e  

s e v e n t h  d a y  o f  l a c t a t i o n  w a s  p r o d u c in g  5 5 - 5 8  lb  o f  m i lk  p e r  d a y .  D e s p i t e  r e p e a t e d  

t r e a t m e n t  w it h  p r e p a r a t io n s  o f  p e n ic i l l in ,  s t r e p t o m y c i n  a n d  o x y t e t r a c y c l i n e ,  b y  b o t h
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i n t r a m a m m a r y  a n d  i n t r a m u s c u l a r  i n je c t io n ,  t h e  in fe c t io n  p e r s i s t e d  in  t h e  m i lk  o f  

e a c h  q u a r t e r  f o r  t h e  f i r s t  8 4  d a y s  o f  l a c t a t i o n  a l t h o u g h ,  i n  v i t r o ,  t h e  b a c t e r i a  w e r e  

s u s c e p t i b l e  t o  a l l  t h e  a n t i b i o t i c s  u s e d .  I t  w a s  c le a r ,  th e r e f o r e ,  t h a t  t r e a t m e n t  w a s  

in e f f e c t iv e  b e c a u s e  t h e  a n t i b i o t i c s  w e r e  n o t  r e a c h in g  t h e  s o u r c e  o r  s o u r c e s  o f  i n 

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

s u f f i c ie n t ly  f r e q u e n t l y  in  t h e  p a s t  t o  m a k e  i t  w o r th w h ile  t o  s l a u g h t e r  t h e  a n i m a l  f o r  

a  h is t o lo g ic a l  e x a m in a t i o n  o f  t h e  u d d e r ,  a n d  i t  w a s  d e c id e d  t o  d o  t h i s  w h ile  t h e  c o w  

w a s  s t i l l  in  f u l l  m i lk .  I t  w a s  t h o u g h t  t h a t  t h i s  m ig h t  h e lp  t o  s u p p ly  n e e d e d  i n f o r m a 

t io n  l in k in g  c h e m ic a l  a n d  c y t o lo g ic a l  a n a l y s e s  o f  t h e  m i lk  w it h  a  h i s t o lo g ic a l  

e x a m in a t i o n  o f  t h e  t i s s u e  t h a t  p r o d u c e d  i t .  T h e  e a r l y  c h e m ic a l  e x a m in a t i o n s  o f  t h e  

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

lo w e r , a n d  t h e  n i t r o g e n  d i s t r ib u t i o n  c o n s id e r a b ly  d i f f e r e n t  in  t h e  m i lk  f r o m  t h r e e  

q u a r t e r s  t h a n  f r o m  t h e  f o u r t h .  T h e  fo l lo w in g  a c c o u n t  g i v e s  t h e  h is t o l o g i c a l  f in d in g s  

a t  s l a u g h t e r  a n d  d e t a i l s  o f  t h e  c h e m ic a l  c o m p o s i t io n  a n d  c e l l  c o u n t  o f  t h e  m i lk  o f  

e a c h  q u a r t e r  a t  w e e k ly  i n t e r v a l s  f r o m  p a r t u r i t io n  u n t i l  s l a u g h t e r  o n  t h e  8 4 t h  d a y .

E X P ER IM EN T A L

T h e  c o w  w a s  8 |  y e a r s  o ld  w h e n  s h e  b e g a n  h e r  s e v e n t h  l a c t a t i o n  a n d  in  e a r l ie r  

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

d r ie d - o f f  a t  t h e  e n d  o f  t h e  p r e v i o u s  l a c t a t io n ,  t h e  m i lk  d i d  n o t  c o n t a in  a n y  p a t h o g e n i c  

b a c t e r i a .

S h e  h a d  b e e n  w e ll  f e d  b e fo r e  c a lv in g ,  a n d  a f t e r  t h e  f i r s t  w e e k  in  m i lk  w a s  f e d  a  

s im p le  r a t i o n  w h ic h  p r o v i d e d  a p p r o x i m a t e l y  1 2 0 %  o f  t h e  W o o d m a n  s t a n d a r d  o f  

f e e d in g .  T h e  c o w  w a s  m i lk e d  t w ic e  a  d a y  a n d  t h e  w e ig h t  o f  t h e  m i lk  r e c o r d e d .  M ilk  

s a m p l e s  f r o m  t h e  w h o le  u d d e r  w e r e  t a k e n  o n  6  d a y s  o f  e a c h  w e e k  a n d  o n  1 d a y  a  

q u a r t e r - m i lk in g  b u c k e t  w a s  u s e d  a t  s u c c e s s iv e  a f t e r n o o n  a n d  m o r n in g  m i lk in g s .  T h e  

t w o  s a m p l e s  f r o m  e a c h  q u a r t e r  w e r e  m i x e d  in  p r o p o r t io n  t o  t h e i r  a f t e r n o o n  a n d  

m o r n in g  y ie l d s  a n d  a n a l y s e d  f o r  t o t a l  s o l id s ,  f a t ,  l a c t o s e ,  t o t a l  n i t r o g e n ,  t o t a l  a l b u m i n  

n i t r o g e n ,  /3 - la c to g lo b u lin  a n d  n o n - p r o te in  n i t r o g e n .  T h e  c h e m ic a l  m e t h o d s  e m p lo y e d  

h a v e  a l r e a d y  b e e n  d e s c r ib e d  ( W a ite ,  C a s t l e  &  W a t s o n ,  1 9 5 9 ) . T h e s e  s a m p l e s  w e r e  

a l s o  u s e d  f o r  d e t e r m in in g  t h e  c e l l  c o u n t  o f  t h e  m i lk  b y  t h e  m e t h o d  o f  B l a c k b u r n ,  

L a i n g  &  M a lc o lm  (1 9 5 5 ) ,  a n d  f o r e m i lk  s a m p l e s  t a k e n  b e fo r e  u s in g  t h e  q u a r t e r - m i lk in g  

b u c k e t  p r o v i d e d  m a t e r i a l  f o r  b a c t e r io lo g ic a l  e x a m in a t i o n  b y  a  m e t h o d  a l r e a d y  

d e s c r ib e d  ( B l a c k b u r n ,  1 9 5 6 ) .

A f t e r  s l a u g h t e r ,  t h e  u d d e r  w a s  d e t a c h e d  a n d  e x a m in e d  b y  t h e  m e t h o d  o f  M c F a r -  

l a n e ,  B l a c k b u r n ,  M a lc o lm  &  W ils o n  (1 9 4 9 )  a n d  B l a c k b u r n  (1 9 5 2 )  in  w h ic h  t h e  f r o z e n  

u d d e r  i s  s u b je c t e d  t o  m u l t ip le  h o r i z o n t a l  s l i c in g .  B e f o r e  f r e e z in g ,  10  m l  o f  a q u e o u s  

l i g h t  g r e e n  d y e  s o lu t io n  w a s  i n je c t e d  v i a  t h e  t e a t  c a n a l  o f  t h e  t w o  f o r e  q u a r t e r s  t o  

s h o w  c le a r ly  t h e  d e m a r c a t i o n  b e t w e e n  f o r e  a n d  h in d  q u a r t e r s .  F o u r  o r  f iv e  b l o c k s  o f  

t i s s u e  w e r e  t a k e n  f r o m  e a c h  o f  f o u r  l e v e l s  in  e a c h  q u a r t e r  f o r  h is t o l o g i c a l  e x a m in a t i o n  

a s  i n d i c a t e d  in  F i g .  1. E a c h  b l o c k  w a s  t y p i c a l  o f  t h e  r e g io n  f r o m  w h ic h  i t  w a s  t a k e n  

a n d  t h e  e x t e n t  o f  a n y  p a t h o l o g ic a l  c o n d i t io n  s e e n  in  t h e  s e c t io n s  m a d e  f r o m  e a c h  

b lo c k  h a s  b e e n  u s e d  t o  c a l c u l a t e  t h e  a p p r o x i m a t e  a m o u n t  o f  t i s s u e  c h a n g e  a t  e a c h  
l e v e l  a n d ,  f r o m  t h e s e ,  in  t h e  w h o le  q u a r t e r .

T h e  l e s io n s  in  t h e  u d d e r  h a v e  b e e n  a r b i t r a r i l y  d i v i d e d  in t o  t h o s e  f o u n d  in  t h e
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l o b u le s  a n d  t h o s e  f o u n d  in  t h e  d u c t s .  T h e  a c u t e  le s io n  in  t h e  l a c t a t i n g  lo b u le  t a k e s  

t h e  f o r m  o f  a  c e l lu l a r  e x u d a t e  in t o  t h e  a c in i  w h ic h  a p p e a r s  t o  c a u s e  t h e  a f f e c t e d  

lo b u le  e v e n t u a l l y  t o  i n v o lu t e  a n d  lo s e  i t s  a c in i .  T h e  s e v e r i t y  o f  t h e  a c u t e  le s io n  in  t h e  

l a c t a t i n g  lo b u le  w a s  j u d g e d  m ild ,  m o d e r a t e  o r  s e v e r e  b y  t h e  a m o u n t  o f  e x u d a t e  

p r e s e n t  in  t h e  a c in i .  H e a l t h y  lo b u le s  a l s o  in v o lu t e  a s  l a c t a t i o n  p r o c e e d s  b u t  i n v o l u 

t io n  a s  a  r e s u l t  o f  i n f l a m m a t io n  c a n  b e  d i s t i n g u i s h e d  b y  t h e  p r e s e n c e  o f  c e l lu la r  

e x u d a t e  in  t h e  a s s o c i a t e d  s m a l l  d u c t s  a n d  t h i s ,  i f  p r e s e n t ,  w a s  n o t e d .  I n  t h e  t i s s u e  

e x a m in e d ,  t h e  p r o p o r t i o n  o f  l o b u le s  i n v o l u t e d  a s  a  r e s u l t  o f  i n f l a m m a t io n  w a s  r e 

c o r d e d  a n d ,  in  a d d i t i o n ,  t h e  p r o p o r t io n  o f  l a c t a t i n g  l o b u le s  t o  a l l  i n v o lu t e d  lo b u le s .

M a stitis  and yield , composition and tissue damage

L e v e l 4

L e v e l 3

L e v e l 1

L e v e l 1

Fig . 1. D iagram  o f h alf udder showing the levels and locations from which blocks 
o f tissue were taken for histological exam ination.

T h e  l e s io n s  in  t h e  d u c t s  o c c u r  b e tw e e n  t h e  e p i t h e l i a l  l a y e r  a n d  t h e  e l a s t i c  t i s s u e  

s u r r o u n d in g  t h e  d u c t  a n d  t a k e  t h e  f o r m  o f  s u b a c u t e  in f l a m m a t io n ,  i .e .  t h e  f o r m a t i o n  

o f  g r a n u l a t i o n  t i s s u e .  T h e  s e v e r i t y  o f  t h e s e  l e s io n s  w a s  j u d g e d  m ild ,  m o d e r a t e  o r  

s e v e r e  a c c o r d in g  t o  t h e  a m o u n t  o f  g r a n u l a t i o n  t i s s u e  p r e s e n t .  T h e  t e r m  p e r id u c t a l  

f ib r o s i s  h a s  b e e n  u s e d  t o  d e s c r ib e  t h e  h e a le d  s u b a c u t e  le s io n  a n d  i t  w a s  g r a d e d  m i ld ,  

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

R E SU L T S

B a c t e r i o l o g y  a n d  c e l l  c o u n t  o f  th e  m i l k

T w o  t y p e s  o f  b a c t e r i a  w e r e  p r e s e n t  in  t h e  m i lk  o f  a l l  t h e  q u a r t e r s  a t  m o s t  s a m p l in g s ,  

c o a g u l a s e  n e g a t i v e  m ic r o c o c c i  a n d  c o a g u l a s e  p o s i t iv e  s t a p h y lo c o c c i .  T h e ir  in c id e n c e  

i s  g iv e n  in  T a b l e  1 w h e r e  c o a g u l a s e  n e g a t i v e  m ic r o c o c c i  a r e  d e s i g n a t e d  b y  t h e  l e t t e r  

m  a n d  c o a g u l a s e  p o s i t iv e  s t a p h y l o c o c c i  b y  t h e  l e t t e r  S ; t h e  f ig u r e  p r e c e d in g  t h e  l e t t e r  

i s  t h e  n u m b e r  o f  c o lo n ie s  g r o w in g  o n  b lo o d  a g a r  in  18  h  a t  3 7  ° C  f r o m  0-01  m l  o f
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m ilk .  T h e  c e l l  c o u n t  o f  t h e  m i x e d  e v e n in g  a n d  m o r n in g  m i lk  f r o m  t h e  q u a r t e r ,  a n d  

t h e  a n t i b i o t i c  t r e a t m e n t s  a r e  a l s o  r e c o r d e d  in  T a b l e  1.

F o r  t h e  p u r p o s e  o f  t h e  o r ig in a l  s t u d y  f o r  w h ic h  t h e  g r o u p  o f  c o w s  w a s  b e in g  u s e d  

i t  w a s  e s s e n t i a l  t o  k e e p  u d d e r  in fe c t io n  t o  a  m in im u m  a n d  w h e n  t h e  f i r s t  s a m p l e  f r o m  

a l l  t h e  q u a r t e r s  o f  t h i s  c o w  w a s  f o u n d  t o  b e  h e a v i l y  in fe c t e d ,  p e n ic i l l in  (1 0 0  0 0 0  u n i t s )  

w a s  in je c t e d  v i a  t h e  t e a t  c a n a l .  I n  t h e  s a m p l e s  a  w e e k  l a t e r  t h e  b a c t e r i a  w e r e  p r e s e n t  

in  t h r e e  o f  t h e  f o u r  q u a r t e r s  a n d  f u r t h e r  t r e a t m e n t  w it h  s t r e p t o m y c i n  (2 5 0  m g )  w a s  

g iv e n ,  b u t  n u m e r o u s  b a c t e r i a  w e r e  s t i l l  p r e s e n t  a t  t h e  n e x t  s a m p l in g  a l t h o u g h  t h e  

b a c t e r i a  c u l t u r e d  i n  v i t r o  w e r e  s u s c e p t ib le  t o  t h e  a n t i b i o t i c s  u s e d .  I n  a n  e n d e a v o u r  

t o  r e a c h  t h e  s i t e s  o f  in fe c t io n  v i a  t h e  b lo o d  s t r e a m  a n  i n t r a m u s c u l a r  i n je c t io n  o f  

s t r e p t o m y c i n  (3  x  1 0 6 u n i t s )  w a s  n e x t  g iv e n ,  b u t  a g a i n  w it h  l i t t l e  s u c c e s s .  S e v e n  o u t  

o f  e i g h t  s a m p l e s  t a k e n  a t  t h e  t w o  s u c c e e d in g  w e e k ly  s a m p l in g s  w e r e  h e a v i l y  in f e c t e d  

w it h  c o a g u l a s e  p o s i t iv e  s t a p h y lo c o c c i ,  a n d  o x y t e t r a c y c l i n e  (4 2 5  m g )  w a s  t h e r e f o r e

T a b l e  1. T h e  n u m b e r s  o f  c o l o n i e s *  o f  c o a g u l a s e  n e g a t iv e  m ic r o c o c c i  (m )  a n d  o f  c o a g u l a s e  

p o s i t i v e  s t a p h y lo c o c c i  ( S )  a n d  th e  c e l l  c o u n t  o f  th e  m i l k  f r o m  e a c h  o f  th e  f o u r  q u a r t e r s  i n  

th e  f i r s t  8 0  d a y s  o f  l a c t a t io n

L eft fore L eft hind R igh t fore R ight hind

Cell Cell Cell Cell
D ays Colonies/ count, Colonies/ count, Colonies/ count, Colonies/ count, Treatm ent f

calved 0-01 ml 10_6/ml 0-01 ml 10-8/ml 0-01 ml 10-6/ml 0-01 ml 10-o/ml (all quarters)

7 >  30m 0-82 >  30m 0-05 >  30S 0-01 >  30m 0-06 Penicillin
14 0 0-41 >  30 m 0-94 >  100S 1-22 >  30S 0-07 Streptom ycin
21 30m M 2 30m 1-16 30 m 2-62 30m 0-01 —

28 0 0-24 10m 0-43 >  30S 6-95 8m 0-01 Streptom ycin
intram uscularly

35 0 0-01 >  30S 0-64 >  30S 3-66 >  30S 0-02 —

42 >  30S 3-30 >  30S 0-12 >  30S 3-68 >  30S 0-04 Oxytetracycline
49 >  30m 3-64 0 0-19 >  30 S 4-36 0 0-59 —
56 0 2-82 11m 0-04 >  30 S 1-06 0 0-10 Streptom ycin

intram uscularly
65 0 2-50 0 1-03 >  30 m 4-12 >  30m 0-33 —
71 7S 3-76 0 O i l >  30m 0-94 0 110 —

78 >  30S — 12m — >  30S — >  30S — —

80 6S 5-84 8m 0-40 0 3-28 >  30S 1-84 —

*  When grown on blood agar for 18 h at 37 °C from 3-01 ml milk.
t  Intram am m ary treatm ent started  24 h after the m ilk sam ple had been taken and was repeated 

after a  further 24 and 48 h.

in t r o d u c e d  in t o  e a c h  t e a t .  T h i s  t r e a t m e n t  a l s o  h a d  l im i t e d  s u c c e s s  a n d  w a s  f o l lo w e d  

b y  a  f in a l  i n t r a m u s c u l a r  i n je c t io n  o f  s t r e p t o m y c i n  (3  x  1 0 8 u n i t s )  t o g e t h e r  w it h  i n t r a 

m a m m a r y  p e n ic i l l in  in  b o t h  f o r e  q u a r t e r s  a  f o r t n ig h t  l a t e r .  I t  w a s  n o w  o b v i o u s  t h a t  

t h e  c o w  w a s  u n s u i t a b l e  f o r  t h e  o r ig in a l  p u r p o s e  a n d  i t  w a s  d e c id e d  t o  l e t  t h e  in fe c t io n  

t a k e  i t s  c o u r s e  f o r  a  fe w  w e e k s  b e fo r e  s l a u g h t e r in g  t h e  a n i m a l  f o r  u d d e r  in s p e c t io n .

T h e  c e l l  c o u n t ,  in  g e n e r a l ,  h a d  b e e n  h ig h  in  t h o s e  m i lk  s a m p l e s  w h ic h  c o n t a in e d  

e i t h e r  t y p e  o f  b a c t e r i a .  T h i s  w a s  p a r t i c u l a r l y  s o  in  t h e  m i lk  f r o m  t h e  r i g h t  f o r e  

q u a r t e r ,  a  q u a r t e r  l a t e r  f o u n d  t o  b e  a b s c e s s e d ,  a n d  t o  a  le s s e r  e x t e n t  in  t h e  l e f t  h in d  

q u a r t e r .  O n  t h e  o t h e r  h a n d ,  t h e  r i g h t  h in d  q u a r t e r  h a d  m u c h  t h e  s a m e  h ig h  i n 

c id e n c e  o f  in fe c t io n  o f  b o t h  t y p e s  b u t ,  u n t i l  t h e  4 9 t h  d a y  o f  l a c t a t io n ,  t h e  m i lk  

c o n t a in e d  v e r y  fe w  c e l l s .  I n  t h e  l e f t  f o r e  q u a r t e r ,  w h ic h  a l s o  a t  s l a u g h t e r  w a s  f o u n d
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t o  b e  a b s c e s s e d ,  t h e  c e l l  c o u n t  o f  t h e  m i lk  h a d ,  e x c e p t  a t  o n e  s a m p l in g ,  b e e n  u n i fo r m ly  

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

q u a r t e r  t h a n  in  a n y  o t h e r .

T h e  c e l l  c o u n t s  o f  t h e  m i lk  f r o m  t h e  f u l l y  m i lk e d  q u a r t e r  a g r e e d  m o r e  w it h  t h e  

b a c t e r i o l o g i c a l  f in d in g s  t h a n  c e l l  c o u n t s  m a d e  o n  t h e  fo r e  m i lk .  I n  a  p r e v i o u s  s t u d y  

( u n p u b l i s h e d )  w e  f o u n d  t h a t  w h e n  c o u n t s  w e r e  le s s  t h a n  1 0 0  0 0 0 /m l  o r  g r e a t e r  t h a n  

a  m i l l io n  t h e  a g r e e m e n t  b e tw e e n  t h e  c e l l  c o u n t s  o f  f o r e  m i l k  a n d  q u a r t e r  m i lk s  w a s  

c lo s e ,  b u t  in  t h e  m id d le  r a n g e  o f  c o u n t s  t h e r e  w e r e  f r e q u e n t l y  c o n s id e r a b le  d i f fe r e n c e s  

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

M a stitis  and yield, composition and tissue damage

D ays in lactatio n

Fig . 2. Y ield, chemical composition and cell count o f the m ilk o f each quarter. (The broken 
line represents typical values for m ilk from a  healthy quarter.)

A  d i f f e r e n t i a l  c o u n t  o f  p o ly m o r p h s ,  e p i t h e l i a l  c e l ls  a n d  l y m p h o c y t e s  w a s  m a d e  o n  

a l l  m i lk  s a m p l e s  t a k e n  a n d ,  a s  p r e v i o u s l y  r e p o r t e d  ( W a i t e  &  B l a c k b u r n ,  1 9 5 7 ) ,  a  

c lo s e  p o s i t iv e  r e l a t io n s h ip  b e tw e e n  t h e  t o t a l  a n d  p o ly m o r p h  c e l l  c o u n t s  ( r  =  0 -6 5 1 , 

P  <  0 - 0 0 1 )  w a s  f o u n d .

P r e v i o u s  s t u d i e s  ( W a i t e  &  B l a c k b u r n ,  1 9 5 7 )  h a v e  s h o w n  t h a t  t h e  t o t a l  c e l l  c o u n t  

o f  m i l k  f r o m  a  h e a l t h y  q u a r t e r  i s  f r e q u e n t l y  w e ll  b e lo w  1 0 0  0 0 0 /m l .  I t  c a n  b e  s e e n  

t h e r e f o r e  t h a t ,  w it h  t h e  e x c e p t io n  o f  t h e  r i g h t  h in d  q u a r t e r  f o r  t h e  f i r s t  4 2  d a y s ,  

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

t r u e  f o r  t h e  p e r c e n t a g e  o f  p o ly m o r p h  c e l l s  in  t h e  t o t a l  c o u n t s .

C h e m ic a l  a n a l y s e s .  I n  t h e  f i r s t  f e w  m o n t h s  o f  l a c t a t i o n  m a r k e d  c h a n g e s  n o r m a l l y  

o c c u r  in  t h e  c h e m ic a l  c o m p o s i t io n  o f  c o w ’s  m i lk  a n d  t h e s e  m u s t  b e  b o r n e  in  m in d  

w h e n  c o n s id e r in g  t h e  a d d i t i o n a l  e f f e c t  o f  d i s e a s e .  T h e  v a l u e s  f o r  d a i l y  m i lk  y ie ld ,  t h e
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p e r c e n t a g e s  o f  f a t ,  s .n .f . a n d  l a c t o s e ,  t o g e t h e r  w it h  t h e  t o t a l  n i t r o g e n  c o n t e n t  f o r  

t h e  m i lk  f r o m  e a c h  q u a r t e r  a r e  s h o w n  in  F i g .  2 . S in c e  c e l l  c o u n t  a n d  c h e m ic a l  c o m 

p o s i t io n  a r e  r e l a t e d  ( R e n s b u r g ,  1 9 4 7 ;  W a i t e  &  B l a c k b u r n ,  1 9 5 7 )  t h e  v a l u e s  f o r  t h e  

t o t a l  c o u n t  o f  t h e  s a m e  s a m p l e s  a s  a n a l y s e d  c h e m ic a l ly  a r e  a l s o  in c lu d e d  in  t h i s  

f ig u r e .  F o r  c o m p a r i s o n  w it h  a  h e a l t h y  u d d e r  a n d  a l s o  t o  g i v e  s o m e  m e a s u r e  o f  t h e  

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

g e n ic  b a c t e r i a  f r o m  a  c o w  in  t h e  s a m e  g r o u p  a r e  s h o w n  in  F i g .  2 b y  a  b r o k e n  l in e .

M i l k  y ie l d .  O n ly  in  t h e  r i g h t  h in d  q u a r t e r  d i d  t h e  y ie l d  r i s e  a p p r e c i a b l y  a f t e r  

c a lv in g ,  w h e r e a s  in  b o t h  t h e  q u a r t e r s  l a t e r  f o u n d  t o  c o n t a in  a  l a r g e  a b s c e s s  ( le f t  a n d  

r i g h t  fo r e )  t h e  y ie l d  d e c l in e d  p r e m a t u r e l y .

Left fore  Le ft hind R ig ht fo re  R ight hind

D ays in lactation

F ig . 3. The nitrogen distribution in the m ilk o f each quarter. (The broken line represents 
typ ical values for milk from  a  healthy quarter.)

F a t .  T h e  f a t  p e r c e n t a g e  o f  t h e  m i lk  f r o m  t h e  l e f t  q u a r t e r s  w a s  s o m e w h a t  lo w e r  a n d  

m o r e  v a r i a b l e  d u r in g  t h e  f i r s t  5 0  d a y s  t h a n  f r o m  t h e  r i g h t  q u a r t e r s  b u t  i t  i s  u n l ik e ly  

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

S o l i d s - n o t - f a t .  T h e  r a t e  o f  f a l l  in  t h e  s .n .f . p e r c e n t a g e  w a s  a b n o r m a l l y  h ig h  in  t h e  

m i l k  f r o m  a l l  t h e  q u a r t e r s  e x c e p t  t h e  r i g h t  h in d ,  a n d  i t  w ill  b e  n o t ic e d  t h a t  t h e  c e l l  

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

h ig h ,  f r e q u e n t l y  c o n t a in in g  a  m i l l io n  p e r  m l  o r  m o r e  f o r  m o s t  o f  t h e  t im e .  T h e  g e n e r a l  

l e v e l  o f  s .n .f . in  t h e  t w o  a b s c e s s e d  q u a r t e r s  ( le f t  a n d  r i g h t  fo r e )  w a s  a b o u t  7-5  %  

w h e r e a s  in  t h e  r i g h t  h in d  q u a r t e r  t h e  s .n .f . le v e l  f o r  t h e  f i r s t  4 2  d a y s  w a s  8 - 8 - 9 - 0  %  

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

T o t a l  n i t r o g e n .  T h e  c u r v e s  s h o w in g  t h e  t o t a l  n i t r o g e n  c o n t e n t  o f  t h e  m i l k  w e r e
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s i m i l a r  in  s h a p e  t o  t h a t  f r o m  t h e  h e a l t h y  q u a r t e r  s h o w n  f o r  c o m p a r i s o n  ( b r o k e n  

l in e ) .  T h e r e  w e r e , h o w e v e r ,  m a r k e d  c h a n g e s  in  t h e  d i s t r ib u t i o n  o f  t h e  n i t r o g e n  

b e t w e e n  t h e  v a r i o u s  p r o t e i n s  in  t h e  m i lk  f r o m  q u a r t e r s  w h ic h  s u f f e r e d  d a m a g e .  T h e s e  

a r e  g iv e n  m o r e  f u l ly  b e lo w .

L a c t o s e .  T h e  r a p i d  d e c l in e  in  s .n .f . l e v e l s  in  t h e  m i lk  o f  t h r e e  o f  t h e  q u a r t e r s  w a s  

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

c u r v e s  s h o w e d  c o n s id e r a b le  s i m i la r i t y .  A  c o m p a r i s o n  o f  t h e  c u r v e s  f o r  l a c t o s e  a n d  

t o t a l  c e l l  c o u n t  f o r  e a c h  q u a r t e r  i n d i c a t e d  a  s t r o n g  i n v e r s e  r e l a t io n s h ip  a n d  t h e  

c o r r e l a t io n  c o e f f ic ie n t s  b e tw e e n  l a c t o s e  p e r c e n t a g e  a n d  lo g  t o t a l  c e l l  c o u n t  f o r  t h e  

f o u r  q u a r t e r s  w e r e  n e g a t i v e  a n d  a l l  s i g n i f i c a n t ;  v i z .  l e f t  fo r e ,  — 0 -5 9 5  (P  <  0 - 0 5 ) ;  

l e f t  h in d ,  — 0 -6 8 3  ( P  <  0 - 0 2 ) ;  r i g h t  fo r e ,  — 0 -8 1 4  ( P  <  0 -0 1 )  a n d  r i g h t  h in d ,  — 0 -6 7 2  

( P  <  0 -0 2 ).

N i t r o g e n  p a r t i t i o n .  T h e  d i s t r ib u t i o n  o f  t h e  t o t a l  n i t r o g e n  i s  s h o w n  g r a p h i c a l l y  in  

F i g .  3 , w h e r e  t h e  n i t r o g e n  c o n t e n t  o f  e a c h  c o m p o u n d  i s  g iv e n  a s  a  p e r c e n t a g e  o f  t h e  

t o t a l .  C o m p a r a t i v e  v a l u e s  f o r  m i lk  f r o m  a  h e a l t h y  q u a r t e r  a r e  a g a i n  s h o w n  b y  a  

b r o k e n  l in e .  T h e  c h e m ic a l  c h a n g e s  a s s o c i a t e d  w it h  t h e  p r e s e n c e  o f  b a c t e r i a  a n d  l a r g e  

n u m b e r s  o f  c e l l s  in  t h e  m i l k  w e r e  a  d e c r e a s e  in  t h e  p r o p o r t io n  o f  c a s e in  n i t r o g e n ,  a  

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

t h e  p r o t e o s e  p e p t o n e  a n d  g lo b u l in  c o n t e n t s .  T h e  a m o u n t  o f  /3 - la c to g lo b u lin  f r a c t i o n  

in  a l l  t h e  q u a r t e r s  w a s  a  l i t t l e  lo w e r  t h a n  in  t h e  m i lk  f r o m  t h e  h e a l t h y  q u a r t e r  s h o w n  

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

a n i m a l s .  I t  c a n  b e  s e e n  t h a t  a l l  t h e  c h e m ic a l  c h a n g e s  m e n t io n e d  h a d  t a k e n  p l a c e  t o  

t h e  g r e a t e s t  e x t e n t  in  t h e  m i lk  f r o m  t h e  t w o  a b s c e s s e d  q u a r t e r s  ( l e f t  a n d  r i g h t  fo r e ) .

M astitis  and yield, composition and tissue damage

H i s t o l o g i c a l  e x a m i n a t i o n  o f  th e  u d d e r  a f t e r  8 4  d a y s  i n  m i l k

L e f t  f o r e  q u a r t e r .  A  t h in - w a l le d  (1 m m )  s t a p h y l o c o c c a l  a b s c e s s  m e a s u r i n g  2-5  x  

2 -0  x  1-0 c m  w a s  f o u n d  in  l e v e l  4  ( F i g .  1) a n d  i t  w a s  in  t i s s u e  a d j a c e n t  t o  t h e  a b s c e s s  

t h a t  t h e  m o s t  s e v e r e  a n d  e x t e n s i v e  l e s io n s  w e r e  f o u n d .  T h e  e x t e n t  o f  t i s s u e  d a m a g e ,  

in  t h e  t e r m s  d e f in e d  a b o v e ,  i s  g iv e n  in  T a b l e  2 . I n  l e v e l  1, 4 %  o f  t h e  d u c t s  s h o w e d  

s e v e r e  f ib r o s i s .  T h i s  q u a r t e r  c o n s i s t e n t l y  c o n t r i b u t e d  2 3  %  o f  t h e  t o t a l  y ie l d  o f  t h e  

u d d e r ,  i .e .  1 2 - 1 3  lb  o f  m i lk  p e r  d a y ,  b u t  a t  s l a u g h t e r  o n  t h e  8 4 t h  d a y  o f  l a c t a t io n  

o n ly  a b o u t  a  t h i r d  o f  t h e  l o b u le s  w e r e  l a c t a t i n g ; o f  t h e  n o n - l a c t a t i n g  lo b u le s  a t  l e a s t  

h a l f  w e r e  j u d g e d  t o  h a v e  i n v o l u t e d  a s  a  r e s u l t  o f  in f l a m m a t io n ,  c e l lu la r  e x u d a t e  b e in g  

p r e s e n t  in  t h e  a s s o c i a t e d  s m a l l  d u c t s .  T a b l e  2  s h o w s  t h a t  a  f u r t h e r  6  %  o f  lo b u le s  h a d  

l e s io n s  o f  s o m e  d e g r e e  o f  s e v e r i t y  b u t  h a d  n o t  a t  t h a t  t im e  i n v o lu t e d .  O f  t h e  d u c t s ,  

s o m e  77  %  w e r e  n o r m a l  a n d  m o s t  o f  t h e  l e s io n s  w e r e  m i ld  e x c e p t  in  t h e  n e i g h b o u r 

h o o d  o f  t h e  a b s c e s s .

L e f t  h in d  q u a r t e r .  T h e r e  w a s  v e r y  l i t t l e  d a m a g e d  t i s s u e  in  t h i s  q u a r t e r .  A t  le v e l  4 , 

5  %  o f  t h e  lo b u le s  h a d  m i ld  i n f l a m m a t io n  a n d  2  %  o f  t h e  d u c t s  a t  l e v e l  1 h a d  a  m i ld  

d e g r e e  o f  f ib r o s i s .  T h e  p r o p o r t io n  o f  t h e  t o t a l  y ie l d  c o n t r ib u t e d  b y  t h i s  q u a r t e r  w a s  

lo w e r  t h a n  n o r m a l  f o r  t h e  f i r s t  5 w e e k s  o f  l a c t a t i o n ; i t  w a s  lo w e r  a l s o  t h a n  w o u ld  b e  

e x p e c t e d  r e l a t i v e  t o  t h e  o t h e r  h in d  q u a r t e r ,  b e in g  n o  m o r e  t h a n  t h a t  o f  t h e  l e f t  fo r e  

q u a r t e r ,  b u t  t h e r e a f t e r  t h e  y ie l d  i n c r e a s e d  s l i g h t l y  t o  1 4  lb ,  p r o d u c in g  2 8  %  o f  t h e  

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

o n ly  a  n e g l ig ib le  a m o u n t  s h o w e d  e v id e n c e  o f  in f l a m m a t io n .
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R i g h t  f o r e  q u a r t e r .  A  s p h e r i c a l  t h ic k - w a l le d  (2  m m )  s t a p h y l o c o c c a l  a b s c e s s  o f

1-5  c m  d i a m e t e r  w a s  f o u n d  in  le v e l  4  a n d  3 0  %  o f  t h e  a d j a c e n t  d u c t s  s h o w e d  m o d e r a t e  

f ib r o s i s .  T h e  e x t e n t  o f  t i s s u e  c h a n g e  in  t h e  q u a r t e r  i s  g iv e n  in  T a b l e  3 , w h ic h  s h o w s  

t h a t  9 5  %  o f  t h e  l o b u le s  a n d  7 0  %  o f  t h e  d u c t s  w e r e  u n d a m a g e d .

I n f l a m m a t i o n  in  t h e  lo b u le s  a n d  d u c t s  r e s u l t e d  in  t h e  p r e s e n c e  o f  c e l lu la r  e x u d a t e  

in  a b o u t  a  q u a r t e r  o f  t h e  d u c t s  a t  a l l  l e v e l s  e x a m in e d ,  w it h  m o s t  in  l e v e l s  1 a n d  4 , 

a n d  a l s o  in  t h e  s m a l l  d u c t s  w it h in  t h e  lo b u le s .  A b o u t  4 0 %  o f  t h e  l o b u le s  in  t h i s  

q u a r t e r  w e r e  l a c t a t i n g ,  a l t h o u g h  i t s  d a i l y  m i lk  y ie ld  o f  a b o u t  10  lb  r e p r e s e n t e d  o n ly  

1 6 - 1 9  %  o f  t h e  t o t a l  y ie l d  o f  t h e  u d d e r .

T a b l e  2 . T i s s u e  d a m a g e  i n  th e  le f t  f o r e  q u a r t e r

E xten t o f lesions
Level in (%  o f tissue exam ined)

udder (-------— A
Tissue (see F ig . 1) Mild Moderate Severe Total

Lobules 1 1 0 0
2 1 0 0
3 1 0 0
4 1 10 10

Quarter (Average) 1 2-5 2-5 =  6

D ucts 1 18 0 (4)*
2 36 0 0
3 10 0 0
4 0 22 2

Quarter (Average) 16-0 5-5 1-5 =  23

*  Fibrosed.

T a b l e  3 . T i s s u e  d a m a g e  i n  th e  r ig h t  f o r e  q u a r t e r  

E xten t o f lesions
Level in (%  o f tissue exam ined)

udder ,------- A ---------- ^
Tissue (see F ig . 1) Mild Moderate Severe Total

Lobules 1 5 — —
2 5 — —
3 7 — —
4 3 — —

Quarter (Average) 5 — —  =  5

D ucts i 20 30 __
2 20 —• —
3 20 — —
4 — (30)* —

Quarter (Average) 15 15 —  =  30

* Fibrosed.

R i g h t  h in d  q u a r t e r .  T i s s u e  d a m a g e  in  t h i s  q u a r t e r  w a s  s m a l l ,  97  %  o f  a l l  d u c t s  a n d  

9 5  %  o f  t h e  lo b u le s  w e r e  e s t i m a t e d  t o  b e  n o r m a l .  L e s i o n s  in  t h e  d u c t s  w e r e  c o n f in e d  

t o  le v e l  1, w h e r e  11 %  s h o w e d  m o d e r a t e  in f l a m m a t io n  a n d  1 %  w e r e  s e v e r e ly  f ib r o s e d .  

A  f e w  lo b u le s  ( 3 % )  in  e a c h  l e v e l  h a d  m i ld  l e s io n s ,  a n d  in  l e v e l  3  s o m e  5 %  s h o w e d  

s e v e r e  in f l a m m a t io n .  T h e r e  w a s  c e l lu la r  e x u d a t e  in  a  s m a l l  p r o p o r t i o n  o f  d u c t s  a n d
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l o b u le s  a t  a l l  f o u r  le v e l s ,  t h e  h ig h e s t  a m o u n t s  o c c u r r in g  in  l e v e l  4 . A p p r o x i m a t e ly  

h a l f  t h e  l o b u le s  in  t h i s  q u a r t e r  w e r e  l a c t a t i n g  a n d  h a l f  w e r e  i n v o lu t e d ,  t h e  q u a r t e r  

p r o d u c in g  a b o u t  2 0  lb  o f  m i lk  d a i l y ,  o r  3 5  %  o f  t h a t  f r o m  t h e  w h o le  u d d e r .

M a stitis  and yield, composition and tissue damage

D ISCUSSIO N

T h e  h is t o l o g i c a l  f in d in g s  s h o w  t h e  d a m a g e  c a u s e d  b y  b a c t e r i a l  in fe c t io n s  o f  t h e  

u d d e r ,  l e a d i n g  t o  in v o lu t io n  o f  lo b u le s ,  t o  b e  l e s io n s  in  b o t h  lo b u le s  a n d  d u c t s  a n d  t o  

a c t i v e  a b s c e s s e s  in  t w o  q u a r t e r s .  T h e s e  in  t u r n  g a v e  r i s e  t o  l a r g e  n u m b e r s  o f  c e l ls  in  

t h e  m i lk  a n d  a  m a r k e d  d i s r u p t i o n  o f  t h e  n o r m a l  l a c t a t i o n  p a t t e r n  o f  t h e  m a in  m i lk  

c o n s t i t u e n t s .  T h e  s m a l l  p r o p o r t i o n  o f  lo b u le s  ( 1 - 6 % )  s h o w in g  a c t i v e  le s io n s  w a s  

p r o b a b l y  t h e  r e a s o n  f o r  t h e  l a c k  o f  t h e  c l in ic a l  s i g n s  o f  m a s t i t i s ,  i .e .  h e a t ,  p a i n  o r  

s w e l l in g  in  t h e  u d d e r ,  y e t  in  t w o  q u a r t e r s  t h e  t i s s u e  d a m a g e  w a s  e x t e n s i v e  a n d  in  a l l  

q u a r t e r s  a  h ig h  p r o p o r t i o n  o f  lo b u le s  w a s  n o  lo n g e r  m i lk - p r o d u c in g .  T h e  p r e s e n c e  o f  

b a c t e r i a  a lo n e  w a s  c l e a r ly  in s u f f i c ie n t  t o  a r r i v e  a t  a  s o u n d  a s s e s s m e n t  o f  p o s s i b l e  

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

t h e  r i g h t  h in d  q u a r t e r  p r o d u c e d  o n ly  a  v e r y  s m a l l  n u m b e r  o f  l e s io n s  a n d  f o r  4 2  d a y s  

d i d  n o t h in g  t o  u p s e t  n o r m a l  m i lk  p r o d u c t io n  in  q u a n t i t y  o r  q u a l i t y .  T h e  p r e s e n c e  o f  

c e l l s  in  t h e  m i lk  a n d  t h e  c h e m ic a l  e v id e n c e  w o u ld  a p p e a r  t o  b e  m o r e  i n d i c a t i v e  o f  

t i s s u e  d a m a g e .

L e s i o n s  in  u d d e r  t i s s u e  a p p a r e n t l y  a l lo w  t r a n s u d a t i o n  o f  b lo o d  c o n s t i t u e n t s  in t o  

t h e  m i lk  s e c r e t e d  b y  h e a l t h y  t i s s u e  (A sc h a fF e n b u r g  &  D r e w r y ,  1 9 5 9 ;  L e c c e  &  L e g a t e s ,  

1 9 5 9 ;  W e ig t ,  1 9 5 9 ) . T h i s  i s  s h o w n  b y  a  c h a n g e  in  t h e  r e l a t i v e  a m o u n t s  o f  t h e  v a r i o u s  

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

t h e  a l b u m i n  f r a c t i o n  o f  t h e  p r o t e in  n o r m a l ly  a c c o u n t s  f o r  a b o u t  1 4 %  o f  t h e  t o t a l  

n i t r o g e n  ( W a i t e  et a t .  1 9 5 9 )  a n d  o f  t h i s  f r a c t i o n  / L la c t o g lo b u l in  c o n t r i b u t e s  a  l i t t l e  

m o r e  t h a n  h a l f  ( a b o u t  8 % ) .  T h e  r e s i d u a l  a l b u m i n s  c o n s i s t  m a in ly  o f  a - l a c t a l b u m i n  

t o g e t h e r  w it h  a  p r o t e in  e s s e n t i a l l y  s i m i la r  t o  b lo o d  s e r u m  a lb u m in ,  t h e  l a t t e r  n o r m a l ly  

c o n t r i b u t i n g  o n ly  a b o u t  2  %  o f  t h e  t o t a l  N .  I t  c a n  b e  s e e n  f r o m  F i g .  3  t h a t  in  t h e  

m i lk  f r o m  t h e  t w o  a b s c e s s e d  q u a r t e r s  t h e  p r o p o r t i o n  o f  t h e  r e s i d u a l  a lb u m in  r o s e  t o  

a s  h ig h  a s  15  % ,  a n d  i f ,  a s  m e n t io n e d  b y  A s c h a fF e n b u r g  &  D r e w r y  (1 9 5 9 ) ,  t h e  a m o u n t  

o f  a - l a c t a l b u m i n  r e m a i n s  m a t e r i a l l y  u n c h a n g e d  in  m a s t i t i s  m i lk ,  t h i s  w o u ld  r e p r e s e n t  

a n  in c r e a s e  in  t h e  b lo o d  s e r u m  a l b u m i n  f r a c t i o n  f r o m  2 t o  11 %  o f  t h e  t o t a l  n i t r o g e n .  

I t  m a y  b e  n o t e d  t h a t  in  t h e  r i g h t  h in d  q u a r t e r  t h e  r e s i d u a l  a lb u m in  f r a c t i o n  w a s  

n o r m a l  u n t i l  t h e  4 2 n d  d a y  a n d  t h a t  t h e  l a t e r  a b n o r m a l  v a l u e s  a p p e a r e d  a t  t h e  s a m e  

t im e  a s  l a r g e  n u m b e r s  o f  c e l ls  in  t h e  m ilk .  I n  t h e  m i lk  f r o m  a l l  q u a r t e r s  t h e r e  w a s  

a l s o  a  g r e a t e r  t h a n  n o r m a l  g lo b u l in  c o n t e n t  w h e n  t h e  c e ll  c o u n t  w a s  h ig h .  A  r i s e  in  

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

( W e ig t ,  1 9 5 9 ) .

T h e  r i s e  in  t h e  p r o p o r t i o n  o f  t h e  t o t a l  n i t r o g e n  f o u n d  in  t h e  a l b u m i n  a n d  g lo b u l in  

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

c a s e in  f r a c t i o n  a n d  t h i s  i s  c l e a r ly  e v id e n t  in  t h e  p r e s e n t  r e s u l t s  ( F i g .  3 ) , p a r t i c u l a r l y  

w h e n  c o m p a r e d  w it h  t h e  v a l u e s  f o r  m i lk  f r o m  a  h e a l t h y  q u a r t e r .  T h e  lo w  le v e l  o f  t h e  

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

e v id e n c e  o f  t h e  e f f e c t s  o f  t i s s u e  l e s io n s  o n  t h e  c h e m ic a l  c o m p o s i t io n  o f  t h e  m i lk  a n d ,  

s in c e  l a c t o s e  i s  t h e  m a jo r  c o n s t i t u e n t  o f  t h e  s .n .f ., t h e  t o t a l  s .n .f . c o n t e n t ,  t o o ,  h a d
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a b n o r m a l l y  lo w  v a l u e s  f o r  m o s t  o f  t h e  t im e ,  w it h  a  m e a n  v a l u e  f o r  t h e  m i lk  f r o m  

t h e  w h o le  u d d e r  f o r  8 0  d a y s  o f  8 '0 % .  I f  i n fe c t io n  h a d  n o t  b e e n  p r e s e n t  t h i s  f ig u r e  

w o u ld  p r o b a b l y  h a v e  b e e n  a b o u t  8 - 8 % ,  t h e  a v e r a g e  v a l u e  f o r  t h e  m i lk  o f  t h e  r i g h t  

h in d  q u a r t e r  b e fo r e  t h e  b a c t e r i a ,  w h ic h  h a d  b e e n  p r e s e n t  in  t h e  m i lk  f r o m  p a r t u r i 

t io n ,  f in a l ly  c a u s e d  t i s s u e  d a m a g e .

I t  i s  p o s s ib le  t o  m a k e  a n  a p p r o x i m a t e  e s t i m a t e  o f  t h e  lo s s  o f  m i lk  a s  a  r e s u l t  o f  

t h e s e  in fe c t io n s .  I n  a  c o m p le t e ly  h e a l t h y  u d d e r  t h e  h in d  q u a r t e r s  n o r m a l l y  s e c r e t e  

v e r y  s i m i la r  a m o u n t s  o f  m i lk  a n d  e a c h  o f  t h e m  c o n t r i b u t e s  a b o u t  3 0  %  o f  t h e  t o t a l  

y i e l d ; t h e  f o r e  q u a r t e r s  a l s o  s e c r e t e  s i m i l a r  a m o u n t s ,  e a c h  c o n t r i b u t i n g  a b o u t  2 0  %  

o f  t h e  t o t a l .  T a k i n g  t h e  y ie ld  o f  t h e  r i g h t  h in d  q u a r t e r  d u r in g  t h e  f i r s t  4 2  d a y s  a s  

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

w a s  c a l c u l a t e d .  T h e  t o t a l  p r o b a b l e  lo s s  d u r in g  t h e  f i r s t  4 2  d a y s  a m o u n t e d  t o  a b o u t  

5 6 0  lb  o f  m i lk ,  o r  s o m e  13  l b / d a y ,  a n d  o v e r  t h e  w h o le  p e r io d  o f  8 0  d a y s  t o  a b o u t  

7 6 0  lb ,  o r  9  l b / d a y .  M o s t  o f  t h i s  m i lk  w a s  l o s t  f r o m  t h e  l e f t  h in d  q u a r t e r  a n d ,  t o  a  

l e s s e r  e x t e n t ,  f r o m  t h e  r i g h t  fo r e .  T h e s e  e s t i m a t e s  w o u ld  b e  s o m e w h a t  t o o  h ig h  i f  

t h e r e  h a d  b e e n  a n y  c o m p e n s a t o r y  i n c r e a s e  in  y ie ld  f r o m  t h e  r i g h t  h in d  q u a r t e r  a s  a  

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

m a g n i t u d e  o f  t h e  p o s s i b l e  lo s s  o f  m i lk  c a u s e d  b y  s u b c l in i c a l  m a s t i t i s  in  a  h ig h -  

y ie ld in g  c o w . I t  w a s  s u r p r i s i n g  t o  f in d  t h a t  m o r e  t h a n  h a l f  t h e  lo b u le s  in  e a c h  q u a r t e r  

w e r e  i n v o lu t e d ,  e i t h e r  a s  a  r e s u l t  o f  d i s e a s e  o r  n a t u r a l  c h a n g e ,  s in c e  t h i s  i s  t h e  c o n 

d i t io n  t h a t  h a s  b e e n  f o u n d  in  u d d e r s  m u c h  n e a r e r  t h e  e n d  o f  l a c t a t i o n  ( B l a c k b u r n ,  

1 9 5 2 ) .  W e  d o  n o t  k n o w  o f  a n y  r e p o r t s  f o r  c o m p le t e ly  h e a l t h y  u d d e r s  in  e a r l y  l a c t a 

t io n  a n d  in s u f f ic ie n t  i s  e s t a b l i s h e d  a b o u t  t h e  r e l a t io n s h ip  b e t w e e n  t h e  n u m b e r  o f  

l a c t a t i n g  lo b u le s  a n d  m i lk  y ie ld  t o  e x p l a in  t h i s  a p p a r e n t  a n o m a ly .

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

fe w  d a y s  in  t h e  m i lk  o f  b o t h  f o r e  q u a r t e r s  2 - 3  m o n t h s  b e fo r e  t h e  e n d  o f  l a c t a t i o n  b u t  

h a d  y ie ld e d  t o  a n t i b i o t i c  t r e a t m e n t ,  l e a v i n g  t h e  m i lk  f r e e  f r o m  m a s t i t i s  o r g a n i s m s .  

S in c e  t h e s e  o r g a n i s m s  w e r e  p r e s e n t  in  t h e  c o lo s t r u m  5 h  a f t e r  p a r t u r i t io n  i t  w o u ld  

a p p e a r  t h a t  t h e  in fe c t io n  d e s c r ib e d  w a s  c o n t r a c t e d  d u r in g  t h e  d r y  p e r io d .

T h e  p r e s e n c e  o f  t w o  a b s c e s s e s  in  t h e  u p p e r  p a r t  o f  t h e  u d d e r  s u g g e s t s  t h a t  t h e  

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

t r e a t m e n t .  T h e s e  a b s c e s s e s  w o u ld  a c t  a s  r e s e r v o i r s  o f  in fe c t io n  f o r  t h e  r e s t  o f  t h e  

q u a r t e r  in  a  m a n n e r  s i m i la r  t o  t h a t  f r o m  a  b o t r y o m y c o s i s  le s io n  ( B l a c k b u r n ,  1 9 5 9 ) .  

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

q u a r t e r s  i s  n o t  c l e a r  a n d  i t  m u s t  b e  a s s u m e d  t h a t  r e - in fe c t io n  o c c u r r e d  f r o m  o n e  o r  

o t h e r  o f  t h e  a b s c e s s e d  q u a r t e r s ,  p o s s i b l y  a t  m i lk in g  t im e  o r  f r o m  a n  e x t e r n a l  s o u r c e .  

T h e  l a c k  o f  t i s s u e  d a m a g e  in  t h e  r i g h t  h in d  q u a r t e r  f o r  4 2  d a y s ,  d e s p i t e  t h e  p r e s e n c e  

o f  n u m e r o u s  m ic r o c o c c i  a n d  s t a p h y lo c o c c i  in  t h e  m i lk  s u g g e s t s  t h a t  t h e s e  o r g a n i s m s  

t o o k  t h i s  t im e  t o  c a u s e  m a s t i t i s .  D a v i d s o n  (1 9 6 1 )  h a s  r e c e n t ly  c o n c lu d e d  t h a t  t h i s  

c o n d i t io n  i s  n o t  u n c o m m o n  b u t  t h a t  t i s s u e  d a m a g e  w ill  u s u a l l y  r e s u l t  i f  t h e  o r g a n i s m s  

p e r s i s t  m o r e  t h a n  a  s h o r t  t im e .  W e  w o u ld  a g r e e  w it h  C r o s s m a n ,  D o d d ,  L e e  &  N e a v e  

(1 9 5 0 )  w h o  c o n c lu d e d  t h a t  ‘ o n e  t y p e  o f  o r g a n i s m  m a y  in f e c t  m o r e  t h a n  o n e  q u a r t e r  

o f  t h e  s a m e  u d d e r ,  c a u s i n g  l i t t l e  o r  n o  i r r i t a t i o n  in  o n e  g l a n d  a n d  m a r k e d  a b n o r m a l i 
t i e s  in  t h e  o t h e r ’ .
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fed in  co n ju n c tio n  w ith  an u n re s tr ic te d  su p p ly  o f w hey
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N a t i o n a l  I n s t i t u t e  f o r  R e s e a r c h  i n  D a i r y i n g ,  S h i n f i e l d ,  R e a d i n g  

a n d  P .  H .  S E D G W I C K

C o w  a n d  G a te  F a r m s  L t d . ,  E a s t  F a r m ,  n e a r  S h e r b o r n e ,  D o r s e t  

(.R e c e iv e d  2 1  A u g u s t  1 9 6 2 )

S u m m a r y . 1. R e s u l t s  a r e  r e p o r t e d  o f  a n  e x p e r im e n t  m a d e  u n d e r  c o m m e r c ia l  c o n 

d i t io n s  o n  t h e  e f f e c t  o f  t h e  le v e l  o f  m e a l  f e d  in  c o n ju n c t io n  w it h  a n  u n r e s t r i c t e d  

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

2 . A l l  t h e  p i g s  r e c e iv e d  t h e  s a m e  m e a l  m i x t u r e  a n d  h a d  c o n t in u o u s  a c c e s s  t o  a n  

u n r e s t r i c t e d  s u p p l y  o f  w h e y .  T h e  f o u r  t r e a t m e n t s  w e r e : (1 )  3  lb  m e a l  p e r  p i g  p e r  d a y  

r e d u c e d  t o  2  lb  a t  13  w e e k s  o f  a g e ; (2 )  3  lb  m e a l  p e r  p i g  p e r  d a y  t h r o u g h o u t ; (3 )  2 \  lb  

m e a l  p e r  p i g  p e r  d a y  t h r o u g h o u t ;  a n d  (4 )  a s  (1 )  b u t  t h e  d a i l y  a l lo w a n c e  o f  m e a l  in 

c r e a s e d  t o  2 J  l b / p i g  a t  2 0  w e e k s  o f  a g e .  T h e r e  w e r e  f iv e  p e n s  o f  n in e  g r o u p - f e d  p i g s  

o n  e a c h  t r e a t m e n t ,  i n v o lv in g  a  t o t a l  o f  1 8 0  p i g s .  T h e  p i g s  w e r e  o n  e x p e r im e n t  f r o m  

8 - 9  w e e k s  o f  a g e  t o  b a c o n  w e ig h t .  C o m p r e h e n s iv e  c a r c a s s  m e a s u r e m e n t s  w e r e  m a d e  

o n  a l l  t h e  p i g s .

3 . M e a n  d i f fe r e n c e s  in  r a t e  o f  g r o w th ,  e f f ic ie n c y  o f  f o o d  u t i l i z a t i o n  a n d  c a r c a s s  

q u a l i t y  b e tw e e n  t h e  f o u r  g r o u p s  o f  p i g s  w e r e  s m a l l  a n d  w e r e  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 .  T h e  s i g n i f i c a n t  d i f fe r e n c e s  in  t h e  p r o p o r t i o n s  o f  m e a l  a n d  o f  w h e y  c o n s u m e d  

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

r e l a t i o n  t o  r e l a t i v e  p r ic e s  o f  t h e  t w o  f o o d s .  I t  i s  c o n c lu d e d  t h a t  w h e r e  u n r e s t r i c t e d  

w h e y  f e e d in g  i s  t o  b e  u s e d ,  t h e  f e e d in g  s y s t e m  e m p lo y e d  in  t r e a t m e n t  3  c o u ld  b e  

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

e n c o u n t e r e d  in  p r a c t ic e .

4 . T h e  s u p e r io r  p e r f o r m a n c e  o f  t h e  p i g s  in  t h e  e x p e r im e n t  c o m p a r e d  w it h  t h a t  in  

e a r l ie r  t r i a l s  i s  d i s c u s s e d  in  r e l a t i o n  t o  t h e  s t o c k  im p r o v e m e n t  w o r k  a n d  c o n c u r r e n t  

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

o n  t h e  C o w  a n d  G a t e  f a r m  in  D o r s e t  w h e r e  t h e  e x p e r im e n t s  w e r e  c o n d u c t e d .

I n  e x p e r im e n t s  o n  t h e  D o r s e t  f a r m  o f  C o w  a n d  G a t e  E a r m s  L t d .  in  1 9 5 4 - 5 5  

( B r a u d e ,  C la r k e ,  M itc h e l l ,  C r a y ,  F r a n k e  &  S e d g w ic k ,  1 9 5 7 ) ,  a  r e a s o n a b l y  s a t i s f a c t o r y  

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

g e t h e r  w it h  a  d a i l y  a l lo w a n c e  p e r  p i g  o f  3 lb  o f  a  s o w  a n d  w e a n e r  m e a l .  W h e n  t h e  

d a i l y  a l lo w a n c e  o f  m e a l  w a s  r e d u c e d  f r o m  3 lb  t o  2 l b / p i g  a t  13  w e e k s  o f  a g e ,  t h e  p i g s  

t o o k  a n  a v e r a g e  o f  12  d a y s  l o n g e r  t o  r e a c h  b a c o n  w e ig h t ,  b u t  t h e y  c o n s u m e d  a p 

p r o x i m a t e l y  2 6  %  l e s s  m e a l  a n d  2 8  %  m o r e  w h e y ; a l s o  t h e i r  c a r c a s s e s  w e r e  l e s s  f a t
3-2
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a n d  t h e  c o m m e r c ia l  g r a d i n g  r e s u l t s  w e r e  a c c o r d in g ly  b e t t e r .  I t  w a s  c o n c lu d e d ,  

th e r e fo r e ,  t h a t  w h e n  t h e  r e q u ir e m e n t  w a s  f o r  t h e  m a x im u m  q u a n t i t y  o f  w h e y  a n d  

m in im u m  a m o u n t  o f  m e a l  t o  h e  u s e d ,  c o n s i s t e n t  w it h  a  r e a s o n a b l e  p e r f o r m a n c e  a n d  

c a r c a s s  q u a l i t y ,  t h e  l a t t e r  f e e d in g  s y s t e m  w a s  t h e  o n e  o f  c h o ic e .

S u b s e q u e n t  e x p e r im e n t s  u s in g  t h i s  s y s t e m  o f  f e e d in g  ( B r a u d e ,  M itc h e l l ,  C r a y ,  

F r a n k e  &  S e d g w ic k ,  1 9 5 9 6 ) ,  s h o w e d  t h a t  e i t h e r  1 0 %  w h it e  f i s h  m e a l  o r  1 5 %  d r ie d  

s k im - m i lk  s h o u ld  b e  c o n s id e r e d  t h e  m in im u m  a m o u n t  o f  t h e s e  p r o t e i n  s u p p le m e n t s  

t h a t  s h o u ld  b e  in c lu d e d  in  t h e  b a s a l  m e a l  f e d  w it h  u n r e s t r i c t e d  w h e y . I t  w a s  s h o w n  

a l s o  t h a t  r e d u c t io n  o f  t h e  d a i l y  m e a l  a l lo w a n c e  t o  1 lb  o r  le s s  h a d  a  m a r k e d  a d v e r s e  

e f fe c t  o n  t h e  g r o w t h  r a t e  o f  t h e  p ig s .

S in c e  t h e s e  e a r l y  t r i a l s  w e r e  c a r r i e d  o u t ,  a t t e m p t s  t o  im p r o v e  t h e  s t o c k  b y  s e le c t io n  

a n d  t h e  u s e  o f  s u p e r io r  b o a r s  h a v e  b e e n  c o n t in u o u s ly  in  p r o g r e s s  in  t h e  C o w  a n d  G a t e  

h e r d .  T h e  m a in  o b je c t  o f  t h e  e x p e r im e n t  r e p o r t e d  h e r e  w a s  t o  i n v e s t i g a t e  w h e t h e r  in  

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

d a i l y  m e a l  a l lo w a n c e  o f  3 I b /p ig ,  r e d u c e d  t o  2  lb  a t  1 3  w e e k s  o f  a g e ,  g iv e n  w it h  a n  

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

t im e  t o  o b t a i n  a  m e a s u r e  o f  t h e  a b s o l u t e  p e r f o r m a n c e  o f  t h e s e  g e n e t ic a l ly  im p r o v e d  

p i g s  a s  c o m p a r e d  w it h  s im i la r l y  f e d  p i g s  in  p r e v i o u s  t r i a l s .

I n  a d d i t io n ,  t h e  p o s s i b i l i t y  t h a t  t h e r e  m i g h t  b e  s o m e  a d v a n t a g e  in  in c r e a s i n g  t h e  

l e v e l  o f  m e a l- f e e d in g  in  t h e  l a t e r  s t a g e s  o f  t h e  g r o w in g  p e r io d  w a s  i n v e s t i g a t e d .  T h i s  

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

p i g s  g iv e n  2  lb  m e a l / d a y  w it h  u n r e s t r i c t e d  w h e y  e i t h e r  d e c l in e d  a s  t h e y  g o t  o ld e r  

( B r a u d e  e t a l .  1 9 5 7 ;  B r a u d e ,  M itc h e l l ,  C r a y ,  F r a n k e  &  S e d g w ic k ,  1 9 5 8 )  o r  i n c r e a s e d  

o n ly  v e r y  s l i g h t l y  ( B r a u d e ,  M itc h e l l ,  C r a y ,  F r a n k e  &  S e d g w ic k ,  1 9 5 9 a ;  B r a u d e  e t a l .  

1 9 5 9 b ) .  T h i s  w a s  in  c o n t r a s t  t o  t h e  m a r k e d  a n d  c o n t in u o u s ly  in c r e a s i n g  r a t e  o f  

g r o w t h  t h r o u g h o u t  t h e  g r o w in g  p e r io d  o f  s i m i la r  p i g s  g iv e n  a n  a l l - m e a l  d i e t  ( B r a u d e ,  

C la r k e ,  M itc h e l l ,  C r a y ,  F r a n k e  &  S e d g w ic k ,  1 9 5 8 ;  B r a u d e  et a l .  1 9 5 9 a ) .  I t  w a s  

c o n s id e r e d  t h a t  t h i s  d i f fe r e n c e  in  g r o w t h  c u r v e s  m i g h t  b e  d u e  t o  t h e  p i g s  n o t  h a v i n g  

t h e  c a p a c i t y  t o  d r in k  s u f f i c ie n t  w h e y  in  t h e  l a t e r  s t a g e s  o f  t h e  g r o w in g  p e r io d  t o  m e e t  

t h e i r  r e q u ir e m e n t s  a n d  t h a t  a n  in c r e a s e  in  t h e  d a i l y  m e a l  a l lo w a n c e  m ig h t ,  t h e r e f o r e ,  

b e  d e s i r a b le  d u r in g  t h i s  p e r io d .

E X P ER IM EN T A L 

T r e a t m e n t s  a n d  d ie t s

F o r  t h e  f i r s t  10  d a y s  a f t e r  b e in g  p u t  in t o  t h e  e x p e r im e n t a l  p e n s  a l l  t h e  p i g s  w e r e  

f e d  t h e  s a m e  c r e e p  p e l l e t s  t h a t  t h e y  h a d  r e c e iv e d  f r o m  3 w e e k s  o f  a g e ,  a n d  h a d  a c c e s s  

t o  a n  u n r e s t r i c t e d  s u p p ly  o f  w h e y  w h ic h  t h e y  h a d  b e e n  f e d  s in c e  b i r t h .  T h e y  w e r e  

t h e n  g r a d u a l l y  c h a n g e d  o v e r  t o  t h e  e x p e r im e n t a l  m e a l  m i x t u r e  s h o w n  in  T a b l e  1 so  

t h a t  t h e y  w e r e  r e c e iv in g  t h i s  o n ly  p l u s  u n r e s t r i c t e d  w h e y  o n  t h e  1 4 t h  d a y  a f t e r  

b e in g  p u t  in t o  t h e  p e n s .  T h e  f o u r  e x p e r im e n t a l  t r e a t m e n t s  b a s e d  o n  d i f fe r e n c e s  in  

t h e  a m o u n t s  o f  b a s a l  m e a l  g iv e n  w e r e  a s  f o l l o w s :

T r e a t m e n t  1. 3 lb  m e a l  p e r  p i g  p e r  d a y  r e d u c e d  t o  2  lb  a t  t h e  1 3 th  w e e k  o f  l i fe .

T r e a t m e n t  2 . 3  lb  m e a l  p e r  p i g  p e r  d a y  t h r o u g h o u t .

T r e a t m e n t  3 . 2 \  lb  m e a l  p e r  p i g  p e r  d a y  t h r o u g h o u t .

T r e a t m e n t  4 . 3  lb  m e a l  p e r  p i g  p e r  d a y  r e d u c e d  t o  2  lb  a t  t h e  1 3 th  w e e k  o f  l i f e  a n d  

t h e n  i n c r e a s e d  t o  2 J  lb  p e r  p i g  p e r  d a y  a t  t h e  2 0 t h  w e e k  o f  l i fe .
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T h e  a l t e r a t i o n s  in  t h e  d a i l y  a l lo w a n c e s  o f  m e a l  in  t r e a t m e n t s  1 a n d  4  w e r e  m a d e  

g r a d u a l l y  o v e r  a  p e r io d  o f  o n e  w e e k , t h e  r e d u c t io n s  f r o m  3 t o  2  lb  b e in g  s t a r t e d  w h e n  

t h e  p i g s  a v e r a g e d  12  w e e k s  o f  a g e  a n d  b e in g  c o m p le t e d  w h e n  t h e y  w e r e  13  w e e k s  o f  

a g e ,  w h ile  t h e  in c r e a s e  f r o m  2  t o  2-| lb  o n  t r e a t m e n t  4  w a s  s t a r t e d  a t  a n  a v e r a g e  a g e  

o f  1 9  w e e k s  a n d  c o m p le t e d  a t  t h e  a g e  o f  2 0  w e e k s .

T h e  e x p e r im e n t a l  p e r io d  s t a r t e d  f r o m  t h e  t im e  t h e  s e l e c t e d  p i g s  e n t e r e d  t h e  D a n i s h  

f a t t e n i n g  h o u s e  a f t e r  w e a n in g  a t  a p p r o x i m a t e l y  8 - 9  w e e k s  o f  a g e ,  a n d  c o n t in u e d  t o  

s l a u g h t e r  a t  a n  a v e r a g e  l i v e w e ig h t  o f  2 0 4  lb .  A l l  p i g s  w e r e  g iv e n  t h e  c r e e p  p e l l e t s  

o r  e x p e r im e n t a l  b a s a l  m e a l  a d  l ib .  f r o m  t h e  s t a r t  o f  t h e  t r i a l  u p  t o  t h e  d a i l y  m a x i 

m u m  o f  3  l b / p i g  o n  t r e a t m e n t s  1 , 2  a n d  4 , a n d  2 |  l b / p i g  o n  t r e a t m e n t  3 .

T a b l e  1. T h e  p e r c e n t a g e  c o m p o s i t i o n  o f  th e  b a s a l  m e a l  g iv e n  to  a l l  th e  p i g s

M ea l and whey fo r  p ig  feeding

Barley  m eal 55
W eatings 35
W hite fish m eal 10
V itam ealo ‘ Supercon ’ special supplem ent* 3 Jlb /2 0 0 0  lb

*  Agricultural Food Products L td ., containing in 3^ lb : 14 g  Oxytetracycline, 4200000 i.u. vitam in A, 
1050000 i.u. vitam in D 3. Other B  vitam ins and trace m inerals were included in this commercial product.

PIG S

A ll  t h e  p i g s  u s e d  w e r e  r e a r e d  w it h  t h e i r  d a m s  o n  p a s t u r e  a n d  w e r e  w e a n e d  a t  

8 - 9  w e e k s  o f  a g e ,  w e a n in g  b e in g  d o n e  o n  o n e  d a y  in  e a c h  w e e k . B o t h  s o w s  a n d  l i t t e r s  

h a d  a c c e s s  t o  u n r e s t r i c t e d  w h e y  d u r i n g  t h e  s u c k l in g  p e r io d .  I n  a d d i t i o n ,  p r o p r ie t a r y  

c r e e p  p e l l e t s  c o n t a in in g  a n  a n t i b i o t i c  w e r e  p r o v i d e d  f r o m  3  w e e k s  o f  a g e .  A l l  t h e  

l i t t e r s  w e r e  c r o s s - b r e d s ,  t h e  m a jo r i t y  b e in g  f r o m  c r o s s - b r e d  s o w s  c o n t a in in g  L a r g e  

W h ite ,  L a n d r a c e  o r  W e s s e x  S a d d l e b a c k  b lo o d .  T h e  s i r e s  o f  t h e  l i t t e r s  w e r e  e i t h e r  p u r e  

L a r g e  W h it e  o r  p u r e  L a n d r a c e .  A s  f a r  a s  p o s s i b l e  l i t t e r s  w e r e  c h o s e n  f r o m  s i r e s  t h a t  

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

t h a t  t h e  b o a r s  h a d  b e e n  g i v e n  a  c l a s s i f i c a t io n  o f  h ig h  q u a l i t y .  A l l  t h e  p i g s  w e r e  

i n je c t e d  w it h  s w in e  e r y s i p e l a s  v a c c in e  a t  5 - 6  w e e k s  o f  a g e .

A f t e r  w e ig h in g  a t  w e a n in g ,  t h e  p i g s  w e r e  s e l e c t e d  f o r  e x p e r im e n t  in  t h e  w a y  

> d e s c r ib e d  b y  B r a u d e  e t a l .  ( 1 9 5 7 )  a n d  b r o u g h t  in t o  t h e  D a n i s h - t y p e  f a t t e n i n g  h o u s e  

d e s c r ib e d  b e lo w .

T h e r e  w e r e  f iv e  p e n s  o f  n in e  p i g s  o n  e a c h  o f  t h e  f o u r  t r e a t m e n t s ,  m a k i n g  a  t o t a l  o f  

1 8 0  p i g s  f o r  t h e  e x p e r im e n t .  T h e  f o u r  t r e a t m e n t s  w e r e  r a n d o m l y  a l l o c a t e d  t o  t h e  

p e n s  w it h in  e a c h  o f  t h e  f iv e  r e p l i c a t e s .  T h e  f i r s t  r e p l i c a t e  w a s  s t a r t e d  o n  16 A p r i l  1 9 5 9  

a n d  t h e  f i f t h  r e p l i c a t e  o n  9  J u n e  1 9 5 9 .

H o u s i n g

T h e  D a n i s h  f a t t e n i n g  h o u s e  p r e v i o u s l y  d e s c r ib e d  b y  B r a u d e  e t a l .  ( 1 9 5 7 )  w a s  u s e d .  

B e f o r e  t h e  e x p e r im e n t  b e g a n ,  h o w e v e r ,  r a i s e d  i n s u l a t e d  c o n c r e t e  f lo o r s  w it h  a  g r e a t e r  

s lo p e  w e r e  i n s t a l l e d  in  e a c h  o f  t h e  p e n s ,  r e p la c i n g  t h e  w o o d e n  p l a t f o r m s  a n d  s t r a w  

b e d d in g  u s e d  p r e v i o u s l y .
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R e c o r d s

A ll  p i g s  w e r e  i n d i v i d u a l l y  w e ig h e d  o n c e  w e e k ly  in  t h e  m o r n in g .  T h e  m e a l  g iv e n  t o  

e a c h  p e n  o f  p i g s  w a s  w e ig h e d ,  a n d  t h e  w h e y  g iv e n  r e c o r d e d  in  g a l lo n s .  E a c h  w e e k , 

c o in c id in g  w it h  t h e  w e ig h in g  d a y ,  r e f u s a l s  o f  m e a l  a n d  w h e y  w e r e  d e t e r m in e d  s o  t h a t  

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

t h r o u g h o u t  t h e  e x p e r im e n t .

I n  t h e  d e t e r m in a t io n  o f  t h e  t o t a l  f o o d  c o n s u m p t io n  o f  e a c h  p e n  o f  p i g s ,  a n  e s t i m a t e  

o f  t h e  p r o p o r t io n  o f  t h e  f o o d  e a t e n  b y  t h o s e  p i g s  w h ic h  e i th e r  d ie d  o r  h a d  t o  b e  t a k e n  

o f f  t h e  e x p e r im e n t  ( s e e  l a t e r )  w a s  m a d e  a n d  d e d u c t e d  f r o m  t h e  t o t a l .  T o  o b t a i n  a n  

o v e r - a l l  f ig u r e  o f  f o o d  c o n s u m p t io n  p e r  lb  o f  g a in ,  t h e  w h e y  c o n s u m e d  w a s  c o n v e r t e d  

t o  a  12  %  m o i s t u r e  b a s i s ,  e q u i v a l e n t  t o  t h e  a p p r o x i m a t e  m o i s t u r e  c o n t e n t  o f  t h e  m e a l  

p o r t io n  o f  t h e  r a t i o n .  U s i n g  f ig u r e s  o f  6 -2 4  %  f o r  t h e  d r y - m a t t e r  c o n t e n t  o f  w h e y  a n d  

10-3  lb  f o r  t h e  w e ig h t  o f  1 g a l  o f  w h e y ,  t h e  12  %  m o i s t u r e  e q u i v a l e n t  f o r  t h e  w h e y  

in  p o u n d s  w a s  o b t a i n e d  b y  m u l t ip l y i n g  t h e  f ig u r e  f o r  w h e y  in  g a l lo n s  b y  0 -7 2 8 9 5 .

C a r c a s s  g r a d i n g

W h e n  e a c h  p i g  r e a c h e d  a  m in im u m  l iv e w e ig h t  o f  2 0 0  lb  a t  t h e  o n c e - w e e k ly  w e ig h 

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

t h e  p i g s  w e r e  s e n t  t o  t h e  s a m e  lo c a l  b a c o n  f a c t o r y  a n d  w e r e  k i l le d  s o o n  a f t e r  a r r i v a l  

t h e  s a m e  d a y .  A l l  c a r c a s s e s  w e r e  c o m m e r c ia l ly  g r a d e d  a n d ,  in  a d d i t i o n ,  c a r c a s s  

m e a s u r e m e n t s  w e r e  t a k e n  a s  d e s c r ib e d  in  d e t a i l  b y  M it c h e l l  &  S e d g w ic k  (1 9 6 0 ) .

H e a l t h  o f  th e  p i g s

D u r i n g  t h e  e x p e r im e n t  n in e  o f  t h e  t o t a l  o f  1 8 0  p i g s  ( 5 % )  d ie d  o r  h a d  t o  b e  w i t h 

d r a w n .  O f  t h e  t h r e e  p i g s  t h a t  d i e d  o n e  h a d  s e v e r e  p n e u m o n ia ,  o n e  a c u t e  e n t e r i t i s  a n d  

t h e  c a u s e  o f  d e a t h  o f  t h e  t h i r d ,  w h ic h  w a s  o n  e x p e r im e n t  f o r  o n ly  o n e  w e e k ,  w a s  

u n k n o w n . A l l  b u t  o n e  o f  t h e  s i x  p i g s  t a k e n  o f f  t h e  e x p e r im e n t  w e r e  w it h d r a w n  b e c a u s e  

t h e y  f a i l e d  t o  g r o w  n o r m a l ly ,  p r o b a b l y  o w in g  t o  p n e u m o n ia .  T h e  r e m a in in g  p i g  h a d  

a  p r o t r u d i n g  r e c t u m .

A s  in  p r e v io u s  t r i a l s  a t  E a s t  F a r m  s ig n s  o f  v i r u s  p n e u m o n ia  w e r e  o b s e r v e d  in  t h e  

p i g s  a n d  t h e  r o u t in e  d e s c r ib e d  p r e v i o u s l y  ( B r a u d e  et a l .  1 9 5 7 )  t o  c o n t r o l  t h e  a s s o c i a t e d  

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

s p r a y e d  w it h  b e n z e n e  h e x a c h lo r id e  t w ic e  a t  7 - 1 4 - d a y  i n t e r v a l s  s h o r t ly  a f t e r  t h e y  

e n t e r e d  t h e  f a t t e n i n g  h o u s e  a s  a  p r e c a u t io n  a g a i n s t  s a r c o p t i c  m a n g e ,  a n d  w e r e  g iv e n  

a  v e r m if u g e  c o n t a in in g  p ip e r a z in e  w h e n  a p p r o x i m a t e l y  10  w e e k s  o ld .  A t  t h e  b e g i n 

n in g  o f  J u n e ,  a n  o u t b r e a k  o f  s w in e  f e v e r  o c c u r r e d  in  a  g r o u p  o f  p i g s  o n  a n o t h e r  p a r t  

o f  t h e  f a r m ,  a n d  a s  a  p r e c a u t io n  a l l  t h e  p i g s  o n  e x p e r im e n t  w e r e  i n je c t e d  w it h  c r y s t a l  

v i o le t  v a c c in e .

R E SU L T S

T r e a t m e n t  m e a n s  f o r  d a i l y  l iv e w e ig h t  g a in ,  t o t a l  c o n s u m p t io n  o f  m e a l  a n d  w h e y  

p e r  p i g  a n d  p e r  lb  l iv e w e ig h t  g a in ,  d r e s s i n g  p e r c e n t a g e  a n d  c a r c a s s  m e a s u r e m e n t s ,  

t o g e t h e r  w it h  t h e i r  s t a n d a r d  e r r o r s ,  a r e  g iv e n  in  T a b l e  2 . T h e  s t a n d a r d  e r r o r s  w e r e  

c a l c u l a t e d  f r o m  r a n d o m i z e d  b lo c k  a n a l y s e s  c f  v a r i a n c e  o n  t h e  p e n  m e a n s ,  n o  a d j u s t 

m e n t s  b e in g  m a d e  f o r  v a r i a t i o n  in  e i t h e r  i n i t i a l  l iv e w e ig h t  o r  c o ld  d e a d  w e ig h t
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T a b l e  2 . T r e a t m e n t  m e a n s ,  w it h  t h e i r  s t a n d a r d  e r r o r s ,  f o r  l iv e w e ig h t  g a i n ,  e f f ic ie n c y  o f  

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

8 w e e k s  o f  a g e  to  b a c o n  w e ig h t .  A l l  p i g s  h a d  a c c e s s  to  a n  u n r e s t r i c t e d  s u p p l y  o f  w h e y

Treatm ent no. and daily  m eal allowance/pig

1 2 3 4
3 lb reduced

to 2 lb at
13 weeks of age

3 lb reduced and increased Standard Significance
to 2 lb at 3 lb all 2 J  lb all to 2 J lb  at error o f o f treatm ent

13 weeks o f age through through 20 weeks of age m ean s! m ean squ are !

umber of pigs 44 44 41 42 — —

litial weight, lb 44-1 44-1 44-3 44-2 — —

inal weight, lb 203-6 203-5 204-1 203-7 — —

ays on experiment 131-5 126-1 124-2 127-0 — —
aily gain, lb
otal consumption o f food/pig:

1-23 1-28 1-30 1-27 0-018 N .S.

Meal, lb 278-2 360-6 304-0 289-9 — —
Whey, gal 400-0 270-4 347-5 363-9 — —
Meal +  88 %  dry-m atter whey, lb 

Dnsumption o f food/lb ga in :
569-9 557-7 557-3 555-2 — —

Meal, lb 1-75 2-26 1-90 1-82 0-029 * * *
Whey, gal 2-51 1-69 2-18 2-28 0-042 * * *

Meal +  88 %  dry-m atter whey, lb 3-57 3-50 3-49 3-48 0-031 N .S.
ressing percentage 76-4 76-8 76-6 76-2 0-34 N .S.
ircass length, mm 808-0 813-6 811-9 813-8 2-9 N .S.
loulder back fat, m m 48-5 48-6 48-6 48-4 1-4 N .S .
3in back fa t 2, mm 30-9 30-4 30-2 30-0 0-56 N .S .
ally thickness, m m  (average of 
3 points) 

ye m uscle:

41-3 40-8 41-2 40-9 0-25 N .S .

Breadth, mm 81-9 82-0 82-0 82-5 0-28 N .S.
Depth, mm 40-3 40-6 40-6 40-8 0-30 N .S.

t  B ased  on 12 degrees o f freedom.
% N .S . P  > 0.05, * * * p <  0-001.

T a b l e  3 . C o m m e r c ia l  g r a d i n g  r e s u l t s  (p e r c e n t a g e s )

Fin al grade Carcass length, mm

Ireat- T otal A Total ' Grade A 800
Tient No. of and B  + on Grade A and 775- Below
no. pigs AA + AA A above B  + B and B C F shoulder on loin above 799 775

i 44 34-1 11-4 4-5 50-0 36-4 2-3 38-7 6-8 4-5 84-1 52-3 68-2 25-0 6-8
2 44 40-9 2-3 2-2 45-4 43-2 2-3 45-5 6-8 2-3 84-1 45-5 77-3 18-2 4-5
3 41 41-5 2-4 0-0 43-9 39-0 2-5 41-5 12-2 2-4 83-0 48-8 78-0 19-5 2-5
4 42 50-0 9-5 2-4 61-9 23-8 0-0 23-8 11-9 2-4 85-7 61-9 76-2 21-4 2-4

( B a r b e r ,  B r a u d e  &  M itc h e l l ,  1 9 5 7 ) . T h e  c o m m e r c ia l  g r a d i n g  r e s u l t s  a r e  s u m m a r i z e d  

in  T a b l e  3 , a n d  in  T a b l e  4  t h e  p a t t e r n  o f  f o o d  c o n s u m p t io n  o v e r  7 - d a y  p e r io d s  d u r in g  

t h e  e x p e r im e n t  i s  s h o w n . I n  F i g .  1 t h e  a v e r a g e  g r o w t h  c u r v e s  o f  t h e  p i g s  o n  t h e  f o u r  

t r e a t m e n t s  a r e  g iv e n  f r o m  a p p r o x i m a t e l y  8  w e e k s  o f  a g e  u p  t o  t h e  t im e  w h e n  t h e  f i r s t  

p i g s  w e n t  t o  s l a u g h t e r .
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( a )  D a i l y  l iv e w e ig h t  g a i n  a n d  e f f ic ie n c y  o f  f o o d  u t i l i z a t i o n  

D if f e r e n c e s  b e tw e e n  t r e a t m e n t  m e a n s  w e r e  s m a l l ,  a n d  n e i t h e r  f o r  d a i l y  l i v e w e ig h t  

g a i n  n o r  e f f ic ie n c y  o f  f o o d  c o n v e r s io n  ( m e a l  p l u s  8 8  %  d r y  m a t t e r  w h e y / lb  g a i n )  w e r e  

t h e  t r e a t m e n t  m e a n  s q u a r e s  s i g n i f i c a n t  a t  t h e  5  %  le v e l .  T h e r e  w e r e , h o w e v e r ,  l a r g e  

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

t r e a t m e n t s ,  t h e  h ig h e r  t h e  l e v e l  o f  m e a l  g iv e n ,  t h e  lo w e r  t h e  a m o u n t  o f  w h e y  c o n -

T a b l e  4 . M e a n  c o n s u m p t i o n  o f  w h e y  a n d  o f  m e a l  p l u s  8 8  %  d r y - m a t t e r  w h e y  p e r  p i g  

p e r  d a y  o v e r  1 - d a y  p e r i o d s  d u r i n g  th e  e x p e r im e n t  u p  to  th e  t im e  w h e n  th e  f i r s t  p i g s  w e n t  

to  s l a u g h t e r
Treatm ent no. and daily  meal allowance/pig

3 lb m eal reduced 
to 2 lb a t  13 weeks 

o f age
3 lb m eal 

all through
2 f  lb meal 
all through

3 lb m eal reduced 
to 2 lb a t  13 weeks 

o f age and 
increased to 2£ lb 
a t  20 weeks o f age

Meal plus Meal plus Meal plus Meal plus
Approxim ate 88 %  dry- 8 8 %  dry- 88 %  dry- 88 %  dry-
age o f pigs m atter m atter m atter m atter

in m iddle of Whey, whey, Whey, whey, Whey, whey, Whey, whey,
period, weeks gal l b “ gal lb gal lb gal lb

9 0-6 2-3 0-7 2-3 0-7 2-4 0-7 2-2
10 0-9 3-0 0-9 3-0 1-0 3-2 0-9 3-0
11 1-0 3-4 0-9 3-3 1-1 3-3 0-9 3-2
12 1-1 3-8 1-1 3-6 1-5 3-6 1-2 3-7
13 1-5 3-4 1-2 3-9 1-7 3-7 1-5 3-4
14 2-1 3-5 1-6 4-1 2-0 4-0 1-9 3-4
15 2-4 3-8 1-6 4-2 2-3 4-2 2-3 3-7
16 2-8 4-1 1-8 4-3 2-7 4-5 2-9 4-1
17 2-9 4-1 1-9 4-4 2-8 4-5 3-1 4-2
18 3-9 4-8 2-4 4-8 3-2 4-9 3-6 4-7
19 3-8 4-8 2-5 4-8 3-2 4-8 3-6 4-6
20 4-1 5-0 2-8 5-1 3-7 5-2 4-0 5-2
21 4-4 5-2 3-2 5-3 3-9 5-3 4-1 5-5
22 4-4 5-2 3-4 5-4 4-1 5-5 4-2 5-6
23 4-9 5-6 3-5 5-5 4-3 5-6 4-3 5-6
24 4-9 5-6 3-3 5-4 4-3 5-6 4-4 5-7

s u m e d  b y  t h e  p i g s .  T h u s ,  p i g s  o n  t r e a t m e n t  2 , g iv e n  t h e  h ig h e s t  l e v e l  o f  m e a l  (3  lb  

m e a l / d a y  a l l  t h r o u g h )  c o n s u m e d  s i g n i f i c a n t ly  le s s  w h e y  p e r  lb  l i v e w e ig h t  g a i n  t h a n  

t h e  p i g s  o n  e a c h  o f  t h e  o t h e r  t h r e e  t r e a t m e n t s  ( P  <  0 -0 0 1 ) . P i g s  g i v e n  t h e  n e x t  

h ig h e s t  l e v e l  o f  m e a l  ( 2 f  lb  m e a l / d a y  a l l  t h r o u g h )  o n  t r e a t m e n t  3  c o n s u m e d  s i g n i f i 

c a n t l y  le s s  w h e y  p e r  lb  l i v e w e ig h t  g a in  ( P  <  0 - 0 0 1 )  t h a n  t h e  p i g s  o n  t r e a t m e n t  1 

g i v e n  t h e  lo w e s t  l e v e l  o f  m e a l  (3  lb  m e a l  r e d u c e d  t o  2  lb  a t  13  w e e k s  o f  a g e ) .  S i m i l a r l y ,  

t h e  p i g s  o n  t r e a t m e n t  4  w h ic h  h a d  t h e i r  d a i l y  m e a l  a l lo w a n c e  i n c r e a s e d  f r o m  2 t o  

2 \  l b  a t  2 0  w e e k s  o f  a g e  c o n s u m e d  s i g n i f i c a n t ly  l e s s  w h e y  p e r  lb  l i v e w e ig h t  g a i n  

( P  <  0 -0 1 ) t h a n  t h e  p i g s  o n  t r e a t m e n t  1 w h ic h  c o n t in u e d  o n  t h e  2  lb  l e v e l  o f  m e a l  t o  

s l a u g h t e r .  T h e  g r o w t h  c u r v e s  in  F i g .  1 s h o w  t h a t  o n  a l l  t r e a t m e n t s  t h e  p i g s  m a in t a i n e d  

a  f a i r l y  s t e a d y  r a t e  o f  g r o w t h  t h r o u g h o u t  ( a p a r t  f r o m  a  f a l l  i m m e d i a t e l y  f o l lo w in g  t h e  

r e d u c t i o n  in  m e a l  a l lo w a n c e  f r o m  3 t o  2  lb ,  w h ic h  i s  d i s c u s s e d  l a t e r )  w it h  n o  t e n d e n c y
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t o  f a l l  o f f  in  t h e  l a t e r  s t a g e s  o f  f a t t e n i n g .  A  s l i g h t  i n c r e a s e  in  a v e r a g e  r a t e  o f  g r o w t h  

w a s  a p p a r e n t  w h e n  t h e  m e a l  a l lo w a n c e  o f  t h e  p i g s  o n  t r e a t m e n t  4  w a s  i n c r e a s e d  f r o m  

2  t o  2 \  lb  p e r  p i g  p e r  d a y .

M ea l and whey fo r  p ig  feeding

(6 ) D r e s s i n g  p e r c e n t a g e  a n d  c a r c a s s  m e a s u r e m e n t s

A ll  t r e a t m e n t  d i f fe r e n c e s  f o r  t h e s e  v a r i a b l e s  w e r e  s m a l l  a n d  n o n e  w a s  s t a t i s t i c a l l y  

s ig n i f i c a n t .

F ig . 1. Average growth curves o f the four groups o f pigs up to the time th at the first pigs went to
s la u g h te r .-------------- , Treatm ent 1 ; ............, treatm ent 2 ; ------------ , treatm ent 3; —  ------ ----- ,
treatm ent 4. f  , points where changes in daily  m eal allowance on treatm ents 1 and 4 were 
started  (see text).

(c ) C o m m e r c ia l  g r a d i n g  r e s u l t s

A s  s h o w n  in  T a b l e  3 , t h e  g r a d i n g  r e s u l t s  w e r e  s a t i s f a c t o r y  e x c e p t  f o r  t h e  m e a s u r e 

m e n t  o f  b a c k  f a t  o v e r  t h e  lo in . T h e r e  w e r e  n o  c o n s i s t e n t  d i f fe r e n c e s  in  g r a d i n g  r e s u l t s  

b e tw e e n  t r e a t m e n t s  w it h  t h e  e x c e p t io n  t h a t  t h e  m e a n  p e r c e n t a g e  o f  c a r c a s s e s  g r a d i n g  

A  o v e r  t h e  lo in ,  a n d  in  c o n s e q u e n c e  o f  f in a l  g r a d e  A  c a r c a s s e s ,  w a s  s o m e w h a t  h ig h e r  

f o r  t h e  p i g s  o n  t r e a t m e n t  4  t h a n  f o r  t h o s e  o n  t h e  o t h e r  t h r e e  t r e a t m e n t s .  T h e  c o m 

m e r c ia l  g r a d i n g  o f  f a t  t h i c k n e s s  o v e r  t h e  lo in  w a s  m a d e  a c c o r d in g  t o  t h e  f o l lo w in g  

g r o u p i n g :  a  lo in  f a t  t h i c k n e s s  o f  3 0  m m  o r  b e lo w  w a s  g r a d e  A ,  o f  3 1 - 3 5  m m  g r a d e  B ,  

o f  3 6 - 3 9  m m  g r a d e  C  a n d  o f  4 0  a n d  a b o v e  g r a d e  F .  A l t h o u g h  t h e r e  w e r e  n o  s i g n i f i c a n t  

d i f fe r e n c e s  b e tw e e n  t r e a t m e n t s  in  t h e  m e a n  lo in  f a t  m e a s u r e m e n t s  g iv e n  in  T a b l e  2 , 

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

t h a t  w h e n  g r o u p e d  in t o  t h e  f o u r  g r a d e s  g iv e n  a b o v e ,  t h e  p r o p o r t io n  o f  p i g s  f a l l i n g  

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

t h i s  h y p o t h e s i s ,  c o n t in g e n c y  y 2 t e s t s  w e r e  a p p l i e d  t o  t h e  n u m b e r s  o f  p i g s  f a l l i n g  i n t o
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e a c h  o f  t h e  f o u r  g r a d e s  f o r  lo in  f a t  t h i c k n e s s ,  a c c o r d in g  t o  t h e  i n d i v i d u a l  lo in  f a t  

m e a s u r e m e n t s  m a d e ,  a n d  a l s o  t o  t h e  n u m b e r s  in  g r a d e s  A  a n d  in  B  t o  F  f o r  e a c h  

t r e a t m e n t .  T h e  r e s u l t s  o f  b o t h  t e s t s  s h o w e d  t h a t  t h e  p r o p o r t io n  o f  p i g s  f a l l i n g  in t o  

e a c h  g r a d e  d id  n o t  d i f fe r  s i g n i f i c a n t ly  f r o m  t r e a t m e n t  t o  t r e a t m e n t ,  a n d  i t  m a y  b e  

c o n c lu d e d ,  th e r e f o r e ,  t h a t  i t  i s  u n l ik e ly  t h a t  a n y  d i f fe r e n c e s  in  t h e  c o m m e r c ia l  g r a d i n g  

r e s u l t s  g iv e n  in  T a b l e  3 w e r e  d u e  t o  t r e a t m e n t  e f fe c t s .

(d )  P a t t e r n  o f  f o o d  c o n s u m p t i o n  d u r i n g  th e  e x p e r im e n t

T h e  s i m i l a r i t y  o f  t h e  w e e k ly  f ig u r e s  in  T a b l e  4  f o r  m e a l  p l u s  8 8  %  d r y - m a t t e r  w h e y  

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

t o t a l  m e a l  c o n s u m p t io n  a n d  t o t a l  w h e y  c o n s u m p t io n  ( se e  T a b l e  2 ) w a s  e v i d e n t  

t h r o u g h o u t  t h e  e x p e r im e n t .  I t  i s  a p p a r e n t ,  h o w e v e r ,  t h a t  fo l lo w in g  c h a n g e s  in  t h e  

le v e l  o f  m e a l  f e d ,  t h e r e  w a s  a n  i n t e r v a l  o f  a  fe w  w e e k s  b e fo r e  t h e  p i g s  a d ju s t e d  t h e i r  

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

t h e  m e a l  p o r t i o n  o f  t h e i r  r a t i o n .  T h u s ,  w h e n  t h e  d a i l y  m e a l  a l lo w a n c e  o f  t h e  p i g s  o n  

t r e a t m e n t s  1 a n d  4  w a s  r e d u c e d  f r o m  3 t o  2 lb  a t  13  w e e k s  o f  a g e ,  t h e i r  d a i l y  i n t a k e  o f  

t o t a l  s o l id s  f e l l  b e lo w  t h a t  o f  t h e  p i g s  o n  t r e a t m e n t  2  (3  lb  m e a l / d a y  a l l  t h r o u g h )  a n d  

r e m a in e d  a b o u t  \  l b / d a y  l e s s  f o r  t h e  fo l lo w in g  2 - 3  w e e k s .

S im i l a r ly ,  w h e n  t h e  m e a l  a l lo w a n c e  o f  t h e  p i g s  o n  t r e a t m e n t  4  w a s  i n c r e a s e d  f r o m  

2 t o  2 \  l b / d a y  a t  2 0  w e e k s  o f  a g e ,  t h e i r  d a i l y  in t a k e  o f  t o t a l  s o l id s  r o s e  a b o v e  t h a t  o f  

t h e  g r o u p  o f  p i g s  o n  t r e a t m e n t  1 w h ic h  w e r e  k e p t  o n  t h e  2  lb  m e a l / d a y  le v e l ,  a n d  

r e m a in e d  s o  f o r  2 - 3  w e e k s .  B o t h  o f  t h e s e  r e l a t i v e  c h a n g e s  in  t h e  i n t a k e  o f  t o t a l  

s o l id s  w e r e  r e f le c t e d  a s  s m a l l  c h a n g e s  in  t h e  m e a n  r a t e  o f  g r o w th  o f  t h e  p i g s  c o n c e r n e d  

( s e e  F i g .  1).

T h e  p e a k  m e a n  d a i l y  c o n s u m p t io n  o f  w h e y  p e r  p i g  w a s  r e a c h e d  b y  a l l  t r e a t m e n t  

g r o u p s  d u r in g  a b o u t  t h e  2 3 r d - 2 5 t h  w e e k s  o f  l i fe ,  a n d  f o r  t r e a t m e n t s  1, 2 , 3 a n d  4  i t  

w a s  5 , 3 | ,  4 1 a n d  4 ^  g a l  r e s p e c t iv e l y .  T h e s e  f ig u r e s  r e p r e s e n t  m e a n s  o f  a l l  p e n s  o n  

e a c h  t r e a t m e n t ,  a n d  t h e r e  w a s  c o n s id e r a b le  v a r i a t i o n  in  a c t u a l  m e a n  p e a k  c o n 

s u m p t i o n  b e tw e e n  t h e  d i f fe r e n t  p e n s  o f  p i g s  o n  t h e  s a m e  t r e a t m e n t .

D ISCU SSIO N

T h e  r e s u l t s  o b t a i n e d  in  t h i s  e x p e r im e n t  s h o w  t h a t  in  g r o w t h  r a t e ,  e f f ic ie n c y  o f  f o o d  

u t i l i z a t i o n  a n d  c a r c a s s  q u a l i t y ,  t h e r e  w a s  l i t t l e  t o  c h o o s e  b e tw e e n  t h e  f o u r  l e v e l s  o f  

m e a l- f e e d in g  c o m p a r e d .  S u c h  d i f fe r e n c e s  in  t r e a t m e n t  m e a n s  t h a t  o c c u r r e d  w e r e  a l l  

r e l a t i v e l y  s m a l l  a n d  s t a t i s t i c a l  a n a l y s e s  i n d i c a t e d  t h a t  n o n e  w a s  l ik e ly  t o  b e  t h e  

r e s u l t  o f  r e a l  t r e a t m e n t  e f fe c t s .

T h e  r e s u l t s  o b t a i n e d  in  t h e  e a r l ie r  e x p e r im e n t  c a r r i e d  o u t  in  1 9 5 4 —5 5  ( B r a u d e  et a l .

1 9 5 7 )  d i f f e r e d  in  t h a t  t h e  p i g s  g i v e n  3 lb  m e a l / d a y  t h r o u g h o u t  g r e w  s i g n i f i c a n t ly  

f a s t e r  a n d  w e r e  a l s o  d i s t i n c t l y  f a t t e r  t h a n  p i g s  g iv e n  2 lb  m e a l / d a y  o n ly  f r o m  13 

w e e k s  o f  a g e .  I n  c o m p a r in g  t h e  t w o  e x p e r im e n t s  i t  i s  o f  i n t e r e s t  t o  c o n s id e r  t h e  

s t r i k i n g  d i f fe r e n c e s  in  a b s o l u t e  p e r f o r m a n c e  o f  t h e  a n i m a l s  in v o lv e d .

I n  t h e  e a r l ie r  t r i a l  p i g s  g iv e n ,  f o r  e x a m p l e ,  3  lb  m e a l / d a y  r e d u c e d  t o  2  lb  a t  13  w e e k s  

o f  a g e  in  c o n ju n c t io n  w it h  a n  u n r e s t r i c t e d  s u p p l y  o f  w h e y , g r e w  a t  a  m e a n  r a t e  o f  

1 T 1  l b / d a y  w it h  a n  e f f ic ie n c y  o f  f o o d  u t i l i z a t i o n  o f  4 T 4  lb  m e a l  p l u s  8 8  %  d r y - m a t t e r  

w h e y / lb  g a in ,  w h e r e a s  in  t h e  p r e s e n t  e x p e r im e n t  t h e  c o r r e s p o n d in g  f ig u r e s  f o r  t h e
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s i m i l a r l y  f e d  p i g s  ( t r e a t m e n t  1) w e r e  1-23  a n d  3 -57  r e s p e c t iv e l y .  A l s o  t h e  m e a n  

c a r c a s s  l e n g t h  o f  t h e  p i g s  in  t h e  e a r l ie r  t r i a l s  w a s  o n ly  7 7 4  m m , c o m p a r e d  w it h  

8 0 8  m m  in  t h e  p r e s e n t  t r i a l ,  a l t h o u g h  m e a n  b a c k  f a t  t h i c k n e s s  w a s  s i m i la r  in  t h e  

t w o  g r o u p s .  M e a n  f ig u r e s  f o r  d a i l y  g a i n  a n d  e f f ic ie n c y  o f  f o o d  u t i l i z a t i o n  o f  p i g s  f e d  

in  t h e  s a m e  w a y  in  o t h e r  e x p e r im e n t s  c a r r i e d  o u t  o n  t h e  C o w  a n d  G a t e  f a r m  in  1 9 5 5  

a n d  1 9 5 6  w e r e  1 -10  a n d  4 -2 8  ( B r a u d e ,  M it c h e l l ,  C r a y ,  F r a n k e  &  S e d g w ic k ,  1 9 5 8 ) ,

1 -1 4  a n d  3 -8 3  ( B r a u d e  e t a l .  1 9 5 9 a )  a n d  1 -18  a n d  4 -1 0  ( B r a u d e  e t a l .  1 9 5 9 6 ) ,  w h ic h  

a g a i n  e m p h a s i z e  t h e  m a r k e d l y  s u p e r io r  p e r f o r m a n c e  o f  t h e  p i g s  in  t h e  e x p e r im e n t  

r e p o r t e d  h e r e .  T h e r e  c a n  b e  l i t t l e  d o u b t  t h a t  t h e  s t o c k  im p r o v e m e n t  w o r k  a n d  o t h e r  

i m p r o v e m e n t s  in  h o u s in g  a n d  m a n a g e m e n t  c o n t in u o u s ly  c a r r i e d  o u t  in  t h e  C o w  a n d  

G a t e  h e r d ,  a s  m e n t io n e d  e a r l ie r ,  h a v e  b e e n  p r im a r i l y  r e s p o n s ib le  f o r  t h e s e  m u c h  

im p r o v e d  r e s u l t s ,  a n d  t h e  g e n e r a l  o b s e r v a t i o n  c a n  b e  m a d e  t h a t  w h e r e  s u c h  m a r k e d  

d i f fe r e n c e s  in  t h e  a b s o l u t e  p e r f o r m a n c e  o f  t h e  p i g s  in  d i f f e r e n t  e x p e r im e n t s  o c c u r ,  

d i f fe r e n c e s  in  t r e a t m e n t  r e s p o n s e  a r e  n o t  t o  b e  u n e x p e c t e d .  T h e  r e s u l t s  o b t a i n e d  in  

t h e  p r e s e n t  e x p e r im e n t  a l s o  s h o w  c o n c lu s iv e ly  t h a t  w it h  t h e  r i g h t  s t o c k  a n d  m a n a g e 

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

r e s t r i c t e d  w h e y  f e e d in g  s y s t e m .

M ea l and whey fo r  p ig  feeding

T a b l e  5 . T o t a l  f o o d  c o s t s  d u r i n g  th e  g r o w in g  p e r i o d  o n  th e  f o u r  e x p e r im e n t a l  t r e a t m e n t s  

u s i n g  w h e y  p r i c e s  o f  I d . ,  2 d .  o r  2 ^ d . / g a l  a n d  m e a l  p r i c e s  o f  £ 2 5  o r  £ 3 5 ¡ t o n ,  a n d  th e  

f i g u r e s  f o r  t o t a l  c o n s u m p t i o n  o f  f o o d  g iv e n  i n  T a b l e  2  { s h i l l i n g s ¡ p i g )

Treatm ent no. and daily  m eal allowance/pig

1

3 lb reduced to 2 lb 
a t  13 weeks o f  age

Prices o f ,--------- *--------- ,
m eal/ton ... £25 £35

Prices of
whey/gal

Id. 95 120
2 d. 129 154
2 id . 145 170

2 3 4
3 lb reduced to 2 lb 
a t  13 weeks o f age 

and increased to 2 |  lb
3 lb all through 2 J  lb all through at 20 weeks o f age
!------ —*--------- , (------ ---A--------- N (------ -- A---------
£25 £35 £25 £35 £25 £35

103 135 97 124 95 121
126 158 126 153 125 151
137 169 140 167 141 166

A l t h o u g h  i n c r e a s in g  t h e  d a i l y  m e a l  a l lo w a n c e  f r o m  2 t o  2 \  l b / p i g  a t  2 0  w e e k s  o f  

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

r e f le c t e d  in  a  s m a l l  a c c e le r a t io n  in  t h e  r a t e  o f  g r o w t h  o f  t h e  p i g s ,  o n e  m u s t  c o n c lu d e  

f r o m  t h e  a b s e n c e  o f  a n y  s i g n i f i c a n t  d i f fe r e n c e  in  5 h e  p e r f o r m a n c e  o v e r  t h e  w h o le  

g r o w in g  p e r io d  o f  t h e s e  p i g s  ( t r e a t m e n t  4 )  a n d  o f  t h e s e  t h a t  c o n t in u e d  o n  t h e  2  l b / d a y  

l e v e l  t o  s l a u g h t e r  ( t r e a t m e n t  1), t h a t  i n c r e a s in g  t h e  m e a l  a l lo w a n c e  in  t h e  l a t e r  

s t a g e s  o f  t h e  g r o w in g  p e r io d  t o  t h i s  e x t e n t ,  a t  l e a s t ,  i s  u n l ik e ly  t o  r e s u l t  in  a n y  

m e a s u r a b l e  e f f e c t  o n  o v e r a l l  p e r fo r m a n c e .

S in c e  t h e  o n ly  m a jo r  d i f fe r e n c e  o b s e r v e d  b e t w e e n  t h e  f o u r  g r o u p s  o f  p i g s  w a s  in  t h e  

p r o p o r t i o n s  o f  m e a l  a n d  o f  w h e y  c o n s u m e d ,  i t  f o l lo w s  t h a t  t h e  d e c i s io n  a s  t o  w h ic h  

o f  t h e  f o u r  m e a l - f e e d in g  s y s t e m s  s h o u ld  b e  s e l e c t e d  c a n  b e  b a s e d  l a r g e l y  o n  t h e  

q u e s t io n  o f  d i f fe r e n c e s  in  t o t a l  f o o d  c o s t s  b e t w e e n  t h e  f o u r  s y s t e m s .  I n  o r d e r  t o  

i l l u s t r a t e  t h e  e f f e c t  o f  v a r i a t i o n s  in  t h e  r e l a t i v e  p r ic e s  o f  m e a l  a n d  o f  w h e y  o n  t o t a l
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f o o d  c o s t s  p e r  p i g  o n  t h e  d i f f e r e n t  t r e a t m e n t s ,  t h e  f ig u r e s  in  T a b l e  5  h a v e  b e e n  c a l 

c u la t e d .  T h e  f o o d  c o n s u m p t io n  d a t a  in  T a b l e  2  w e r e  u s e d  in  t h e  c a l c u l a t i o n s  a n d  in  

o r d e r  t o  c o v e r  a  f a i r l y  w id e  r a n g e ,  p r ic e s  o f  I d . ,  2 d .  a n d  21 ¿ . / g a l  f o r  w h e y  a n d  o f  £ 2 5  

a n d  o f  £ 3 5 / t o n  f o r  m e a l  w e r e  u s e d ,  a l t h o u g h  i t  i s  r e a l iz e d  t h a t  a t  a  p r ic e  a s  h ig h  a s  

2 ^ . / g a l  u n r e s t r i c t e d  w h e y  f e e d in g  i s  u n l ik e ly  t o  b e  c o n s id e r e d .

W h e n  t h e  m e a l  p r ic e  i s  a t  t h e  lo w e r  f ig u r e  o f  £ 2 5 / to n ,  i t  i s  s e e n  t h a t  i f  t h e  p r ic e  o f  

w h e y  i s  a l s o  lo w  ( L i . / g a l  o r  l e s s )  t h e  s y s t e m  o f  f e e d in g  u s in g  t h e  m o s t  m e a l  a n d  t h e  

l e a s t  w h e y  ( t r e a t m e n t  2 ) w o u ld  h a v e  t h e  h ig h e s t  f o o d  c o s t s ,  w it h  l i t t l e  d i f fe r e n c e  

b e tw e e n  t h e  o t h e r  t h r e e  f e e d in g  s y s t e m s .  W h e n  t h e  p r ic e  o f  w h e y  i s  i n c r e a s e d  t o  

2 c i ./g a l  w it h  m e a l  r e m a in in g  a t  £ 2 5 / to n ,  t h e  s y s t e m  o f  f e e d in g  w it h  t h e  h ig h e s t  f o o d  

c o s t s  b e c o m e s  t h a t  o n  w h ic h  l e a s t  m e a l  a n d  m o s t  w h e y  i s  c o n s u m e d  ( t r e a t m e n t  1) 

w it h  l i t t l e  d i f fe r e n c e  b e tw e e n  t h e  o t h e r  t h r e e  f e e d in g  s y s t e m s .  I n c r e a s i n g  t h e  p r ic e  

o f  w h e y  f u r t h e r  t o  2 | d . / g a l  r e s u l t s  in  t r e a t m e n t  1 b e c o m in g  e v e n  m o r e  u n f a v o u r a b l e ,  

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

2)  b e c o m e s  t h e  o n e  w it h  t h e  lo w e s t  f o o d  c o s t s  w it h  t r e a t m e n t s  3 a n d  4  in t e r m e d ia t e .  

O n  t h e  o t h e r  h a n d ,  w h e n  t h e  m e a l  p r ic e  i s  a t  t h e  h ig h e r  f ig u r e  o f  £ 3 5 / t o n ,  t o t a l  f o o d  

c o s t s  o n  t r e a t m e n t  2  r e m a in  u n f a v o u r a b l y  h ig h  a t  e a c h  o f  t h e  t h r e e  w h e y  p r ic e s  

s h o w n  in  T a b l e  5 . A s  t h e  w h e y  p r ic e  i s  i n c r e a s e d  f r o m  I d .  t o  2 |d . / g a l  t h e  t r e n d  i s  f o r  

t h e  lo w e s t  f o o d  c o s t  s y s t e m  t o  c h a n g e  f r o m  t h a t  u s in g  m o s t  w h e y  ( t r e a t m e n t  1) t o  

t h e  i n t e r m e d ia t e  s y s t e m s  ( t r e a t m e n t s  3 a n d  4 ) .  F r o m  t h e  p r a c t i c a l  a s p e c t ,  i t  i s  n o t e 

w o r t h y  t h a t  t h e  f o o d  c o s t s  o n  t h e  i n t e r m e d ia t e  m e a l- f e e d in g  s y s t e m s  ( t r e a t m e n t s  3 

a n d  4 )  a r e  a t  n o  p o i n t  in  t h e  r a n g e  o f  m e a l  a n d  w h e y  p r ic e s  in c lu d e d  in  T a b l e  5  e v e r  

s u b s t a n t i a l l y  h ig h e r  t h a n  t h o s e  o n  t h e  a c t u a l  l e a s t  c o s t  s y s t e m .  H e n c e  in  a  s i t u a t i o n  

w h e r e  m e a l  a n d  w h e y  p r ic e s  a r e  t e n d in g  t o  b e  c o n t in u a l ly  f l u c t u a t i n g ,  i t  w o u ld  

p r o b a b l y  b e  a d v a n t a g e o u s  in  t h e  lo n g  r u n  t o  u s e  o n e  o f  t h e  i n t e r m e d ia t e  s y s t e m s  

( t r e a t m e n t s  3  o r  4 )  a l l  t h e  t im e  r a t h e r  t h a n  t o  k e e p  c h a n g in g  t o  t h e  a c t u a l  l e a s t  c o s t  

f e e d in g  s y s t e m  in  s t e p  w it h  t h e  c h a n g e s  in  m e a l  a n d  w h e y  p r ic e s .

T r e a t m e n t s  2  a n d  3 h a v e  t h e  a d v a n t a g e  o v e r  t r e a t m e n t s  1 a n d  4  t h a t  t h e y  i n v o lv e  

n o  c h a n g e s  in  t h e  d a i l y  m e a l  a l lo w a n c e  p e r  p i g  o n c e  t h e  l e v e l s  o f  3  a n d  2 \  lb  r e s p e c 

t i v e l y  a r e  r e a c h e d  a t  9 - 1 0  w e e k s  o f  a g e .  M o r e o v e r ,  a l t h o u g h  u n d e r  t h e  c o n d i t io n s  o f  

t h i s  e x p e r im e n t  t r e a t m e n t s  1 a n d  4  w o u ld  h a v e  t h e  lo w e s t  f o o d  c o s t s  w h e n  t h e  w h e y  

p r ic e  w a s  lo w  ( I d .  g a l  o r  l e s s ) ,  t h e  p o s s i b i l i t y  s h o u ld  b e  b o r n e  in  m in d  t h a t  u n d e r  l e s s  

f a v o u r a b l e  e n v i r o n m e n t a l  c o n d i t io n s ,  t h e  s e t - b a c k  o b s e r v e d  in  g r o w t h  r a t e  f o l lo w in g  

t h e  r e d u c t io n  in  t h e  d a i l y  m e a l  a l lo w a n c e  f r o m  3 t o  2  l b / p i g ,  c o u ld  b e  m o r e  p r o lo n g e d  

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

I f  t h i s  w e r e  s o ,  o n e  o f  t h e  t w o  t r e a t m e n t s  in v o lv in g  n o  c h a n g e  in  t h e  m e a l  a l lo w a n c e  

m ig h t ,  in  p r a c t ic e ,  p r o v e  t h e  m o s t  p r o f i t a b le  e v e n  w h e n  t h e  w h e y  p r ic e  w a s  r e l a t i v e l y  
lo w  a n d  t h e  m e a l  p r ic e  h ig h .

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

a r e  t a k e n  in t o  c o n s id e r a t io n ,  t h e  f e e d in g  s y s t e m  t h a t  c o u ld  b e  r e c o m m e n d e d  in  m o s t  

o f  t h e  e n v i r o n m e n t a l  a n d  e c o n o m ic  s i t u a t i o n s  l ik e ly  t o  b e  e n c o u n t e r e d  in  p r a c t i c e  i s  

t h a t  u s e d  in  t r e a t m e n t  3  (2 ^ 1 b  m e a l  p e r  p i g  p e r  d a y  t h r o u g h o u t  t h e  g r o w in g  p e r io d ) .

C o m p a r i s o n  o f  t h e  p a t t e r n  o f  w h e y  in t a k e  in  t h i s  e x p e r im e n t ,  w h ic h  w a s  c a r r i e d  

o u t  d u r in g  t h e  s u m m e r ,  w it h  t h a t  in  o t h e r  t r i a l s  o n  w h e y  f e e d in g  o n  t h e  C o w  a n d  

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

s u p p o r t  t o  t h e  o b s e r v a t i o n  t h a t  o n  t h e  C o w  a n d  G a t e  f a r m  t h e  d a i l y  i n t a k e  o f  w h e y
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a t  a  g iv e n  a g e  t e n d s  t o  b e  h ig h e r  d u r i n g  t h e  w in t e r  m o n t h s  o f  t h e  y e a r  t h a n  d u r i n g  t h e  

s u m m e r  ( B r a u d e  e t a l .  1 9 5 9 6 ) .  A t  f i r s t  s i g h t  t h i s  w o u ld  s e e m  t o  h e  t h e  o p p o s i t e  o f  t h e  

e x p e c t e d  e f f e c t  o f  s e a s o n a l  t e m p e r a t u r e  c h a n g e s  o n  w h e y  in t a k e .  H o w e v e r ,  a s  t h e r e  i s  

e v id e n c e  i n d i c a t i n g  t h a t  t h e  a c i d i t y  o f  t h e  w h e y  u s e d  t e n d s  t o  b e  lo w e r  in  t h e  w in t e r  

t h a n  in  t h e  s u m m e r ,  i t  i s  p o s s i b l e  t h a t  t h i s  i s  t h e  m a jo r  f a c t o r  w h ic h  d e t e r m in e s  t h e  

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

T h e  a u t h o r s  t h a n k  D r  R .  B r a u d e  a n d  M r  A . S .  C r a y  f o r  t h e i r  a d v i c e  in  t h i s  w o r k ,  

a n d  t h e  a s s i s t a n c e  o f  M r  A .  F r a n k e ,  F a r m  M a n a g e r  a t  E a s t  F a r m ,  i s  g r a t e f u l l y  

a c k n o w le d g e d .  T h a n k s  a r e  a l s o  d u e  t o  M r  P .  P r i d e a u x  o f  M e s s r s  C . a n d  G .  P r i d e a u x ,  

L t d . ,  B a c o n  C u r e r s ,  M o tc o m b e ,  S h a f t e s b u r y ,  D o r s e t ,  f o r  h is  v a l u a b l e  c o n t r ib u t io n  in  

t a k i n g  a l l  t h e  c a r c a s s  m e a s u r e m e n t s  o f  t h e  e x p e r im e n t a l  p i g s .  T h e  h e lp  o f  P a t r i c i a  

C o o k e  w it h  t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  c a r c a s s  d a t a  i s  a l s o  g r a t e f u l l y  a c k n o w le d g e d .

M ea l and whey fo r  p ig  feeding
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V I .  C o m p a r i s o n  o f  t h e  p r o p e r t i e s  a n d  v i t a m i n  A  p o t e n c ie s  o f  b u t t e r f a t s  

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

B y  F .  H .  M c D O W A L L  a n d  W . A .  M c G I L L I V R A Y

T h e  D a i r y  R e s e a r c h  I n s t i t u t e  (N . Z . ), P a l m e r s t o n  N o r t h ,  N e w  Z e a l a n d

( R e c e iv e d  2 4  A u g u s t  1 9 6 2 )

S t u d i e s  o n  t h e  p r o p e r t i e s  o f  N e w  Z e a l a n d  b u t t e r f a t

S u m m a r y . I n  a n  in d o o r  f e e d in g  t r i a l  w it h  t h r e e  s e t s  o f  m o n o z y g o t ic  t w in  c o w s  

d u r i n g  l a t e  s p r in g  t h e  e f f e c t s  o f  H 1 s h o r t  r o t a t i o n  r y e g r a s s  a n d  w h it e  c lo v e r  a s  f e e d s  

f o r  t h e  c o w s  o n  t h e  c h a r a c t e r i s t i c s  a n d  t h e  c a r o t e n e  a n d  v i t a m i n  A  c o n t e n t s  o f  t h e  

b u t t e r f a t  w e r e  c o m p a r e d .  T h e  b u t t e r f a t  f r o m  t h e  c o w s  f e d  r y e g r a s s  h a d  a  lo w e r  io d in e  

v a l u e  a n d  r e f r a c t i v e  i n d e x ,  h ig h e r  R e i c h e r t  a n d  s a p o n i f i c a t io n  v a l u e s ,  a n d  lo w e r  

c a r o t e n e  a n d  v i t a m i n  A  c o n t e n t s  t h a n  t h e  b u t t e r f a t  f r o m  t h e  c o w s  f e d  c lo v e r .  T h e  

c a r o t e n e  a n d  v i t a m i n  A  c o n t e n t s  o f  t h e  b lo o d  o f  t h e  c o w s  f e d  r y e g r a s s  w e r e  a l s o  lo w e r  

t h a n  t h o s e  o f  t h e  c o w s  f e d  c lo v e r .

I n  a  s u b s e q u e n t  o u t d o o r  f e e d in g  t r i a l  w it h  f o u r  s e t s  o f  m o n o z y g o t ic  t w in s  t h e  f e e d 

in g  o f  p u r e  H-l s h o r t  r o t a t i o n  r y e g r a s s  o r  o f  p e r e n n ia l  r y e g r a s s  w a s  c o m p a r e d  w it h  t h e  

f e e d in g  o f  m i x e d  p a s t u r e s  c o n t a in in g  a  h ig h  b u t  v a r y i n g  p r o p o r t i o n  o f  c lo v e r .  T h e  

r e s u l t s  f o r  t h e  s p r in g  a n d  e a r l y  s u m m e r  m o n t h s  w e r e  s im i la r  in  d i r e c t io n  b u t  s m a l l e r  

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

m o n t h s  t h e r e  w a s  a  r e v e r s a l  o f  t h e  r e l a t io n s h ip  f o r  t h e  c h a r a c t e r i s t i c s  a n d  t h e  c a r o 

t e n e  a n d  v i t a m i n  A  c o n t e n t s  o f  t h e  b u t t e r f a t  a n d  f o r  t h e  c a r o t e n o id  c o n t e n t s  o f  t h e  

b lo o d .

I t  i s  s u g g e s t e d  t h a t  t h e  l a c k  o f  c o n s i s t e n c y  b e tw e e n  t h e  s p r in g  a n d  a u t u m n  r e s u l t s  

c o u ld  h a v e  b e e n  d u e  t o  d i f fe r e n c e s  in  t h e  s t a g e  o f  g r o w t h  o f  t h e  r y e g r a s s  f e d  a n d  t h a t  

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

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

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

d i s t r i c t s  in  t h e  N o r t h  I s l a n d  o f  N e w  Z e a l a n d  r e p o r t e d  b y  C o x  &  M c D o w a l l  (1 9 4 8 )  

a n d  o f  t h e  c a r o t e n e  a n d  v i t a m i n  A  c o n t e n t s  r e p o r t e d  b y  M c D o w e l l  &  M c D o w a l l  (1 9 5 3 )  

w e r e  s h o w n , in  t h e  p r e v i o u s  p a p e r  in  t h i s  s e r ie s  (M c D o w a l l ,  1 9 6 2 ) , n o t  t o  b e  a s s o c i a t e d  

w it h  s t a g e  o f  l a c t a t io n .  T h e s e  p r o p e r t i e s  a r e  k n o w n  t o  b e  m a r k e d l y  in f lu e n c e d  b y  t h e  

ty p e ; o f  f e e d  c o n s u m e d  b y  t h e  c o w s , a n d  i t  w a s  c o n c lu d e d  t h a t  t h e  s e a s o n a l  f l u c t u a 

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

m a in  s o u r c e  o f  n u t r i e n t s  f o r  N e w  Z e a l a n d  d a i r y  c o w s . T h e  s a m e  c o n c lu s io n  h a d  a l s o  

b e e n  r e a c h e d  b y  M c G i l l iv r a y  (1 9 6 1 )  in  r e l a t i o n  t o  t h e  s e a s o n a l  c h a n g e s  in  t h e  v i t a m i n  

A  a n d  c a r o t e n o id  c o n t e n t s  o f  t h e  b u t t e r f a t  a n d  b lo o d  o f  p a s t u r e - f e d  c o w s .  T h e  p a s t u r e  

a l t e r a t i o n s  c o u ld  b e  d u e  t o  c h a n g e s  in  t h e  b o t a n i c a l  c o m p o s i t io n  w it h  p r o g r e s s  o f  t h e
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s e a s o n ,  o r  t o  c h a n g e s  in  t h e  c h e m ic a l  c o m p o s i t io n  o f  o n e  o r  m o r e  o f  t h e  p a s t u r e  

s p e c ie s  p r e s e n t ,  o r  t o  a  c o m b in a t io n  o f  t h e s e  t w o  f a c t o r s .

T h e  m o s t  n o t a b l e  f lu c t u a t i o n s  r e p o r t e d  b y  C o x  &  M c D o w a l l  (1 9 4 8 )  a n d  M c D o w e l l  &  

M c D o w a l l  (1 9 5 3 )  w e r e  t h e  s h a r p  f a l l  in  io d in e  v a l u e  a n d  in  c a r o t e n e  a n d  v i t a m i n  A  

c o n t e n t s  d u r in g  t h e  l a t e  s p r i n g - e a r l y  s u m m e r  p e r io d .  T h i s  c o in c id e s  w it h  t h e  u p s u r g e  

o f  c lo v e r  a s  a  d o m in a n t  c o n s t i t u e n t  o f  t h e  p a s t u r e .  S e a r s ,  G o o d a l l  &  N e w b o ld  (1 9 4 2 , 

1 9 4 8 ) , f o r  e x a m p l e ,  f o u n d  t h a t  w it h  c l o v e r - r y e g r a s s  a s s o c i a t i o n s  in  N e w  Z e a l a n d  

p a s t u r e s  t h e  p e r c e n t a g e  o f  c lo v e r  in  t h e  s w a r d  i n c r e a s e d  f r o m  10 t o  15  in  l a t e  w in t e r  t o  

5 0  o r  m o r e  in  s u m m e r .  M c G i l l iv r a y  (1 9 5 2 )  h a s  s u g g e s t e d  t h a t  t h e  lo w e r  v i t a m i n  A  

p o t e n c y  o f  N e w  Z e a l a n d  b u t t e r f a t  in  t h e  s u m m e r  m o n t h s  m a y  b e  a s s o c i a t e d  w it h  t h e  

h ig h  p r o p o r t io n  o f  c lo v e r  in  t h e  s u m m e r  p a s t u r e s ,  a n d  W o r k e r  &  M c G i l l iv r a y  (1 9 5 7 )  

r e p o r t e d  t h a t  d i e t s  h ig h  in  c lo v e r  t e n d e d  t o  d e p r e s s  t h e  t o t a l  v i t a m i n  A  p o t e n c y ,  t h e  

io d in e  v a l u e ,  t h e  o le ic  a c i d  c o n t e n t  a n d  t h e  t o c o p h e r o l  c o n t e n t  o f  t h e  f a t .

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

w e r e  c o m p a r e d  w it h  b u t t e r f a t s  f r o m  c o w s  s im i la r l y  f e d  o n  r y e g r a s s .  I n  t r i a l  I I  

b u t t e r f a t s  f r o m  c o w s  g r a z e d  o n  c l o v e r - d o m in a n t  p a s t u r e s  w e r e  c o m p a r e d  w it h  b u t t e r 

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

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

in  t h e  t w o  g r o u p s .

E X P E R IM E N T A L  

T r i a l  I .  I n d o o r  f e e d i n g

T h r e e  p a i r s  o f  m o n o z y g o t ic  t w in s  w e r e  u s e d .  T h e  c o w s  h a d  a l l  c a l v e d  b e tw e e n  

15  J u l y  a n d  18  A u g u s t  1 9 5 6 . T h e  i n t e r v a l s  b e tw e e n  c a lv in g  d a t e s  o f  t h e  t w in  m a t e s  

w e r e  3 7 , 3 3  a n d  6  d a y s ,  a v e r a g e  2 5  d a y s .  T o  o v e r c o m e  t h e  d i f f i c u l t ie s  r e f e r r e d  

t o  b y  M c G i l l iv r a y  (1 9 5 7  a )  in  in d o o r  f e e d in g  o f  c o w s  a c c u s t o m e d  o n ly  t o  o u t 

d o o r  g r a z in g ,  t h e  c o w s  w e r e  f e d  c u t  l e a f a g e  o f  m i x e d  p a s t u r e  in  a  c o n c r e t e  y a r d  

f o r  s o m e  d a y s  b e fo r e  c o m m e n c e m e n t  o f  t h e  t r i a l .  F r o m  15 O c t o b e r  t o  15  N o v e m b e r  

t h e y  w e r e  k e p t  in d o o r s  a n d  w e r e  f e d  c u t  p l a n t  m a t e r i a l  a t  11 a .m . ,  5 .3 0  p .m .  a n d  

6 .3 0  a .m . ,  a s  s h o w n  in  T a b l e  1.

T a b l e  1. F e e d i n g  s c h e d u le  f o r  t r i a l  I

Period D ate No. o f days P lant m aterial fed

Pre-experim ental 15-23 Oct. 8 Cut m ixed pasture to 
all cows

Experim ental 23 Oct.-12  N ov. 20 Cut clover to one 
member o f each twin
pair, cut ryegrass to 
twin m ate

Post-experim ental
indoors

12-15 Nov. 3 Cut m ixed pasture to 
all cows

Post-experim ental
outdoors

15—26 N ov. 11 Outdoor-grazed m ixed 
pastures for all cows

P l a n t  m a t e r i a l  u s e d .  P u r e  s t a n d s  o f  N e w  Z e a l a n d  c e r t i f i e d  w h it e  c lo v e r  (T r i f o l i u m  

r e p e n s , h ig h  H C N )  a n d  s h o r t  r o t a t i o n  r y e g r a s s  ( L o l i u m  h y b r id  H , )  w e r e  g r o w n  u n t i l
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t a l l  e n o u g h  t o  b e  s u i t a b l e  f o r  c u t t i n g .  A t  c o m m e n c e m e n t  o f  c u t t i n g  t h e  c lo v e r  w a s

6 - 8  in c h e s  h ig h ,  a n d  a t  c o m p le t io n  o f  t h e  t r i a l  i t  w a s  j u s t  s t a r t i n g  t o  f lo w e r . T h e  

r y e g r a s s  w a s  1 2 - 1 6  in c h e s  h ig h  a n d  w a s  t e n d in g  t o  m a t u r i t y .  T h e  p l a n t  m a t e r i a l  w a s  

c u t  o n c e  d a i ly ,  a t l O a . m . ,  i .e .  1 h  b e fo r e  t h e  f i r s t  f e e d in g  o f  t h e  c o w s  o n  t h e  f r e s h ly  

c u t  l e a f a g e .  T h e  q u a n t i t y  f e d  t o  e a c h  c o w  w a s  w e ig h e d ,  a n d  t h e  r e s id u e  r e m a in in g  

a f t e r  1 h  w a s  r e m o v e d  a n d  w e ig h e d .

T h e  c u t  m a t e r i a l  w a s  s u b je c t e d  t o  b o t a n i c a l  a n a l y s i s  d a i ly .  S a m p l e s  w e r e  t a k e n  

a l s o  f o r  e s t i m a t i o n  o f  d r y - m a t t e r  c o n te n t .

S a m p l i n g  a n d  a n a l y s i s .  O n e - d a y  c o m p o s i t e  s a m p l e s  o f  m i lk  w e r e  t a k e n  f r o m  e a c h  

c o w  t w ic e  w e e k ly  d u r in g  t h e  p r e - e x p e r im e n t a l  p e r io d ,  t h e n  d a i l y  f o r  t h e  f i r s t  8 d a y s  

o f  t h e  e x p e r im e n t a l  p e r io d ,  a n d  t h e r e a f t e r  a t  2 - d a y  i n t e r v a l s .  S a m p l e s  o f  b lo o d  w e r e  

t a k e n  f r o m  a l l  c o w s  a t  w e e k ly  in t e r v a l s .

A n a ly s i s  o f  m i lk s ,  p r e p a r a t io n  o f  b u t t e r f a t s  f r o m  t h e  1 - d a y  c o m p o s i t e  m i lk  s a m p l e s ,  

a n d  a n a l y s i s  f o r  b u t t e r f a t  c h a r a c t e r i s t i c s  w e r e  c a r r i e d  o u t  a s  d e s c r ib e d  b y  M c D o w a l l  & 

P a t c h e l l  (1 9 5 8 ) .  C a r o t e n o id s  a n d  v i t a m i n  A  w e r e  e s t i m a t e d  in  b u t t e r f a t s  a n d  b lo o d  

p l a s m a s  b y  t h e  m e t h o d  o f  T h o m p s o n ,  G a n g u l y  &  K o n  (1 9 4 9 ) .  P a s t u r e  s a m p l e s  w e r e  

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

o f  W o r k e r  (1 9 5 7 , 1 9 5 8 ) .

Properties of N ew  Zealand buiterfat. V I

T r i a l  I I .  O u td o o r  g r a z i n g

F o u r  p a i r s  o f  m o n o z y g o t ic  t w in s  w e r e  u s e d .  T h e  c o w s  h a d  a l l  c a l v e d  b e tw e e n  

2 8  A u g u s t  a n d  2 1  S e p t e m b e r  1 9 5 7 . T h e  i n t e r v a l s  b e tw e e n  c a lv in g  d a t e s  o f  t h e  t w in  

m a t e s  w e r e  0 , 2 4 , 17  a n d  15  d a y s ,  a v e r a g e  14  d a y s .

P l a n t  m a t e r i a l  u s e d .  T h e  c lo v e r  w a s  m a in l y  w h it e  c lo v e r  o f  t h e  s a m e  s p e c ie s  a s  

u s e d  in  t r i a l  I  ( T r i f o l i u m  r e p e n s ,  h ig h  H C N ) .  T h e  r y e g r a s s  w a s  e i t h e r  H l s h o r t  

r o t a t i o n  a s  u s e d  in  t r i a l  I  o r  p e r e n n ia l  r y e g r a s s  (L o l i u m  p e r e n n e ) .  F i e l d s  o f  t h e  t w o  

r y e g r a s s e s  w e r e  p r e p a r e d  a n d  m a in t a i n e d  in  p u r e  s t a n d s  b y  u s e  o f  s u lp h u r ic  a c id  

s p r a y s  a n d  n i t r o g e n o u s  f e r t i l i z e r s  t o  s u p p r e s s  t h e  c lo v e r  g r o w th .  B e c a u s e  o f  t h e  l a c k  

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

t h e  c lo v e r ,  i t  w a s  n o t  f o u n d  p o s s i b l e  t o  m a in t a i n  a  p u r e  c lo v e r  s t a n d .  T h e  c lo v e r  

s w a r d s  t h u s  c o n t a in e d  s o m e  r y e g r a s s .  W it h  e a c h  t r a n s f e r  o f  t h e  c lo v e r - f e d  c o w s  t o  

a  f r e s h  ‘ c lo v e r  ’ p a s t u r e  a n  e s t i m a t e  w a s  m a d e  o f  t h e  p r o p o r t io n  o f  c lo v e r  p r e s e n t  

( F i g .  3 ) .

A ll  t h e  c o w s  w e r e  g r a z e d  t o g e t h e r  o n  a  m i x e d  p a s t u r e  f o r  a  u n i f o r m i t y  c o n t r o l  

p e r io d  o f  2  w e e k s ,  b e fo r e  s e g r e g a t io n  o f  t h e  t w o  g r o u p s  f o r  s e p a r a t e  f e e d in g  o n  c lo v e r  

a n d  r y e g r a s s .  O n e  c o w  o f  e a c h  p a i r  w a s  g r a z e d  o n  c l o v e r - d o m in a n t  p a s t u r e  w h ile  t h e  

t w in  m a t e s  w e r e  a l t e r n a t e d  b e tw e e n  H x s h o r t  r o t a t i o n  a n d  p e r e n n ia l  r y e g r a s s  s w a r d s ,  

a t  t im e s  t o  s u i t  t h e  a v a i l a b i l i t y  o f  t h e  g r a s s  in  t h e  d e s i r e d  c o n d i t io n  ( F ig .  3 ) . T h e  

c lo v e r  w a s  g r a z e d  a t  a  h e ig h t  o f  6 - 8  in c h e s ,  a n d  t h e  r y e g r a s s e s  a t  h e ig h t s  o f  1 2 - 1 8  

in c h e s .  T w ic e  d a i l y ,  a f t e r  t h e  m o r n in g  a n d  e v e n in g  m i lk in g s ,  t h e  c o w s  w e r e  m o v e d  a n d  

c o n f in e d  b y  a n  e le c t r ic  f e n c e  t o  a  f r e s h  a r e a  o f  c lo v e r  o r  r y e g r a s s .  T h i s  a r e a  w a s  v a r i e d ,  

a c c o r d in g  t o  t h e  n a t u r e  o f  t h e  s w a r d ,  t o  e n s u r e  t h a t  t h e  p a s t u r e  w a s  g r a z e d  u n i fo r m ly  

s h o r t  a n d  t h e  p o s s i b i l i t y  o f  s e l e c t iv e  g r a z in g  t h u s  r e d u c e d  t o  a  m in im u m . T h e  t r i a l  

e x t e n d e d  f r o m  m i d - S e p t e m b e r  u n t i l  e a r l y  in  M a r c h .  F r o m  t im e  o f  c o m m e n c e m e n t  

u n t i l  t h e  f i r s t  w e e k  in  D e c e m b e r  t h e  r a i n f a l l  w a s  a d e q u a t e  t o  m a in t a i n  p l a n t  g r o w t h .  

T h e r e a f t e r  s o m e  s p r a y - i r r i g a t i o n  w a s  n e c e s s a r y  a t  i n t e r v a l s  t o  s u p p le m e n t  t h e  r a in -  
4  D airy R es. 30
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f a l l .  T h r o u g h o u t  t h e  t r i a l  i t  w a s  p o s s i b l e  t o  f e e d  c lo v e r  a t  a  r e l a t i v e l y  u n i fo r m  s t a t e  

o f  m a t u r i t y .  T h e  r y e g r a s s e s  a v a i l a b l e  f r o m  c o m m e n c e m e n t  u n t i l  e a r l y  D e c e m b e r  

w e r e , h o w e v e r ,  c o n s id e r a b ly  m o r e  m a t u r e  t h a n  t h o s e  a v a i l a b l e  d u r in g  t h e  s e c o n d  

p a r t  o f  t h e  t r i a l .

S a m p l i n g  a n d  a n a l y s i s .  T w c - d a y  c o m p o s i t e  s a m p l e s  o f  m i lk  w e r e  c o l le c t e d  f r o m  

e a c h  c o w  t w ic e  w e e k ly  f o r  a n a l y s i s  f o r  f a t ,  t o t a l  s o l id s  a n d  p r o t e in  c o n t e n t s ,  a n d  f o r  

p r e p a r a t io n  o f  a  b u t t e r f a t  s a m p le  f o r  e x a m in a t i o n  a s  in  t r i a l  I .  S a m p l e s  o f  b l o o d  

w e r e  t a k e n  a t  w e e k ly  i n t e r v a l s  f o r  a n a l y s i s  a s  d e s c r ib e d  in  t r i a l  I .  I n  a d d i t i o n ,  

t o c o p h e r o l  w a s  e s t i m a t e d  in  b lo o d  p l a s m a s  u s in g  t h e  m e t h o d  o f  W o r k e r  ( 1 9 5 8 ) .  

B i - w e e k ly  p a s t u r e  s a m p l e s  w e r e  e x a m in e d  f o r  c a r o t e n e  a n d  t o c o p h e r o l  a s  d e s c r ib e d  

in  t r i a l  I .

R E SU LT S 

T r i a l  I

I n t a k e  o f  p l a n t  m a t e r i a l  b y  c o w s

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

c o w s  r e a c h e d  d u r in g  t h e  p r e - e x p e r im e n t a l  p e r io d  a  u n i fo r m  a v e r a g e  i n t a k e  o f  m i x e d  

p a s t u r e ,  v a r y i n g  f r o m  1 3 0  t o  1 5 0  lb  o f  g r e e n  m a t e r i a l  d a i ly .  D u r i n g  t h e  e x p e r im e n t a l  

p e r io d  o f  2 0  d a y s  t h e  a v e r a g e  d a i l y  i n t a k e s  o f  c lo v e r  a n d  r y e g r a s s  w e r e  1 6 2  a n d  1 2 7  l b  

r e s p e c t iv e l y .  T h e  a v e r a g e  d r y - m a t t e r  c o n t e n t  o f  t h e  c lo v e r  w a s  1 2 - 6 %  a n d  o f  t h e  

r y e g r a s s  1 9 - 6 % .  T h e  a v e r a g e  d a i l y  i n t a k e s  o f  d r y  m a t t e r  w e r e  t h e r e f o r e  2 0 -4  lb  f o r  

t h e  c lo v e r - f e d  g r o u p  a n d  2 3 -9  lb  f o r  t h e  r y e g r a s s - f e d  g r o u p .  D u r i n g  t h e  p o s t -  

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

t io n  o f  g r e e n  p l a n t  m a t e r i a l  w a s  u n i fo r m  w it h in  t h e  r a n g e  1 7 0 - 2 0 0  lb  f o r  b o t h  

g r o u p s  o f  c o w s .

M i l k  a n d  b u t t e r f a t  a n a l y t i c a l  r e s u l t s

Y i e l d  a n d  c o m p o s i t i o n  o f  m i l k .  T h e  a v e r a g e  d a i l y  m i lk  y ie l d s  f r o m  t h e  t w o  g r o u p s  

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

f e e d in g  ( F i g .  1, g r a p h  A ) .  T h e  a v e r a g e  d a i l y  y ie l d  o f  t h e  c lo v e r - fe d  g r o u p  f e l l  d u r i n g  

t h e  e x p e r im e n t a l  p e r io d  w h e r e a s  t h a t  o f  t h e  r y e g r a s s - f e d  g r o u p  w a s  f u l ly  m a in t a i n e d .  

T h e r e  w a s  n o  c h a n g e  in  t h e  c o m p o s i t io n  o f  t h e  m i lk  a t t r i b u t a b l e  t o  t h e  c h a n g e  f r o m  

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

s o l id s - n o t - f a t  a n d  p r o t e in  c o n t e n t s  o f  t h e  m i lk s  d u r i n g  t h e  e x p e r im e n t a l  p e r io d .  

T h e  m i lk  y ie ld  a n d  m i lk - c o m p o s i t io n  r e s u l t s  t h u s  s u p p o r t  t h e  o b s e r v a t i o n s  t h a t  t h e  

h e a l t h  o f  t h e  c o w s  w a s  n o t  a f f e c t e d  b y  t h e  in d o o r  f e e d in g .  T h e  t r i a l  t h e r e f o r e  c a n  b e  

a c c e p t e d  a s  g iv i n g  a  v a l i d  c o m p a r i s o n  b e tw e e n  b u t t e r f a t s  f r o m  c lo v e r  a n d  r y e g r a s s  

f e e d in g .

I o d i n e  v a l u e  a n d  r e f r a c t iv e  i n d e x  ( F i g .  1, g r a p h s  B a n d  G ) .  B e f o r e  t h e  b e g in n in g  o f  

e x p e r im e n t a l  f e e d in g ,  t h e s e  v a l u e s  w e r e  s h o w in g  t h e  u s u a l  s e a s o n a l  f a l l  a s  f o u n d  b y  

C o x  &  M c D o w a l l  (1 9 4 8 ) .  F o r  t h e  b u t t e r f a t  f r o m  t h e  c o w s  f e d  o n  r y e g r a s s  t h i s  f a l l  

c o n t in u e d  f o r  s o m e  d a y s ,  w h e r e a s  f o r  t h e  b u t t e r f a t  f r o m  t h e  c o w s  f e d  c lo v e r  t h e r e  

w a s  a  t e n d e n c y  f o r  t h e s e  v a l u e s  t o  r i s e .  T h e  r e s u l t s  i n d ic a t e ,  th e r e f o r e ,  t h a t  t h e  

s e a s o n a l  f a l l  in  io d in e  v a l u e  o f  b u t t e r f a t  d e l iv e r e d  t o  c o m m e r c ia l  d a i r y  f a c t o r i e s  in  
O c t o b e r - N o v e m b e r  i s  n o t  d u e  t o  t h e  i n c r e a s e d  c lo v e r  g r o w th  w h ic h  o c c u r s  a t  t h i s  

t im e  a n d  t h a t  s o m e  o t h e r  f a c t o r  i s  in v o lv e d .
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S a p o n i f i c a t i o n  v a l u e  a n d  R e ic h e r t  v a l u e  ( F i g .  1 , g r a p h s  D  a n d  E ) .  T h e  c h a n g e s  in  

t h e s e  v a l u e s  w e r e , a s  u s u a l ,  c o m p l e m e n t a r y  t o  t h e  c h a n g e  in  io d in e  v a l u e  a n d  r e 

f r a c t i v e  in d e x ,  i .e .  w it h  c h a n g e  t o  f e e d in g  o n  c lo v e r  t h e  n o r m a l  s e a s o n a l  r i s e  in  t h e s e  

v a l u e s  w a s  i n t e r r u p t e d .

S o f t e n i n g  p o i n t  ( F i g .  1, g r a p h  F ) .  D u r i n g  t h e  l a t t e r  p a r t  o f  t h e  e x p e r im e n t a l  p e r io d  

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

Properties of N ew  Zealand butterfat. V I

Sam pling  date

Fig . 1. Average m ilk yields, butterfat characteristics, and carotene and vitam in A contents o f 
butterfat from  cows fed either white clover (■  ■— •) or short rotation ryegrass ( O — O ) (trial I ).

4 -2
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r y e g r a s s - f e d  c o w s  b e in g  s l i g h t l y  h ig h e r  t h a n  fo r  t h e  c lo v e r - fe d  c o w s . T h e  c h a n g e  d id  

n o t  o c c u r  u n t i l  s o m e  t im e  a f t e r  t h e  d iv e r g e n c e  in  io d in e  v a l u e s  o f  t h e  b u t t e r f a t s .

C a r o t e n e  a n d  v i t a m i n  A  { F i g ,  1. g r a p h s  G  a n d  H ) .  I n  t h e  p r e - e x p e r im e n t a l  p e r io d  

t h e  c a r o t e n e  a n d  v i t a m i n  A  c o n t e n t s  o f  t h e  b u t t e r f a t s  w e r e  n o t  s i g n i f i c a n t ly  d i f f e r e n t .  

A f t e r  c o m m e n c e m e n t  o f  t h e  e x p e r im e n t a l  f e e d in g  o f  c lo v e r  a n d  r y e g r a s s  t h e r e  w a s  a  

d iv e r g e n c e  b e tw e e n  t h e s e  v a l u e s  f o r  t h e  b u t t e r f a t s  f r o m  t h e  t w o  g r o u p s .  B o t h  c a r o 

t e n e  a n d  v i t a m i n  A  c o n t e n t s  w e r e  lo w e r  in  t h e  b u t t e r f a t s  f r o m  t h e  c o w s  r e c e iv in g  

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

c a r o t e n e  c o n t e n t  a f t e r  t h e  c h a n g e  t o  e x p e r im e n t a l  f e e d in g ,  a n d  a  s i m i la r  l a g  in  t h e  

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

Sampling date

F ig . 2. A v erage  caro ten o id  a n d  v ita m in  A  alcoh ol co n ten ts o f  th e b lood  o f  cow s fed  e ith er 
w hite clover ( -----) o r sh o rt ro ta tio n  ry e g ra ss  ( O — O )  (tr ia l I ) .

p a s t u r e .  T h e  c h a n g e s  in  x a n t h o p h y l l  c o n te n t  o f  t h e  b u t t e r f a t  ( n o t  s h o w n  in  F i g .  1) 

w e r e  s im i la r  in  c h a r a c t e r  t o  t h e  c h a n g e s  in  c a r o t e n e  c o n t e n t .  T h e  r e s u l t s  i n d i c a t e  t h a t  

t h e  s e a s o n a l  f a l l  in  c a r o t e n e  a n d  v i t a m i n  A  c o n t e n t s  o f  b u t t e r f a t  in  l a t e  s p r in g ,  l ik e  

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

c f  c lo v e r  in  t h e  p a s t u r e  a t  t h a t  t im e .

C a r o t e n o i d  a n d  v i t a m i n  A  i n  th e  b lo o d  { F i g .  2 )

D u r i n g  t h e  e x p e r im e n t a l  p e r io d  t h e  c a r o t e n o id  c o n t e n t  o f  t h e  b lo o d  w a s  lo w e r  f o r  

t h e  c o w s  f e d  o n  r y e g r a s s .  T h e  e f f e c t  o n  t h e  v i t a m i n  A  a lc o h o l  w a s  in  s i m i la r  d i r e c t io n  

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



th r o u g h o u t  th e  p o s t - e x p e r im e n ta l  p e r io d . T h e  v a lu e s  fo u n d  in  b u t t e r f a t  w ere  th u s  
re f le x io n s  o f  th e  c h a n g in g  c a ro te n o id  a n d  v i t a m in  A  c o n te n ts  o f  th e  b lo o d .

C aro ten e  a n d  tocopherol in  the p a s tu re s

T h e  c a ro te n e  a n d  to c o p h e ro l  c o n te n t  o f  th e  c lo v e r , r y e g r a s s  a n d  m ix e d  p a s t u r e s  
r e m a in e d  r e la t iv e ly  u n ifo rm  th r o u g h o u t  th e  t r ia l .  A v e r a g e  v a lu e s ,  to g e th e r  w ith  
s t a n d a r d  d e v ia t io n s , o n  a  d r y - m a t te r  b a s i s ,  w e re : fo r  c a ro te n e , c lo v e r  36 0  +  40  p g /g ,  
r y e g r a s s  35 0  +  70  p g /g ,  m ix e d  p a s t u r e s  3 7 5  +  25  p g / g ;  a n d  fo r  to c o p h e ro l, c lo v e r  
22 5  +  60 p g /g ,  r y e g r a s s  26 0  +  60  p g /g ,  m ix e d  p a s t u r e s  225  +  25  p g /g .  T h e  a v e r a g e  
d a i ly  c a r o te n e  in t a k e  w a s  t h u s  a p p r o x im a t e ly  3-3 g  fo r  th e  c lo v e r- fe d  co w s a n d  
3-8 g  fo r  th e  r y e g r a s s - fe d  co w s.

T r i a l  I I

S in c e  th e  co w s w ere  g r a z e d  o n  u n c u t  p a s t u r e s ,  n o  e s t im a t e  c o u ld  b e  m a d e  o f  fe e d  
i n t a k e ;  b u t  th e  r e la t iv e ly  u n ifo rm  b o d y  w e ig h ts , m ilk  y ie ld s  a n d  f a t ,  so lid s - n o t- fa t  
a n d  p ro te in  c o n te n ts  o f  th e  m ilk , a n d  th e  g e n e ra l  o b s e r v a t io n s  o f  th e  c o n d it io n  o f  
th e  a n im a ls  d u r in g  th e  t r ia l ,  in d ic a te d  t h a t  th e ir  h e a lth  a n d  g e n e ra l  w e ll-b e in g  w a s  
u n a ffe c te d  b y  th e  e x p e r im e n ta l  t r e a tm e n t .

B u tte r fa t  a n a ly t ic a l  re su lts

Io d in e  v a lu e  a n d  re fractiv e  in d ex  [ F ig .  3, g ra p h s  A  a n d  B ) .  D u r in g  th e  p e r io d  fro m  
b e g in n in g  o f  O c to b e r  to  D e c e m b e r  th e se  v a lu e s  w e re  n o t  m a r k e d ly  a f fe c te d  b y  fe e d in g  
o f  p a s t u r e  c o n ta in in g  u p  t o  7 0 %  o f  c lo v e r . O n  tw o  o c c a s io n s  d u r in g  th is  p e r io d , 
h o w e v e r , n a m e ly  fro m  14 to  20  O c to b e r  a n d  fro m  4 to  21 N o v e m b e r , th e y  w ere  
d i s t in c t ly  lo w e r in  th e  f a t  p r o d u c e d  b y  th e  co w s fe d  o n  r y e g r a s s .  A fte r  th e  b e g in n in g  
o f  D e c e m b e r , o n  th e  o th e r  h a n d , th e re  w a s  a  r ise  in  io d in e  v a lu e  a n d  r e f r a c t iv e  in d e x  
o f  th e  b u t t e r f a t  fro m  th e  co w s fe d  o n  r y e g r a s s  a n d  d u r in g  th e  w h o le  o f  J a n u a r y  a n d  
F e b r u a r y  th e se  b u t t e r f a t s  h a d  h ig h e r  io d in e  v a lu e  a n d  h ig h e r  r e f r a c t iv e  in d e x  t h a n  
th o se  fro m  th e  co w s fe d  o n  th e  c lo v e r - d o m in a n t  p a s t u r e s  a l th o u g h  th e  b u t t e r f a t  fro m  
th e se  la te r  co w s sh o w e d  th e  c u s to m a r y  a u t u m n  r ise  in  io d in e  v a lu e  (C o x  & M c D o w a ll, 
1948 ).

S a p o n if ic a t io n  a n d  R e ich ert v a lu e s [ F ig .  3 , g ra p h s  C  a n d  D ) .  T h e  in it ia l  d iv e rg e n c e  
in  io d in e  v a lu e  a n d  r e f r a c t iv e  in d e x  o f  th e  b u t t e r f a t s ,  r e fe r re d  to  a b o v e , w a s  n o t  
a c c o m p a n ie d  b y  a n y  c le a r ly  d e fin e d  c h a n g e  in  R e ic h e r t  v a lu e  a n d  sa p o n if ic a t io n  
v a lu e .  D u r in g  th e  a u t u m n  m o n th s  th e re  w a s  th e  c u s t o m a r y  fa l l  in  th e se  v a lu e s  fo r  
b o th  g r o u p s , b u t  b o th  s a p o n if ic a t io n  v a lu e  a n d  R e ic h e r t  v a lu e  w ere  c o n s id e ra b ly  
lo w e r in  th e  b u t t e r f a t  fro m  th e  co w s fe e d in g  o n  p u r e  r y e g r a s s  t h a n  in  t h a t  fro m  th e  
co w s fe e d in g  o n  c lo v e r - d o m in a n t  p a s t u r e .

S o fte n in g  p o in t  { F ig .  3 , g ra p h  E ) .  T h r o u g h o u t  th e  t r ia l  th e re  w ere  n o  c o n s is te n t  
d iffe re n c e s  in  th e  a v e r a g e  so f te n in g  p o in t  v a lu e s  fo r  th e  tw o  b u t t e r f a t s .  T h e  a b se n c e  
o f  a  c o n s is te n t  d ir e c t  r e la t io n sh ip  b e tw e e n  io d in e  v a lu e  a n d  so f te n in g  p o in t  o f  N e w  
Z e a la n d  b u t t e r f a t  h a s  a l r e a d y  b e e n  re fe rre d  to  b y  C o x  & M c D o w a ll (1 9 4 8 ).

C aro ten o id s a n d  v ita m in  A  { F ig .  3, g ra p h s  F  a n d  G ). D u r in g  th e  sp r in g  th e  b u t t e r f a t  
o f  th e  r y e g r a s s - fe d  co w s h a d  a  lo w e r c a ro te n e  c o n te n t  a n d  a  s l ig h t ly  lo w e r v i t a m in  A  
c o n te n t  t h a n  th e  f a t  fro m  th e  c lo v e r- fe d  co w s, b u t  th e  e ffe c t  w a s  r e v e r se d  in  th e  
a u t u m n  p e r io d .
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Fig. 3. Average characteristics and carotene and vitamin A contents of butterfats from cows 
fed either perennial (P) and short rotation (Hj) ryegrass (O — O) or white clover-dominant 
pasture (• — •) (trial II).



Properties of N ew  Zealand butter fat. V I 55

C aro ten o id s a n d  v ita m in  A  in  the blood [ F ig .  4)

D u r in g  th e  sp r in g  th e  a v e r a g e  c a ro te n e  c o n te n t  o f  th e  b lo o d  fro m  co w s fe e d in g  o n  
p u r e  r y e g r a s s  w a s  lo w e r t h a n  t h a t  o f  th e  b lo o d  fro m  th e  co w s fe e d in g  o n  h ig h -c lo v e r  
p a s t u r e ,  b u t ,  lik e  th e  c a ro te n e  v a lu e s  fo r  th e  b u t t e r f a t ,  th e  re la t io n sh ip  w a s  r e v e r se d  
d u r in g  th e  a u tu m n  p e r io d . T h e  a v e r a g e  x a n th o p h y ll  c o n te n t  o f  th e  b lo o d  sh o w e d  a  
s im ila r  c r o ss -o v e r  b e tw e e n  th e  sp r in g  a n d  th e  a u t u m n  fe e d in g . T h e re  w a s  n o  s i g 
n if ic a n t  d iffe re n c e  in  th e  a v e r a g e  v i t a m in  A  a lc o h o l o r  to c o p h e ro l  c o n te n ts  o f  th e  
b lo o d s  f ro m  th e  tw o  g r o u p s  o f  co w s d u r in g  th e  sp r in g  p e r io d . V ita m in  A  a lc o h o l w a s  
s l ig h t ly  h ig h e r  in  th e  b lo o d  o f  th e  r y e g r a s s - fe d  co w s d u r in g  th e  a u tu m n . R e s u l t s  fo r  
to c o p h e ro l  a re  n o t  a v a i la b le  fo r  th e  a u tu m n  p e r io d .

Fig. 4. Average carotenoid, vitamin A alcohol and tocopherol contents of the blood of cows 
fed either perennial and short rotation ryegrass (O — O) or white clover-dominant pasture 
( ---- ) (trial II).

C aro ten e  a n d  tocopherol in  the p a s tu re s

T h e  c a ro te n e  a n d  to c o p h e ro l  c o n te n t  o f  th e  p a s t u r e  f lu c tu a te d  m o re  w id e ly  th a n  
in  t r i a l  I .  A v e r a g e  c o n te n ts  on  a  d r y - m a t te r  b a s i s  w e re : fo r  c a ro te n e , c lo v e r  
4 4 0  +  90  /tg /g , r y e g r a s s  4 7 0  ±  110 y g / g ;  a n d  fo r  to c o p h e ro l, c lo v e r  27 0  ±  80  y g /g , 
r y e g r a s s  3 0 0  +  70  p g /g .  T h e  f lu c tu a t io n s , h o w e v e r , w ere  o f  a n  e r r a t ic  n a tu r e  a n d , a s  
p r e v io u s ly  r e p o r te d  fo r  c a ro te n e  (M c G illiv ra y , 1956), th e re  w a s  n o  e v id e n c e  o f  a  
se a so n a l  t r e n d  in  th e  c a ro te n e  a n d  to c o p h e ro l  c o n te n t  o f  th e  p a s t u r e s .
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D IS C U S S I O N

T h e  e ffe c t  o f  fe e d in g  w h ite  c lo v e r  a n d  r y e g r a s s  d u r in g  th e  sp r in g  m o n th s  o n  b u tte r -  
f a t  c h a r a c te r i s t ic s  a n d  o n  th e  v i t a m in  A  a n d  c a ro te n o id  c o n te n t  o f  th e  b u t t e r f a t  a n d  
b lo o d  w a s  c le a r ly  m u c h  m o re  p ro n o u n c e d  in  t r ia l  I  th a n  in  t r ia l  I I .  T h is  i s  n o t  
u n e x p e c te d , h o w e v e r , s in c e  in  t r i a l  I  th e  co w s w ere  fe d  in d o o rs  o n  c u t  le a fa g e  fro m  
v i r t u a l ly  p u re  s t a n d s  o f  c lo v e r  a n d  H 1 sh o r t  r o ta t io n  r y e g r a s s .  I n  t r i a l  I I  th e  c lo v e r  
sw a r d  c o n ta in e d  so m e  r y e g r a s s  a n d  s in c e  th e  co w s g r a z e d  u n c u t  p a s t u r e s  th e re  w a s  
o p p o r tu n ity , d e sp ite  th e  p re c a u t io n s  ta k e n , fo r  so m e  se le c t iv e  g r a z in g  o f  th i s  r y e 
g r a s s  in  p re fe re n c e  to  th e  c lo v e r . T h e  a l te r n a t io n  o f  th e  o th e r  g ro u p  o f  co w s b e tw e e n  
H 1 sh o r t  r o ta t io n  r y e g r a s s  a n d  p e re n n ia l  r y e g r a s s  m a y  a lso  h a v e  a f fe c te d  th e  r e s u lt s  
o b ta in e d  in  t r i a l  I I ,  a l th o u g h  n o  c le a r ly  d e fin e d  d iffe re n c e s  a s s o c ia t e d  w ith  th e  fe e d in g  
o f  th e  tw o  t y p e s  o f  r y e g r a s s  a r e  a p p a r e n t  in  th e  d a t a  p re s e n te d  in  F ig s .  3 a n d  4.

T h e  c ro ss -o v e r  in  th e  re la t io n sh ip s  b e tw e e n  s p r in g - e a r ly  su m m e r  a n d  a u t u m n  
r e s u lt s  in  t r ia l  I I  fo r  a lm o s t  a l l  th e  a n a ly se s ,  b o th  o f  th e  b u t t e r f a t  a n d  th e  b lo o d , i s  
o f  c o n s id e ra b le  in te r e s t .  T h e  re la t io n sh ip s  b e tw e e n  th e  io d in e  v a lu e  a n d  th e  c a ro te n e  
a n d  v it a m in  A  c o n te n ts  o f  th e  b u t t e r f a t s  fro m  th e  c lo v er-  a n d  th e  r y e g r a s s - fe d  co w s 
d u r in g  th e  a u tu m n  co n firm  th e  f in d in g s  o f  W o rk e r  & M c G ill iv ra y  (1 9 5 7 ) t h a t  th e  
fe e d in g  o f  w h ite  c lo v e r  d u r in g  th e  a u tu m n  r e su lte d  in  a  m a r k e d  lo w e rin g  o f  io d in e  
v a lu e  a n d  o f  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t  a s  c o m p a r e d  w ith  
r y e g r a s s  fe e d in g .

T h e  r e su lt s  p r e s e n te d  h e re , a n d  th o se  o b ta in e d  b y  W o rk e r  & M c G ill iv ra y  (1 9 5 7 ), 
t h u s  c le a r ly  e s t a b l i s h  t h a t  th e  c h a r a c te r is t ic s  o f  th e  b u t t e r f a t  a n d  th e  c a ro te n e  a n d  
v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t  a n d  b lo o d  m a y  b e  in flu e n c e d  b y  b o ta n ic a l  c o m 
p o s it io n  o f  th e  p a s t u r e  fe d , b u t  th e y  in d ic a te  a lso  t h a t  th e  r e la t iv e  e ffe c ts  o f  c lo v e r  
a n d  r y e g r a s s  a r e  d e p e n d e n t  o n  th e  t im e  o f  th e  y e a r  a t  w h ich  th e  c o m p a r iso n  is  m a d e . 
T h e  c h a n g in g  b o ta n ic a l  c o m p o sit io n  o f  t y p ic a l  N e w  Z e a la n d  p a s t u r e s  (S e a r s  et a l .  
1942 , 1948) w o u ld  n o t  th e re fo re , in  its e l f ,  e x p la in  th e  s e a so n a l  c h a n g e s  in  th e  c h a r a c 
t e r is t ic s  o f  b u t t e r f a t  (C o x  & M c D o w a ll, 1948) a n d  in  th e  c a ro te n e  a n d  v i t a m in  A  
c o n te n ts  o f  b u t t e r f a t  (M cD o w ell & M c D o w a ll, 1953) a n d  b lo o d  (M c G illiv ra y , 1 9 5 7 6 ).

T h e  e m e rg e n c e  o f  c lo v e r  in  th e  e a r ly  su m m e r  a s  th e  d o m in a n t  p a s t u r e  sp e c ie s  in  
m a n y  p a r t s  o f  N e w  Z e a la n d  c o in c id e s  w ith  d e c re a s in g  io d in e  v a lu e s  a n d  c a ro te n e  
a n d  v i t a m in  A  c o n te n ts  o f  c o m m e rc ia l  b u t t e r f a t ,  b u t  th e  r e s u lt s  p r e s e n te d  h e re  sh o w  
t h a t  in c re a s in g  p ro p o r t io n  o f  c lo v e r  in  th e  p a s t u r e  p r io r  to  m id - su m m e r  p r o d u c e s  a n  
o p p o s ite  e f fe c t  o n  th e  b u t t e r f a t .  O n th e  b a s i s  o f  th i s  t r i a l  a n d  th e  e a r lie r  in v e s t ig a t io n  
o f  W o rk e r  & M c G ill iv ra y  (1 9 5 7 ) i t  a p p e a r s ,  h o w e v e r , t h a t  th e  e ffe c t  o f  c lo v e r  is  
r e v e r se d  la te  in  th e  se a so n  a n d  a  h ig h  p ro p o r t io n  o f  c lo v e r  in  d a ir y  p a s t u r e s  d u r in g  
th e  su m m e r  a n d  e a r ly  a u tu m n  c o u ld  p e r h a p s  c o n tr ib u te  to  th e  r e la t iv e ly  lo w e r io d in e  
v a lu e s  a n d  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  N e w  Z e a la n d  b u t t e r f a t s  a t  t h a t  t im e ,

A  n o ta b le  f e a tu r e  o f  t r ia l  I I  w a s  t h a t  w h ile  th e  c lo v e r  w a s  g r a z e d  a t  a  fa ir ly  u n ifo rm  
s t a g e  o f  m a t u r i t y  th r o u g h o u t  th e  t r ia l ,  th e  r y e g r a s s  a v a i la b le  d u r in g  th e  la te  s p r in g -  
e a r ly  su m m e r  p e r io d  w a s  c o n s id e ra b ly  m o re  m a tu r e  t h a n  t h a t  u se d  d u r in g  th e  l a t t e r  
p a r t  o f  th e  t r ia l .  T h is  s u g g e s t s  t h a t  s t a g e  o f  m a t u r it y  o f  th e  p a s t u r e  m ig h t  a f fe c t  th e  
c h a r a c te r is t ic s  a n d  v i t a m in  c o n te n t  o f  th e  b u t t e r f a t  m o re  t h a n  b o ta n ic a l  c o m p o s it io n  
o f  th e  sw a rd . T h e  e x p e r im e n ta l  b a s i s  fo r  th e  s u b s e q u e n t  f in d in g s  o f  M c D o w a ll, 
M c G ill iv ra y  & H a w k e  (1 9 6 1 ), t h a t  s t a g e  o f  m a t u r i t y  o f  r y e g r a s s ,  w h ich  c o n s t i t u t e s  a



la r g e  p r o p o r t io n  o f  N e w  Z e a la n d  d a ir y  p a s t u r e s ,  i s  a n  im p o r t a n t  fa c t o r ,  w ill b e  
p r e s e n te d  in  tw o  s u b s e q u e n t  p a p e r s  o f  th i s  se r ie s .

T h e  a u th o r s  a re  in d e b te d  to  th e  la te  P r o f .  W . R id d e t  fo r  h is  s t im u la t in g  in te r e s t  in  
th is  w o rk , to  M e ss r s  M . R .  P a tc h e d ,  J .  P .  H o b b s  a n d  J .  F r a s e r  fo r  th e ir  su p e r v is io n  
o f  th e  fe e d in g  a n d  m ilk in g  o f  th e  co w s, t o  M r D . C . C o llis  fo r  th e  s a m p lin g  o f  th e  
m ilk s  a n d  c r e a m s , a n d  t o  M r C . J .  G . B a k e r  a n d  M is s  F a y  F r e c k l in g to n  fo r  a s s i s t a n c e  
w ith  th e  a n a ly t ic a l  w o rk .
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Stud ies on the p ro p e rtie s  o f N ew  Zealand b u tte r fa t

V I I .  E ffe c t  o f  th e  s t a g e  o f  m a t u r it y  o f  r y e g r a s s  fe d  to  c o w s o n  th e  c h a r a c t e r i s t i c s  

o f b u t t e r fa t  a n d  i t s  c a r o te n e  a n d  v i t a m in  A  c o n te n ts

B y  F .  H . M cD O W A L L  a n d  W . A . M c G I L L I V R A Y

T h e  D a ir y  R e se arch  In st itu te  (N .Z . ), P a lm e rsto n  N o rth , N ew  Z e a la n d

(R eceived 24  A u g u s t  1982)

S u m m a r y . I n  tw o  o u td o o r  fe e d in g  t r ia l s  w ith  m o n o z y g o tic  tw in  co w s d u r in g  th e  
s p r in g  a n d  e a r ly  su m m e r  m o n th s  th e  e ffe c ts  o f  m a tu r e  a n d  im m a tu r e  H 1 sh o r t  r o t a 
t io n  r y e g r a s s  o n  th e  c o m p o sit io n  o f  th e  b u t t e r f a t  p r o d u c e d  a n d  o n  th e  c a ro te n e  a n d  
v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t  a n d  th e  b lo o d  w ere  c o m p a r e d . I n  b o th  t r ia l s  th e  
c h a r a c te r i s t ic s  in v e s t ig a t e d  w ere  m a r k e d ly  a f fe c te d  b y  th e  s t a g e  o f  m a t u r i t y  o f  th e  
g r a s s .  T h e  b u t t e r f a t  fro m  co w s re c e iv in g  im m a tu r e  r y e g r a s s  w a s  m o re  u n s a t u r a t e d  
a n d  h a d  h ig h e r  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  th a n  t h a t  fro m  co w s re c e iv in g  
m a tu r e  r y e g r a s s .  T h e  b lo o d  o f  co w s fe d  im m a tu r e  r y e g r a s s  a lso  c o n ta in e d  m o re  
c a r o t e n e  t h a n  th e  b lo o d  o f  co w s fe d  m a tu r e  r y e g r a s s .

I t  i s  s u g g e s t e d  t h a t  v a r ia t io n  in  th e  s t a g e  o f  m a t u r it y  o f  N e w  Z e a la n d  d a ir y  
p a s t u r e s  th r o u g h o u t  th e  y e a r  i s  a n  im p o r t a n t  f a c t o r  c o n tr ib u t in g  to  th e  s e a so n a l  
v a r ia t io n s  in  th e  c h a r a c te r is t ic s  a n d  th e  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  c o m 
m e rc ia l  b u t t e r f a t .  T h e  in flu e n c e  o f  s t a g e  o f  m a t u r i t y  i s  p r o b a b ly  a s s o c ia t e d  w ith  th e  
q u a n t i t y  a n d  n a tu r e  o f  th e  p a s t u r e  l ip id s .

I n  a  p r e v io u s  p u b lic a t io n  in  th is  se r ie s  (M c D o w a ll & M c G ill iv ra y , 1963) i t  h a s  b e e n  
sh o w n  t h a t  th e  se a so n a l  c h a n g e s  in  th e  c h a r a c te r is t ic s  o f  N e w  Z e a la n d  b u t t e r f a t  
r e p o r t e d  b y  C o x  & M c D o w a ll (1 9 4 8 ) a n d  th e  c h a n g e s  in  c a ro te n e  a n d  v i t a m in  A  c o n 
t e n t s  r e p o r te d  in  th e  b u t t e r f a t  b y  M c D o w e ll & M c D o w a ll (1 9 5 3 ) a n d  in  th e  b lo o d  o f  
d a i r y  co w s b y  M c G ill iv ra y  (1 9 5 7 ) a r e  n o t  p r im a r ily  a t t r ib u t a b le  to  c h a n g e s  in  th e  
p r o p o r t io n  o f  c lo v e r  p r e s e n t  in  th e  c lo v e r - r y e g r a s s  a s s o c ia t io n s  t y p ic a l  o f  m a n y  N e w  
Z e a la n d  d a ir y  p a s t u r e s .  T h e  in d ic a t io n s  w ere  t h a t  th e  s t a g e  o f  g ro w th  o f  th e  r y e g r a s s  
w a s  a  m o re  im p o r t a n t  f a c t o r  c o n tro llin g  th e  p r o p e r t ie s  o f  th e  b u t t e r f a t .  T h e  p r e s e n t  
r e p o r t  c o v e r s  a n  in v e s t ig a t io n  o f  th e  e ffe c t  o f  s t a t e  o f  m a t u r i t y  o f  r y e g r a s s  f e d  to  
c o w s o n  th e  c h a r a c te r is t ic s  o f  th e  b u t t e r f a t  a n d  th e  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  
o f  th e  b u t t e r f a t  a n d  th e  b lo o d . A  p re l im in a r y  r e p o r t  o f  th e se  f in d in g s  h a s  a l r e a d y  
b e e n  p u b lis h e d  (M cD o w all, M c G ill iv ra y  & H a w k e , 1961).
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EXPERIMENTAL

P r e p a r a t io n  a n d  fe e d in g  o f  the p a s tu re s

T h e  p a s t u r e s  w ere  o n  s a n d y  lo a m  o v e r ly in g  g r a v e l .  B o t h  p a s t u r e s  w ere  a d e q u a te ly  
to p - d r e s se d  w ith  n it ro g e n o u s  fe r t i l iz e r s  to  p r o m o te  g o o d  g ro w th . N a t u r a l  r a in fa l l  w a s  
su p p le m e n te d  w ith  ir r ig a t io n  a s  r e q u ire d .

T h e  m a tu r e  p a s t u r e  w a s  o b ta in e d  b y  a llo w in g  p u re  s t a n d s  o f  H x s h o r t  r o ta t io n  
r y e g r a s s  (L o liu rn  h y b r id  H 1) to  g ro w  u n t i l  th e y  h a d  b e c o m e  lo n g  a n d  so m e w h a t  
s t a lk y .  T h e  im m a tu r e  p a s t u r e  w a s  o b ta in e d  b y  g r a z in g  o th e r  s t a n d s  o f  th e  r y e g r a s s  
c lo se ly  in  th e  l a t e  w in te r . W h en  g r a z e d  th e  s t a n d s  o f  m a tu r e  r y e g r a s s  w ere  1 2 -1 6  
in c h e s  h ig h  a n d  w ere  f ib ro u s , w ith  a p p r e c ia b le  s t a lk  a t  t im e s , e s p e c ia lly  in  t r i a l  I I .  
T h e  im m a tu r e  r y e g r a s s  s t a n d s  w ere  a l l  in  a  y o u n g , su c c u le n t  co n d it io n , 3 - 4  in c h e s  
h ig h .

W ith  b o th  p a s t u r e s  co w s w ere  m o v e d  to  a  fr e sh  a r e a  tw ic e  d a i ly ,  a f t e r  th e  m o rn in g  
a n d  e v e n in g  m ilk in g s . T h e  co w s w ere  co n fin e d  to  th e se  a r e a s  b y  m e a n s  o f  e le c tr ic  
fe n c e s . T h e  a r e a s  w ere  a d ju s t e d  to  e n su re  t h a t  th e  co w s w ere  a d e q u a te ly  fe d  b u t  t h a t  
th e y  h a d  l i t t le  o p p o r tu n ity  fo r  s e le c t iv e  g ra z in g .

C ow s u sed

I n  t r ia l  I  fo u r  p a i r s  o f  m o n o z y g o tic  tw in s  w ere  u se d  a n d  in  t r ia l  I I  fiv e  p a ir s .
I n  t r i a l  I  a l l  co w s c a lv e d  b e tw e e n  14 J u l y  a n d  12 A u g u s t  a n d  in  t r ia l  I I  b e tw e e n  

11 a n d  29 J u l y .  T h e  in t e r v a ls  b e tw e e n  c a lv in g  d a t e s  o f  th e  tw in  m a t e s  w ere  1, 2, 3  
a n d  18 d a y s ,  a v e r a g e  6 d a y s ,  fo r  t r ia l  I ,  a n d  1, 8, 10, 11 a n d  11 d a y s ,  a v e r a g e  8 d a y s ,  
fo r  t r i a l  I I .  I n  t r i a l  I  th e  co w s w ere  g r a z e d  to g e th e r  o n  a  m ix e d  p a s t u r e  fo r  3 w e e k s  
b e fo re  c o m m e n c e m e n t  o f  th e  e x p e r im e n ta l  fe e d in g , a n d  in  t r i a l  I I  fo r  2 w e e k s . 
D u r in g  th e  p o s t - e x p e r im e n ta l  p e r io d s  th e  co w s w ere  a g a in  g r a z e d  to g e th e r  o n  m ix e d  
p a s t u r e ,  p r e d o m in a n t ly  r y e g r a s s  a n d  c lo v e r .

S a m p lin g  a n d  a n a ly s i s

(a )  P a s tu r e s .  I n  t r i a l  I I  s a m p le s  o f  th e  fo lia g e  w ere  t a k e n  a t  in te r v a ls  fo r  e s t im a 
t io n  o f  c a ro te n e  c o n te n t , b y  th e  m e th o d  o f  W o rk e r  (1 9 5 7 ), a n d  fo r  e s t im a t io n  a n d  
e x a m in a t io n  o f  th e  l ip id s  p r e s e n t  (H a w k e , 1963).

(h) B lo o d . S a m p le s  o f  b lo o d  w ere  t a k e n  fro m  th e  co w s fo r  e s t im a t io n  o f  c a r o te n o id  
a n d  v i t a m in  A  a lc o h o l c o n te n ts . T h e  m e th o d  u se d  w a s  t h a t  d e sc r ib e d  b y  T h o m p so n , 
G a n g u ly  & K o n  (1 9 4 9 ).

(c) B u tte rfa t . C o m p o site  m ilk  a n d  b u t t e r f a t  s a m p le s  w ere  t a k e n  o v e r  a  2 -d a y  
p e r io d  fo r  e a c h  s a m p lin g  d a te . I n  t r i a l  I  s a m p le s  w ere  t a k e n  tw ic e  w e e k ly , a n d  in  
t r i a l  I I  th e y  w e re  t a k e n  o n ce  w e e k ly  e x c e p t  fo r  3 w e e k s  a f t e r  t r a n s fe r  o f  th e  co w s 
fro m  th e  m ix e d  p a s t u r e  to  th e  r y e g r a s s  g r a z in g  a n d  fo r  1 w e e k  a f t e r  c o m p le t io n  o f  
th e  r y e g r a s s  g ra z in g , w h en  th e y  w ere  t a k e n  tw ic e  w e e k ly .

A n a ly s i s  o f  th e  m ilk s  fo r  f a t ,  so lid s - n o t- fa t  a n d  p ro te in  c o n te n ts , p r e p a r a t io n  o f  
b u t t e r f a t s  a n d  a n a ly s i s  fo r  b u t t e r f a t  c h a r a c te r is t ic s  a n d  v i t a m in  c o n te n t  w e re  a s  
p r e v io u s ly  d e sc r ib e d  (M cD o w all & P a tc h e d , 1 9 5 8 ; T h o m p so n  et a l .  1949).
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RESULTS

T h r o u g h o u t  b o th  t r ia ls  a v e r a g e  b o d y  w e ig h ts , m ilk  y ie ld s  a n d  f a t ,  so lid s - n o t- fa t  
a n d  p ro te in  c o n te n ts  o f  th e  m ilk  re m a in e d  r e la t iv e ly  u n ifo rm  fo r  th e  tw o  g r o u p s  o f  
co w s. T h is , a n d  g e n e ra l  o b s e r v a t io n s  o n  th e  c o n d it io n  o f  th e  co w s, in d ic a te d  t h a t  th e ir  
h e a lth  a n d  g e n e ra l  w e ll-b e in g  w ere  u n a ffe c te d  b y  th e  e x p e r im e n ta l  t r e a t m e n t s .

T h e  r e s u lt s  o f  th e  a n a ly s i s  o f  th e  b u t t e r f a t s  a n d  o f  th e  b lo o d s  o f  th e  tw in  m a t e s  
sh o w e d  th e  sa m e  g e n e ra l  r e la t io n sh ip  fo r  a l l  p a i r s  o f  tw in s  in  e a c h  t r ia l .  A v e r a g e  
r e s u lt s  fo r  e a c h  g ro u p  a r e  sh o w n  in  F ig .  1 ( t r ia l  I )  a n d  F i g  2 ( t r ia l  I I ) .

Io d in e  v a lu e  a n d  re fractiv e  in d e x  (F ig s .  1 a n d  2 , g ra p h s  A  a n d  B ). I n  b o th  t r ia l s  th e  
b u t t e r f a t s  f ro m  th e  co w s re c e iv in g  m a tu r e  r y e g r a s s  h a d  a  lo w e r io d in e  v a lu e  a n d  a  
lo w e r r e f r a c t iv e  in d e x  t h a n  th o se  fro m  th e  co w s re c e iv in g  im m a tu r e  r y e g r a s s .  T h e  
a v e r a g e  d iffe re n c e s  o v e r  th e  e x p e r im e n ta l  p e r io d  in  t r i a l  I  w ere  2-9 a n d  0 -0004  a n d  
in  t r ia l  I I ,  5-3 a n d  0-0008 . T h e  g r e a t e r  d iffe re n c e  in  t r i a l  I I  a s  c o m p a r e d  w ith  t r ia l  I  
m a y  b e  a t t r ib u t e d  to  th e  m o re  a d v a n c e d  s t a t e  o f  m a t u r i t y  o f  th e  ‘ m a tu r e  ’ g r a s s  in  
th i s  t r ia l .  O n  r e tu r n  o f  th e  tw in  p a i r s  to  m ix e d  p a s t u r e  th e  io d in e  v a lu e  a n d  r e 
f r a c t iv e  in d e x  d iffe re n c e s  w e re  n o  lo n g e r  e v id e n t .  T h e  fa l l  in  io d in e  v a lu e  in  th e  
b u t t e r f a t s  fro m  th e  g r o u p s  fe d  m a t u r e  r y e g r a s s  d u r in g  S e p te m b e r - O c to b e r  w a s  
s im i la r  to , a l th o u g h  i t  o c c u r re d  so m e w h a t  e a r lie r  th a n , th e  fa l l  r e c o r d e d  b y  C o x  & 
M c D o w a ll (1 9 4 8 ) fo r  f a t  fro m  c o m m e rc ia l  b u t t e r s .

S a p o n if ic a t io n  a n d  R e ich ert v a lu e s ( F ig s .  1, 2 , g ra p h s  C  a n d  D ) .  B u t t e r f a t s  fro m  
c o w s  fe d  m a t u r e  le a fa g e  h a d  a  h ig h e r  sa p o n if ic a t io n  v a lu e , p a r t ic u la r ly  in  t r i a l  I I ,  
t h a n  t h a t  f ro m  co w s fe d  im m a tu r e  r y e g r a s s .  T h e  d iffe re n c e  b e tw e e n  th e  R e ic h e r t  
v a lu e s  fo r  th e  b u t t e r f a t s  f ro m  th e  tw o  g r o u p s  o f  co w s w a s  in  th e  sa m e  d ire c t io n  b u t  
w a s  v e r y  sm a ll . D u r in g  th e  e x p e r im e n ta l  p e r io d  o f  t r i a l  I I  th e  a v e r a g e  d if fe re n c e s  in  
s a p o n if ic a t io n  v a lu e s  a n d  R e ic h e r t  v a lu e s  w ere  3-2 a n d  0-5 re sp e c t iv e ly .

S o fte n in g  p o in t  ( F ig s .  1, 2 , g ra p h  E ). T h e  c h a n g e  o f  m a t u r i t y  o f  th e  g r a s s  d id  n o t  
c a u s e  a n y  c o n s is te n t  d iffe re n c e  in  th e  so f te n in g  p o in ts .

C aro ten e  a n d  v ita m in  A .  B u t t e r f a t  fro m  co w s o n  th e  m a tu r e  r y e g r a s s  h a d  lo w e r 
c a r o te n e  a n d  v i t a m in  A  c o n te n ts  t h a n  b u t t e r f a t  f ro m  co w s o n  im m a tu r e  r y e g r a s s  
(F ig s .  1, 2, g r a p h s  F  a n d  G ). I n  t r ia l  I  th e  e ffe c t  o f  fe e d in g  w a s  m o re  e v id e n t  in  th e  
c a r o te n e  c o n te n t  t h a n  in  th e  v it a m in  A  c o n te n t , w h e re a s  in  t r ia l  I I  th e  d iffe re n c e s  
w ere  o f  th e  s a m e  o r d e r  fo r  c a ro te n e  a n d  v i t a m in  A . I n  b o th  t r ia l s  th e re  w a s  a  d e la y  
in  th e  a p p e a r a n c e  o f  th e  d iffe re n c e  a f t e r  th e  se g r e g a t io n  o f  th e  g ro u p  to  th e  d if fe re n t  
t y p e s  o f  r y e g r a s s  g ro w th , a n d  a  d e la y  in  d i s a p p e a r a n c e  o f  th e  d iffe re n c e  a f t e r  th e  
tw in  m a t e s  w ere  r e u n ite d  fo r  g r a z in g  o n  a  c o m m o n  c o m p o s ite  p a s t u r e .  T h e  d e la y  w a s  
g r e a t e r  in  t r i a l  I I  t h a n  in  t r i a l  I ,  a n d  w a s  m o re  e v id e n t  fo r  th e  c a ro te n e  v a lu e s  th a n  
fo r  th e  v i t a m in  A  v a lu e s .

T h e  a v e r a g e  d iffe re n c e s  in  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t  d u r in g  
th e  e x p e r im e n ta l  p e r io d s  o f  t r ia l  I  w e re  1-5 a n d  0-7 /xg/g , a n d  o f  t r i a l  I I  1-1 a n d
1-8 p g /g  r e sp e c t iv e ly . T h e  s t a g e  o f  m a t u r i t y  o f  th e  r y e g r a s s  fe d  t h u s  a f fe c te d  th e  
a v e r a g e  t o t a l  v i t a m in  A  p o te n c y  o f  th e  b u t t e r f a t s  to  th e  e x t e n t  o f  a b o u t  5 i .u . / g  in  

t r i a l  I  a n d  10 i .u ./ g  in  t r i a l  I I .
I n  t r i a l  I  th e  c a ro te n e  a n d  x a n th o p h y ll  c o n te n ts  o f  th e  b lo o d  o f  co w s fe d  o n  th e  

im m a tu r e  r y e g r a s s  w ere  h ig h e r  t h a n  th o se  o f  th e  b lo o d  o f  co w s fe d  o n  m a tu r e  r y e g r a s s ,  
a n d , a s  w ith  th e  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t s ,  th e  d if fe re n c e s
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p e r s is t e d  fo r  so m e  t im e  a f t e r  th e  tw in  p a i r s  h a d  b e e n  r e u n ite d . I n  t r i a l  I I  th e re  w a s  
a  s im ila r  d iffe re n c e  in  th e  c a ro te n o id  c o n te n t  o f  th e  b lo o d  b u t  th e  d iffe re n c e s  p e r 
s i s t e d  fo r  a  sh o r te r  t im e  a f t e r  th e  tw in  m a t e s  w e re  re u n ite d  o n  a  c o m m o n  p a s t u r e .
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Fig. 1. Average characteristics and carotene and vitamin A contents of the butterfat and 
carotene content of the blood from cows fed mature (O-—O) and immature — ) short 
rotation ryegrass (trial I).



S in c e  in  e a c h  t r ia l  c a ro te n e  a n d  x a n th o p h y ll  c o n te n ts  o f  th e  b lo o d  w ere  c lo se ly  
c o r re la te d , o n ly  c a ro te n e  r e s u lt s  a r e  sh o w n  (F ig . 1, g r a p h  H ;  F ig .  2 , g r a p h  J ) .

D u r in g  th e  e x p e r im e n ta l  p e r io d s  o f  b o th  t r ia l s  th e  a v e r a g e  d iffe re n c e  in  c a r o te n e  
c o n te n ts  o f  th e  b lo o d  b e tw e e n  th e  tw o  g r o u p s  o f  co w s w a s  4 5 0  /xg/100  m l o f  p la s m a .
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Fig . 2. Average carotene content o f the pastures and average characteristics and carotene and 
vitam in A  contents o f the butterfat and carotene content o f the blood from  cows fed m ature 
(O — O ) and im m ature ( ---- ) short rotation ryegrass (trial II).
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T h e  e x p e r im e n ta l  t r e a t m e n t s  h a d  n o  a p p r e c ia b le  e ffe c t  o n  th e  v i t a m in  A  a lc o h o l 
c o n te n t  o f  th e  b lo o d . I n  b o th  t r ia ls  th is  a v e r a g e d  2 4  ¡ i g j  100 m l o f  p la s m a  (r a n g e
2 1 - 3 2 ) .

T h e  c a ro te n e  c o n te n ts  o f  r y e g r a s s  s a m p le s  t a k e n  a t  in te r v a ls  d u r in g  t r ia l  I I  a r e  
sh o w n  in  F ig .  2, g r a p h  H . T h e  a v e r a g e  c a ro te n e  c o n te n t  o f  th e  m a t u r e  r y e g r a s s  w a s  
4 4 0  p g /g  a n d  o f  th e  im m a tu r e  r y e g r a s s  58 0  y g /g .

F .  H .  M c D o w a l l  a n d  W .  A .  M c G i l l i v r a y

DISCUSSION

T h e  r e s u lt s  o f  b o th  t r ia l s  in d ic a te  t h a t  th e  s t a g e  o f  m a t u r it y  o f  th e  p a s t u r e  f e d  to  
c o w s m a y  m a r k e d ly  a f fe c t  th e  c h a r a c te r is t ic s  o f  th e  b u t t e r f a t  a n d  th e  c a r o te n e  a n d  
v i t a m in  A  c o n te n t  o f  th e  b u t t e r f a t  a n d  b lo o d . T h e  d ire c t io n  a n d  m a g n itu d e  o f  th e  
e f fe c t  s u g g e s t s  t h a t  th e  r e g u la r  se a so n a l  p a t t e r n  o f  c h a n g e  n o te d  b y  C o x  & M c D o w a ll 
(1 9 4 8 ), M c D o w e ll &  M c D o w a ll (1 9 5 3 ) a n d  M c G ill iv ra y  (1 9 5 7 ) i s  a s s o c ia t e d  w ith  th e  
in flu e n c e  o f  c l im a t ic  c o n d it io n s  a n d  o f  th e  n a t u r a l  g ro w th  cy c le  o f  H 1 r y e g r a s s  o n  th e  
s t a t e  o f  th e  fo lia g e  in  th e  p a s t u r e .  T h is  w o u ld  a p p ly  p a r t ic u la r ly  to  th e  r a p id  f a l l  in  
io d in e  v a lu e  a n d  in  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  b u t t e r f a t  a n d  in  c a ro te n e  
c o n te n t  o f  b lo o d  in  la te  sp r in g  a n d  e a r ly  su m m e r  w h en  i t  i s  u s u a l  fo r  th e  p la n t s  to  
b e c o m e  m o re  m a tu r e . I t  w o u ld  a lso  a p p ly  to  th e  r ise s  in  th e se  v a lu e s  in  th e  a u tu m n  
a n d  w in te r  c o in c id e n t  w ith  th e  a p p e a r a n c e  o f  n ew  g ro w th  d u e  to  a u t u m n  ra in s .  T h e se  
f in d in g s  a r e  in  lin e  w ith  th e  g e n e ra l  e x p e r ie n c e  o f  b u t t e r  f a c t o r y  o p e r a to r s  t h a t  in  th e  
a u t u m n  w h en  th e re  i s  r a p id  g ro w th  o f  g r a s s  fo llo w in g  a  w a rm  ra in  th e re  i s  a  m a r k e d  
so f te n in g  o f  th e  b u t t e r f a t ,  a n d  so m e  a l te r a t io n  in  th e  sy s t e m  o f  c r e a m  p r o c e s s 
in g  in  th e  f a c t o r y  i s  n e c e s s a r y  fo r  th e  m a k in g  o f  b u t t e r  o f  s a t i s f a c t o r y  p h y s ic a l  
p ro p e r t ie s .

T h e  a v e r a g e  d iffe re n c e s  in  c h a r a c te r is t ic s  o f  th e  b u t t e r f a t s  a n d  in  c a ro te n e  co n ten d s 
o f  th e  b lo o d  a s s o c ia t e d  w ith  th e  s t a g e  o f  m a t u r i t y  o f  th e  r y e g r a s s  in  th e  t r i a l s  r e p o r te d  
h e re  a r e  so m e w h a t  le s s  th a n  th e  s e a so n a l  c h a n g e s  r e g u la r ly  o b se rv e d . I t  i s  d iff ic u lt  
to  a r r a n g e  fo r  p a s t u r e s  t y p ic a l  o f  sp r in g  a n d  su m m e r  h e rb a g e  to  b e  a v a i la b le  a t  th e  
s a m e  t im e , a n d  in  th e  p r e s e n t  t r i a l s  th e  a v e r a g e  d iffe re n c e s  in  m a t u r i t y  w ere  n o t  a s  
g r e a t  a s  w o u ld  g e n e ra lly  b e  e n c o u n te re d  b e tw e e n  n o rm a l su m m e r  (m a tu re )  a n d  sp r in g  
o r  a u tu m n  (im m a tu re )  r y e g r a s s .  T h e  b u t t e r f a t  fro m  co w s g r a z in g  t y p ic a l  d a ir y  p a s 
t u r e s  m a y  a lso  b e  a f fe c te d  b y  th e  p r o p o r t io n  o f  c lo v e r  (M cD o w all & M c G ill iv ra y , 
1963 ) a n d  p o s s ib ly  o f  o th e r  p a s t u r e  sp e c ie s  in  a  sw a rd , a s  w ell a s  b y  e n v iro n m e n ta l  
c o n d it io n s .

A s  w ill b e  r e p o r te d  in  a  s u b s e q u e n t  p a p e r  in  th is  se r ie s  (H a w k e , 1963 ), th e re  w ere  
m a r k e d  d if fe re n c e s  in  th e  n a tu r e  a n d  a m o u n t  o f  l ip id s  in  th e  r y e g r a s s e s  o f  d if fe re n t  
s t a g e s  o f  m a t u r i t y  fe d  in  th e  p r e s e n t  t r ia ls .  T h e  l ip id  f r a c t io n  fro m  th e  im m a tu r e  
r y e g r a s s  w a s  m o re  h ig h ly  u n s a t u r a t e d  t h a n  t h a t  fro m  m a tu r e  le a fa g e , a n d  th e  
m a tu r in g  o f  th e  r y e g r a s s  w a s  a lso  a s s o c ia t e d  w ith  a  d e c re a se  in  t o t a l  l ip id  m a te r ia l .  
T h e s e  c h a n g e s  in  l ip id s  w ith  in c re a s in g  m a t u r i t y  o f  th e  p a s t u r e s  a r e  in  a g r e e m e n t  
w ith  th e  f in d in g s  o f  B r o u w e r  (1 9 4 4 ). I t  i s  w ell r e c o g n iz e d  t h a t  th e  fe e d in g  o f  u n 
s a t u r a t e d  l ip id s  to  co w s a f fe c t s  th e  c h a r a c te r i s t ic s  o f  th e  b u t t e r f a t  a n d  p a r t ic u la r ly  
i t s  o le ic  a c id  c o n te n t . I n  th e  p r e s e n t  in v e s t ig a t io n  th e  d iv e rg e n c e s  o b s e r v e d  in  io d in e  
v a lu e  a n d  th e  c o m p e n s a to r y  c h a n g e s  in  o th e r  b u t t e r f a t  c h a r a c te r i s t ic s  m a y  r e s u lt  
d ir e c t ly  fro m  th e  v a r y in g  n a tu r e  a n d  t o t a l  in ta k e  o f  l ip id s  b y  co w s g r a z in g  m a t u r e  o r
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im m a tu r e  r y e g r a s s .  A lte r n a t iv e ly  o th e r  d iffe re n c e s  in  c o m p o s it io n  a n d  th e  d if fe r 
e n c e s  in  p h y s ic a l  c h a r a c te r  o f  th e  le a fa g e  o f  th e  r y e g r a s s  c o u ld  a f fe c t  th e  m ic r o b ia l  
m e ta b o lis m  o f  th e  ru m e n  a n d  h e n c e  th e  d e g re e  o f  h y d r o g e n a t io n  o f  u n s a t u r a t e d  
d ie ta r y  l ip id s  o r  th e  e x t e n t  o f  sy n th e s is  o f  b u t t e r f a t  p r e c u r s o r s  in  th e  ru m e n .

T h e  e ffe c t  o f  s t a g e  o f  m a t u r i t y  o f  th e  r y e g r a s s  o n  th e  c a ro te n e  a n d  v i t a m in  A  
c o n te n ts  o f  th e  b u t t e r f a t  a n d  o n  th e  c a ro te n e  c o n te n t  o f  th e  b lo o d  is  o f  c o n s id e ra b le  
in te r e s t .  V a r ia t io n s  in  th e  c a ro te n e  in ta k e  o f  c o w s a re  th e  m o s t  u s u a l  c a u se  o f  v a r i a 
t io n s  in  th e  v i t a m in  A  p o te n c y  o f  m ilk . T h e  d iffe re n c e s  in  c o n te n ts  o f  c a ro te n e  in  th e  
b lo o d  a n d  b u t t e r f a t  fo u n d  in  th is  in v e s t ig a t io n  t h u s  c o u ld  b e  m e re ly  re f le x io n s  o f  th e  
d iffe re n c e s  in  th e  c a ro te n e  c o n te n ts  o f  th e  m a tu r e  a n d  im m a tu r e  r y e g r a s s  (F ig . 2, 
g r a p h  H ) . T h e r e  is ,  h o w e v e r , s t r o n g  e v id e n c e  to  s u g g e s t  t h a t  o th e r  f a c t o r s  a re  in 
v o lv e d . A  n u m b e r  o f  w o rk e rs  h a v e  a t te m p t e d  to  r e la te  c a ro te n e  in ta k e  to  b u t t e r f a t  
v i t a m in  A  p o te n c y  a n d , a l th o u g h  lo w e r f ig u re s  h a v e  b e e n  q u o te d , i t  i s  n o w  g e n e ra lly  
a g r e e d  t h a t  t o  p r o d u c e  b u t t e r f a t  o f  m a x im u m  p o te n c y , th e  p a s t u r e  m u s t  c o n ta in  a t  
l e a s t  2 6 0  /xg/g in  th e  d r y  m a t t e r  (H ib b s , K r a u s e  & M o n ro e , 1949 ), g iv in g  a  d a i ly  
in ta k e  o f  th e  o r d e r  o f  2-5 g  c a ro te n e  (W ise m a n , S h e p h e r d  & C a r y , 1949 ). B e lo w  th is  
le v e l  th e re  i s  a  f a ir ly  d ir e c t  r e la t io n sh ip  b e tw e e n  c a ro te n e  in ta k e  a n d  b u t t e r f a t  
v i ta m in  A  p o te n c y , b u t  a b o v e  i t  a d d it io n a l  c a ro te n e  c a u se s  n o  in c re a se  in  th e  q u a n t i 
t ie s  o f  c a r o te n e  o r  v i t a m in  A  in  th e  f a t .  I n  t r ia l  I I  th e  m in im u m  c a ro te n e  c o n te n t  
r e c o r d e d  w a s  320  /xg/g in  th e  d r y  m a t t e r .  T h e  c a ro te n e  in t a k e s  th r o u g h o u t  th e  t r ia l  
w ere  th e re fo re  in  th e  re g io n  w h ere  v a r ia t io n s  in  in ta k e  w o u ld  n o t  b e  e x p e c te d  to  
in flu e n c e  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t .  T h is  is  b o rn e  o u t  b y  th e  
f a c t  t h a t  d u r in g  m id  S e p te m b e r  th e re  w a s  a  d iv e rg e n c e  in  th e  v i t a m in  A  c o n te n ts  o f  
th e  b u t t e r f a t  a n d  th e  c a ro te n e  c o n te n ts  o f  th e  b lo o d  a lth o u g h  th e re  w a s  n o  s ig n if ic a n t  
d if fe re n c e s  in  th e  c a ro te n e  c o n te n ts  o f  th e  tw o  t y p e s  o f  r y e g r a s s ;  a n d  th e  s t e a d y  
in c re a se  d u r in g  l a t e  S e p te m b e r  a n d  e a r ly  O c to b e r  in  th e  c a ro te n e  c o n te n t  o f  th e  
b lo o d  o f  th e  g ro u p  o f  co w s fe d  m a tu r e  r y e g r a s s  w a s  n o t  in te r r u p te d  b y  th e  su d d e n  
f a l l  in  c a ro te n e  c o n te n t  o f  th e  g r a s s  fro m  600  to  38 0  /xg/g. I t  a p p e a r s  th e re fo r e  t h a t  
th e  d iv e rg e n c e s  in  c a ro te n e  a n d  v i t a m in  A  c o n te n ts  o f  th e  b u t t e r f a t  a n d  c a ro te n e  
c o n te n ts  o f  th e  b lo o d  c a n n o t  b e  e x p la in e d  in  t e r m s  o f  v a r y in g  c a ro te n e  in t a k e  fro m  
th e  p a s t u r e s .  T h is  a p p l ie s  a lso  to  th e  s e a so n a l  v a r ia t io n  in  v i t a m in  A  p o te n c y  o f  
N e w  Z e a la n d  b u t t e r f a t s ,  s in c e  th e re  is  n o  e v id e n c e  o f  a n y  c o m p a r a b le  s e a so n a l  t r e n d  
in  th e  c a ro te n e  c o n te n t  o f  t y p ic a l  d a ir y  p a s t u r e s  (M c G illiv ra y , 1956 ).

T h e  c lo se  c o rre la t io n  b e tw e e n  th e  se a so n a l  v a r ia t io n s  in  io d in e  v a lu e s  a n d  th e  
v a r ia t io n s  in  c a ro te n e  c o n te n ts  o f  N e w  Z e a la n d  b u t t e r f a t s  (M cD o w ell & M c D o w a ll,
1953) s u g g e s t s  t h a t  th e  sa m e  fa c t o r  m a y  in flu e n c e  b o th  th e  c h a r a c te r is t ic s  o f  th e  f a t  
a n d  i t s  c a ro te n e  c o n te n t . I n v e s t ig a t in g  p o s s ib le  v a r ia t io n s  in  p a s t u r e  c o m p o sit io n  
w h ic h  m ig h t  in flu e n c e  c a ro te n e  a b so r p t io n  a t  h ig h  in ta k e  le v e ls , M c G ill iv ra y , 
T h o m p so n  & W o rk e r  (1 9 5 8 ) fo u n d  t h a t  b o th  th e  q u a n t i t y  a n d  th e  n a tu r e  o f  th e  f a t  
in  th e  d ie t  h a d  a  c o n s id e ra b le  e ffe c t . W ith in  th e  l im it s  o f  th e  d ig e s t iv e  c a p a c i t y  o f  th e  
a n im a ls ,  in c r e a se d  l ip id  in ta k e s  r e su lte d  in  b e t te r  u t i l iz a t io n  o f  d ie ta r y  c a ro te n e . 
C a ro te n e  u t i l iz a t io n  a lso  in c re a se d  m a r k e d ly  w ith  th e  d e g re e  o f  u n s a tu r a t io n  o f  th e  
v e h ic le .

E s t a b l i s h e d  r e la t io n sh ip s  b e tw e e n  c a ro te n e  in ta k e  a n d  v i t a m in  A  p o te n c y  o f  th e  
b u t t e r f a t  (H ib b s  ef a l .  1 9 4 9 ; W ise m a n  et a l .  1949) m a y  t h u s  b e  in flu e n c e d  b y  th e  
q u a n t i t y  a n d  n a tu r e  o f  th e  d ie ta r y  l ip id s .  D e s p ite  th e  h ig h  c a ro te n e  in ta k e s  fro m  
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b o th  t y p e s  o f  p a s t u r e ,  b e t t e r  c a ro te n e  u t i l iz a t io n  a n d  h e n c e  h ig h e r  c a ro te n e  v i t a m in  A  
c o n te n ts  o f  th e  b u t t e r f a t  c o u ld  th e re fo r e  b e  a n t ic ip a t e d  fro m  th e  im m a tu r e  t h a n  
fro m  th e  m a t u r e  r y e g r a s s .

T h e  a b o v e  r e s u lt s  e s t a b l i s h  t h a t  s t a g e  o f  m a t u r it y  o f  H 1 sh o r t  r o ta t io n  r y e g r a s s  
c a n  h a v e  a  m a r k e d  e ffe c t  o n  th e  c h a r a c te r is t ic s  a n d  c a ro te n e  a n d  v i t a m in  A  c o n te n t  
o f  b u t t e r f a t  a n d  o n  th e  c a ro te n e  c o n te n t  o f  th e  b lo o d  o f  co w s. T h e r e  i s  e v id e n c e  t h a t  
th e  e ffe c t , n o t  o n ly  o n  f a t  c h a r a c te r is t ic s  b u t  a lso  o n  v i t a m in  A  p o te n c y , i s  a s s o c ia t e d  
w ith  th e  q u a n t i t y  a n d  n a t u r e  o f  th e  l ip id  p r e s e n t  in  th e  r y e g r a s s  a t  d if fe re n t  s t a g e s  
o f  m a t u r it y .  I t  w o u ld  se e m  lik e ly  t h a t  c h a n g e s  in  th e  s t a g e  o f  m a t u r i t y  o f  th e  p a s 
t u r e s  fe d  t o  d a i r y  co w s th r o u g h o u t  th e  y e a r  a r e  to  a  la r g e  e x t e n t  th e  c a u se  o f  th e  
s e a so n a l  c h a n g e s  in  th e  c h a r a c te r is t ic s  a n d  th e  v i t a m in  A  p o te n c y  o f  N e w  Z e a la n d  
b u t t e r f a t .  T h e  r e su lt s ,  h o w e v e r , r e la te  o n ly  to  o n e  t y p e  o f  r y e g r a s s  w h e re a s  u n d e r  
p r a c t ic a l  f a r m in g  c o n d it io n s  p a s t u r e s  c o n ta in  a  v a r ie t y  o f  g r a s s e s ,  c lo v e rs  a n d  w e e d s . 
T h e  e ffe c ts  o f  s t a g e  o f  g ro w th  o f  th e se  p a s t u r e  sp e c ie s  o n  b u t t e r f a t  p r o p e r t ie s  s t i l l  
r e m a in  to  b e  e s t a b lish e d  a n d  fu r th e r  e x p e r im e n ts  in  th is  c o n n e x io n  a r e  n o w  b e in g  
u n d e r ta k e n . I t  w o u ld  a lso  b e  a n t ic ip a t e d  t h a t  th e  p ro p e r t ie s  o f  c o m m e rc ia l  b u t t e r f a t s  
w o u ld  b e  a f fe c te d  b y  th e  g e n e ra l  p r a c t ic e  o n  N e w  Z e a la n d  d a ir y  f a r m s  o f  u s in g  
su p p le m e n ta r y  fe e d s  su c h  a s  c h o u m o e llie r , t u r n ip s ,  g re e n  m a iz e , h a y  a n d  s i la g e  d u r in g  
p e r io d s  o f  lo w  p a s t u r e  a v a i la b l i l i t y .

T h e  a u th o r s  a r e  in d e b te d  t o  M r 1). C . C o llis  fo r  su p e r v is io n  o f  th e  fe e d in g  a n d  
m ilk in g  o f  th e  co w s a n d  fo r  th e  sa m p lin g  o f  th e  m ilk  a n d  c r e a m s ;  a n d  to  M r C. J .  G . 
B a k e r  a n d  M iss  F a y  F r e c k l in g to n  fo r  a s s i s t a n c e  w ith  th e  a n a ly t ic a l  w o rk .
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V I I I .  T h e  fa t ty  a c id  c o m p o s it io n  o f  th e  m i l k  f a t  o f c o w s  g r a z in g  o n  r y e g r a s s  a t  

tw o  s t a g e s  o f  m a t u r i t y  a n d  th e  c o m p o s it io n  o f  th e  r y e g r a s s  l ip id s

B y  J .  C . H A W K E

B io c h e m istry  D ep artm e n t, M a s se y  C ollege, P a lm e rsto n  N o rth , N e w  Z e a la n d  

(R eceived 5 Sep tem b er  1962)

S t u d i e s  o n  t h e  p r o p e r t i e s  o f  N e w  Z e a l a n d  b u t t e r f a t

S u m m a r y . T h e  l ip id  c o n te n t  o f  s h o r t  r o ta t io n  r y e g r a s s  a t  tw o  s t a g e s  o f  g ro w th  w a s  
fo llo w e d  a t  w e e k ly  in t e r v a ls  fo r  s e v e r a l  m o n th s  in  tw o  s p r in g - e a r ly  su m m e r  se a so n s . 
S h o r t  su c c u le n t  r y e g r a s s  c o n s is t in g  e n t ir e ly  o f  l e a f  t is s u e  c o n ta in e d  m o re  l ip id  (m e a n , 
8-1 %  o f  th e  d r y  w e ig h t) t h a n  m a tu r e  r y e g r a s s  w h ich  c o n ta in e d  a p p r e c ia b le  s t a lk  
(m e a n , 5-1 %  o f  th e  d r y  w e ig h t) . T h e  l ip id  fro m  th e  n ew  g ro w th  c o n ta in e d  f a t t y  a c id s  
w ith  a p p r e c ia b ly  h ig h e r  p r o p o r t io n s  o f  l in o le n ic  a c id , w h ich  w a s  b a la n c e d  m a in ly  b y  
lo w e r p r o p o r t io n s  o f  lin o le ic  a n d  p a lm it ic  a c id s .

W h en  m o n o z y g o tic  tw in  m ilk in g  co w s w e re  g r a z e d  o n  th e  s h o r t  r o ta t io n  r y e g r a s s  
g ro w n  to  tw o  s t a g e s  o f  m a t u r it y ,  i t  w a s  fo u n d  t h a t  th e  f a t t y  a c id  c o m p o s it io n  o f  th e  
m ilk  f a t  fro m  th e  tw o  g r o u p s  w a s  d iffe re n t . T h e  m ilk  f a t  o f  co w s g r a z e d  o n  th e  n ew  
g ro w th  c o n ta in e d  h ig h e r  p r o p o r t io n s  o f  o le ic  a c id  a n d  o th e r  C 18 a c id s , w h ils t  th e  
p r o p o r t io n s  o f  m y r is t ic  a n d  p a lm it ic  a c id s  w e re  lo w e r. T h e  t o t a l  p r o p o r t io n s  o f  th e  
sh o r t-c h a in  f a t t y  a c id s  w ere  n o t  g r e a t ly  d if fe re n t , a l th o u g h  in  th e  g ro u p  o n  n ew  
g ro w th  b u ty r ic  a c id  w a s  p r e s e n t  in  h ig h e r  p r o p o r t io n s  a n d  h e x a n o ic  a n d  o c ta n o ic  
a c id s  in  lo w e r p ro p o r t io n s . T h e  h ig h e r  u n s a t u r a t io n  o f  th e  f a t t y  a c id s  in  th e  m ilk  f a t  
o f  th i s  g ro u p  o f  c o w s m a y  b e  r e la te d  to  th e  h ig h e r  le v e ls  o f  u n s a t u r a t e d  f a t t y  a c id s  in  
th e  y o u n g  r y e g r a s s  d ie t  a n d  t o  th e  e x t e n t  t o  w h ic h  th e se  u n s a t u r a t e d  f a t t y  a c id s  a re  
h y d r o g e n a te d  in  th e  ru m e n .

W h e n  H a n s e n  & S h o r la n d  (1 9 5 2 ) in v e s t ig a t e d  th e  se a so n a l  c h a n g e s  w h ic h  o c c u r  in  
th e  c o m p o s it io n  o f  th e  f a t t y  a c id s  o f  N e w  Z e a la n d  b u t t e r f a t  th e y  fo u n d  t h a t  th e  
m a jo r  d iffe re n c e s  th r o u g h o u t  a  se a so n  w e re : (i) a  r e g u la r  in c re a se  in  th e  c o n te n t  o f  
C 6- C i 4 s a t u r a t e d  a c id s  u p  to  N o v e m b e r , a n d  t h e r e a f te r  a  s lo w  d e c lin e  to  th e  e n d  o f  
th e  s e a s o n ; a n d  (ii) a  v a r ia t io n  o f  th e  C 18 u n s a t u r a t e d  a c id s  in  th e  in v e r se  d ire c t io n  
t o  t h a t  o f  th e  C 6- C 14 c o n s t i tu e n ts .  S im ila r ly , M c D o w e ll (1 9 5 3 ) fo u n d  t h a t  s e a so n a l  
c h a n g e s  in  io d in e  v a lu e  w e re  c lo se ly  r e la t e d  to  c h a n g e s  in  th e  o le ic  a c id  c o n te n t  o f  
b u t t e r f a t .  T h u s  th e se  w o rk e rs  w ere  a b le  t o  e x p la in  in  c h e m ic a l te r m s  th e  r e g u la r  
s e a so n a l  p a t t e r n  o f  th e  c h a n g e s  in  io d in e , sa p o n if ic a t io n , a n d  R e ic h e r t  v a lu e s ,  
o b s e r v e d  e a r lie r  b y  C o x  & M c D o w a ll (1 9 4 8 ).

I n  th e  o th e r  p a p e r s  o f  th e  p r e s e n t  se r ie s  (M cD o w all, 1 9 6 2 ; M c D o w a ll & M c G illiv ra y , 
1 9 6 3 a , b), so m e  o f  th e  f a c t o r s  w h ic h  p o s s ib ly  c a u se  th e se  r e g u la r ly  re c u rr in g  s e a so n a l  
f lu c tu a t io n s  h a v e  b e e n  in v e s t ig a t e d ,  u s in g  p a ir e d  fe e d in g  o f  m o n o z y g o tic  tw in s
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(M cD o w all & P a tc h e l l ,  19 5 8 ). I t  w a s  fo u n d  t h a t  r e g u la r  d iffe re n c e s  in  th e  p h y s ic a l  a n d  
c h e m ic a l c o n s ta n t s  o f  th e  b u t t e r f a t ,  p a r t ic u la r ly  io d in e  v a lu e s ,  w e re  o b ta in e d  w h en  
co w s w ere  g r a z in g  o n  s h o r t  r o ta t io n  r y e g r a s s  a t  d if fe re n t  s t a g e s  o f  g ro w th  (M c D o w all 
&  M c G ill iv ra y , 1 9 6 3 6 ). T h e  p r e s e n t  r e p o r t  w h ic h  fo rm e d  p a r t  o f  a n  e a r lie r  p r e l im in a r y  
c o m m u n ic a t io n  (M cD o w all, M c G ill iv ra y  &  H a w k e , 1961 ), is  o f  a  p a r a l le l  in v e s t ig a t io n  
c f  th i s  d ie ta r y  e ffe c t  o n  th e  c o m p o s it io n  o f  th e  f a t t y  a c id s  o f  b u t t e r f a t .

T h e r e  h a v e  b e e n  m a n y  s t u d ie s  o f  th e  e ffe c t  o f  d ie ta r y  l ip id s  o n  th e  c o m p o s it io n  o f  
th e  m ilk  f a t  o f  r u m in a n t s  (H ild itc h , 19 5 6 ). T h e  m u c h  sm a lle r  e f fe c t  o f  u n s a t u r a t e d  
d ie ta r y  l ip id s  o n  th e  l ip id s  o f  r u m in a n t s  t h a n  o n  th e  l ip id s  o f  n o n - ru m in a n ts  i s  d u e  
to  th e  h y d ro g e n a t io n  o f  th e se  l ip id s  in  th e  ru m e n  (S h o r la n d , W e e n in k  &  J o h n s ,  1 9 5 5 ; 
R e is e r  & R e d d y ,  1956 ). W h e n  lin se e d  a n d  o th e r  o ils  w h ich  c o n ta in  h ig h  p r o p o r t io n s  
o f  f a t t y  a c id s  su c h  a s  lin o le ic  a n d  lin o le n ic  a c id s  a r e  fe d , th e  m a in  r e s u lt  i s  a n  in c re a se  
in  th e  o le ic  a c id  c o n te n t  o f  th e  b u t t e r f a t ,  b a la n c e d  b y  a  r e d u c t io n  in  th e  c o n te n ts  o f  
p a lm it ic ,  m y r is t ic  a n d  s t e a r ic  a c id s  (H ild itc h , 1937 ). F u r t h e r ,  M a t t s s o n  (1 9 4 9 ) fo u n d  
t h a t  d u r in g  th e  fe e d in g  o f  l in se e d  fo d d e r  w h ic h  c o n ta in e d  n o  c o n ju g a t e d  a c id s ,  th e  
c o n ju g a t e d  d ie n e  in  th e  m ilk  f a t  in c r e a se d  fro m  0-5 to  6-7 % , w h ile  l i t t le  o r  n o  in c re a se  
o c c u r re d  in  th e  a m o u n ts  o f  lin o le ic  a n d  lin o len ic  a c id . D e s p ite  th e  h ig h ly  u n s a t u r a t e d  
n a tu r e  o f  g r a s s  l ip id s  (S h o r la n d , 19 4 4 ), i t  w a s  r e a so n e d  t h a t  th e  l ip id  in  th e  d ie t  
u n d e r  n o r m a l  g r a z m g  c o n d it io n s  w o u ld  n o t  le a d  t o  v a r ia t io n s  in  f a t t y  a c id  c o m p o s i
t io n  o f  th e  b u t t e r f a t  o f  th e  b o v in e  (H a n se n  & S h o r la n d , 1952 ). H o w e v e r , B r o u w e r  
(1 9 4 4 ) h a d  e a r lie r  p r o p o se d  t h a t  th e  o le ic  a c id  c o n te n t  o f  b u t t e r f a t  d e p e n d e d  o n  th e  
d e g re e  o f  u n s a t u r a t io n  o f  th e  f a t t y  a c id s  in  g r a s s .

S t u d ie s  o f  ru m in a n t  d ig e s t io n  h a v e  r e v e a le d  m a n y  h ith e r to  u n k n o w n  in te r r e la t io n 
sh ip s  in v o lv in g  c h a n g e s  in  m ic r o b ia l  m e ta b o lis m  w ith in  th e  ru m e n . F o r  in s ta n c e , 
r e c e n t  o b s e r v a t io n s  b y  S h a w , E n s o r ,  T e lle c h e a  & L e e  (1 9 6 0 ) in d ic a te  t h a t  r a t io n s  
p r o d u c in g  h ig h  p r o p o r t io n s  o f  p ro p io n a te  in  th e  ru m e n  le d  to  m ilk  a n d  b o d y  f a t  w ith  
h ig h  io d in e  v a lu e s ,  a n d  i t  w a s  s u g g e s t e d  t h a t  u n d e r  th e se  c o n d it io n s  th e  h y d r o g e n a 
t io n  o f  th e  sm a ll  p r o p o r t io n s  o f  u n s a t u r a t e d  f a t t y  a c id s  in  th e  d ie t s  w a s  le s s  e ff ic ie n t. 
T h e  g r a s s  l ip id s  r e p r e se n t  o n ly  a  sm a ll  p r o p o r t io n  o f  th e  d r y  w e ig h t  o f  g r a s s  b u t  th e ir  
v a r ia b le  f a t e  d u r in g  d ig e s t io n  c o u ld  in flu e n c e  th e  n a t u r e  o f  su c h  p r o d u c t s  o f  m e t a 
b o lism  a s  m ilk  f a t .  T h e  p r e s e n t  in v e s t ig a t io n  p r o v id e s  in fo r m a t io n  o n  th e  l ip id s  o f  
th e  r y e g r a s s  w h ic h  w a s  g r a z e d  a t  tw o  s t a g e s  o f  g ro w th  (M c D o w all & M c G ill iv ra y , 
1 9 6 3 6 ) a n d  o n  th e  f a t t y  a c id  c o m p o s it io n  o f  th e  b u t t e r f a t s  o b ta in e d  fro m  th e se  
p a ir e d  fe e d in g  e x p e r im e n ts .

J .  C . H a w k e

EXPERIMENTAL

M a in te n a n c e  o f  ry e g ra ss  p a s tu r e s  a n d  o f  cow s

T h e  fu ll  g r a z in g  c o n d it io n s  fo r  th e  m o n o z y g o tic  tw in  p a ir s  w ere  d e sc r ib e d  in  th e  
p re c e d in g  p a p e r  in  th is  se r ie s  (M cD o w all & M c G ill iv ra y , 1 9 6 3 6 ). P u r e  p a s t u r e s  o f  
sh o r t  r o ta t io n  r y e g r a s s  (N ew  Z e a la n d  C e rt if ie d  n o . 1 h y b r id )  w ere  g r a z e d  a t  tw o  
s t a g e s  o f  m a t u r it y — o n e s t a g e  ( ‘ n ew  g r o w t h ’ ) c o n s is te d  o f  sh o r t  (3 - 4  in ) su c c u le n t  
le a v e s  g ro w n  o v e r  a  p e r io d  o f  2 - 3  w e e k s  a n d  th e  o th e r  s t a g e  ( ‘ m a tu r e  g r o w t h ’ ) 
c o n s is te d  o f  lo n g  (a p p r o x im a te ly  12 in ) f ib r o u s  g r a s s  w ith  a p p r e c ia b le  s t a lk .  O n e 
co w  o f  e a c h  tw in  p a i r  in  th e  e x p e r im e n t  w a s  g r a z e d  o n  e a c h  p a s t u r e  in  su c h  a  w a y  
t h a t  a  n ew  a r e a  w a s  a v a i la b le  fo r  g r a z in g  e a c h  d a y .
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E x tr a c t io n  o f  l ip id  fro m  ry e g ra ss

A t  w e e k ly  in te r v a ls  a b o u t  5 k g  o f  f r e sh  g r a s s  w a s  c o lle c te d  fro m  th e  a r e a s  to  b e  
g r a z e d  t h a t  d a y .  T h e  g r a s s  w a s  c h o p p e d  in to  sh o r t  le n g th s , m ix e d  a n d  th e n  100  g  
w a s  im m e d ia te ly  m a c e r a te d  in  e th a n o l w ith  a  W a r in g  B le n d o r . T h e  r e su lt in g  s lu r r y  
w a s  w a rm e d  to  a b o u t  5 5  °C  to  c o m p le te  d e a c t iv a t io n  o f  l ip o ly t ic  e n z y m e s  a n d  th e n  
f ilte re d  th r o u g h  a  s in te re d  fu n n e l. T h e  f ib r o u s  re s id u e  w a s  w a sh e d  o n  th e  fu n n e l 
se v e ra l  t im e s  w ith  sm a ll  v o lu m e s  o f  e th a n o l a n d  d ie th y l  e th e r  a n d  t r a n s fe r r e d  to  
S o x h le t  th im b le s . S o x h le t  e x t r a c t io n  w a s  c a r r ie d  o u t  fo r  8 h  w ith  d ie th y l  e th e r . 
S o lv e n t s  w ere  d is t i l le d  fro m  a n  a l l- g la s s  a p p a r a t u s  b e fo re  u se . D ie th y l  e th e r  w a s  f ir s t  
r e f lu x e d  o v e r  fe r ro u s  su lp h a te .

T h e  e th a n o lic  a n d  e th e r  e x t r a c t s  w ere  e v a p o r a t e d  to  d r y n e s s  s e p a r a t e ly ,  a n d  e a c h  
r e s id u e  e x t r a c t e d  w ith  e th e r . T h e se  e th e r  e x t r a c t s  w ere  c o m b in e d  a n d  sh a k e n  w ith  
d is t i l le d  w a te r  t o  r e m o v e  w a te r  so lu b le  im p u r it ie s  w h ic h  a r e  m a in ly  c a r b o h y d r a t e  in  
n a tu r e . T o  a v o id  th e  fo r m a t io n  o f  s t a b le  e m u ls io n s , sh a k in g  w a s  n o t  v ig o r o u s  in  th e  
f ir s t  tw o  e x t r a c t io n s ,  b u t  in  th e  th ird  a n d  fin a l e x t r a c t io n  v ig o r o u s  sh a k in g  w a s  u se d  
a n d  th e  e m u ls io n s  w h ic h  fo rm e d  w e re  b ro k e n  b y  c e n tr i fu g a t io n . T h e  w a sh e d  e th e r  
so lu t io n  w a s  e v a p o r a t e d  to  d r y n e s s  a n d  th e  r e s id u e  e x t r a c t e d  w ith  a n h y d r o u s  e th e r . 
T h e  e th e r  so lu b le  m a t e r ia l  t h u s  o b ta in e d  w a s  f re e d  o f  e th e r  a n d  w e ig h ed , to  g iv e  a  
m e a su re  o f  th e  l ip id  c o n te n t  o f  th e  g r a s s .  A ll  so lv e n t s  w ere  e v a p o r a t e d  a t  m o d e r a te  
t e m p e r a tu r e s  in  a  r o ta r y  e v a p o r a t o r .  T h e  fin a l t r a c e s  o f  so lv e n t  w ere  re m o v e d  in  v acu o .

T h e  d r y  w e ig h t  o f  th e  g r a s s  w a s  d e te rm in e d  o n  s e p a r a t e  s a m p le s  (50  g )  b y  h e a t in g  
in  a n  a ir -o v e n  a t  1 1 0 °C  fo r  18 h .

M ilk  f a t  sa m p le s

C o m p o site  m ilk  f a t  s a m p le s  w ere  p r e p a r e d  b y  c o m b in in g  e q u a l  q u a n t i t ie s  o f  th e
2 - d a y  f a t  s a m p le s  o b ta in e d  fro m  fiv e  p a i r s  o f  m o n o z y g o tic  tw in  co w s g r a z in g  o n  e a c h  
ty p e  o f  r y e g r a s s  p a s t u r e  a s  d e sc r ib e d  b y  M c D o w a ll & M c G ill iv ra y  (1 9 6 3 5 ) . F o r  e a c h  
m ilk  f a t  s a m p le  a n a ly s e d  fo r  f a t t y  a c id s  a  g r a s s  l ip id  sa m p le  w h ic h  c o r re sp o n d e d  in  
s a m p lin g  d a t e  w a s  c h o se n  fo r  s im ila r  a n a ly s i s .

P r e p a r a t io n  o f  sa m p le s  f o r  g a s- l iq u id  ch ro m ato g rap h ic  a n a ly s i s

T h e  g r a s s  a n d  m ilk  l ip id s  w ere  sa p o n if ie d  b y  re f lu x in g  w ith  e th a n o lic  K O H  fo r  
3 h , a n d  th e  n o n -sa p o n if ie d  m a te r ia l  r e m o v e d  b y  e th e r  e x t r a c t io n .  T h e  f a t t y  a c id s  
o b ta in e d  fro m  m ilk  l ip id s  w ere  s te a m - d is t i l le d  in  a  m ic r o - K je ld a h l  a p p a r a t u s  to  
s e p a r a t e  th e  f a t t y  a c id s  in to  tw o  f r a c t io n s  (H a w k e , 1957 ). T h e  s te a m - v o la t i le  a c id s  
w ere  t i t r a t e d  w ith  a lk a l i  a n d  a  s l ig h t  e x c e s s  a d d e d  b e fo re  c o n c e n tr a t io n  o f  th e  s o a p s  
to  a  sm a ll  v o lu m e  on  a  r o ta r y  e v a p o r a t o r .  T h e  n o n -v o la t i le  p o r t io n  c o n s is t in g  o f  C 10 
a c id s  a n d  a b o v e  (H a w k e , 1957 ), a n d  th e  t o t a l  f a t t y  a c id s  o b ta in e d  fro m  g r a s s  w ere  
th e n  c o n v e r te d  to  m e th y l e s t e r s  b y  re f lu x in g  w ith  1 %  H 2S 0 4 in  m e th a n o l (H ild itc h ,
1 9 5 6 ) . T h e  f a t t y  a c id s  o f  g r a s s  w ere  w e ig h e d  b e fo re  c o n v e rs io n  to  m e th y l e s te r s  
(T a b le  1).

S e p a r a t io n s  by g a s- liq u id  ch rom atograph y

V olatile  f a t ty  a c id s .  T h e  p ro c e d u re  w a s  th e  sa m e  a s  p r e v io u s ly  d e sc r ib e d  (H a w k e ,
1957) e x c e p t  t h a t  th e  s a m p le  fo r  a n a ly s i s  w a s  a c id if ie d  im m e d ia te ly  p r io r  to  c h r o m a 
to g r a p h y . A  c o n c e n tr a te d  so lu t io n  o f  so d iu m  s a l t s  w a s  t a k e n  u p  in  a  sm a ll  h y p o 
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d e rm ic  sy r in g e  a n d  o n e  o r  tw o  d r o p s  a d d e d  to  a  m ix tu r e  o f  e q u a l  p a r t s  b y  w e ig h t  o f  
a n h y d r o u s  K H S 0 4 a n d  C e lite  5 4 5 , in  a  sm a ll  p la t in u m  b o a t  h e ld  a t  th e  g a s  in le t  e n d  
o f  th e  c h r o m a to g r a p h ic  co lu m n . A fte r  a c id if ic a t io n  in  th is  w a y , th e  b o a t  w a s  q u ic k ly  
p u s h e d  in to  th e  h e a te d  re g io n  o f  th e  c o lu m n  b y  m e a n s  o f  a n  a t t a c h e d  w ire . T h e  
n it ro g e n  su p p ly  w a s  th e n  c o n n e c te d .

M eth y l esters. T h e  m e th y l  e s te r s  w ere  a n a ly s e d  b y  g a s - l iq u id  c h r o m a to g r a p h y  
u s in g  a  /3 -ion ization  d e te c to r  a n d  a rg o n  a s  c a rr ie r  g a s  (P y e  I n s t r u m e n t s  L t d . ,  C a m 
b r id g e , E n g la n d ) .  T o  id e n t i fy  th e  m e th y l  e s te r s ,  R F  v a lu e s  w ere  d e te rm in e d  o n  tw o  
t y p e s  o f  c o lu m n  (H a w k e , H a n s e n  & S h o r la n d , 1959). T h e  c o lu m n s (4  f t  lo n g  a n d  
4  m m  in te r n a l  d ia m e te r )  c o n s is te d  o f  (a )  2 0  %  A p ie z o n  M  o n  C e lite  54 5  (4 8 - 8 5  m e s a )  
h e ld  a t  20 0  °C , a n d  (b) 2 0 %  su c c in ic  a c id  d ie th y le n e  g ly c o l  o n  C e lite  54 5  (4 8 - 8 5  
m e sh ) h e ld  a t  150 °C .

T h e  p r o p o r t io n s  o f  e a c h  c o m p o n e n t  w ere  d e te rm in e d  b y  m e a su r e m e n t  o f  p e a k  
a r e a s .

-Sept.- —  Oct.- 

Fig. 1
- Nov.

Fig. 2
Fig . 1. The lipid content o f short rotation ryegrass (New Zealand Certified no. 1 hybrid) in the 
spring and early sum m er o f 1959. x  , New grow th; © , m ature growth.

F ig . 2. The lipid content o f short rotation ryegrass (New Zealand Certified no. 1 hybrid) in the 
spring and early sum m er o f 1960. X , New grow th; © , m ature growth.

R E SU L T S

L i p i d  content a n d  fa t ty  a c id  co m p o sitio n  o f  ry e g ra ss

A lth o u g h  th e  t o t a l  l ip id  c o n te n t  o f  th e  g r a s s  v a r ie d  c o n s id e ra b ly  fro m  w e e k  to  
w e e k  (F ig s .  1, 2) tw o  c le a r ly  d e fin e d  t r e n d s  w ere  a p p a r e n t .  F ir s t ,  th e  l ip id  c o n te n t  o f  
th e  n ew  g r a s s  w a s  g r e a te r  th a n  t h a t  o f  th e  m a tu r e  g r a s s  a n d  se c o n d ly , th e  l ip id  
c o n te n t  o f  b o th  t y p e s  o f  g ro w th  sh o w e d  a  g e n e ra l  d e c re a se  f ro m  S e p te m b e r  to  
D e c e m b e r . U n s e a s o n a l  d r o u g h t  c o n d it io n s  in  N o v e m b e r  1960  fo rc e d  a n  in te r r u p t io n  
in  th e  e x p e r im e n ts  (F ig . 2) a n d  a n  e x c e p t io n  to  th e  a b o v e -m e n tio n e d  d if fe re n c e s  in  
l ip id  le v e ls  in  th e  tw o  t y p e s  o f  g r a s s  o c c u r re d  w h en  d iff ic u lt ie s  w ere  b e in g  e x p e r ie n c e d  
in  m a in ta in in g  p a s t u r e  d iffe re n c e s  p r io r  to  th e  b r e a k  in  th e  e x p e r im e n t . I n  th e  
s a m p le s  se le c te d  fo r  a n a ly s i s  o f  f a t t y  a c id s  i t  w a s  fo u n d  t h a t  a p p r o x im a t e ly  o n e - h a lf
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o f  th e  t o t a l  l ip id  c o n s is te d  o f  f a t t y  a c id s  (T a b le  1) a n d  in  e a c h  c a s e  a  h ig h e r  y ie ld  o f  
f a t t y  a c id s  w a s  o b ta in e d  fro m  th e  l ip id  e x t r a c t e d  fro m  n ew  g ro w th . T h e  a n a ly s i s  o f  
f a t t y  a c id s  in  th e  1 9 5 9 -6 0  se r ie s  o f  e x p e r im e n ts  (T a b le s  1 a n d  2) a re  o n  c o m b in e d  
e x t r a c t s  o b ta in e d  fro m  g r a s s  s a m p le d  in  tw o  su c c e s s iv e  w eek s.

C h r o m a to g r a p h y  o f  th e  m e th y l e s te r s  p r e p a r e d  fro m  tw o  t y p e s  o f  r y e g r a s s  o n  
p o ly e s te r  c o lu m n s g a v e  g o o d  s e p a r a t io n s  o f  th e  u n s a t u r a t e d  c o m p o n e n ts  a n d  e n a b le d  
th e  p r o p o r t io n s  o f  e a c h  o f  th e  m a jo r  c o m p o n e n ts  to  b e  m e a su r e d . T h e  p r o p o r t io n s  
c a lc u la te d  fro m  th e se  a n d  s im ila r  re c o r d in g  t r a c e s  (T a b le  2) sh o w  th e  h ig h ly  u n 
s a t u r a t e d  n a tu r e  o f  th e  f a t t y  a c id s  o f  r y e g r a s s  a n d  in  p a r t ic u la r  th e  h ig h  p r o p o r t io n s  
o f  lin o len ic  a c id  (58 -6 -7 9 -1  m o le s  % ) a n d  lin o le ic  a c id  (6 -8 -1 2 -8  m o le s  % ) . H ig h e r  
p r o p o r t io n s  o f  l in o le n ic  a c id  w ere  p r e s e n t  in  n ew  g ro w th  a n d , b e c a u s e  o f  th e  h ig h e r  
l ip id  c o n te n t  a t  th i s  s t a g e  o f  g ro w th  (F ig s .  1, 2 ), th e  t o t a l  a m o u n t  o f  th i s  u n s a t u r a t e d  
f a t t y  a c id  in  th e  g r a s s  w a s  th e re fo re  a p p r e c ia b ly  h ig h e r . T h e  o th e r  m a in  d iffe re n c e s  
w ere  th e  lo w e r p r o p o r t io n s  o f  p a lm it ic  a n d  lin o le ic  a c id s  in  th e  n ew  g ro w th . B r o u w e r  
(1 9 4 4 ) a lso  fo u n d  t h a t  tw o  t r e n d s  d u r in g  th e  m a t u r a t io n  o f  g r a s s  w ere  d e c r e a se d  f a t t y  
a c id  c o n te n t  a n d  in c r e a se d  p r o p o r t io n s  o f  s a t u r a t e d  a c id s .

T a b le  1. Y ie ld s  o f  f a t ty  a c id s  f ro m  to tal l ip id  ex trac ts o f  ry e g ra ss

Properties of N ew  Zealand butterfat. V I I I

Total lipid, Fatty  acids,
% of dry wt. % by wt. of total lipids

Date of coilec- f---------------- > ,-------------------------------------- A

tion of grass New growth Mature growth New growth Mature growth

25. ix. 59 9-15 4-70) 52-8* 49-1*2. x. 59 8-07 4-44J
16. x. 59 7-05 3-411 55-1* 40-3*19. x. 59 8-00 4-42J
7. x. 60 9-45 6-26 53-8 51-4
4. xi. 60 8-34 5-04 78-7 58-8

*  F atty  acids determined on combined extracts.

T h e  f in d in g  t h a t  th e  s a m p le s  c o lle c te d  o n  4  N o v e m b e r  1960 sh o w  o n ly  s l ig h t  
d if fe re n c e s  in  c o m p o s it io n  i s  a g a in  p r o b a b ly  d u e  to  th e  d iff ic u lt ie s  in  m a in ta in in g  th e  
r y e g r a s s  a t  d if fe re n t  s t a g e s  o f  m a t u r i t y  in  th is  p e r io d  o f  th e  e x p e r im e n t.

F a t t y  a c id  co m p o sitio n  o f  m ilk  f a t

T h e  f a t t y  a c id  c o m p o sit io n  o f  th e  m ilk  f a t  fro m  th e  g r o u p s  o f  co w s g r a z in g  o n  th e  
tw o  r y e g r a s s  p a s t u r e s  i s  g iv e n  in  T a b le s  3 a n d  4. S m a l l  p r o p o r t io n s  o f  C 20 s a t u r a t e d  
a n d  C 14 a n d  C 20 u n s a t u r a t e d  a c id s  w ere  a lso  fo u n d  b u t  a re  n o t  in c lu d e d  in  th e  t a b le s .  
T h e  a m o u n ts  o f  C 10 a c id s  w ere  n o t  d e te rm in e d  in  e ith e r  th e  v o la t i le  o r  th e  n o n -v o la t ile  
f r a c t io n  o f  m ilk  f a t  b u t  th e se  a c id s  a re  o f  m in o r  im p o r ta n c e . E x c lu d in g  th e  s a m p le s  
t a k e n  o n  5 N o v e m b e r  1960 , th e  m a jo r  d iffe re n c e s  in  c o m p o s it io n  w ere  in  th e  p r o 
p o r t io n s  o f  m y r is t ic ,  p a lm it ic  a n d  o le ic  a c id s  a n d  th e se  c h a n g e s  w o u ld  a c c o u n t  fo r  
th e  d iffe re n c e s  in  th e  io d in e  v a lu e  o f  th e  m ilk  f a t  fro m  th e  tw o  g r o u p s  (M cD o w all & 
M c G ill iv ra y , 1 9 6 3 6 ). I n  t o t a l  c o n tr ib u t io n , th e  C 18 a c id s , b o th  s a t u r a t e d  a n d  u n 
s a t u r a t e d ,  fo rm e d  a  h ig h e r  p r o p o r t io n  o f  th e  n o n -v o la t i le  a c id s  in  th e  m ilk  f a t  o f  th e  
co w s g r a z in g  o n  th e  g r a s s  w ith  th e  h ig h e r  l ip id  c o n te n t , a lth o u g h  th e  p r o p o r t io n s  o f  
o le ic  a c id  w ere  th e  m o s t  a f fe c te d . T h e  s a m e  co w s g a v e  m ilk  f a t  w ith  lo w e r p r o p o r t io n s
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T a b le  2. C o m p o sitio n  o f  the f a t ty  a c id s  o f  sh ort ro ta tion  ry e g ra ss , m o les %  o f  m ethyl esters

25 Sept.-2  Oct. 1959 16-19 Oct. 1959 7 Oct. 1960 4 N ov. 1960
(------- --------------A---------- 'I !----- A ------------------- % (------- A ------------------ ^ (------- ’ """ ' \
New Mature New Mature New Mature New Mature

Acid growth growth *Diff. growth growth *Diff. growth growth *Diff. growth growth *Diff.

Saturated
Qu tr 0-5 +  0-5 0-24 0-47 +  0-23 0-41 0-58 +  0-17 0-41 0-62 +  0-21
Cm 0-5 1-1 +  0-6 0-48 0-94 +  0-46 0-81 1-04 +  0-23 0-61 0-93 +  0-32
0l6 11-2 15-2 +  4-0 9-95 13-61 +  3-66 12-40 21-96 +  9-56 13-68 13-93 +  0-25
Cm 0-5 1-1 +  0-6 0-73 0-94 +  0-21 0-83 1-04 +  0-21 1-43 2-17 +  0-74

Unsaturated
P m” 0-9 1-6 +  0-7 1-22 1-17 -0-05 1-65 2-28 +  0-63 2-04 0-93 —1-11
c i f 0-9 0-5 -0-4 — — — — — — — — —

c r 1-4 3-1 +  1-7 1-46 3-29 +  1-83 1-24 1-66 +  0-42 2-24 2-17 -0-07
p2 =Vl8 9-4 13-6 +  4-2 6-80 11-74 +  4-94 9-09 12-83 +  3-74 8-37 9-28 -0-91
p 3 =  U18 75-2 63-3 -11-9 79-12 67-84 -11-28 73-55 58-61 - 14-94 71-22 69-99 -1-23

* Difference taking new growth as 0.

T a b le  3. C o m p o sitio n  (m oles % )  o f  the vo latile  fa t ty  a c id s  ( V F A ) o f  m ilk  f a t  o f

cow s g ra z in g  on  ry e g ra ss  a t  two sta g e s o f  grow th

25 Sept.-2 Oct. 1959 16-19 Oct. 1959 7 Oct. 1960 4 Nov. 1960
A

New Mature
r

New Mature New Mature New Mature
Acid growth growth *Diff. growth growth *Diff. growth growth *Diff. growth growth *Diff.

c . 41-18 25-43 -15-75 47-62 30-00 -17-62 34-29 21-05 -13-24 54-67 36-11 -8-56
c 6 26-46 32-20 +  5-74 28-53 35-00 +  6-47 43-80 57-90 +  14-10 31-06 41-67 +10-61
c 8 32-36 42-37 +  10-01 23-80 35-00 +  11-20 21-91 21-05 -0-86 14-29 22-22 +  7-93

m-equiv. VFA/g fat
1-05 0-98 — 1-05 1-48 — 1-10 0-91 — 1-31 1-10 —

* Difference taking new growth as 0.

T a b le  4. C o m p o sitio n  o f  the n on -vo latile  f a t ty  a c id s  o f  m ilk  f a t  o f  cow s g ra z in g

on ry e g ra ss  a t  two sta g e s o f  grow th, m oles %  o f  m ethyl esters

25 Sept.-2 Oct. 1959 16--19 Oct. 1959 8 Oct. 1960 5 Nov. 1960
A A A A

New Mature New Mature New Mature New Mature
Acid growth growth *Diff. growth growth *Diff. growth growth *Diff. growth growth *D iff.

Saturated
Ql2
Ql3
C14

0-4 tr -0 - 4 0-6 1-3 +  0-7 2-5 2-3 - 0 - 2 1-0 1-6 +  0-6

5-7 9-3 +  3-6 8-6 12-7 +  6-1 11-1 13-1 +  2-0 11-6 11-0 - 0 - 6
Cl5br 0-9 1-1 +  0-2 1-0 2-0 +  1-0 0-6 1-1 +  0-5 1-2 2-4 +  1-2
C16 0-9 1-1 +  0-2 0-8 1-3 +  0-5 1-2 1-4 +  0-2 1-2 1-6 +  0-4
^16 25-5 29-4 +  3-9 25-7 31-9 +  6-2 33-3 35-5 +  2-2 36-0 37-3 +  1-3
Cl7br 0-9 0-8 -0 -1 0-4 0-3 -0 -1 0-8 0-9 +  0-3 0-5 0-9 +  0-4
0l7 tr 0-8 +  0-8 0-2 0-3 +  0-1 0-6 0-9 +  0-3 0-5 0-9 +  0-4
Ql8 16-0 15-9 -0 -1 17-5 13-7 -3 -8 19-1 17-7 - 1 - 4 21-1 15-8 - 5 - 3
C20 0-6 0-6 0-0 0-4 tr - 0 - 4 — — — — — —

U nsaturated
Cx1«- 3-2 2-5 - 0 - 7 2-1 2-6 +  0-5 1-2 1-6 +  0-4 1-5 3-7 +  2-2
CÍ8- 41-5 33-8 -7 - 7 38-0 25-4 -1 2 -6 26-6 22-0 -4 - 6 20-5 24-2 +  3-7
c r 3-8 3-3 -0 - 5 2-9 5-2 +  2-3 2-1 2-9 +  0-8 1-1 tr +  1-1
o & - 0-6 0-6 0-0 1-9 3-3 +  1-4 0-9 0-7 -0 - 2 2-9 tr - 2 - 9

Difference taking new growth as 0.



o f  m y r is t ic  a n d  p a lm it ic  a c id s .  A lth o u g h  th e  p r o p o r t io n s  o f  t o t a l  sh o r t- c h a in  f a t t y  
a c id s  a re  n o t  g r e a t ly  d if fe re n t  in  th e  tw o  g r o u p s  (T a b le  3) th e  p r o p o r t io n s  o f  in d i
v id u a l  a c id s  a r e  s t r ik in g ly  d is s im ila r , th e re  b e in g  a p p r e c ia b ly  m o re  b u ty r ic  a c id  a n d  
le s s  h e x a n o ic  a n d  o c ta n o ic  a c id s  in  th e  m ilk  f a t  fro m  co w s g r a z in g  o n  n ew  g ro w th .

T a k in g  th e  tw o  s e t s  o f  a n a ly s i s  to g e th e r  th is  m e a n s  t h a t  th e  p r o p o r t io n s  o f  
s a t u r a t e d  f a t t y  a c id s  o f  in te r m e d ia te  c h a in  le n g th  (C 6- C 16) a r e  g r e a t e r  in  th e  m ilk  f a t  
o b ta in e d  fro m  th e  co w s g r a z in g  o n  th e  m a t u r e  p a s t u r e ,  w ith  c o r re sp o n d in g ly  lo w e r 
le v e ls  o f  b u ty r ic  a n d  o le ic  a n d  o th e r  C 18 a c id s .

Properties of N  ew Zealand butter fat. V I I I  73

DISCUSSION

T h e  f in d in g  t h a t  th e  g r o u p  o f  tw in  co w s g r a z in g  o n  g r a s s  w ith  th e  h ig h e r  l ip id  
c o n te n t  se c re te d  m ilk  f a t  w ith  h ig h e r  p r o p o r t io n s  o f  u n s a t u r a t e d  f a t t y  a c id s , m a y  b e  
in te r p r e te d  a s  a  fu r th e r  in s ta n c e  o f  th e  e ffe c t  o f  h ig h ly  u n s a t u r a t e d  d ie ta r y  l ip id  on  
th e  c o m p o s it io n  o f  m ilk  f a t .  I f  th e  a m o u n t  o f  u n s a t u r a t e d  l ip id  in  th e  d ie t  is  in c r e a se d , 
a s  in  e x p e r im e n ts  w h ere  co w s w e re  g iv e n  u p  t o  50 0  g  o f  l in se e d  o il p e r  d a y  in  a d d it io n  
to  th e  n o rm a l g r a s s  d ie t  (M cD o w all, R e id  & P a tc h e d ,  1957), th e  in c r e a se d  u n s a t u r a 
t io n  o f  th e  m ilk  l ip id s  w h ic h  r e su lte d  m a y  b e  re a so n e d  to  b e  d u e  to  d e c r e a se d  o v e r - a ll  
h y d r o g e n a t io n  in  th e  ru m e n . T h is  h y d r o g e n a t io n  w h en  s tu d ie d  in  v itro  h a s  b e e n  
fo u n d  to  b e  a  s te p w ise  p r o c e s s  fro m  lin o le n ic  to  s t e a r ic  th ro u g h  lin o le ic  a n d  o le ic  
a c id  (S h o r la n d  et a t .  1955 ).

V a r ia t io n s  in  th e  d e g re e  o f  h y d r o g e n a t io n  a r e  l ik e ly  to  b e  im p o r t a n t  in  m ilk  f a t  
s y n th e s is  b e c a u s e  o f  th e  r e s u lt a n t  v a r ia t io n s  in  th e  u n s a t u r a t io n  o f  th e  l ip id  a b s o r b e d  
in to  th e  b lo o d . O n  th e  b a s i s  o f  e x p e r im e n ts  w ith  tr i t iu m - la b e lle d  s te a r ic  a c id  i t  h a s  
b ee n  s u g g e s t e d  t h a t  d ie ta r y  l ip id s  m ig h t  c o n tr ib u te  u p  to  a b o u t  27 %  o f  th e  t o t a l  
f a t t y  a c id s  in  m ilk  (G la sc o c k , D u n c o m b e  & R e in iu s ,  1956 ), th e  b a la n c e  b e in g  sy n t h e 
s iz e d  in  th e  m a m m a r y  g la n d  fro m  a c e ta t e  a n d  a  C 4 m o le c u le , m o s t  l ik e ly  ^ - h y d r o x y -  
b u t y r a t e  (P o p ja k ,  F r e n c h , H u n te r  & M a r tin , 1951 ).

A lth o u g h  th e  a m o u n ts  o f  l ip id  in  th e  g r a s s  a r e  d if fe re n t  a t  d if fe re n t  s t a g e s  o f  
g ro w th  a n d  s u b se q u e n t  e v e n ts  m a y  b e  e x p la in e d  o n  th e  b a s i s  o f  g r e a te r  l ip id  in ta k e , 
i t  i s  l ik e ly  t h a t  th i s  e ffe c t  m a y  b e  re in fo rc e d  o r  c o u n te r a c te d  b y  th e  e ffe c ts  o f  o th e r  
c o m p o s it io n a l  c h a n g e s  su c h  a s  so lu b le  su g a r  c o n te n t , w h ich  a r e  k n o w n  to  b r in g  a b o u t  
c h a n g e s  in  th e  m ic r o b ia l  m e ta b o lis m  in  th e  ru m e n . S h a w  et a l .  (1 9 6 0 ), fo r  e x a m p le , 
fo u n d  t h a t  sm a ll  a m o u n ts  o f  r e a d i ly  d ig e s t ib le  m a te r ia l  a d d e d  to  a  r a t io n  g r e a t ly  
in c r e a se d  th e  p r o p o r t io n s  o f  p r o p io n a te  in  th e  ru m e n , in c r e a se d  th e  le v e l  o f  v o la t i le  
f a t t y  a c id s  in  th e  ru m e n  a n d  in c r e a se d  th e  u n s a t u r a t io n  o f  th e  b o d y  f a t .  T h e se  w o rk e rs  
a lso  r e fe r re d  to  u n p u b lish e d  w o rk  in  w h ich  s im ila r  r a t io n s  g a v e  g r e a t ly  in c r e a se d  
io d in e  v a lu e s  in  th e  m ilk  f a t .  T h e se  o b s e r v a t io n s  su g g e s te d  t o  S h a w  et a l .  (1 9 6 0 ) t h a t  
c h a n g e s  in  m ic r o b ia l  m e ta b o lis m  a f fe c t  n o t  o n ly  th e  sh o r t-c h a in  f a t t y  a c id s  b u t  a lso  
th e  e x t e n t  o f  h y d r o g e n a t io n  o f  lo n g -c h a in  f a t t y  a c id s .

S h o r t  r o ta t io n  r y e g r a s s  u se d  in  th e  p r e s e n t  e x p e r im e n ts  h a s  b e e n  fo u n d  b y  o th e r  
w o rk e rs  ( J o h n s ,  1962) t o  y ie ld  h ig h e r  p r o p o r t io n s  o f  p ro p io n a te  in  th e  ru m e n  o f  sh e e p  
t h a n  p e re n n ia l  r y e g r a s s .  S im i la r  c h a n g e s  in  th e  p r o p o r t io n s  o f  v o la t i le  f a t t y  a c id s  
h a v e  b e e n  fo u n d  to  b e  r e la t e d  to  in c re a se d  d ig e s t ib i l i ty  a n d  to  th e  p re se n c e  o f  sm a ll  
a m o u n ts  o f  r e a d i ly  f e r m e n ta b le  c o n s t i tu e n t s  (B a lc h  & R o w la n d , 1 9 5 7 ; E n so r , S h a w  
& T e lle c h e a , 1 9 5 9 ; B a lc h , 1 9 6 0 ; T il le y , D e r ia z  & T e r r y , 1960 ). I t  i s  p o s s ib le  t h a t
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d iffe re n c e s  in  d ig e s t ib il i ty  o f  th e  sh o r t  a n d  m a t u r e  g ro w th s  c o m p a r e d  in  th e  p r e s e n t  
e x p e r im e n ts  m a y  g iv e  s im ila r  d iffe re n c e s  in  f e r m e n ta t io n  p r o d u c t s .  T h e  w o rk  o f  
S h a w  et a l .  (1 9 6 0 ) s u g g e s t s  t h a t  lo w e r d ig e s t ib i l i ty  o f  m a t u r e  g ro w th  w o u ld  b e  l ik e ly  
t o  le a d  to  lo w e re d  h y d r o g e n a t io n  a c t iv i t y  in  th e  ru m e n  w h en  m a t u r e  g ro w th  w a s  
g r a z e d .

I n  th e  a b se n c e  o f  in ta k e  m e a su r e m e n ts ,  i t  i s  n o t  p o s s ib le  to  c a lc u la te  th e  in t a k e  o f  
th e  v a r io u s  d ie ta r y  c o m p o n e n ts . H o w e v e r , th e  b o d y  w e ig h ts , m ilk  a n d  m ilk - fa t  
y ie ld s  (M cD o w all & M c G ill iv ra y , 1 9 6 3 6 ) o f  th e  tw o  g r o u p s  sh o w e d  s im ila r  t r e n d s  
o v e r  th e  e x p e r im e n ta l  p e r io d s , w h ich  s u g g e s t  “h a t  th e  in ta k e s  o f  th e  tw o  g r o u p s  m ig h t  
n o t  h a v e  b e e n  g r e a t ly  d iffe re n t . A n  a s s e s s m e n t  o f  th e  in ta k e  o f  l ip id  c a n  b e  m a d e  b y  
a s s u m in g  a  d a i ly  c o n su m p t io n  o f  20  lb  o f  g r a s s  o n  a  d r y -w e ig h t  b a s i s .  I n  te r m s  o f  
t o t a l  l ip id , th e  g r o u p  o n  n ew  g ro w th  w o u ld  h a v e  in g e s te d  a b o u t  7 2 0  g  o f  l ip id /d a y ,  
w h e re a s  th e  g ro u p  o n  m a tu r e  g ro w th  w o u ld  h a v e  in g e s te d  a b o u t  4 5 0  g  o f  l ip id /d a y .  
T h e se  f ig u re s  a r e  c a lc u la te d  o n  a n  8 a n d  5 %  l ip id  c o n te n t  o f  n ew  a n d  m a t u r e  g ro w th  
re sp e c t iv e ly . I n  t e r m s  o f  f a t t y  a c id s ,  w h ic h  a r e  th e  im p o r t a n t  c o n s t i tu e n t s  in  th e  
p r e s e n t  d is c u s s io n , th e  in ta k e  i s  r e d u c e d  to  a p p r o x im a t e ly  h a l f  th i s  v a lu e , i .e . 360  
a n d  225  g / d a y  r e sp e c t iv e ly . T h e  n a tu r e  o f  g r a s s  a n d  c lo v e r  l ip id s  h a s  b e e n  r e 
in v e s t ig a t e d  r e c e n t ly  (W e en in k , 1961) a n d  i t  h a s  b e e n  e s ta b lish e d  t h a t  th e  a c e to n e  
so lu b le  l ip id s  a re  m a in ly  g a la c t o l ip id s  w h ic h  y ie ld  a  lo w e r p ro p o r t io n  o f  f a t t y  a c id s  
o n  sa p o n if ic a t io n .

C o n se q u e n t ly  i t  i s  d iff ic u lt  to  d e c id e  w h e th e r  d iffe re n c e s  in  d ie ta r y  l ip id  le v e ls  a r e  
c a u s in g  th e  c h a n g e s  in  m ilk  l ip id s  o r  w h e th e r  f a c t o r s  su c h  a s  d ig e s t ib il i ty  a n d  fe r 
m e n ta t io n  a n d  c o n se q u e n t ia l  c h a n g e s  in  v o la t i le  f a t t y  a c id s  a re  o f  o v e r r id in g  im 
p o r ta n c e . F r o m  o u r  p r e s e n t  k n o w le d g e  o f  d ie ta r y  e ffe c ts  o n  m ic r o b ia l  h y d r o g e n a t io n  
a c t iv i t y  w ith in  th e  ru m e n  (S h o r la n d e i  a l .  1 9 5 5 ; S h a w  et a l .  1960 ), th e se  tw o  fa c t o r s  
w o u ld  b e  c o m p le m e n ta ry  in  th e ir  e ffe c t  o n  th e  f a t t y  a c id  c o m p o s it io n  o f  m ilk  f a t .

A  fu r th e r  c o m p lic a t io n  i s  t h a t  a l th o u g h  th e  tw o  g r o u p s  o f  co w s y ie ld e d  m ilk  f a t  
w ith  a p p r e c ia b le  d iffe re n c e s  in  u n s a t u r a t io n ,  th e  m a jo r  p r o p o r t io n a l  c h a n g e s  in  f a t t y  
a c id  c o m p o sit io n  in v o lv e  o le ic , p a lm it ic  a n d  m y r is t ic  a c id s ,  i .e . a c id s  o f  d if fe re n t  
c h a in  le n g th . I n  th is  c o n n e x io n  i t  is  in te r e s t in g  to  n o te  t h a t  G a r to n , L o u g h  & V io q u e
(1 9 6 1 ) o b ta in e d  so m e  e v id e n c e  fo r  l im ite d  c o n v e rs io n  o f  s t e a r ic  a c id  t o  p a lm it ic  a c id  
w h en  ru m e n  c o n te n ts  w ere  in c u b a te d  w ith  l in se e d  o il.

T h e  a u th o r  g r a t e fu l ly  a c k n o w le d g e s  th e  e x p e r t  a s s i s t a n c e  o f  M iss  J .  T .  B a r n e t t  in  
c a r r y in g  o u t  m u c h  o f  th e  e x p e r im e n ta l  w o rk , a n d  is  in d e b te d  t o  D r  F .  H . M c D o w a ll, 
T h e  D a ir y  R e s e a r c h  I n s t i t u t e  (N .Z .) , fo r  th e  in v i t a t io n  to  p a r t ic ip a t e  in  th e se  
in v e s t ig a t io n s .  T h e  w o rk  w a s  a id e d  b y  a  g r a n t  fro m  th e  N e w  Z e a la n d  D .S . I .R .
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Stud ies on the  k -  casein co m p le x

I .  The release of sialic acid-containing m ateria l by rennin

B y  R .  B E E B Y

D iv is io n  o f  D a ir y  R esearch , C .S . I .R .O . ,  M elb ou rn e , A u s t r a l i a  

(R eceived  3 Sep tem ber  1962)

S u m m a r y . W h e n  K -casein  w a s  t r e a t e d  w ith  re n n in  a t  n e u tr a l  p H  a l l  th e  s ia l ic  a c id  
c o n ta in e d  in  th e  p r o te in  w a s  fo u n d  in  th e  g ly c o p e p t id e  r e le a se d  b y  th e  e n z y m e . 
F r o m  th e  k n o w n  m o le c u la r  w e ig h t  o f  th e  g ly c o p e p t id e  a n d  i t s  p ro p o r t io n  in  K -case in , 
a  m o le c u la r  w e ig h t  o f  th e  o r d e r  o f  5 0 0 0 0  w a s  c a lc u la te d  fo r  th e  p ro te in .

A la is  (1 9 5 6 ) a n d  M t s c h m a n n , W is sm a n n  &  H e n z i (1 9 5 7 ) r e p o r te d  t h a t  th e  e n z y m e  
re n n in  r e le a se d  a  la r g e  p e p t id e  w h en  i t  a c t e d  o n  w h o le  c a se in  a t  p H  6-8. T h is  p e p t id e  
h a d  a  m o le c u la r  w e ig h t  in  th e  re g io n  o f  8 0 0 0 , c o n ta in e d  s ia l ic  a c id  to g e th e r  w ith  o th e r  
c a r b o h y d r a t e  m a te r ia l ,  a n d  h a d  th e  so m e w h a t  u n u su a l  c h a r a c te r i s t ic  o f  b e in g  so lu b le  
in  1 2 %  tr ic h lo r o a c e t ic  a c id  (T C A ).

T h e  d is c o v e r y  o f  K -case in  b y  W a u g h  & v o n  H ip p e l  le d  to  th e  f in d in g  t h a t  re n n in  
a c t e d  sp e c if ic a lly  o n  th is  f r a c t io n  o f  th e  c a se in  c o m p le x , r e le a s in g  so lu b le  n itro g e n  
(W a u g h  & v o n  H ip p e l , 1 9 5 6 ; G a m ie r ,  1 9 5 7 ; W a k e , 1959 ). T h e  s a m e  g ly c o p e p t id e  
a s  t h a t  r e le a se d  fro m  w h o le  c a se in  w a s  fo u n d  b y  N it s c h m a n n  & B e e b y  (1 9 6 0 ) a n d  
J o l l e s  & A la i s  (1 9 6 0 ) in  t h a t  p o r t io n  o f  th e  so lu b le  n it ro g e n  fro m  K -casein  t h a t  w a s  n o t  
p r e c ip it a t e d  b y  12 %  T C A . T h e  a m o u n t  o f  n it ro g e n  so lu b le  in  12 %  T C A  fo u n d  a f t e r  
re n n in  h a d  a c t e d  o n  K -case in  w a s  8 - 1 0 %  o f  th e  K -casein  n itro g e n  (W a k e , 1 9 5 9 ; 
T s u g o  & Y a m a u c h i ,  1 9 6 0 ; B e e b y  & N it sc h m a n n , 19 6 3 ). H o w e v e r , m o le c u la r  w e ig h ts  
a s  lo w  a s  1 6 0 0 0  h a v e  b e e n  re p o r te d  fo r  K -casein  (W a u g h , 1958 ). I f  th e  g ly c o p e p t id e  
a c c o u n te d  fo r  a l l  th e  n itro g e n  so lu b le  in  12 %  T C A  t h a t  w a s  r e le a se d , e ith e r  th e  
m o le c u la r  w e ig h t  o f  th i s  p e p t id e  m u s t  b e  c o n s id e r a b ly  le s s  t h a n  8 0 0 0  o r  th e  m o le 
c u la r  w e ig h t  o f  K -case in  c o n s id e r a b ly  g r e a t e r  t h a n  1 6 0 0 0 . T h e  l a t t e r  a p p e a r e d  th e  
m o re  l ik e ly  s in c e  a  m o le c u la r  w e ig h t  o f  8 0 0 0 - 9 0 0 0  is  in d ic a te d  fo r  th e  g ly c o p e p t id e  
f r o m  i t s  a m in o  a c id  c o m p o s it io n  (N it sc h m a n n  & B e e b y , 1 9 6 0 ; J o l l e s  & A la is ,  1960 ).

T h e  p r e s e n t  s tu d ie s  w ere  u n d e r ta k e n  t o  d e te rm in e  w h e th e r  th e  s ia l ic  a c id  o f  th e  
g ly c o p e p t id e  a c c o u n te d  fo r  a l l  o f  th e  s ia l ic  a c id  o f  K -casein , a n d  i f  i t  d id , to  u se  th is  
f a c t  to  e s t im a t e  th e  m o le c u la r  s iz e  o f  K -casein .

EXPERIMENTAL 

M a te r ia l s  a n d  m ethods

K -C ase in  w a s  p r e p a r e d  b y  th e  p ro c e d u re  d e sc r ib e d  b y  B e e b y  & N it sc h m a n n  (1 9 6 3 ). 
T h e  p r e p a r a t io n  c o n ta in e d  1 4 - 6 %  n itro g e n  a n d  1 - 8 %  s ia l ic  a c id , c a lc u la te d  a s  
Y - a c e t y l  n e u ra m in ic  a c id .



78 R .  B e e b y

T h e  /c-casein  so lu t io n s  w e re  t r e a t e d  w ith  c r y s ta l l in e  re n n in  a t  25  °C  a n d  p H  7. 
P o r t io n s  w ere  r e m o v e d  a t  in t e r v a ls  a n d  th e  p ro te in  p r e c ip it a t e d  b y  th e  a d d it io n  o f  
e ith e r  a  o n e - te n th  v o lu m e  o f  so d iu m  a c e t a t e - a c e t ic  a c id  b u ffe r  (m  w ith  r e sp e c t  t o

Eig. 1 Fig. 2

Fig. 1. The release of soluble nitrogen in a 0-6 % /c-casein solution treated with rennin at 25 °C 
and pH  7. O ,  Nitrogen soluble at pH 4-7, enzyme concentration 1-4 jag/ml; S .  nitrogen 
soluble at pH 4-7, enzyme concentration 0-14 ¿¿g/ml; A ,  nitrogen soluble in 12 % TCA, enzyme 
concentration 1-4 /rg/'ml; ▲ ,  nitrogen soluble in 12% TCA, enzyme concentration 0-14 /xg/ml. 
Fig. 2. The release of soluble sialic acid in a 0-6 % /c-casein solution treated with rennin at 
25°C and pH  7. O  , Sialic acid soluble at pH 4-7, enzyme concentration 1-4 ftg/ml; • ,  sialic acid 
soluble at pH  4-7, enzyme concentration 0-14 ^g/ml; A ,  sialic acid soluble in 12 % TCA, enzyme 
concentration 1-4 fcg/ml; ▲ ,  sialic acid soluble in 12% TCA, enzyme concentration 0-14 /xg/ml.

Fig. 3. The change with time of the sialic acid : nitrogen ratio of the soluble material released 
from /c-casein (0-6%) by rennin at 25°C and pH 7. O , pH 4-7 filtrate, enzyme concentration 
1-4 /rg/ml; • ,  pH  4-7 filtrate, enzyme concentration 0-14 fig/ml; A ,  12% TCA filtrate, enzyme 
concentration 1-4 /xg/ml; ▲ ,  12% TCA filtrate, enzyme concentration 0-14 /tcg/ml.

e a c h ) , o r  a n  e q u a l  v o lu m e  o f  24  %  (w /v ) T C A . T h e  m ix tu r e s  w e re  f ilte re d  a n d  th e  
n it ro g e n  in  th e  f i l t r a t e s  d e te rm in e d  b y  a  se m i-m ic ro  K je ld a h l  p ro c e d u re .

T h e  s ia l ic  a c id  c o n te n t  o f  e a c h  f i l t r a t e  w a s  d e te rm in e d  b y  th e  m e th o d  o f  W a rre n
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(1 9 5 9 ) a f t e r  f ir s t  n e u tr a l iz in g  to  p H  5 - 6  a n d  d ia ly s in g  o v e rn ig h t  a g a in s t  a  la r g e  
e x c e s s  o f  d is t i l le d  w a te r . T h e  n it ro g e n  c o n te n t  o f  e a c h  d ia ly s e d  so lu t io n  w a s  d e t e r 
m in e d  a n d  u se d  to  c a lc u la te  th e  s ia l ic  a c id  c o n te n t  o f  th e  o r ig in a l  f i l t r a te .  T h is  p r o 
c e d u re  w a s  m a d e  n e c e s s a r y  b y  th e  in te r fe re n c e  o f  h ig h  c o n c e n tr a t io n s  o f  a c e t a t e  
b u ffe r  w ith  th e  l ib e r a t io n  o f  b o u n d  s ia l ic  a c id  a n d  th e  lo s s  o f  s ia l ic  a c id  w h en  h e a te d  
w ith  a p p r e c ia b le  q u a n t i t ie s  o f  T C A .

T h e  re lease  o f  so lu b le  n itrogen  a n d  s ia l ic  a c id  f r o m  K -casein  by ren n in  

F ig .  1 sh o w s th e  r a t e  o f  r e le a se  o f  so lu b le  n it ro g e n  in  a  0-6 %  « - c a s e in  so lu t io n  w h en  
i t  w a s  t r e a t e d  w ith  re n n in  (0-14 o r  1-4 /xg e n z y m e /m l) . T h e  c o r re sp o n d in g  re le a se  o f  
s ia l ic  a c id  i s  g iv e n  in  F ig .  2 , w h ile  F ig .  3 d e m o n s t r a te s  th e  c h a n g e s  in  th e  r a t io  b e tw e e n  
s ia l ic  a c id  a n d  so lu b le  n itro g e n . W ith  th e  h ig h e r  c o n c e n tr a t io n  o f  e n z y m e  th e  
« - c a s e in  so lu t io n  b e c a m e  r a p id ly  tu r b id  a n d  re se m b le d  sk im -m ilk  a f t e r  2 0 - 3 0  m in . 
T h e  t u r b id i t y  o f  th e  so lu t io n  t r e a t e d  w ith  th e  lo w e r c o n c e n tr a t io n  o f  re n n in , o n  th e  
o th e r  h a n d , w a s  o n ly  s l ig h t ly  in c r e a se d  a f t e r  1 h .

A fte r  60  m in  re a c t io n  w ith  1-4 p g /m l  o f  re n n in  a  s a m p le  o f  th e  m a t e r ia l  in so lu b le  
a t  p H  4-7 (p a r a - « -c a se in )  w a s  w a sh e d  a t  p H  7 a n d  th e  s ia l ic  a c id  d e te rm in e d  in  th e  
in so lu b le  p o r t io n . A n  e q u a l  v o lu m e  o f  24  %  T C A  w a s  a d d e d  to  a  p o r t io n  o f  th e  f r a c t io n  
so lu b le  a t  p H  4-7 a n d  th e  p r e c ip it a t e  c o lle c te d  b y  c e n tr i fu g a t io n . T h is  se d im e n t  w a s  
w a sh e d  w ith  1 2 %  T C A , th e  p H  a d ju s t e d  to  7 a n d  th e  s a m p le  d ia ly se d  t o  r e m o v e  
s a l t s .  T h e  s ia l ic  a c id  in  th is  m a t e r ia l  w a s  d e te rm in e d  a f t e r  r e - p r e c ip ita t in g  w ith  T C A , 
w a sh in g  a n d  r e m o v in g  th e  T C A  b y  d ia ly s i s .  B o t h  th e  p a r a - « - c a s e in  a n d  th e  f r a c t io n  
so lu b le  a t  p H  4-7 b u t  in so lu b le  in  12 %  T C A  c o n ta in e d  o n ly  t r a c e s  o f  s ia l ic  a c id .

Studies on the K-casein complex. I

DISCUSSION

A fte r  re n n in  h a s  a c t e d  o n  « - c a s e in  a l l  th e  s ia l ic  a c id  a p p e a r s  in  th e  m a t e r ia l  t h a t  i s  
so lu b le  a t  p H  4-7. M o re o v e r , th e  s ia l ic  a c id  i s  c o n fin e d  to  t h a t  p o r t io n  o f  th e  r e le a se d  
m a t e r ia l  t h a t  i s  a lso  so lu b le  in  1 2 %  T C A , i .e . th e  g ly c o p e p t id e  o f  A la is  (1 9 5 6 ) a n d  
N it s c h m a n n  et a l .  (1 9 5 7 ) (F ig .  2 ). S in c e  th e  g ly c o p e p t id e  c o n ta in s  1 1 - 2 %  n it ro g e n  
(N it sc h m a n n  & B e e b y , 1960) a n d  a c c o u n t s  fo r  so m e  13 %  o f  th e  n it ro g e n  o f  « - c a s e in  
(F ig .  1), i t  r e p r e se n ts  a p p r o x im a t e ly  17 %  b y  w e ig h t  o f  th e  « - c a se in . A s  th e  m o le c u la r  
w e ig h t  o f  th e  g ly c o p e p t id e  i s  in  th e  v ic in ity  o f  80 0 0  (N it sc h m a n n  et a l .  1 9 5 7 ; J o l l e s  & 
A la is ,  1 9 6 0 ; J o l l e s ,  A la is  & J o l l e s ,  1961 ), « - c a s e in  m u s t  h a v e  a  m o le c u la r  w e ig h t  o f  th e  
o r d e r  o f  5 0 0 0 0 .

T h e  w o rk  o f  B e e b y  & N it sc h m a n n  (1 9 6 3 ) in d ic a te d  t h a t  « - c a s e in  i s  a  c o m p le x  
s t a b i l iz e d  b y  se c o n d a r y  fo rc e s . I f  i t  i s  a s s u m e d  t h a t  th i s  c o m p le x  c o n s is t s  o f  th re e  
u n it s ,  e a c h  o f  s im ila r  m o le c u la r  s iz e , th e  v a lu e  o f  1 6 0 0 0  fo r  th e  m in im u m  m o le c u la r  
w e ig h t  o f  th e  p r o te in  (W a u g h , 1958) c a n  b e  e x p la in e d  in  t e r m s  o f  th e  d is r u p t io n  o f  
th e  c o m p le x  u n d e r  th e  d i s a g g r e g a t in g  c o n d it io n s  e m p lo y e d  d u r in g  th e  d e te r m in a t io n  
o f  th e  m o le c u la r  w e ig h t  (low  t e m p e r a tu r e , h ig h  p H ) .  F u r t h e r  s u p p o r t  fo r  th i s  p o s t u 
la t e  i s  fo u n d  in  th e  f a c t  t h a t  p a r a - « - c a s e in , w h ic h  c o n ta in s  a l l  th e  d isu lp h id e  t h a t  
G ille sp ie  (p e r s . c o m m .)  f o u n d in  « - c a se in , c a n  b e  s e p a r a t e d  in to  tw o  f r a c t io n s , o n ly  o n e  
o f  w h ich  c o n ta in s  d isu lp h id e  (B e e b y , u n p u b lish e d ) .

W h en  re n n in  a c t s  o n  « - c a s e in  th e  r a t e  a t  w h ich  s ia l ic  a c id  so lu b le  a t  p H  4-7 a p p e a r s  
i s  in it ia l ly  g r e a t e r  t h a n  th e  r a t e  o f  a p p e a r a n c e  o f  s ia l ic  a c id  so lu b le  in  1 2 %  T C A
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(F ig .  2 ). T h is  p a r a l le l s  th e  r e le a se  o f  so lu b le  n it ro g e n  (F ig . 1), a n d  s u p p o r t s  th e  c o n 
te n t io n  o f  B e e b y  & N it sc h m a n n  (1 963 ) t h a t  th e  g ly c o p e p t id e  i s  fo rm e d  w h en  a  f r a c t io n  
t h a t  i s  f ir s t  re le a se d  fro m  th e  « - c a se in  c o m p le x  i s  su b s e q u e n t ly  s p l i t  b y  th e  e n z y m e . 
H o w e v e r , th e  c h a n g e  w ith  t im e  in  th e  r a t io  o f  s ia l ic  a c id  to  n itro g e n  in  th e  p H  4-7 
f i l t r a t e s  s u g g e s t s  t h a t  th e  in t a c t  s ia l ic  a c id - c o n ta in in g  c o m p o n e n t  c a r r ie s  w ith  i t  p a r t  
o f  th e  in so lu b le  c o m p o n e n ts  o f  th e  « - c a s e in  c o m p le x . W h en  s p l it  to  y ie ld  th e  g ly c o 
p e p t id e  i t  w o u ld  n o t  h o ld  th e se  c o m p o n e n ts  in  so lu t io n  a n d  th e  s ia l ic  a c i d : n itro g e n  
r a t io  w o u ld  in c re a se . T h is  e x p la in s  th e  low  c o n te n t  o f  s ia l ic  a c id  in  th e  so lu b le  m a t e r ia l  
o b ta in e d  b y  p r e c ip it a t in g  « - c a s e in  a t  p H  4-7 c o m p a r e d  w ith  t h a t  p r o d u c e d  b y  t r e a t 
in g  « - c a se in  w ith  u r e a  (B e e b y  & N it sc h m a n n , 19 6 3 ). S in c e  th e  s ia l ic  a c i d : n it ro g e n  
r a t io  o f  th e  T C A  f i l t r a te  h a s  a  z e ro -t im e  v a lu e  s im ila r  to  t h a t  r e a c h e d  b y  th e  p H  4-7 
f i l t r a te  a t  th e  c o m p le tio n  o f  th e  r e a c t io n  (F ig .  3 ), i t  se e m s  l ik e ly  t h a t  th e  in t a c t  s ia l ic  
a c id - c o n ta in in g  c o m p o n e n t  i s  so lu b le  to  a n  a p p r e c ia b le  e x t e n t  in  12 %  T C A . A s  i t  
i s  s p l i t  b y  th e  e n z y m e  th e  p a r t  t h a t  i s  la c k in g  in  s ia l ic  a c id  is  p r e c ip it a t e d  b y  th e  T C A  
a n d  th e  r a t io  o f  s ia l ic  a c id  to  n itro g e n  in  th e  f i l t r a te  in c re a se s  a c c o rd in g ly .

I f  th e  fo r m a t io n  o f  th e  g ly c o p e p t id e  in v o lv e s  th e  r u p tu r e  o f  a  s in g le  e s t e r  o r 
p e p t id e  b o n d  in  th e  s ia l ic  a c id - c o n ta in in g  fr a c t io n , o n e  w o u ld  e x p e c t  to  f in d  o n e  su c h  
b o n d  b ro k e n  p e r  m o le c u la r  w e ig h t  o f  50  0 0 0 , a  f ig u re  w h ich  is  in  a g r e e m e n t  w ith  th e  
v a lu e  o f  5 5 0 0 0  r e p o r te d  b y  G a m ie r , M o c q u o t  & B r ig n o n  (1 9 6 2 ) w h en  re n n in  a c t s  on  
« - c a s e in  a t  p H  7.

T h u s  « - c a se in , a s  i t  i s  i s o la te d  fro m  w h o le  c a se in , a p p e a r s  to  b e  a  c o m p le x  o f  a t  
l e a s t  th re e  c o m p o n e n ts  a n d  to  h a v e  a  m o le c u la r  w e ig h t  in  th e  re g io n  o f  5 0 0 0 0 . T h e  
p r o p o r t io n s  in  w h ich  th e  c o m p o n e n ts  a re  c o m b in e d  in  th e  c o m p le x  a s  i t  e x i s t s  in  
m ilk , a n d  w h e th e r  th e  c o m p le x  i s  p r e s e n t  a s  su c h  in  th e  c a se in  m ic e lle s , h a v e  y e t  to  
b e  d e te rm in e d .

The author wishes to thank Mr G. Loftus Hills and Mr R . D. Hill, both of the 
Division of Dairy Research, C.S.I.R.O., Melbourne, for helpful advice and criticism.

REFERENCES

Ala is, C. (1956). lith  Int, Dairy Gongr. 2 (2), 823.
B e e b y , R. & N i t s c h m a n n , H s . (1963). J .  Dairy Res. 30, 7.
G a u n t e r , J .  (1957). Proa. Int. Symp. Enzyme Ghem. Tokyo and Kyoto, 2, 524. 
G a r n i e r , J . ,  M o c q u o t , G. & B r i g n o n , G. (1962). C.R. Acad. Sei., Paris, 254, 372. 
J o l l é s , P. & A l a i s , C. (1960). C.R. Acad. Sei., Paris, 251, 2605.
J ollés, P., Ala is, O. & J ollés, J .  (1961). Biochim. biophys. acta, 51, 309. 
N itschmann, H s . & B e e b y , R . (1960). Chimia, 14, 318.
N i t s c h m a n n , H s ., W i s s m a n n , H .  & H e n z i , R. (1957). Chimia, 11, 76.
T s u g o , T. & Y a m a u c h i , K . (1960). Bull. Agric. Ghem. Soc. Japan , 24, 96.
W a k e , R . G. (1959). Aust. J .  biol. Sei. 12, 479.
W a r r e n , L. (1959). J .  biol, Ghem. 234, 1971.
W a u g h , D. F. (1958). Disc, Faraday Soc. no. 25, 186.
Waugh, D. F . & v o n  H ippel , P. H. (1956). J .  Amer. chem. Soc. 78, 4576.

Printed in Great Britain



J .  D a iry  R es. (1963), 30, 81 81

T he  co m p o s itio n  o f I r a q i sheep’s m i lk

B y  H . T . N E J I M

D ep artm e n t o f  A n im a l  H u sb a n d ry , C ollege o f  A g ricu ltu re , 
U n iv e rsity  o f  B a g h d a d , I r a q

(R eceived  5 Sep tem ber  1962)

S u m m a r y . T h e  b u lk e d  m ilk  fro m  a  f lo c k  o f  A w a ss i  sh e e p  w a s  a n a ly s e d  in  tw o  s u c 
c e s s iv e  s e a so n s . I n  th e  se c o n d  se a so n  a  w id e r  r a n g e  o f  a n a ly s e s  o f  s a m p le s  t a k e n  fro m  
th e  t im e  th e  f ir s t  few  ew es c a m e  in to  m ilk  u n t i l  a lm o s t  th e  e n d  o f  th e  p ro d u c t io n  
se a so n  (m in im u m  a n d  m a x im u m  n u m b e r s  in  m ilk  3 a n d  199) g a v e  th e  fo llo w in g  
a v e r a g e  v a lu e s :  sp e c if ic  g r a v i t y ,  1 -0 3 6 6 ; t i t r a t a b le  a c id ity , 0 - 2 1 7 % ; p H , 6 -6 5 ; f a t ,  
6 - 8 8 % ; p ro te in , 6 - 1 8 % ; la c to se , 5 - 7 5 % ; so lid s - n o t- fa t ,  1 2 - 9 9 % ; a sh , 0 - 9 2 8 % ; C aO ,
0-29 % ;  P 20 5, 0-32 % ;  C aO  in  a sh , 31-5 % ;  P 20 5 in  a sh , 34-3 % .

T h e  r e s u lt s  a r e  c o m p a r e d  w ith  th e  p u b lis h e d  c o m p o s it io n a l  f ig u re s  fo r  sh e e p ’s  a n d  
co w ’s  m ilk s .

T h e re  a re  a b o u t  107 sh e e p  in  I r a q  w ith  a n  e s t im a t e d  a n n u a l  p r o d u c t io n  (a b o v e  t h a t  
p r o d u c e d  d u r in g  th e  su c k lin g  p e r io d )  o f  108 k g  o f  m ilk . L a r g e  q u a n t i t ie s  o f  s o f t  a n d  
h a r d  c h e e se s , b u t t e r  a n d  g h e e  a r e  m a d e , in  a d d it io n  t o  th e  la rg e  a m o u n ts  o f  le b e n  
w h ich  a r e  p r o d u c e d  a n d  c o n su m e d  b y  sh e p h e r d s  a n d  tr ib e sm e n . T h e  A w a ss i  i s  th e  
m o s t  im p o r ta n t  b r e e d  a n d  a c c o u n t s  fo r  a b o u t  tw o - th ird s  o f  th e  sh e e p  p o p u la t io n .

T h e  p r e s e n t  w o rk  w a s  u n d e r ta k e n  b e c a u s e  few  s tu d ie s  h a v e  b e e n  m a d e  o f  th e  
c o m p o s it io n  o f  sh e e p ’s  m ilk . E a r ly  w o rk  w a s  re v ie w e d  b y  G o d d e n  & P u d d y  (1 9 3 5 ) 
in  th e ir  c o n tr ib u t io n  o n  th e  c o m p o s it io n  o f  th e  m ilk  o f  C h e v io t  ew es, a n d  so m e  o th e r  
s tu d ie s  a re  m e n tio n e d  b y  D a v i s  & M a c d o n a ld  (1 9 5 3 , p p .  1 0 1 -2 ) . T h e  c o m p o s it io n  o f  
th e  m ilk  o f  E g y p t ia n  sh e e p  h a s  b e e n  s tu d ie d  b y  E l- S o k k a r y ,  S i r r y  & H a s s a n  (1 9 4 9 ). 
A p a r t  f ro m  th e  a n a ly s e s  r e p o r te d  b y  G o d d e n  & P u d d y  (1 9 3 5 ) l i t t le  in fo r m a t io n  is  
a v a i la b le  o n  th e  a sh  c o n s t i tu e n ts .

EXPERIMENTAL

S a m p le s

S a m p le s  o f  b u lk  m ilk  w ere  o b ta in e d  h i th e  1 9 6 0 -6 1  a n d  1 9 6 1 -6 2  se a so n s  fro m  th e  
A w a ss i  f lo c k  o f  th e  A b u  G h ra ib  E x p e r im e n ta l  F a r m , A n im a l H u s b a n d r y  D iv is io n  o f  
th e  M in is tr y  o f  A g r ic u ltu re . L a m b in g  in  th is  f lo c k  s t a r t e d  in  th e  f ir s t  se a so n  o n  
1 N o v e m b e r  1960  a n d  c o n t in u e d  fo r  3 m o n th s . H a n d  m ilk in g  o f  th e  e w e s s t a r t e d  in  
th e  m id d le  o f  F e b r u a r y  1961 a n d  c e a se d  a t  th e  e n d  o f  J u l y .  S a m p le s  o f  b u lk e d  m ilk  
w ere  t a k e n  fo r  a n a ly s i s  d u r in g  th e  l a s t  3 m o n th s  o f  th e  m ilk in g  se a so n . I n  th e  se c o n d  
se a so n  la m b in g  s t a r t e d  a t  th e  e n d  o f  O c to b e r  1961 , w h ile  m ilk in g  fo r  th e  p u r p o s e  o f  
th i s  w o rk  s t a r t e d  in  D e c e m b e r . T h e  h a n d -m ilk in g  se a so n  p ro p e r  s t a r t e d  o n  1 F e b r u a r y  
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1962  a n d  l a s t e d  to  th e  b e g in n in g  o f  J u n e .  T h u s  s a m p lin g  c o v e re d  th e  w h o le  o f  th e  
h e r d ’s  m ilk  p ro d u c t io n  p e r io d  o f  5-1 m o n th s .

A n a ly t ic a l  m ethods

S p e c if ic  g r a v i t y  w a s  m e a su r e d  b y  la c to m e te r  a f t e r  co o lin g  th e  m ilk  s a m p le s  to  
1 5 °C . F a t  c o n te n t  w a s  d e te rm in e d  u s in g  th e  s t a n d a r d  G e rb e r  m e th o d , t e s t s  b e in g  
r e p e a te d  th re e  t im e s  a t  le a s t  fo r  e a c h  sa m p le . T o t a l  so lid s  c o n te n t  w a s  d e te rm in e d  b y  
p ip e t t in g  1 m l o f  th e  m ilk  in to  a  c le an , d r y , w e ig h e d  a lu m in iu m  m ilk  b o t t le  c a p . A fte r  
q u ic k  w e ig h in g  i t  w a s  p la c e d  in  a n  o v e n  a t  101 °C  fo r  a b o u t  £ h . H e a t in g ,  c o o lin g  a n d  
w e ig h in g  w ere  r e p e a te d  a t  in te r v a ls  to  b r in g  th e  so lid s  to  a  c o n s ta n t  w e ig h t .

T w e n ty -f iv e  m l o f  th e  m ilk  sa m p le  w ere  p ip e t t e d  in to  a  p o rc e la in  b a s in  a n d  w e ig h e d  
a c c u r a te ly . T h is  w a s  th e n  d r ie d , ig n ite d  g e n t ly  a n d  t r a n s fe r r e d  to  a  m u ffle  fu r n a c e  a t  
60 0  °C  to  o b ta in  t o t a l  a sh . N o  p re c a u t io n s  w ere  t a k e n  a g a in s t  th e  v o la t i l iz a t io n  o f  
a lk a lin e  c h lo r id e s . A  w h ite  a s h  w a s  a lw a y s  o b ta in e d . T h e  a s h  w a s  d is so lv e d  in  10 m l 
o f  H C1 (A .R .)  a n d  d is t i l le d  w a te r , a n d  d i lu te d  to  a  k n o w n  v o lu m e . P a r t  o f  th i s  
so lu t io n  w a s  u se d  fo r  th e  d e te r m in a t io n  o f  p h o s p h o r u s  c o n te n t  u s in g  th e  c o lo r i
m e tr ic  m e th o d  o f  R o c k s te in  & H e r ro n  (1 9 5 1 ). A n  E E L  c o lo r im e te r  w ith  th e  r e d  f ilte r  
F R I  w a s  u se d . T h e  so lu t io n  fo r  th e  c a l ib r a t io n  g r a p h  w a s  p r e p a r e d  fro m  K H P 0 4 
(A .R .) .  T h e  g r e a te r  p a r t  o f  th e  a s h  so lu t io n  w a s  u se d  fo r  th e  d e te rm in a t io n  o f  c a lc iu m  
c o n te n t  b y  th e  s t a n d a r d  o x a la te - p e r m a n g a n a te  m e th o d .

A d d it io n a l  t e s t s  w e re  d o n e  d u r in g  th e  se c o n d  se a so n . T i t r a t a b le  a c id i t y  w a s  
m e a su r e d  in  th e  u s u a l  m a n n e r  b y  t i t r a t io n  o f  10 m l o f  m ilk  w ith  N /9 -N a O H  so lu t io n , 
u s in g  p h e n o lp h th a le in  a s  in d ic a to r . D u p l ic a te  t e s t s  w ere  m a d e . A c id i ty  t e s t s  a n d  
a lso  p H  d e te r m in a t io n s  w ith  a  g l a s s  e le c tro d e  w ere  d o n e  im m e d ia te ly  a f t e r  re c e iv in g  
th e  s a m p le s .  F o r  th e  l a s t  h a l f  o f  th e  s a m p lin g  p e r io d  p ro te in  c o n te n ts  w e re  d e t e r 
m in e d . F o r  th e  f ir s t  f iv e  s a m p le s  b o th  th e  s t a n d a r d  K je ld a h l  m e th o d  a n d  a  f o r m a l
d e h y d e  m e th o d  w ere  u se d . Q u ite  c lo se  a g re e m e n t  w a s  o b ta in e d  b e tw e e n  th e  r e s u lt s ,  
th e  d iffe re n c e  b e in g  ± 0 - 0 5 % .  T h e  fo r m a ld e h y d e  m e th o d  o n ly  w a s  th e n  u se d .

RESULTS AND DISCUSSION

T a b le  1 g iv e s  th e  r e s u lt s  o b ta in e d  fo r  sp e c ific  g r a v i t y ,  f a t ,  t o t a l  so lid s , so lid s - n o t- fa t  
a n d  a s h  fo r  e a c h  s a m p le  in  th e  f ir s t  se a so n , a n d  T a b le  l a  g iv e s  in  a d d it io n , fo r  th e  
se c o n d  se a so n , th e  r e s u lt s  fo r  t i t r a t a b le  a c id i ty , p H  a n d  p ro te in .

F r o m  T a b le  1, w h ic h  r e p r e se n ts  th e  m ilk  c o m p o sit io n  fo r  th e  l a s t  3 m o n th s  o f  th e  
m ilk -p ro d u c t io n  se a so n , th e  a v e r a g e s  a n d  r a n g e s  a re  a s  fo llo w s : sp .g r . ,  1-0338 
(1 -0 2 8 0 -1 -0 3 7 8 ); f a t ,  7 - 7 %  (5 -3 -1 0 -0 ) ; t o t a l  so lid s , 1 9 - 7 8 %  (1 8 -1 9 -2 4 -3 6 ) ; so lid s-n o t-  
f a t ,  1 1 -9 9 %  (1 0 -0 9 -1 4 -3 6 ) ; a sh , 0 - 8 8 6 %  (0 -7 7 5 -0 -9 7 5 ).

F r o m  T a b le  l a ,  w h ich  r e p r e se n ts  th e  m ilk  c o m p o sit io n  fo r  th e  fu ll  la c t a t io n  p e r io d , 
a v e r a g e s  a n d  r a n g e s  a re  a s  fo llo w s : sp .g r . ,  1-0366 (1 -0 3 0 5 -1 -0 4 1 5 ) ; t i t r a t a b le  a c id i t y ,
0-22 (0 -1 0 -0 -2 9 ) ; p H , 6-65 (6 -4 6 -6 -9 ) ; f a t ,  6 - 8 8 %  (5 -7 -1 1 -8 ) ; p ro te in , 6 - 1 8 4 %  
(5 -8 5 -6 -5 0 ) ; la c t o s e  (b y  d iffe re n c e ) , 5 - 7 5 %  (4 -6 5 -7 -0 4 ); t o t a l  so lid s , 1 9 - 8 7 0 %  
(1 7 -3 4 -2 4 -5 6 ) ; so lid s - n o t- fa t , 1 2 - 9 9 0 %  (1 1 -1 1 -1 3 -9 2 ); a sh , 0 - 9 2 8 %  (0 -8 6 4 -1 -0 1 8 ).

F o r  th e  se c o n d  se a so n  th e  a v e r a g e s ,  e x c e p t  fo r  f a t ,  w ere  a l l  h ig h e r  th a n  fo r  th e  f ir s t  
in c o m p le te  se a so n . T h e  f ir s t  se a so n  w a s  t e r m in a te d  q u ite  la te ,  i .e . a t  th e  e n d  o f  J u l y ,  
w h ile  th e  se c o n d  se a so n  t e r m in a te d  a t  th e  n o rm a l d a t e  a t  th e  b e g in n in g  o f  J u n e .  T h is  
a n d  o th e r  r e a so n s  m a k e  th e  r e s u lt s  o f  th e  se c o n d  se a so n  th e  m o re  v a lu a b le .



T h e  f ig u re s  fo r  th e  se c o n d  se a so n  a g r e e  w e ll w ith  th o s e  o f  E l - S o k k a r y  et a l .  (1 9 4 9 ) 
fo r  E g y p t ia n  sh e e p ’s  m ilk  a n d , w ith  so m e  e x c e p t io n s , th e  f ig u re s  q u o te d  b y  D a v i s  & 
M a c d o n a ld  (1 9 5 3 ). F o r  e x a m p le , th e  f ig u re s  fo r  a s h  q u o te d  fro m  T r i l l a t  & F o r e s t ie r  
o f  0 - 9 - l - 0 %  c o m p a r e  c lo se ly  w ith  th e  f ig u re s  o b ta in e d  in  th e  se c o n d  s e a so n  o f  th e

The composition of Ira q i sheep's m ilk  8 3

T a b le  1. C o m p o sitio n  o f  sh e e p 's  m ilk — fir s t  se a so n

No. of Total Solids-
Serial Date of milking Fat, solids, not-fat Ash,

no. sampling ewes Sp.gr. 0 //o 0 //o 0 //o 0 //o
1 30. iv. 61 240 1 0351 7-1 — ___ 0-852
2 4. V .  61 196 1 0355 7-5 18-99 11-49 0-775
3 7. V .  61 232 1 0345 7-1 19-46 12-16 0-920
4 10. V .  61 245 1 0360 7-1 19-50 12-40 0-931
5 14. V .  61 230 1 0348 7-6 19-71 12-11 0-848
6 17. V .  61 185 1 0334 9-9 22-13 12-23 0-863
7 8. vi. 61 120 1-0341 7-4 19-23 11-83 0-976
8 11. vi. 61 125 1-0314 8-4 20-14 11-74 0-852
9 15. vi. 61 125 1-0325 8-4 19-90 11-50 0-852

10 19. vi. 61 68 1-0331 8-1 18-19 10-09 0-903
11 25. vi. 61 40 1-0328 7-5 19-03 11-53 0-971
12 2. vii. 61 46 1-0366 7-4 19-55 12-15 0-918
13 5. vii. 61 47 1-0378 6-8 19-46 12-66 0-922
14 10. vii. 61 43 1-0340 8-1 19-69 11-59 0-845
15 21. vii. 61 33 1-0310 5-3 18-42 13-12 —

16 24. vii. 61 33 1-0280 10-0 24-36 14-36 0-862

T a b le  l a . C o m p o sitio n  o f  sh eep ' s  m ilk — secon d se a so n

No. of Titrat- Total Solids-
Serial Date of milking able Fat, Protein, solids, not-fat, Ash,

no. sampling ewes acidity pH Sp.gr. 0//o % 0/ % 0//o
1 20. xii. 61 8 0-22 — 1-0355 6-0 — 21-62 15-63 0-905
2 9. i. 62 10 0-25 — 1-0330 7-8 — 18-91 11-11 —

3 17. i. 62 10 0-25 — 1-0380 7-3 — 19-70 12-40 0-910
4 24. i. 62 10 0-26 — 1-0305 11-8 — 24-56 12-76 0-864
5 30. i. 62 10 0-28 — 1-0370 6-3 — 20-09 13-79 0-920
6 6. ii. 62 176 0-25 6-83 1-0415 6-8 — 20-72 13-92 0-885
7 13. ii. 62 157 0-28 6-50 1-0385 6-1 — 19-28 13-38 0-880
8 20. ii. 62 182 0-26 6-46 1-0395 5-7 — 18-57 12-87 0-867
9 27. ii. 62 174 0-29 — 1-0385 5-7 — 19-18 13-48 0-884

10 6. iii. 62 183 0-27 6-55 1-0385 6-4 — 18-63 12-23 —

11 13. iii. 62 199 0-28 6-55 1-0395 5-5 — 17-69 12-19 0-965
12 20. iii. 62 165 0-26 6-6 1-0380 4-6 5-85 17-34 12-74 0-995
13 3. iv. 62 123 0-20 6-6 1-0365 7-5 6-07 20-51 13-01 0-979
14 10. iv. 62 103 0-20 6-6 1-0360 7-4 015 19-44 12-04 0-921
15 17. iv. 62 50 0-17 6-7 1-0380 8-2 6-33 21-54 13-34 0-931
16 25. iv. 62 45 0-19 6-59 1-0372 6-1 6-37 19-32 13-22 0-961
17 3. V .  62 30 0-14 6-7 1-0356 7-7 6-50 20-95 13-25 0-975
18 8. V .  62 27 0-15 6-6 1-0357 7-2 6-48 21-06 13-86 0-917
19 15. V .  62 24 0-13 6-75 1-0355 7-0 6-04 18-65 11-65 0-965
20 29. V .  62 15 0-13 6-8 1-0335 7-0 6-22 19-01 12-01 0-990
21 5. vi. 62 14 0-10 6-9 1-0326 6-4 5-85 20-30 13-90 1-018

p r e s e n t  w o rk , a l th o u g h  J a n k o w s k i  (1 9 5 3 ) g a v e a  lo w e r fig u re o f  0-86 %  in  h is s t u d y

o f  th e  c o m p o s it io n  o f  P o li s h  sh e e p ’s  m ilk . A lso  p ro te in  c o n te n t  w a s , in  g e n e r a l,
h ig h e r  in  I r a q i  sh e e p ’s  m ilk  t h a n  in  th e  m ilk  o f  m o s t  fo re ig n  b re e d s , b u t  th e y  c o m p a r e  
c lo se ly  w ith  t h e  f in d in g s  o f  B e s a n a  q u o te d  b y  D a v i s  & M a c d o n a ld . I t  m a y  b e  se en

6-2



84  H . T . N e j im

fro m  T a b le s  1 a n d  l a  t h a t  th e  a sh  c o n te n t  in c re a se d  in  th e  se c o n d  h a l f  o f  th e  m ilk in g  

p e r io d .
T a b le s  2 a n d  2 a  g iv e  th e  a n a ly s e s  o f  th e  a s h  fo r  C aO  a n d  P 20 5 fo r  th e  tw o  se a so n s .

T a b le  2. A sh , C aO  a n d  P 20 5 contents o f  bu lk  ew e’s  m ilk — fir s t  se a so n

CaO % CaO % P.O .% P 2o 5% Ratio
Serial Ash, in in in in C a 0 :P 20 5

no. 0//o milk ash milk ash CaO =  1

1 0-852 0-275 32-3 — — —

2 0-775 0-313 40-4 0-327 42-2 1-04
3 0-920 0-316 34-3 0-337 36-6 1-06
4 0-931 0-326 35-0 0-342 36-8 1-05
5 0-848 0-298 35-1 0-304 35-8 1-02
6 0-863 0-320 37-0 0-332 38-4 1-04
7 0-976 0-290 29-7 0-325 33-6 M 2
8 0-852 0-289 33-9 0-317 37-2 1-09
9 0-852 0-295 34-6 0-318 37-3 1-08

10 0-903 0-286 31-6 0-309 34-2 1-08
11 0-971 0-285 29-3 0-310 32-0 1-09
12 0-918 0-297 32-2 0-317 34-6 1-07
13 0-922 0-294 31-8 0-324 35-2 1-10
14 0-845 0-276 32-7 0-308 36-4 1-11
16 0-862 0-271 31-4 0-309 35-8 M 3

T a b le  2 a .  A sh , C aO  a n d  P 20 5

CaO %

contents o f  bu lk  ewe’s  

CaO%  P a0 5%

m ilk —  

P / h 0/

■ second se a so n  

o Ratio
Serial Ash, in in in in C a 0 :P 20 5

no. % milk ash milk ash CaO =  1

1 0-905 0-256 28-3 0-300 33-1 1-17
2 — 0-276 — 0-330 — 1-20
3 0-910 0-307 33-8 0-355 39-0 1-16
4 0-864 0-287 33-2 0-323 37-4 1-13
5 0-920 0-279 30-2 0-348 37-9 1-25
6 0-885 0-324 36-5 0-353 39-9 1-09
7 0-880 0-294 33-4 0-337 38-3 1-14
8 0-867 0-306 35-2 0-357 41-2 1-17
9 0-884 0-293 33-2 0-370 41-9 1-26

10 — — — — — - —

11 0-965 0-300 31-1 0-369 38-2 1-23
12 0-995 0-302 30-1 0-339 34-1 1-12
13 0-979 0-300 30-3 0-323 33-0 1-09
14 0-921 0-301 32-7 0-305 33-1 1-01
15 0-931 0-312 33-9 0-318 34-2 1-02
16 0-961 0-282 29-3 0-296 30-7 1-05
17 0-975 0-278 28-5 0-275 28-2 0-99
18 0-917 0-300 32-7 0-305 33-2 1-02
19 0-965 0-264 27-3 0-277 28-7 1-04
20 0-990 0-265 26-8 0-280 28-2 1-05
21 1-018 0-258 — 0-231 22-7 —

F e w  p r e v io u s  s t u d ie s  o n  a sh  a n a ly s i s  w ere  fo u n d  fo r  c o m p a r iso n . D a v ie s  (1 9 3 9 ) 
g a v e  th e  p e r c e n ta g e s  o f  P 20 5 a n d  C aO  in  sh e e p ’s  m ilk  a s  0-293 a n d  0-249  re sp e c t iv e ly . 
T h e s e  f ig u re s  a r e  lo w  c o m p a r e d  w ith  th e  p r e s e n t  o n e s , i .e . 0-32 a n d  0-29. G o d d e n  & 
P u d d y  (1 9 3 5 ) s t u d ie d  th e  c o m p o sit io n  o f  th e  m ilk  o f  in d iv id u a l  ew es. T h e y  r e p o r te d  
C aO  a n d  P 20 5 p e r c e n ta g e s  fo r  s a m p le s  t a k e n  d u r in g  e a c h  o f  tw o  se a so n s , a n d
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a v e r a g in g  th e  r e s u lt s  fo r  th e  s e p a r a t e  se a so n s  g iv e s  v a lu e s  o f  0 -288  a n d  0 - 2 9 4 %  fo r  
C aO  a n d  0-418  a n d  0 - 3 6 6 %  fo r  P 20 5. W h ile  th e  p e r c e n ta g e s  o f  C aO  c o m p a r e  c lo se ly  
w ith  th e  p r e s e n t  w o rk , th o se  o f  P 20 5 a r e  m a r k e d ly  h ig h e r .

The composition of Ira q i sheep's m ilk

T a b le  3. C o m p a r iso n  between the C aO  a n d  P 20 5 contents ( % , w /w ) 
o f  cow ’s  a n d  sh eep ’s  m ilk

Sheep’s milk
Cow s milk t A

(from Davis & 1st season 2nd season
Macdonald, 1953) (from Table 2) (from Table 2 a)

Mean % CaO in milk 0-190 0-296 0-290
(0-104-0-291) (0-271-0-326) (0-256-0-324)

Mean % P 20 5 in milk 0-220 0-32 0-320
(0-146-0-310) (0-304-0-342) (0-231-0-370)

Mean % CaO in milk ash 22-37 33-42 31-47
(20-01-27-32) (29-3-40-4) (26-8-36-5)

Mean % P 20 5 in milk ash 25-67 36-15 34-26
(21-57-29-33) (32-0-42-0) (22-7-41-9)

C o m p a r iso n  w ith  c o w ’s  m ilk  sh o w s t h a t  e w e ’s  m ilk  c o n ta in s  c o n s id e r a b ly  h ig h e r  
p e r c e n ta g e s  o f  C aO  a n d  P 20 5. D a v i s  & M a c d o n a ld  (1 9 5 3 , p p . 34 , 36) su m m a r iz e d  
th e  r e s u lt s  o f  s e v e r a l  o b se rv e r s . T a b le  3 i s  a  c o m p a r iso n  b e tw e e n  t h a t  s u m m a r y  a n d  
th e  c o m p o s it io n  o f  sh e e p ’s  m ilk  o b ta in e d  in  th e  p r e s e n t  w o rk . I t  m a y  b e  se e n  t h a t  
sh e e p ’s  m ilk  c o n ta in s  a b o u t  5 5  %  m o re  C aO  a n d  4 5  %  m o re  P 20 5 t h a n  co w ’s  m ilk .

D a v ie s  (1 9 3 9 ) g a v e  th e  r a t io  o f  C a 0 : P 20 6 (w h en  C aO  =  1) a s  b e tw e e n  1-15 a n d
1-42 fo r  m ilk s  o f  d if fe re n t  b r e e d s  o f  co w s, a n d  fo r  b u ffa lo  m ilk  a s  1-02. I n  th e  p r e s e n t  
w o rk  th e  r a t io s  a v e r a g e d  1-077 (1 -0 2 -1 -1 3 ). T h e  C aO  a n d  P 20 5 c o n te n ts  o f  th e  m ilk  
in c r e a se d  u n t i l  th e  la m b s  w ere  a b o u t  4  m o n th s  o ld  a n d  th e n  d e c lin e d  so m e w h a t  
(T a b le  2 a ) .

T h a n k s  a r e  d u e  to  th e  A n im a l  H u s b a n d r y  D iv is io n , A b u  G h ra ib , fo r  c o -o p e r a tio n  
in  su p p ly in g  th e  m ilk  sa m p le s ,  a n d  I  a m  g r a t e fu l  to  M r S . Q u ish ta in i a n d  M r F .  H a b ib  
fo r  te c h n ic a l  a s s is t a n c e .
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T h e  incidence o f b a c te ria  in  cheese m i lk  and C heddar cheese 
and th e ir  associa tion  w ith  fla v o u r

B y  J .  G. FR A N K LIN  a n d  M. ELISA BETH  SH ARPE
N a t io n a l  In st itu te  f o r  R e se arch  in  D a ir y in g , Sh in fie ld , R e a d in g

(R eceived  5 Sep tem b er  1962)

S u m m a r y . T h e  n u m b e r s  a n d  t y p e s  o f  n o n - s ta r te r  la c t ic  a c id  b a c te r ia ,  l ip o ly t ic  
b a c t e r ia  a n d  g ro u p  D  s t r e p to c o c c i  in  ch ee se  m ilk s  a n d  c o rre sp o n d in g  C h e d d a r  
c h e e se s  h a v e  b e e n  s tu d ie d  a n d  th e ir  re la t io n sh ip  to  ch ee se  f la v o u r  d is c u s se d . D i f 
fe r e n t  m ilk s , h e a t- t r e a tm e n ts  a n d  s t a r t e r s  w ere  u se d , a n d  th e ir  a s s o c ia t io n  w ith  
f la v o u r  in v e s t ig a te d .  T h e  p H  a n d  f a t ,  s a l t  a n d  m o is tu r e  c o n te n ts  o f  th e  c h e e se s  w ere  
a lso  d e te rm in e d .

T h e  n o n - s ta r te r  la c t ic  a c id  f lo ra  c o n s is te d  m a in ly  o f  L a c to b a c illu s  c a se i, L .  p la n -  
ta ru m , L .  b rev is, L .  b u ch n erii, P e d io co ccu s  sp p . a n d  L eucon ostoc  sp p .  L a c to b a c illu s  
c a se i  w a s  n e a r ly  a lw a y s  p r e s e n t  in  th e  m ilk s  a n d  c h e e se s , p r e d o m in a t in g  in  m o s t  o f  
th e  c h e e se s , p a r t ic u la r ly  in  th o se  m a d e  fro m  m ilk  w h ich  re c e iv e d  th e  m o s t  se v e re  o f  
th e  th re e  h e a t- t r e a tm e n ts  t e s te d  ( 1 6 0 °F  fo r  17 se c ) . L e u c o n o s to c s  w ere  n o t  fo u n d  
in  a n y  o f  th e  c h e e se s . O th e r  sp e c ie s  so m e tim e s  o c c u r re d  in  a p p r o x im a t e ly  e q u a l  
n u m b e r s  to  L .  ca se i, p a r t ic u la r ly  in  ch e e se s  m a n u fa c tu r e d  fro m  th e  m ild e r  h e a t-  
t r e a t e d  m ilk s . C h e e se s m a d e  fro m  m ilk  re c e iv in g  th e  h ig h e s t  h e a t- t r e a tm e n t  c o n 
t a in e d  fe w e s t  b a c t e r ia  a n d  sc o re d  lo w e st  fo r  f la v o u r . T h e  a v e r a g e  f la v o u r  sc o re s  
in c r e a se d  a s  th e  n u m b e r  o f  sp e c ie s  c o n tr ib u t in g  to  th e  n o n - s ta r te r  la c t ic  a c id  f lo ra  
a t  th e  t im e  o f  t a s t in g  in c re a se d .

T h e  l ip o ly t ic  o r g a n ism s  c a p a b le  o f  h y d ro ly s in g  b u t t e r f a t  c o n s is te d  m a in ly  o f  
O r a m - p o s it iv e  co cc i, p r e d o m in a n t ly  S ta p h y lo co ccu s sa p ro p h y tic u s . T h e  g ro u p  D  
s t r e p to c o c c i  o c c u r re d  in fre q u e n t ly , S trep toco ccu s fa e c iu m  b e in g  th e  m o s t  c o m m o n ly  
o c c u r r in g  sp e c ie s .

A  d e fin ite  c o rre la t io n  w a s  fo u n d  to  e x i s t  b e tw e e n  th e  s t a r t e r s  u se d  a n d  th e  f la v o u r  
o f  th e  c h e e se s . T h e  p H  o f  th e  ch e e se s  w a s  a s s o c ia t e d  w ith  th e  f la v o u r , b u t  th e  f a t ,  
m o is tu r e  a n d  s a l t  c o n te n ts  o f  th e  ch e e se s  sh o w e d  n o  d e fin ite  e ffe c t .

The flavour of Cheddar cheese can be attributed to a complex association of 
chemical compounds produced during the manufacturing and ripening processes by 
the degradation of protein, fat and lactose. It is probable that the characteristic 
flavour is obtained only when the flavour components are present in certain specific 
proportions. However, the exact nature and balance of these constituents are not 
known although many compounds have been isolated. Many factors affect the de
velopment of cheese flavour but it is often difficult to assess experimentally their 
individual contributions because of the many variables which cannot easily be
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c o n tro lle d . S o m e  o f  th e  f a c t o r s  in v o lv e d  a n d  th e ir  ro le  in  f la v o u r  d e v e lo p m e n t  h a v e  
r e c e n t ly  b e e n  d is c u s se d  in  a  c o m p re h e n s iv e  re v ie w  b y  M a b b it t  (1961 ).

A lm o s t  a l l  U n it e d  K in g d o m  C h e d d a r  ch ee se  i s  m a n u fa c tu r e d  fro m  h e a t- t r e a te d  
m ilk , b u t  v e r y  l i t t le  in fo r m a t io n  e x i s t s  o n  th e  n u m b e r s  a n d  t y p e s  o f  b a c t e r ia  o c c u r r in g  
in  th e  h e a te d  m ilk s  a n d  s u b se q u e n t ly  in  th e  ch ee se , a n d  o n  th e ir  r e la t io n  to  f la v o u r . 
T h e  p u r p o s e  o f  th i s  w o rk  w a s  to  a s c e r ta in  w h e th e r  a n y  o b v io u s  c o r re la t io n  e x i s t s  
b e tw e e n  b a c t e r ia  a n d  f la v o u r , a n d  t o  a c c u m u la te  r e p r e se n ta t iv e  s t r a in s  fo r  fu tu r e  
w o rk . T h e  in flu e n ce  o n  th e  d e v e lo p m e n t  o f  f la v o u r  o f  th e  s t a r t e r s  u se d , p H  a n d  th e  
f a t ,  s a l t  a n d  m o is tu r e  c o n te n ts  o f  th e  ch e e se s  w e re  a lso  s tu d ie d .

M ET H O D S

A c c o rd in g  t o  th e  m ilk  so u rc e  a n d  p la c e  o f  m a n u fa c tu r e  th e  c h e e se s  w e re  e x a m in e d  
in  th re e  g r o u p s , a s  fo llo w s :

(1) C h e e se s m a d e  in  th e  e x p e r im e n ta l  d a ir y  o f  th is  I n s t i t u t e  fro m  m ix e d  e v e n in g  
a n d  m o rn in g  s in g le  h e rd  m ilk .

(2) C h ee se s m a d e  in  th e  I n s t i t u t e  e x p e r im e n ta l  d a ir y  fro m  b u lk  m a r k e t  m ilk .
(3 ) C h ee se s m a d e  in  a  c o m m e rc ia l  f a c t o r y  fro m  b u lk  m a r k e t  m ilk .
T w o  h e a t  t r e a t m e n t s  w ere  u se d  a l te r n a te ly  fo r  th e  m ilk s  fro m  w h ic h  c h e e se s  o f  

g r o u p s  1 a n d  2 w ere  m a d e , n a m e ly  1 4 5 °F  fo r  17 se c  a n d  160 ° F  fo r  17 se c . T h e  h o ld in g  
t im e s  q u o te d  a re  m e a n  h o ld in g  t im e s , i .e . flow  r a t e / c a p a c i t y  o f  h o ld e r . T h e  c o m 
m e rc ia l  c h e e se s  (g ro u p  3) w ere  m a d e  fro m  m ilk  f la sh - h e a te d  to  1 5 0 °F .  T h e  I n s t i t u t e  
c h e e se s  w ere  m a d e  u s in g  o n e  o f  fiv e  p a i r s  o f  sin g le  s t r a in  s t a r t e r s  c o m p o se d  fro m  th re e  
S t r .  crem o ris  s t r a in s  (N C D O , n o s . 508 , 924 , 1218) a n d  th re e  S i r .  la c t is  s t r a in s  (N C D O , 
n o s . 5 07 , 509 , 1007) to  g iv e  a  10-w eek  r o ta t io n  o f  p a ir s .  T h e  c h e e se s , w e ig h in g  40  lb , 
w ere  m a d e  fro m  40  g a l  o f  m ilk  a t  fo r tn ig h t ly  in te r v a ls  d u r in g  a  1 2 -m o n th  p e r io d  fro m  
A p r i l  1959  to  A p r il  1960 . T h e y  w ere  m a d e  in  p a i r s  (i.e . o n e  g ro u p  1 a n d  o n e  g r o u p  2) 
in  tw in  v a t s  o n  th e  s a m e  d a y ,  u s in g  th e  sa m e  h e a t  t r e a t m e n t  a n d  th e  s a m e  s t a r t e r s .  
T h e  c o m m e rc ia l c h e e se s  w ere  m a d e  a t  m o n th ly  in te r v a ls  o v e r  a  6 -m o n th  p e r io d  fro m  
M a rc h  to  S e p te m b e r  1960  u s in g  a  m ix tu r e  o f  3 - 5  o f  a  g ro u p  o f  f ifte e n  s t a r t e r  s t r a in s .  
C h ee se s, s e le c te d  a t  r a n d o m  fro m  b a tc h e s  m a n u fa c tu r e d  in  v a t s  c o n ta in in g  fro m  750  
to  1100  g a l  o f  m ilk , w ere  e ith e r  60 lb  t r a d i t io n a l  c y lin d e rs  w ith  t u b u la r  b a n d a g in g  
o r  40  lb  f ilm -w ra p p e d  r in d le s s  b lo c k s . T h e y  w e re  o f  ro u t in e  m a n u fa c tu r e , n o  d e l ib e r a te  
e x p e r im e n ta l  v a r ia b le s  b e in g  in tro d u c e d . G r o u p s  1 a n d  2 ch e e se s w ere  r ip e n e d  a t  
55  ° F  a n d  th e  g ro u p  3 c h e e se s  a t  50  ° F .

M IL K  A N D  C H E E S E  SA M P LIN G

S a m p le s  o f  th e  h e a t- t r e a te d  m ilk  w ere  t a k e n  a s e p t ic a l ly  fro m  th e  v a t s  ju s t  b e fo re  
th e  a d d it io n  o f  s t a r t e r .  R a w  m ilk  s a m p le s  w ere  a lso  t a k e n  a t  th e  I n s t i t u t e  b u t  i t  w a s  
n o t  p o s s ib le  t o  o b ta in  r e p r e se n ta t iv e  r a w  m ilk  s a m p le s  a t  th e  c o m m e rc ia l f a c t o r y .  
C h e e se s o f  g r o u p s  1 a n d  2 w ere  s a m p le d  a t  6 a n d  14 w e e k s  o f  a g e , a n d  th e  g r o u p  3 
c h e e se s  a t  1 a n d  3 m o n th s . C h ee se s w e re  s a m p le d  a n d  th e  s a m p le s  b le n d e d  a n d  
m in c e d  a s e p t ic a l ly  a n d  h o m o g e n a te s  p r e p a r e d  b y  th e  m e th o d s  o f  N a y lo r  & S h a r p e
(1 9 5 8 ).

J .  G . F r a n k l i n  a n d  M . E l i s a b e t h  S h a r p e
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C O LO N Y  C O U N T S A N D  ISO L A T IO N S O F B A C T E R IA

T o ta l  co lony coun ts. S u it a b le  d ilu t io n s  o f  th e  m ilk s  a n d  ch ee se  h o m o g e n a te s  w ere  
p la t e d  in  y e a s t  d e x t r o s e  a g a r  (Y D A ) (N ic h o ls  & H o y le , 1948 ). T h e  p la t e s  w e re  in 
c u b a te d  a e r o b ic a lly  a t  3 0 °C  fo r  5 d a y s .  N o  iso la t io n s  w ere  m a d e .

N o n -sta r te r  la c tic  a c id  b ac ter ia . N u m b e r s  o f  la c to b a c i l l i ,  le u c o n o s to c s  a n d  p e d io c o c c i  
w ere  d e te rm in e d  b y  p la t in g  in  th e  se le c t iv e  m o d if ie d  R o g o s a  a c e ta t e  a g a r  (A cA ) 
m e d iu m  o f  M a b b i t t  & Z ie lin sk a  (1 9 5 6 ), a n d  in c u b a t in g  a n a e r o b ic a l ly  in  a n  a t m o 
sp h e re  o f  9 0 %  H 2 a n d  1 0 %  C 0 2 a t  30  °C  fo r  5  d a y s .  I s o la t io n s  w ere  m a d e  fro m  th e  
m o s t  s u i ta b le  p la t e s  b y  p ic k in g  te n  a d ja c e n t  co lo n ie s  in to  A c B  (m o d ifie d  R o g o s a  
a c e t a t e  b ro th ) . S u b s e q u e n t  p u r if ic a t io n  w a s  c a r r ie d  o u t  b y  r e p e a te d ly  g ro w in g  in  
b r o th  a n d  s t r e a k in g  o n  th e  a g a r  m e d iu m  (M R S A ) o f  d e  M a n , R o g o s a  & S h a r p e  (1 9 6 0 ). 
E n r ic h m e n t  c u ltu r e s  o f  th e  m ilk s  w e re  a lso  m a d e  a n d  e x a m in e d  fo r  g ro w th  a f t e r  
in c u b a t io n  a t  3 0 °C  fo r  1 w e e k  (10  x 1 o z  sc re w -c a p p e d  b o t t le s / s a m p le , e a c h  c o n 
ta in in g  1 m l m ilk  a n d  10 m l A c B ) . P o s i t iv e  e n r ic h m e n ts  w ere  c o n firm e d  b y  s t r e a k in g  
o n  A c A .

L ip o ly t ic  b ac ter ia . N u m b e r s  o f  l ip o ly t ic  b a c t e r ia  w ere  d e te rm in e d  b y  p la t in g  in  a  
t r ib u ty r in  m e d iu m  (T A ) o f  th e  fo llo w in g  c o m p o sit io n  (w /v ) : E v a n s  p e p to n e , 1 - 0 % ; 
L a b - L e m c o , 0 - 3 % ;  Y e a s t r e l ,  0 - 3 % ;  so d iu m  c h lo rid e , 0 - 5 % ;  B a c to - t r y p to n e ,  1 * 0 % ;  
t r ib u ty r in , 1 - 0 % ; a g a r ,  2-0 % ;  f in a l p H , 6-0 +  0 - 1. T h e  p la t e s  w ere  in c u b a te d  a e r o b i
c a l ly  fo r  5 d a y s  a t  30  °C , w h en  th e  co lo n ie s  e x h ib it in g  c le a r  z o n e s  o f  l ip o ly s is  w ere  
c o u n te d . F iv e  o f  th e se  c o lo n ie s  w ere  p ic k e d  in to  y e a s t  d e x t r o s e  b r o th  (Y D B ) ,  
p u r if ie d  a n d  t e s te d  fo r  th e ir  a b i l i t y  to  h y d r o ly se  b u t t e r f a t  b y  s t r e a k in g  o n  th e  b u tte r -  
f a t  a g a r  ( B F A )  o f  J o n e s  & R ic h a r d s  (1 9 5 2 ).

S e ro lo g ic a l g ro u p  D  streptococci. T h e se  w e re  e n u m e r a te d  b y  p la t in g  in  th e  m o d ifie d  
t h a l lo u s  a c e ta t e - t e t r a z o l iu m - g lu c o s e  a g a r  (T 1 T G A ) o f  B a r n e s  (1 9 5 6 ) a n d  in c u b a t in g  
a e r o b ic a lly  a t  4 5 °C  fo r  2 d a y s .  G r o u p  D  s t r e p to c o c c i  w ere  fo u n d  in  th e  ch ee se  m i lk s  
a n d  ch e e se s  o f  g r o u p s  1 a n d  2 so  in fr e q u e n t ly  t h a t  n o  iso la t io n s  w e re  m a d e , b u t  
iso la t io n s  w e re  m a d e  fro m  th e  c o m m e rc ia l  ch ee se  a n d  m ilk  s a m p le s ,  w h ere  th e se  
o r g a n ism s  w ere  u s u a l ly  p re se n t , b y  p ic k in g  in to  d e x t r o s e  L e m c o  b ro th  ( D L B )  (N ic h o ls  
& H o y le , 19 4 8 ). T h e  i s o la t e s  w ere  p u r if ie d  b y  s t r e a k in g  o n  Y D A  a n d  g ro w th  in  D L B .

ID E N T IF IC A T IO N  O F IS O L A T E S

L a c to b a c ill i , leuconostocs a n d  p ed iococci. T h e se  w ere  id e n tifie d  a c c o rd in g  to  th e  
sc h e m e s  o f  P e r r y  & S h a r p e  (1 9 6 0 ) a n d  R o g o s a  & S h a r p e  (1 9 5 9 ). T h e  t e s t s  u se d  w ere  
th o se  o f  th e  fo rm e r  a u th o r s  w ith  th e  a d d it io n  o f  th e  fe r m e n ta t io n  o f  a r a b in o s e , 
c e llo b io se , la c to se  a n d  su c r o se . S o m e  o f  th e  s t r a in s  w ere  a lso  t e s te d  fo r  th e ir  a b i l i t y  
t o  fe r m e n t  m e le z ito se  a n d  rh a m n o se .

L ip o ly t ic  b acter ia . T r ib u t y r o ly t ic  i s o la t e s  w h ich  w ere  a lso  a c t iv e  a g a in s t  b u t t e r f a t  
w ere  e x a m in e d  fo r  G r a m - s ta in  r e a c t io n  a n d  m ic r o sc o p ic  a p p e a r a n c e . A p p r o x im a te ly  
h a l f  o f  th e  i s o la t e s  w ere  fo u n d  to  b e  c a ta la s e - p o s i t iv e  G r a m -p o s it iv e  co cc i a n d  th e se  
o n ly  w ere  c la ss if ie d  fu r th e r  u s in g  th e  fo llo w in g  b io c h e m ic a l  a n d  p h y s io lo g ic a l  t e s t s  
b a s e d  m a in ly  o n  th e  sc h e m e s  o f  S h a w , S t i t t  & C o w a n  (1 9 5 1 ) a n d  A b d -e l-M a le k  & 
G ih so n  (1 9 4 8 ) : h a e m o ly s i s ; V P  r e a c t io n ; h y d r o ly s is  o f  c a se in , s ta r c h , g e la t in  a n d  u r e a ;  
r e d u c t io n  o f  n i t r a t e ;  u t i l iz a t io n  o f  a m m o n ia ;  p r o d u c t io n  o f  c o a g u la se , a m m o n ia
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fro m  a rg in in e , H 2S  a n d  p ig m e n ts ;  f e r m e n ta t io n  o f  g lu c o se , g ly c e ro l, la c t o s e  a n d  
m a n n ito l ;  g ro w th  in  10, 12 a n d  1 5 %  s a l t ;  g ro w th  in  l i tm u s  m i lk ;  g ro w th  a t  15 
a n d  4 5 °C ;  a n d  s u r v iv a l  in  m ilk  a t  6 0 °C  fo r  30  m in .

G ro u p  D  streptococci. T h e se  i s o la te s  w ere  c la ss if ie d  a c c o rd in g  to  a  sc h e m e  b a s e d  o n  
t h a t  g iv e n  b y  S h a t t o c k  (1 9 6 2 ) u s in g  th e  fo llo w in g  t e s t s :  h a e m o ly s is ;  g ro w th  a t  4 5 °C ; 
s e n s it iv i ty  to  0 - 0 4 %  p o t a s s iu m  t e l lu r it e ;  f e r m e n ta t io n  o f  a r a b in o s e , g ly c e ro l  a n d  
s o r b i to l ;  l iq u e fa c t io n  o f  g e la t in  a n d  se ro lo g ic a l  g ro u p in g .

C h em ical a n a ly s i s  o f  the cheeses. T h e  p H  o f  th e  ch ee se  s a m p le s  w a s  d e te rm in e d  b y  
a d d in g  17 m l o f  d is t i l le d  w a te r  to  12-5 g  o f  m in c e d  ch eese , f ilte r in g  th e  su sp e n s io n  
th ro u g h  m u slin  a n d  m e a su r in g  th e  p H  o f  th e  f i l t r a te  e le c tro m e tr ic a lly . T h e  p e r 
c e n ta g e s  o f  f a t ,  m o is tu r e  a n d  s a l t  in  th e  ch e e se s  w ere  a lso  d e te rm in e d  (B r i t i s h  
S t a n d a r d  I n s t i t u t io n  1955 , 1952).

C heese f la v o u r  a sse ssm e n t. T h e  c h e e se s  w ere  sc o re d  fo r  f la v o u r , o n  a  s c a le  o f  0 - 1 0 , 
16 w e e k s  a f t e r  m a n u fa c tu r e , b y  a  t a s t in g  p a n e l  o f  a b o u t  te n  m e m b e r s  o f  th e  I n s t i t u t e  
3 taff. A  sc o re  o f  5 re p re se n te d  b la n d  c h a r a c te r le s s  c h e e se s . T h e  r a n g e  b e lo w  5 w a s  
u se d  to  in d ic a te  c h e e se s  o f  p o o r  q u a l ity , th e  sc o re  d e c re a s in g  w ith  q u a l i t y ;  th e se  
ch e e se s w ere  o fte n  o b je c t io n a b le  b e c a u s e  o f  u n d e s ir a b le  f la v o u r s . S a t i s f a c t o r y  ch e e se s  
w ere  sc o re d  a b o v e  5, th e  sc o re  r is in g  to w a r d s  10 w ith  in c re a s in g  in te n s i ty  o f  th e  
t y p ic a l  C h e d d a r  f la v o u r .

R E S U L T S

T o ta l  co u n ts. I t  c a n  b e  se e n  (T a b le  1) t h a t  th e  h e a t  t r e a t m e n t  o f  1 4 5 °F  fo r  17 se c  
h a d  l it t le  e f fe c t  o n  th e  n u m b e r s  o f  o r g a n ism s  p r e s e n t  in  e ith e r  th e  s in g le  h e rd  o r b u lk  
m a r k e t  m ilk s , w h e re a s  th e  m o re  se v e re  t r e a t m e n t  o f  1 6 0 °F  fo r  17 se c  r e su lte d  in  a

T a b le  1. A v erag e  n u m b ers o f  b acter ia  (co lony coun ts in  y east dextrose a g a r  in cu b ated  
f o r  5  d a y s  a t  30  °C ) in  m ilk s  a n d  co rre sp o n d in g  cheeses, a n d  av erage  f la v o u r  scores

N o. o f  sam p les 
an d  h eat 

trea tm en t

C ount 
o f  raw  

m ilk/m l

C ount o f 
h eat- 

tre a te d  
m ilk/m l

C ount o f  cheeses (/g) a t A v erage
flavou r

scoreG roup 4 w eeks 6 w eeks 3 m on th s

1. Single h erd  m ilks 
an d  In stitu te -m ad e  
cheeses

13, 145 °F  fo r 17 sec
14, 160 °F  for 17 sec

3-1 x  10* 
9-4 x  104

o
 o

X
 

X
 

o
 o

C
O

 CO

4-0 x  10« 
8-5 x  10’

8-6 x  107 
1-2 x  107

6-0
5-0

2. B u lk  m ark et 
m ilk s an d  In s t i
tu te-m ad e  cheeses

13, 145 °F  for 17 sec
14, 160 °F  for 17 see

8-2 x 105 
1-0 x 10«*

2-1 x  105 
7-4 x  103* =

4-9 x 108 
1-4 x  10s

1-7 x lO 8 
1-9 x  107

5 '8
5 '0

3. B u lk  m ark et 
m ilk s an d  com m er
cially -m ade cheeses

12, 150 °F ,  flash 8-7 x  104 2-8 x  10s 8-9 x  107 6-3

*  A v erage  o f  th irteen  sam p les.

99  %  re d u c t io n . T h e  a v e r a g e  n u m b e r  o f  b a c te r ia  p r e s e n t  in  th e  h e a te d  m ilk  a t  th e  
c o m m e rc ia l c r e a m e ry  w a s  a p p r o x im a t e ly  e q u a l  to  th e  n u m b e r s  s u r v iv in g  th e  lo w e r 
t r e a t m e n t  in  th e  I n s t i t u t e  e x p e r im e n ta l  d a ir y . T h e  a v e r a g e  c o u n ts  o f  th e  c h e e se s  
a t  th e  f ir s t  s a m p lin g  w e re  a b o u t  108 b a c t e r ia /g  b u t  th e se  d e c r e a se d  s l ig h t ly  b y  th e  
t im e  o f  th e  se c o n d  sa m p lin g  a t  3 m o n th s . I t  i s  n o t ic e a b le  t h a t  th e  tw o  g r o u p s  o f  
c h e e se s  w ith  th e  lo w e r a v e r a g e  f la v o u r  sc o re  o f  5-0 c o n ta in e d  few er b a c t e r ia  t h a n  th e
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Bacteria in  cheese milk and Cheddar cheese



9 2 J .  G . F r a n k l i n  a n d  M . E l i s a b e t h  S h a r p e

o th e r s  a t  b o th  th e  f ir s t  a n d  se c o n d  sa m p lin g s ,  a n d  w ere  m a d e  fro m  th e  h e a te d  m ilk s  
w ith  th e  lo w e r in i t ia l  n u m b e r s  o f  b a c te r ia .

N o n -sta rte r  lactic  a c id  b acter ia . T h e  n u m b e r s  fo u n d  in  th e  r a w  s in g le  h e rd  m ilk s  
w ere  lo w e r th a n  in  th e  r a w  b u lk  m a r k e t  m ilk s  (T a b le  2), a n d  w ere  fu r th e r  r e d u c e d  b y  
th e  h e a t  t r e a t m e n t s ,  e s p e c ia l ly  a t  1 6 0 °F  w h en  th e  n u m b e r s  s u r v iv in g  w ere  e x t r e m e ly  
low . S im ila r  lo w  r e s id u a l  a v e r a g e  c o u n ts  w e re  o b ta in e d  w ith  th e  b u lk  m a r k e t  m ilk s  
h e a te d  a t  145 a n d  160  ° F  b u t  th e  m a r k e t  m ilk  f la sh - h e a te d  to  150  ° F  a t  a  c o m m e rc ia l  
f a c t o r y  s t i l l  c o n ta in e d  a n  a v e r a g e  o f  640  n o n - s ta r te r  la c t ic  a c id  b a c t e r ia /m l  a f t e r  
t r e a tm e n t ,  th e  c o u n t  b e in g  h ig h e r  th a n  in  th e  o th e r  m ilk s  b e fo re  h e a t  t r e a tm e n t .

T a b le  4. T h e in fluen ce o f  sp e c ie s  o f  the n o n -starter lactic  a c id  f lo r a  
o f  the cheeses on  the av e rag e  f la v o u r  score

(F igu res in paren th eses denote th e  n um ber o f  cheeses con tain in g the species n am ed.)

%  im provem en t in av erage  
flavou r score w hen th e n am ed  

species w ere presen t a t  3 m on ths 
com pared  w ith  cheeses when 

th ey  w ere not.
In stitu te  +  com m ercial cheeses

Species (66)

L . casei 12 (62)
L . p lan taru m  4 (14)
L . brevis 10 (21)
Pediococcus sp p . 18 (10)
L . c a s e i+  L . p lan taru m  4 (14)
L . casei +  L . brevis 13 (18)
L . casei +  Pediococcus sp p . 1 8 (1 0 )
L . p lan taru m  +  L . brevis 12 (8)
L . p lan taru m  +  Pediococcus sp p . 18 (6)
L . brevis +  Pe,diococcus sp p . 18 (9)

T h e  a v e r a g e  n u m b e r s  in  a l l  th e  ch ee se  g r o u p s  e x c e e d e d  107/g  a t  3 m o n th s , sh o w in g  
o n ly  a  s l ig h t  in c re a se  o v e r  th e  n u m b e r s  p r e s e n t  a t  th e  f ir s t  s a m p lin g . T h e  g r o u p s  o f  
c h e e se s  w ith  th e  lo w e st  a v e r a g e  f la v o u r  sc o re s  (5-0) c o n ta in e d  th e  lo w e st  n u m b e r  o f  
n o n - s ta r te r  la c t ic  a c id  b a c t e r ia  a t  b o t h  sa m p lin g s , b u t  th e  g ro u p  o f  c o m m e rc ia l  
ch e e se s w h ich  sc o re d  h ig h e s t  fo r  f la v o u r  d id  n o t  c o r re sp o n d in g ly  c o n ta in  th e  h ig h e s t  
n u m b e r  o f  th e se  o r g a n ism s .

T h e  d is tr ib u t io n  o f  sp e c ie s  o f  th e  n o n - s ta r te r  la c t ic  a c id  b a c t e r ia  i s  sh o w n  in  
T a b le  3. T h e  m ilk s  h e a te d  a t  1 4 5 °F  fo r  17 se c  c o n ta in e d  m o re  sp e c ie s  t h a n  s im ila r  
m ilk s  h e a te d  a t  1 6 0 °F  fo r  17 se c . T h is  i s  e m p h a s iz e d  b y  th e  f a c t  t h a t  n o n - s ta r te r  
la c t ic  a c id  b a c t e r ia  w ere  n o t  d e te c te d  in  79 %  o f  th e  s in g le  h e rd  m ilk s  a n d  57 %  o f  th e  
b u lk  m a r k e t  m ilk s  g iv e n  th e  h ig h e r  h e a t  t r e a tm e n t .  L .  c a se i  u s u a l ly  o c c u r re d  m o re  
f r e q u e n t ly  t h a n  a n y  o th e r  sp e c ie s  in  th e  h e a te d  m ilk s  ir re sp e c t iv e  o f  th e  so u rc e  o f  th e  
m ilk  o r  th e  h e a t  t r e a t m e n t  u se d .

T h e  f lo ra  o f  th e  I n s t i t u t e  c h e e se s  w a s  a lso  d o m in a te d  b y  L .  ca se i, L .  b revis  a n d  
L .  p la n ta r u m  o c c u r r in g  m u c h  le s s  f r e q u e n t ly . C o m m e rc ia l c h e e se s  m a d e  fro m  m ilk  
f la sh - h e a te d  to  150  ° F  p r e s e n te d  a  d if fe re n t  p ic tu re , h o w e v e r . A lth o u g h  e v e r y  c h e e se  
c o n ta in e d  L .  c a se i, s t r a in s  o f  L .  p la n ta r u m , L .  brevis  a n d  p e d io c o c c i w ere  a lso  p r e s e n t  
in  e q u iv a le n t  n u m b e r s  in  a  la r g e  p r o p o r t io n  o f  th e se  c h e e se s . Leu con o stoc  sp p .  w ere
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fo u n d  in  s a m p le s  r e p r e se n t in g  e a c h  t y p e  o f  m ilk  b u t  w e re  n e v e r  fo u n d  in  a n y  o f  th e  
c h e e se  sa m p le s ,  a n d  i t  w o u ld  a p p e a r  t h a t  th e y  a r e  l i t t le  in v o lv e d  in  th e  d e v e lo p m e n t  
o f  th e  t y p ic a l  C h e d d a r  c h e e se  f la v o u r .

L .  ca se i  w a s  n u m e r ic a lly  th e  m o s t  im p o r t a n t  o r g a n ism , o c c u r r in g  m u c h  m o re  
f r e q u e n t ly  t h a n  a n y  o th e r  sp e c ie s . T h e  o c c u rre n c e  o f  th i s  o r g a n ism  in  th e  m ilk  a lm o s t  
in e v it a b ly  re su lte d  in  i t s  p re se n c e  in  la r g e  n u m b e r s  in  th e  ch e e se , a n d  e v e n  w h en  
m ilk  c o n ta in in g  n o  L .  c a se i  w a s  u se d  i t  u s u a l ly  e n te re d  th e  v a t  d u r in g  c h e e se m a k in g  
to  y ie ld  la r g e  n u m b e r s  in  th e  ch ee se  a t  6  w e e k s  o r  e a r lie r . T h e  r e s u lt s  a lso  in d ic a te  
t h a t  in  th e  a b se n c e  o f  L .  c a se i  in  th e  m ilk , a n o th e r  sp e c ie s  m ig h t  m u lt ip ly  to  p r e 
d o m in a te  in  th e  ch e e se , b u t  i f  L .  c a se i  i s  a lso  p r e s e n t  i t  u s u a l ly  o u tg ro w s  a l l  o th e r  
sp e c ie s . S o m e t im e s  o n e  o r  m o re  sp e c ie s  w ere  fo u n d  in  e q u a l  n u m b e r s  w ith  L .  c a se i  
in  ch e e se s  m a d e  fro m  m ilk  c o n ta in in g  g r e a t e r  n u m b e r s  o f  la e to b a c il l i ,  i .e . m ilk  g iv e n  
th e  m ild e r  h e a t  t r e a t m e n t s ,  b u t  r a r e ly  d id  th e y  o u tg ro w  L .  c a se i  in  th e  ch e e se . T h e  
n u m e r ic a l  p re p o n d e r a n c e  o f  L .  c a se i  in  th e  c h e e se s  d id  n o t ,  h o w ev er , n e c e s s a r i ly  im p ly  
t h a t  i t  w a s  th e  m o s t  im p o r t a n t  sp e c ie s  a s s o c ia t e d  w ith  g o o d  C h e d d a r  c h e e se  f la v o u r  
d e v e lo p m e n t . T a b le  4  sh o w s th e  p e r c e n ta g e  f la v o u r  im p r o v e m e n t  o b ta in e d  w h en  a  
p a r t ic u la r  sp e c ie s  o r  c o m b in a t io n  o f  sp e c ie s  w a s  p r e s e n t  in  th e  c h e e se s  t e s te d  c o m 
p a r e d  w ith  th o se  c h e e se s  in  w h ic h  th e  sp e c ie s  o r  c o m b in a t io n  o f  sp e c ie s  w a s  a b s e n t . 
[T h e  r e s u lt s  d o  n o t  in d ic a te  th e  in flu e n c e  o f  o th e r  sp e c ie s  w h ich  m ig h t  a lso  b e  p r e s e n t  
w ith  th e  sp e c ie s  o r  g r o u p  o f  sp e c ie s  b e in g  c o n s id e re d .]  T h e  g r e a t e s t  im p r o v e m e n t  
(1 8  % )  o c c u r re d  w h en  p e d io c o c c i w ere  p r e s e n t ,  a n d  th i s  im p r o v e m e n t  w a s  u n a ffe c te d  
b y  th e  p re se n c e  o f  L .  c a se i, L .  p la n ta r u m  o r  L .  brevis. C h e e se s c o n ta in in g  L .  p la n -  
ta ru m  sh o w e d  th e  sm a lle s t  im p r o v e m e n t  in  f la v o u r  (4  % )  a l th o u g h  c h e e se s  a lso  c o n 
t a in in g  L .  brev is  o r  p e d io c o c c i  sh o w e d  g r e a t e r  im p r o v e m e n t . C h e e se s  c o n ta in in g  L .  
c a se i  o r  L .  brev is  sh o w e d  a p p r o x im a t e ly  e q u a l  im p r o v e m e n ts .  A  s im ila r  p a t t e r n  o f  
r e s u lt s  w a s  o b ta in e d  w h en  th e  I n s t i t u t e  ch e e se s  a lo n e  w e re  c o n s id e re d , e x c e p t  t h a t  th e  
p e r c e n ta g e  im p r o v e m e n ts  w e re  u s u a l ly  le s s  a n d  c h e e se s  c o n ta in in g  L .  p la n ta r u m  h a d  
a  lo w e r a v e r a g e  f la v o u r  sc o re  t h a n  th o se  c h e e se s  in  w h ich  th is  o r g a n ism  w a s  a b s e n t . 
I t  i s  n o t ic e a b le  t h a t  n o  sp e c ie s  o r  p a ir  o f  sp e c ie s  w h en  p r e s e n t  r e su lte d  in  a  lo w e rin g  
o f  th e  c o m b in e d  a v e r a g e  f la v o u r  sc o re s  o f  th e  I n s t i t u t e  a n d  c o m m e rc ia l c h e e se s . T h is  
w a s  d u e  t o  th e  c o m p a r a t iv e ly  h ig h  a v e r a g e  f la v o u r  sc o re s  o f  th e  c o m m e rc ia l  c h e e se s  
w h ic h  u s u a l ly  c o n ta in e d  L .  c a se i, L .  b rev is, L .  p la n ta r u m  a n d  p e d io c o c c i a t  3 m o n th s .

T h e  r e s u lt s  a b o v e  sh o w  t h a t  th e  n o n - s ta r te r  la c t ic  a c id  f lo ra  o f  th e  c h e e se s  c o n 
s i s t e d  o f  v a r io u s  c o m b in a t io n s  o f  L .  c a se i, L .  p la n ta r u m , L .  brevis  a n d  P ed io co ccu s  
s p p . ,  a n d  T a b le  5 in d ic a te s  t h a t  th e  a v e r a g e  f la v o u r  sc o re  im p r o v e d  w ith  in c re a s in g  
n u m b e r s  o f  sp e c ie s . T h e  s e v e r ity  o f  h e a t  t r e a t m e n t  o f  th e  m ilk  in flu e n c e d  th e  t y p e s  
o f  b a c t e r ia  p r e s e n t  in  th e  c h e e se s  in  a d d it io n  to  a f fe c t in g  n u m b e rs .

L ip o ly t ic  b ac ter ia . T h e  a v e r a g e  c o u n ts  o f  t r ib u t y r o ly t ic  b a c t e r ia  (T a b le  6) w ere  
lo w er in  th e  m ilk s  p r o c e s s e d  a t  th e  I n s t i t u t e  a n d  th e  r e sp e c t iv e  c h e e se s , w h e re a s  th e  
h ig h e s t  a v e r a g e  c o u n t  o c c u r re d  in  th e  fa c to r y - p r o c e s s e d  m ilk s  a n d  c h e e se s . T h e  
g r o u p s  o f  c h e e se s  w ith  th e  g r e a t e r  n u m b e r  o f  l ip o ly t ic  b a c t e r ia  a lso  h a d  th e  h ig h e r  
a v e r a g e  f la v o u r  sc o re , a n d  v ic e  v e r s a . N u m b e r s  o f  t r ib u t y r o ly t ic  b a c t e r ia  in  th e  
ch e e se s  w e re  m o re  o r  le s s  c o n s ta n t  b e tw e e n  th e  f ir s t  a n d  se c o n d  s a m p lin g s . T h is  
m ig h t  in d ic a te  a  s t a t e  o f  e q u il ib r iu m  b u t  i t  i s  m o re  l ik e ly  t h a t  a t  th e  lo w  s to r a g e  
te m p e r a tu r e  th e  p o p u la t io n  re m a in e d  s t a t i c  o r  w a s  d e c r e a s in g  s lo w ly .

I n  th e  c o u rse  o f  th i s  s t u d y ,  3 0 4  s t r a in s  o f  t r ib u t y r o ly t ic  b a c t e r ia  w ere  i s o la t e d  fro m
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m ilk  a n d  61 8  s t r a in s  f ro m  ch ee se . D e t a i l s  g iv e n  in  T a b le  7 sh o w  t h a t  o n ly  12 %  o f  th e  
m ilk  i s o la te s  a n d  1 3 %  o f  th e  ch ee se  i s o la te s  w ere  a b le  to  h y d r o ly se  b u t t e r f a t ,  th e  
la r g e s t  p r o p o r t io n  b e in g  fo u n d  in  m ilk  h e a te d  a t  160 ° F  fo r  17 se c  a n d  th e  a s s o c ia t e d  
ch ee se s , p a r t ic u la r ly  th e  s in g le -h e rd  m ilk s  a n d  c h e e se s . I t  w a s  c o n s id e re d  t h a t  th e  
l ip o ly t ic  b a c t e r ia  m o s t  l ik e ly  t o  in flu e n c e  c h e e se  f la v o u r  w ere  th o s e  o r g a n ism s  c a p a b le  
c f  s p l it t in g  b u t t e r f a t  a n d  a c c o r d in g ly  o n ly  th e se  w ere  s t u d ie d  fu r th e r . O f  th e se  
i s o la t e s  38 %  w e re  G r a m - p o s it iv e  b a c il li  (a e ro b ic  sp o re - fo rm e rs) , 7 %  w e re  G r a m -

T a b le  5. T h e  a sso c ia t io n  o f  the n u m ber o f  sp e c ie s  o f  n o n -starter lactic  
a c id  b acter ia , a n d  the av erage  f la v o u r  score

(Figures in parentheses indicate the number of cheeses contributing to the average flavour score.)

No. of species of L. casei,
L. plantarum, L. brevis 
and Pediococcus spp.
detected in cheeses Average flavour

at 3 months score

0
1
2
3
4

4- 96 (3)
5- 50 (40)
5- 60 (13)
6- 10 (7)
6-58 (5)

T a b le  6. A v erag e  n u m b ers o f  tribu ty ro ly tic  b acter ia

(Colony counts in tributyrin agar incubated for 5 days at 30 °C in milks and corresponding 
cheeses, and average flavour scores.)

No. of samples and
Count of 

raw

Count of 
heat- 

treated
Count of cheeses (/g) at

A

Averag
flavour

Group heat treatment milk/ml milk/ml 4 weeks 6 weeks 3 months scores

1. Single herd milks and 13, 145 °F  for 17 sec 3-3 X 104 3-7 x 102 — 3-0 x 104 1-8 x 104 6-0
Institute-made cheeses 14, 160°F for 17 sec 6-4 X 104* 5-9 x 102 — 5-2 x 102 5-9 x 102 5 0

2. Bulk market milks and 13, 145 °F  for 17 sec 2-4 X 105t 1-2 x 104 — 5-Ox 104 6-2 x 104 5-8
Institute-made cheeses 14, 160 °F  for 17 sec 8-1 X 106j 2-0 x 103 — 6-9 x 103 2-0x 10s 5-0

3. Bulk market milks and 
commercially-made cheeses

12, 150 °F , flash — 4-7 x 104 4-8 x 105 — 4-8 x 105 6-3

*  Average of thirteen samples, f  Average of twelve samples.

T a b le  7. A  s im p le  g ro u p in g  o f  b u tte rfa t-sp littin g  b a c te r ia  iso la ted  fro m  m ilk  a n d  cheese

% of % of butterfat-splitting
tributyrolytic isolates grouped

isolates microscopically as

T y p e  o f  sam p le
N o. o f

sam p les

N o . o f
tr ib u ty ro ly tic

iso lates

ab le  to 
h yd ro ly se  
b u tte r fa t

G ram  +  
b acilli

G ra m -f
cocci

A_________
G ram  — 
bacilli Y e a s t s

1. Sin gle  h erd  m ilk , 145 ° F  for 17 sec 13 54 9 60 40 __ __
2. Sin gle  h erd  m ilk , 1 6 0 °F  for 17 sec 14 60 33 30 55 15 __
3. B u lk  m ark e t m ilk , 145 °F  fo r 17 sec 13 60 3 50 50 __ __
4. B u lk  m ark et m ilk , 160 ° F  for 17 sec 14 70 9 67 33 __ ___
5. B u lk  m ark et m ilk, 150 °F ,  flash 12 60 5 __ __ 100 __
6. Cheeses m ad e  from  1 26 120 13 44 56 __ __
7. Cheeses m ad e  from  2 28 102 30 37 63 __ __
8. Cheeses m ad e  from  3 26 130 4 20 80 __ __
9. Cheeses m ad e  from  4 28 126 17 32 59 9 __ ’

10. Cheeses m ad e  from  o 24 140 5 57 29 — 14
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n e g a t iv e  b a c il l i  a n d  o n e  i s o la t e  w a s  a  y e a s t ;  n o  fu r th e r  id e n t i f ic a t io n s  w e re  c a r r ie d  
o u t  w ith  th e se  s t r a in s .  M o st  o f  th e  b u t t e r fa t - s p l i t t in g  i s o la te s  w ere  G r a m - p o s it iv e  
c o c c i (5 4 % )  w h ic h  w ere  c la ss if ie d  fu r th e r  a s  d e sc r ib e d  a b o v e . T a b le  8 sh o w s t h a t  10 %  
o f  th e se  s t r a in s  w ere  c o a g u la se - p o s i t iv e  b e lo n g in g  to  g ro u p  1 A  o f  A b d -e l-M a le k  & 
G ib so n  (1 9 4 8 ) o r  th e  S ta p h , a u r e u s  g r o u p  o f  S h a w  et a l .  (1 9 5 1 ). M o st  o f  th e  r e m a in d e r  
w ere  S ta p h , sa p ro p h y tic u s  o r  w ere  d iv id e d  b e tw e e n  A b d -e l-M a le k  & G ib so n ’s  g r o u p s  
1 B  a n d  I D  in  th e  r a t io  o f  a p p r o x im a t e ly  2 :1  r e sp e c t iv e ly . T h re e  s t r a in s  i s o la t e d  fro m  
m ilk  w ere  u n id e n t if ie d , n o t  f i t t in g  in to  a n y  o f  th e  g r o u p s  o r  sp e c ie s  l is t e d  in  e ith e r  
sc h e m e . M o st  o f  th e  s t r a in s  w ere  s a l t - to le r a n t  (1 5 % , N a C l)  a n d  a lso  p r o d u c e d  H 2S  
w h en  g ro w n  in  Y D B .  T h e  m e ta b o lic  a c t iv i t y  o f  th e se  o r g a n ism s  in  c h e e se  d u r in g  
r ip e n in g  i s  d o u b t fu l ,  b u t  i f  th e re  i s  a n y  a c t iv i t y  e ith e r  d ire c t ly  o r  b y  th e  r e le a se  o f  
e n z y m e s  d u r in g  ly s i s  o f  ce lls , th e n  th e  p r o p e r t ie s  o f  l ip o ly s is  a n d  H 2S  p r o d u c t io n  
m ig h t  b e  e x p e c te d  t o  h a v e  so m e  in flu e n c e  o n  th e  d e v e lo p m e n t  o f  f la v o u r .

T a b le  8. C la s s if ic a t io n  o f  G ram -p o sitiv e  c a ta la se -p o sit iv e  cocci 
iso la ted  fro m  m ilk  a n d  C h ed d ar cheese

Classification according to Classification according to
Abd-el-Malek & Gibson (1948) Shaw, Stitt & Cowan (1951)

Staph.
No. of Group Group Group Group Unidenti- Staph. saprò- Staph. Unidenti
strains Source 1 A I B  1C 1 D fied aureus phyticus lactis fied

16* Milk 1 11 — 1 3 1 12 — 3
43f Cheese 5 26 1 11 — 5 36 2 —

* 12 strains grew in Lemco broth containing 15%  NaCl and 13 strains produced H 2S.
t  41 strains grew in Lemco broth containing 15 % NaCl and also produced H 2S.

T a b le  9. T h e  occurrence o f  g ro u p  D  streptococci in  m ilk s
a n d  co rre sp o n d in g  cheeses

No. of Average counts
samples of group D

Total containing streptococci Average
no. of group D (colony counts on flavour

Type of sample samples streptococci T1TGA /ml or /g) scores

1. Single herd milk, raw 24 3 20-0 —
2. Single herd milk, 145 °F  for 17 sec 12 2 1-6 —
3. Single herd milk, 160 °F  for 17 sec 14 0 <  1-0 —
4. Bulk market milk, raw 24 8 57-5 —
5. Bulk market milk, 145 °F  for 17 sec 12 2 89-3 —
6. Bulk market milk, 160°F for 17 sec 14 1 <  1-0 —
7. Bulk market milk, 150 °F , flash 12 11 2176-0 —

, „  ̂ f 6 weeks 13 2 23-0)8. Cheeses made from 2-! g 12 1 250 J 6-0

_ „ „ T6 weeks 13 2 3-81
9. Cheeses made from 3-! 0 ,, (3 months 14 1 1543-0/ 5-0

, „ f 6 weeks 13 3 2856-01
10. Cheeses made from 5 %  months 12 3 20354-0/ 5-8

, „ 6 weeks 13 3 183 1
11. Cheeses made from 6 | 3 monthg 14 4 131 j 5-0

, „ _ f4 weeks 12 10 8496 \
12. Cheeses made from 7 | 3 month3 12 9 3732 J 6-3
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G ro u p  D  streptococci. T h e se  o r g a n ism s  o c c u r re d  in fr e q u e n t ly  in  th e  I n s t i t u t e  m ilk s  
a n d  c h e e se s  b u t  w ere  n e a r ly  a lw a y s  p r e s e n t  in  th e  c o m m e rc ia l m ilk s  a n d  c h e e se s  a s  
sh o w n  in  T a b le  9. T h e  few  I n s t i t u t e  c h e e se s  c o n ta in in g  g ro u p  D  s t r e p to c o c c i,  so m e 
t im e s  in  fa ir ly  h ig h  n u m b e r s , d id  n o t  n e c e s s a r ily  sc o re  h ig h e r  fo r  f la v o u r  t h a n  th e  
a v e r a g e  sc o re  fo r  th e  t y p e  o f  c h e e se s  to  w h ic h  th e y  b e lo n g e d . W h e n  th e se  o r g a n ism s  
w ere  d e te c te d  in  a  p a r t ic u la r  ch ee se , th e y  w ere  r a r e ly  fo u n d  a t  b o t h  s a m p l in g s  b u t  in  
o n ly  o n e  o r  o th e r  o f  th e  sa m p le s .  G r o u p  D  s t r e p to c o c c i  o c c u r re d , h o w e v e r , in  n e a r ly  
a ll  th e  m ilk  a n d  ch ee se  s a m p le s  fro m  th e  c o m m e rc ia l f a c t o r y  a n d  fo r  th i s  r e a so n , a n d  
b e c a u se  th e se  c h e e se s  sc o re d  h ig h e r  fo r  f la v o u r  t h a n  th e  I n s t i t u t e  c h e e se s , r e p r e 
se n ta t iv e  s t r a in s  w ere  i s o la t e d  a n d  s t u d ie d  fu r th e r  to  d e te rm in e  th e  in c id e n c e  o f  
d if fe re n t  sp e c ie s . T h e  r e s u lt s  (T a b le  10) sh o w  t h a t  th e  m o s t  c o m m o n ly  o c c u r r in g

T a b le  10. C la s s if ic a t io n  o f  se ro lo g ica l g ro u p  D  streptococci iso la ted  fro m  
co m m erc ia l bu lk  m ilk  a n d  co rre sp o n d in g  cheeses

Classified according to Shattock (1962)

Str. faecalis Str. faecalis
No. of 
strains Source

Str.
faecalis

var.
zymogenes

var.
liquefaciens

Str.
faecium

Str.
bovis Unclassified

21 Milk 2 2 2 13* 1 1
28 Cheese — — — 25 If 2

*  Two strains failed to react with group D antisera, t  One strain failed to react with group D antisera.

sp e c ie s  in  th e  m ilk s  a n d  c h e e se s  w a s  S t r .  f a e c iu m . S t r .  f a e c a l i s  a n d  i t s  v a r i a n t s  w ere  
fo u n d  o c c a s io n a l ly  in  th e  ch ee se  m ilk  b u t  n o t  in  a n y  o f  th e  c h e e se s . O n e s t r a in  o f  
S t r .  bovis w a s  i s o la t e d  fro m  a  h e a te d  ch ee se  m ilk  a n d  a  s im ila r  s t r a in  w a s  la te r  
i s o la t e d  fro m  th e  c h e e se  m a d e  fro m  th is  m ilk . T h re e  s t r a in s  f ro m  u n r e la te d  m ilk  a n d  
c h e e se  s a m p le s  w e re  u n c la s s if ie d . A lth o u g h  S t r .  f a e c iu m  a p p e a r e d  to  o c c u r  m o s t  
f r e q u e n t ly  in  th e  c h e e se s , th e re  w a s  l i t t le  a s s o c ia t io n  w ith  th e  d e v e lo p m e n t  o f  C h e d d a r  
ch ee se  f la v o u r . H o w e v e r , th e  c o m m e rc ia l c h e e se s  in  w h ic h  g ro u p  I )  s t r e p to c o c c i  w ere  
n e a r ly  a lw a y s  d e te c te d  sc o re d  h ig h e r  fo r  f la v o u r  t h a n  a n y  o th e r  g ro u p  o f  c h e e se s .

T h e  effect o f  s ta rte r  on  cheese f la v o u r . C h e e se s w ere  m a d e  in  th e  I n s t i t u t e  d a ir y  
u s in g  p a ir s  o f  s in g le  s t r a in  s t a r t e r s  in  a  10-w eek  r o ta t io n . T h e  a v e r a g e  f la v o u r  sc o re s  
a w a r d e d  to  th e  g r o u p s  o f  c h e e se s  m a d e  u s in g  th e  d if fe re n t  s t a r t e r  p a i r s  a r e  sh o w n  in  
T a b le  11. T h e  r e s u lt s  in d ic a te  t h a t  th e  b e s t  s t a r t e r  p a ir  w a s  S t r .  crem o ris  1218  a n d  
S t r .  la c t is  5 0 9 . T h e  p a ir  u se d  to  m a k e  th e  c h e e se s  h a v in g  th e  lo w e st  a v e r a g e  f la v o u r  
sc o re  w a s  S t r .  c rem o ris  508  a n d  S t r .  la c t is  5 0 7 . T h e  tw o  w o rs t  p a i r s  e a c h  c o n ta in e d  
S t r .  crem o ris  508  a n d  th is  w o u ld  s u g g e s t  th e  u n s u i t a b i l i t y  o f  th i s  s t r a in  a s  a  ch ee se  
s t a r t e r  u n d e r  th e se  c o n d it io n s  o f  m a n u fa c tu r e . T h e  a v e r a g e  p H  v a lu e s  o f  th e  c h e e se s  
m a d e  u s in g  th e  f iv e  s t a r t e r  p a i r s  w ere  s im ila r , s u g g e s t in g  t h a t  th e  r e la t iv e ly  la r g e  
f la v o u r  d iffe re n c e s  w ere  d u e  to  f a c t o r s  o th e r  th a n  th e  q u a n t i t y  o f  a c id  p ro d u c e d . 
H o w e v e r , th e  r a t e  o f  a c id  p ro d u c t io n  m ig h t  h a v e  h a d  so m e  e ffe c t .

I t  w a s  n o t  p o s s ib le  to  c o m p a r e  th e  s t a r t e r s  u se d  in  th e  c o m m e rc ia l f a c t o r y .
C h em ica l a n a ly s i s  o f  the cheeses. E x a m in a t io n  o f  th e  a v e r a g e  f la v o u r  sc o re s  a n d  p H  

v a lu e s  a t  3 m o n th s  o f  th e  s ix t y - s ix  ch e e se s  s tu d ie d  in  th is  in v e s t ig a t io n  sh o w e d  t h a t  
th e  f la v o u r  te n d e d  to  im p r o v e  a s  th e  a c id i t y  o f  th e  ch ee se  d e c r e a se d  w ith in  th e  p H  
r a n g e  4 -9 5 -5 -3 5 . S t a t i s t i c a l  a n a ly s i s  in d ic a te d  t h a t  th e  co e ffic ie n t o f  c o r re la t io n
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b e tw e e n  f la v o u r s  sc o re s  a n d  p H  r e a d in g s  c o u ld  b e  e x p r e s s e d  a s  r  — 0-298  (64  d .f .),
0-02 >  P  >  0-01. C h e e se s  in  w h ich  a n  in c re a se  in  p H  v a lu e  o c c u r re d  b e tw e e n  th e  
f ir s t  a n d  se c o n d  s a m p lin g s  h a d  a  h ig h e r  a v e r a g e  f la v o u r  sc o re  (5-93) t h a n  th o s e  c h e e se s  
sh o w in g  n o  c h a n g e  o r  a  d e c re a se  in  p H  d u r in g  t h a t  p e r io d  (5-29).

T h e  re la t io n sh ip s  b e tw e e n  f la v o u r  a n d  p e r c e n ta g e  s a l t ,  m o is tu r e  a n d  f a t  c o n te n ts  
a t  3 m o n th s  a re  g iv e n  in  T a b le  12. T h e re  i s  n o  e v id e n c e  o f  a n y  c o rre la t io n  b e tw e e n  
th e  f a t ,  s a l t  o r  m o is tu re  c o n te n t  o f  C h e d d a r  ch ee se  a t  3 m o n th s  a n d  ch ee se  f la v o u r , 
w ith in  th e  r a n g e s  c o n s id e re d .

T a b le  11. T h e  re la tio n sh ip  between the av erage  f la v o u r  sco re s o f  In st itu te  C h ed d ar
cheeses a n d the sta r te rs  u sed

Average flavour score
of cheeses made from Average Average

milk heated at flavour pH of
,----------- j11----------- \ score of all cheeses
145 °F 160 °F all at

Starter pairs for 17 sec for 17 sec cheeses 3 months

Str. cremoris 924, Str. lactis 1007 5-68 5-2 5-44 5-17
Str. cremoris 1218, Str. lactis 509 6-72 5-92 6-46 5-17
Str. cremoris 508, Str. lactis 507 5-52 4-23 4-75 5-15
Str. cremoris 508, Str. cremoris 924 4-75 5-11 4-97 5-08
Str. lactis 507, Str. lactis 1007 6-22 5-16 5-59 5-16

T a b le  12. T h e  re la tio n sh ip  between the p ercen tages o f  sa lt ,  
m o istu re  a n d  f a t  in  C h ed d ar cheese a n d  f la v o u r

(The figures in parentheses denote the number of cheeses contributing to the average flavour score.)

Range of Average
Range of 
moisture Average Range of Average

salt content flavour content flavour fat content flavour
at 3 months score at 3 months score at 3 months score

1 -15—1-25 6-55 (2) 32-5-33-4 6-6 (3) 31-6-33-5 5-96 (19)
1-26-1-35 6-60 (1) 33-5-34-4 5-77 (8) 33-6-35-5 5-39 (24)
1-36-1-45 5-30 (3) 34-5-35-4 5-20 (11) 35-6-37-5 5-82 (19)
1-46-1-55 4-43 (3) 35-5-36-4 5-47 (21) 37-6-39-5 6-45 (2)
1-56-1-65 5-75 (11) 36-5-37-4 5-98 (15) — —
1-66—1-75 5-60 (23) 37-5-38-4 6-22 (4) — —
1-76-1-85 5-70 (14) 38-5-39-4 6-75 (2) — —
1-86-1-95 6-48 (7) — — — —

DISCUSSION

T h e  b a c te r io lo g ic a l  r e s u lt s  d e sc r ib e d  a b o v e  g iv e  so m e  s u p p o r t  to  th e  a r g u m e n ts  in  
fa v o u r  o f  a  p o s i t iv e  in flu e n c e  o f  m ic r o o rg a n ism s  o n  ch ee se  f la v o u r , c h e e se s  c o n 
ta in in g  th e  g r e a te r  n u m b e r  o f  b a c t e r ia  sc o r in g  h ig h e r  fo r  f la v o u r . T h e  n u m b e r s  a n d  
t y p e s  o f  b a c t e r ia  in  th e  ch ee se  m ilk , a n d  u lt im a t e ly  in  th e  ch ee se , a re  c o n tro lle d  
la r g e ly  b y  th e  se v e r it y  o f  th e  h e a t  t r e a t m e n t  to  w h ich  th e  m ilk  i s  s u b je c te d , a l th o u g h  
a d v e n t i t io u s  c o n ta m in a t io n  d u r in g  c h e e se m a k in g  m u s t  a lso  c o n tr ib u te  to  th e  ch ee se  
f lo ra . T h e  p o o re r  f la v o u r  o f  c h e e se s  m a d e  fro m  th e  m o re  se v e re ly  h e a te d  m ilk s  c a n n o t  
b e  d i s so c ia te d  fro m  c h e m ic a l a n d  p h y s ic a l  c h a n g e s . I f  i t  i s  c o n s id e re d  d e s ir a b le , fo r  
p u b lic  h e a lth  r e a so n s , to  s u b je c t  ch ee se  m ilk  to  a  m in im u m  h e a t- t r e a tm e n t  c a p a b le  
o f  d e s t ro y in g  p a th o g e n ic  b a c t e r ia  (su c h  a s  th e  161 ° F  fo r  15 se c  t r e a t m e n t  r e q u ir e d  in  
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th e  I L K .  M ilk  R e g u la t io n s  (1 9 6 0 ) g o v e rn in g  th e  p a s te u r iz a t io n  o f  m ilk ) , i t  m ig h t  b e  
n e c e s s a r y  to  a d d  se le c te d  s t r a in s  o f  n o n -p a th o g e n ic  b a c t e r ia  to  th e  ch ee se  m ilk  a f t e r  
h e a t- t r e a tm e n t  to  o b ta in  a  su p e r io r - f la v o u re d  C h e d d a r  ch eese .

T h e  l ip o ly t ic  b a c t e r ia  a n d  se ro lo g ic a l  g ro u p  D  s t r e p to c o c c i  d id  n o t  in c re a se  in  
n u m b e r s  d u r in g  r ip e n in g  a n d , in  f a c t ,  b e c a u s e  m e c h a n ic a l  c o n c e n tr a t io n  o f  b a c t e r ia  
in  th e  c u rd  p a r t ic le s  n o r m a lly  o c c u r s  d u r in g  c h e e se m a k in g , th e  n u m b e r s  p r o b a b ly  
d e c re a se d  d u r in g  th e  f ir s t  few  w e e k s  o f  r ip e n in g . I t  c a n  r e a so n a b ly  b e  a s s u m e d , 
th e re fo re , t h a t  b e c a u s e  th e se  b a c t e r ia  w ere  p r e s e n t  in  s im ila r  n u m b e r s  a t  th e  f ir s t  a n d  
se c o n d  sa m p lin g s  th e y  m u s t  b e  s c a t t e r e d  s in g ly  th ro u g h o u t  th e  ch ee se  a n d  a re  e ith e r  
s t a t i c  or , i f  d iv id in g , a s  m a n y  n ew  ce lls  a r e  b e in g  fo rm e d  a s  o ld  ce lls  a r e  d y in g . T h e  
c o m p a r a t iv e ly  lo w  n u m b e r s  o f  th e se  b a c t e r ia  in  th e  ch ee se  m a k e  th e  l a t t e r  h y p o th e s is  
u n lik e ly  a n d  i t  i s  p r o b a b le  t h a t  i s o la t e d  b a c t e r ia  e x i s t  in  a  d o r m a n t  o r  n e a r - d o r m a n t  
s t a t e .  I t  is  d iff ic u lt  to  se e  h o w  su c h  b a c t e r ia  c o u ld  in flu e n c e  f la v o u r  u n le s s  th e y  w e re  
p r e s e n t  o r ig in a lly  in  c o n s id e ra b ly  h ig h e r  n u m b e r s  a n d  su b se q u e n t ly  c o n tr ib u te d  to  
th e  f la v o u r  b y  th e  a c t io n  o f  e n z y m e s  re le a se d  b y  a u t o ly s is  o f  th e  ce lls  d u r in g  th e  
r ip e n in g  p e r io d . I f  th is  o c c u rre d , h o w ev er , i t  i s  d iff ic u lt  to  e x p la in  w h y  th e  b a c t e r ia  
d id  n o t  co n tin u e  to  d e c re a se  in  n u m b e r s  d u r in g  th e  p e r io d  b e tw e e n  th e  tw o  sa m p lin g s . 
C o n d it io n s  in  th e  ch ee se , su c h  a s  low  p H , h ig h  s a l t  c o n te n t  a n d  low  te m p e r a tu r e , d o  
n o t  fa v o u r  th e  m u lt ip lic a t io n  a n d  a s s o c ia t e d  m e ta b o lic  a c t iv i t y  o f  th e se  b a c te r ia .

T h e  s i tu a t io n  is  v e r y  d if fe re n t  w ith  th e  la c to b a c i l l i  a n d  p e d io c o c c i, h o w e v e r , w h ic h  
a re  a c t iv e ly  m u lt ip ly in g  in  th e  ch ee se  w ith  th e  fo r m a tio n  o f  co lo n ie s . I t  is  fe a s ib le  
t h a t  th e se  o r g a n ism s  h a v e  so m e  e ffe c t  o n  fla v o u r , a n d  th e  r e s u lt s  s u g g e s t  t h a t  c e r ta in  
sp e c ie s  m a y  c o n tr ib u te  m o re  to w a r d s  f la v o u r  t h a n  o th e rs . I t  h a s  a l r e a d y  b e e n  sh o w n  
t h a t  m a n y  s t r a in s  o f  la c to b a c i l l i  p ro d u c e  H 2S  u n d e r  c o n d it io n s  o f  lo w  p H , a n a e r o b io s is  
a n d  lo w  s u g a r  c o n c e n tr a t io n  (S h a r p e  & F r a n k lin , 1962 ), a n d  th e y  m a y  a lso  d o  t h is  in  
ch e e se . T h e y  m a y  in flu e n c e  th e  f la v o u r  in  o th e r  w a y s  a l th o u g h  th e y  a p p e a r  to  h a v e  
l i t t le  o r  n o  a c t iv i t y  a g a in s t  b u t t e r f a t  a n d  c a se in . T h e ir  ro le  m ig h t  b e  a s s o c ia t e d  w ith  
th e  g ro w th  o r  m e ta b o lic  b y - p r o d u c ts  o f  o th e r  b a c te r ia .

T h e  s t a r t e r  s t r e p to c o c c i, w h ich  a re  v e r y  a c t iv e  d u r in g  th e  e a r ly  s t a g e s  o f  c h e e se 
m a k in g  a n d  a t t a i n  la r g e  n u m b e r s  in  th e  ch ee se , p r o b a b ly  h a v e  a  m a r k e d  e ffe c t  on  
ch ee se  f la v o u r  d u r in g  th is  p e r io d , a n d  a lso  la te r  b e c a u s e  o f  th e  c o n t in u e d  in flu e n c e  o f  
th e  b y - p r o d u c ts  o f  th e ir  e a r lie r  a c t iv i t y  a n d  to  th e  re le a se  o f  e n z y m e s  in to  th e  ch ee se  
d u r in g  ce ll ly s is .  T h e  r e su lt s ,  in  fa c t ,  sh o w e d  fa ir ly  la r g e  d iffe re n c e s  in  a v e r a g e  f la v o u r  
sc o re s  w h en  d iffe re n t  p a i r s  o f  s in g le  s t r a in  s t a r t e r s  w ere  u se d . T h e  q u a n t i t y  a n d  
q u a l ity  o f  th e  e n z y m e s  a n d  m e ta b o lic  b y - p r o d u c ts  p r o d u c e d  w o u ld  b e  e x p e c te d  n o t  
o n ly  to  in flu e n c e  th e  f la v o u r  d ire c t ly  b u t  a lso  to  a f fe c t  th e  g ro w th  a n d  m e ta b o lic  
a c t iv i t y  o f  o th e r  b a c t e r ia  in  th e  ch eese , p a r t ic u la r ly  th e  n o n - s ta r te r  la c t ic  a c id  f lo ra . 
A c id  p r o d u c t io n  in  th e  ch ee se  b y  th e  s t a r t e r  s t r e p to c o c c i  i s  o b v io u s ly  o f  im p o r ta n c e  
a n d  th e  r e su lt s  o f  p H  m e a su r e m e n ts  o f  th e  c h e e se s  co n firm  th is . A lth o u g h  a c id  
d e v e lo p m e n t  i s  e s se n t ia l  to  g o o d  c h e e se m a k in g , to o  m u c h  a c id i t y  c a n  a d v e r s e ly  
a f fe c t  th e  f la v o u r  a s  e x e m p lif ie d  b y  th e  lo w e rin g  o f  f la v o u r  sc o re s  a s  th e  p H  d e c r e a se s  
in  th e  r a n g e  4 -9 5 -5 -3 5 .

Iv r is to ffe r se n  & G o u ld  (1 9 6 0 ) d e m o n s t r a te d  t h a t  s a t i s f a c t o r y  f la v o u r  d e v e lo p m e n t  
in  C h e d d a r  ch ee se  i s  r e la te d  to  b o th  p r o te o ly t ic  a n d  l ip o ly t ic  a c t iv i t ie s  d u r in g  r ip e n in g , 
a n d  t h a t  th e  tw o  p r o c e s s e s  m u s t  p ro c e e d  a t  d e fin ite , in te r d e p e n d e n t  r a t e s  b e fo re  
o p t im u m  f la v o u r  q u a l i t y  r e su lt s .  T h is  s t u d y  h a s  co n firm e d  t h a t  b a c t e r ia l  a c t iv i t y  d o e s
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in flu e n c e  c h e e se  f la v o u r , i t s  d e v e lo p m e n t  b e in g  c o r r e la te d  w ith  th e  n u m b e r s  a n d  
t y p e s  o f  b a c t e r ia  p r e s e n t . T h e  in flu e n c e  m a y  b e  in d ir e c t , fo r  e x a m p le , b y  th e  r e le a se  
o f  b a c te r ia l  e n z y m e s  in to  th e  ch ee se  m ilk  a s  a  r e s u lt  o f  th e  d e s t r u c t io n  o f  b a c t e r ia  
d u r in g  h e a t- t r e a tm e n t  o f  th e  m ilk  a n d  th e  su b se q u e n t  a c t iv i t y  o f  th e se  e n z y m e s  in  
th e  ch ee se , o r  b y  th e  re le a se  o f  p r o te o ly t ic  a n d  l ip o ly t ic  e n z y m e s  in  th e  ch ee se  d u e  to  
a u t o ly s is  o f  m ic r o o r g a n is m s  d u r in g  r ip e n in g . A lte r n a t iv e ly  th e  in flu e n c e  m a y  b e  a  
d ire c t  r e s u lt  o f  th e  m e ta b o lic  a c t iv i t y  o f  c e r ta in  a c t iv e ly  m u lt ip ly in g  s t r a in s  in  th e  
ch eese .

T h is  w o rk  h a s  sh o w n  t h a t  c e r ta in  s t r a in s  a n d  sp e c ie s  im p r o v e d  th e  f la v o u r  m o re  
t h a n  o th e r s , b u t  a s  g o o d  ch ee se  f la v o u r  i s  u s u a l ly  th o u g h t  to  b e  d u e  to  a  c o rre c t  b le n d  
o f  a  c o m p le x  m ix tu r e  o f  c o m p o n e n ts , i t  i s  a lso  p o s s ib le  t h a t  a  c o rre c t  b le n d  o f  b a c t e r ia  
in  th e  ch ee se  m ig h t  b e  n e c e s s a r y  to  a c h ie v e  th e  b e s t  f la v o u r . T o w a r d s  th e  e n d  o f  th is  
in v e s t ig a t io n  i t  w a s  d e m o n s t r a te d , u s in g  a  se le c t iv e  m e d iu m  te c h n iq u e  (G y lle n b e rg , 
E k lu n d , A n t i la  & V a r t io v a a r a ,  19 6 0 ), t h a t  G r a m - n e g a t iv e  b a c il l i  w ere  so m e t im e s  
p r e s e n t  in  c o n s id e ra b le  n u m b e r s  (1 0 4- 1 0 6/g ) in  th e  c o m m e rc ia l c h e e se s , a n d  th e  
p o ss ib le  in flu e n c e  o f  th e se  o r g a n ism s  m u s t  b e  c o n s id e re d . F u r t h e r  a s s e s s m e n t  o f  th e  
ro le  o f  b a c t e r ia  i s  l ik e ly  t o  d e p e n d  o n  a s s o c ia t iv e  g ro w th  s tu d ie s  o f  d if fe re n t  s t r a in s  
a n d  sp e c ie s , a n d  th e  m a n u fa c tu r e  o f  ch ee se  u n d e r  c a re fu lly  c o n tro lle d  b a c te r io lo g ic a l  
c o n d it io n s  so  t h a t  th e  e ffe c t  o f  a d d in g  se le c te d  s t r a in s  a n d  m ix tu r e s  o f  s t r a in s  c a n  b e  
e v a lu a t e d .

W e w ish  to  th a n k  th e  M ilk  M a r k e t in g  B o a r d  o f  E n g la n d  a n d  W a le s  fo r  th e ir  c o 
o p e r a t io n  a n d  fo r  p r o v id in g  la b o r a t o r y  fa c i l i t ie s  a t  o n e  o f  th e ir  c r e a m e r ie s ;  M is s
H . R .  C h a p m a n  a n d  M iss  A . J .  W . H a r r iso n  fo r  m a k in g  th e  I n s t i t u t e  c h e e se s ;  
M r A . W . W a g s t a f f  fo r  c a r r y in g  o u t  th e  c h e m ic a l a n a ly s e s  o f  th e  ch e e se s  a n d  n u m e ro u s  
o th e r  c o lle a g u e s  a t  th e  I n s t i t u t e  fo r  th e ir  h e lp  a n d  c o -o p e ra tio n  d u r in g  th is  w o rk .
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The p re p a ra tio n  o f k-casein

B y  R .  D . H I L L

C .S . l .R .O .  D iv is io n  o f  D a ir y  R esearch , H igh ett, V icto ria  

(R eceived  25  Sep tem b er  1962)

S u m m a r y . A  m e th o d  is  d e sc r ib e d  fo r  th e  p r e p a r a t io n  o f  « - c a s e in  a n d  fo r  i t s  p u r i f ic a 
t io n  b y  c h r o m a to g r a p h y  o n  D E A E  ce llu lo se . T h e  c o n d it io n s  o f  p r e p a r a t io n  h a v e  b e e n  
c h o se n  so  a s  to  a v o id  d r a s t ic  a l te r a t io n  o f  th e  « - c a s e in  a n d  p e r m it  th e  i so la t io n  in  
r e la t iv e ly  p u r e  fo rm  o f  o n e - h a lf  t o  tw o - th ird s  o f  th e  a m o u n t  th e o r e t ic a l ly  a v a i la b le .

S in c e  th e  d is c o v e r y  b y  W a u g h  & v o n  H ip p e l  (1 9 5 6 ) o f  a  re n n in - se n s it iv e , C a - s ta b le  
f r a c t io n  in  c a se in  w h ic h  th e y  n a m e d  « - c a s e in , th e re  h a s  b e e n  c o n s id e ra b le  in te r e s t  in  
th e  p r o p e r t ie s  o f  th i s  f r a c t io n  a n d  a  n u m b e r  o f  m e th o d s  h a s  b e e n  su g g e s te d  fo r  i t s  
p r e p a r a t io n  (e .g . M c K e n z ie  & W a k e , 1 9 6 1 ; T s u g o  & Y a m a u c h i ,  1 9 6 0 ; S w a isg o o d  & 
B r u n n e r , 1 9 6 2 ; C h e e se m a n , 1 9 6 2 ; L o n g ,  v a n  W in k le  & G o u ld , 1958 ). T h e s e  m e th o d s  
g e n e r a lly  r e ly  t o  so m e  e x t e n t  u p o n  th e  p r o c e s s  s u g g e s t e d  b y  W a u g h  & v o n  H ip p e l  
(1 9 5 6 ) fo r  th e  s e p a r a t io n  o f  th e  «  f r a c t io n  fro m  th e  a - «  c o m p le x , b u t  u se  p r o t r a c t e d  
o r  r e la t iv e ly  in e ffic ie n t m e a n s  fo r  th e  su b s e q u e n t  p u r if ic a t io n  o f  th e  c ru d e  « - c a se in . 
T h e  w o rk  o f  B e e b y  & N it sc h m a n n  (1 9 6 3 ) s u g g e s t s  t h a t  « - c a s e in  i t s e l f  i s  n o t  a  s in g le  
p ro te in  b u t  i s  a  c o m p le x , a n d  t h a t  th e  so lu b le  m a t e r ia l  s p l i t  fro m  « - c a s e in  b y  re n n in  
m a y  a lso  b e  r e m o v e d  b y  u r e a . T h is  m a k e s  i t  d e s ir a b le  to  d e v e lo p  a  m e th o d  fo r  p r e 
p a r in g  « - c a s e in  t h a t  d o e s  n o t  in v o lv e  th e  u se  o f  r e a g e n t s  su c h  a s  u re a , o r  T C A -u re a , 
a n d  t h a t  r e s u lt s  in  a  g r e a te r  y ie ld  o f  fin a l p r o d u c t .  T h e  m e th o d  d e sc r ib e d  in  th is  p a p e r  
i s  b a s e d  u p o n  t h a t  o f  W a u g h  a n d  v o n  H ip p e l  fo r  th e  s e p a r a t io n  o f  th e  c ru d e  « - c a se in , 
b u t  u s e s  a  f in a l c h r o m a to g r a p h ic  s e p a r a t io n  in  c o n d it io n s  w h ich  m in im iz e  th e  b r e a k 
u p  o f  th e  « - c a s e in  c o m p le x .

E X P E R IM E N T A L  

M a te r ia l s  a n d  m ethods

A ll c h e m ic a ls  w ere  c o m m e rc ia l p r o d u c t s  o f  r e a g e n t  g r a d e . W a te r  w a s  d e - io n ize d  
b y  m e a n s  o f  a n  E l g a s t a t  d e - io n iz in g  co lu m n . E r e s h  r a w  b u lk  m ilk  w a s  u s e d ; i t  a n d  
th e  p ro te in  so lu t io n s  p r e p a r e d  fro m  i t  w ere  p r e s e r v e d  d u r in g  p r e p a r a t io n  b y  th y m o l. 
C ry sta l lin e  re n n in  w a s  u se d  a n d  th e  D E A E  c e llu lo se  w a s  W h a tm a n  D E 5 0 .  F r a c t io n s  
w ere  c o lle c te d  o n  a  L . K . B .  f r a c t io n  c o lle c to r  e q u ip p e d  w ith  a  U V  a b so r p t io m e te r  
re c o rd in g  t r a n s m is s io n  a t  2 5 3  m /x.

N it ro g e n  w a s  d e te rm in e d  b y  se m i-m ic ro  K je ld a h l  d is t i l la t io n , a n d  s ia l ic  a c id  b y  
th e  m e th o d  o f  W a rre n  (1 9 5 9 ). D is u lp h id e  w a s  d e te rm in e d  b y  th e  m e th o d  o f  A lliso n  
& C ecil (1 9 5 8 ) u s in g  p h e n y l-m e rc u ry  a c e ta t e  in  lie u  o f  p h e n y l-m e rc u ry  h y d r o x id e  a s  

th e  t i t r a n t .



102 R .  D . H i l l

T h e  b u ffe r s  fo r  e lu t in g  p ro te in  fro m  th e  D E A E  c e llu lo se  c o lu m n s w e re : A , 0-05 
x - a c e t ic  a c id  m a d e  to  p H  6-25 w ith  N a O H ; a n d  B ,  0 T  O n -ace tic  a c id  a d ju s t e d  to  
p H  6-25 w ith  N a O H , to  w h ich  w a s  a d d e d  C aC l2 to  a  f in a l s t r e n g th  o f  0-5m a n d  th e  p H  
a d ju s t e d  to  4-5 w ith  T O n -HCH.

E le c t r o p h o r e s is  w a s  p e r fo r m e d  in  a n  L . K . B .  a p p a r a t u s ,  u s in g  a  l iq u id  d e n s ity  
g r a d ie n t  w h ich  w a s  a p p r o x im a t e ly  lin e a r  f ro m  0 to  45  %  in  g ly c e ro l a n d  in  w h ich  th e  
p ro te in  g r a d ie n t  w a s  in it ia l ly  e x p o n e n t ia l . R u n s  w ere  u s u a l ly  o f  4 0 - 4 4  h  d u r a t io n  
w ith  a n  a p p lie d  v o lt a g e  o f  50 0  Y  in  p h o s p h a te  b u ffe r  o f  io n ic  s t r e n g th  0-05 a n d  p H  9-5.

T h e 'p rep ara tio n  o f  crud e K -casein

T h re e  l it r e s  o f  ra w  m ilk  w ere  w a rm e d  to  3 5  °C  a n d  c e n tr ifu g e d  in  tw o  lo t s  o f  1500  m l 
in  a  S e r v a l l  R C 2  c e n tr ifu g e  (G S A  R o t o r ,  9 0 0 0  re v /m in ) . A fte r  15 m in  a t  3 5 °C , th e  
t e m p e r a tu r e  c o n tro l w a s  a d ju s t e d  to  3 °C  a n d  th e  ru n  c o n t in u e d  fo r  a  fu r th e r  15 m in . 
T h e  fro z e n  f a t  la y e r  w a s  re m o v e d , a n y  se d im e n t  d is c a r d e d  a n d  th e  tw o  lo t s  o f  fa t- fre e  
sk im -m ilk  w ere  c o m b in e d . T h e  sk im -m ilk  w a s  w a rm e d  to  30 °C  a n d  th e  p H  a d ju s t e d  
to  4-5 b y  th e  s lo w  a d d it io n  w ith  s t ir r in g  o f  T 0 n -H C 1. T h e  p r e c ip it a te  w a s  f il te re d  a n d  
w a sh e d  o n  N y lo n  c lo th  in  a  la r g e  B u c h n e r  fu n n e l. T h e  p r e c ip it a te  w a s  th e n  d is p e r se d  
in  w a te r  b y  m e a n s  o f  a  W a r in g  B le n d o r , th e n  r e d is s o lv e d  in  3 1 o f  w a te r  b y  th e  slo w  
a d d it io n  w ith  s t ir r in g  o f  T 0 N -N a O H , th e  p H  b e in g  k e p t  b e lo w  8. W h en  so lu t io n  w a s  
c o m p le te , th e  c a se in  w a s  a g a in  p r e c ip it a te d , a n d  r e d is s o lv e d  a s  d e sc r ib e d  a b o v e , 
e x c e p t  t h a t  th e  f in a l v o lu m e  o f  th e  so lu t io n  w a s  1400  m l. T h is  so lu t io n  c o n ta in in g
5 - 6 %  p ro te in  w a s  c o o le d  to  3 °C  a n d  100  m l o f  s im ila r ly  co o led  4M -C aC l2 so lu t io n  
a d d e d  s lo w ly  w ith  s t ir r in g , th e  p H  o f  th e  so lu t io n  b e in g  k e p t  b e tw e e n  6-7 a n d  7-2. 
T h e  su sp e n s io n  w a s  k e p t  co o l fo r  a p p r o x im a t e ly  1 h , th e n  w a rm e d  to  3 5 °C  a n d  sp u n  
fo r  15 m in  a t  th is  t e m p e r a tu r e  in  th e  S e r v a l l  c e n tr ifu g e  (G S A  R o t o r ,  5 0 0 0  re v /m in ) . 
T h e  s u p e r n a ta n t  w a s  re m o v e d  a n d  d ia ly s e d  o v e rn ig h t  a g a in s t  16 1 o f  w a te r  a t  3 °C . 
T h e  d ia ly se d  so lu t io n  w a s  th e n  c o n c e n tr a te d  in  a  lo w - te m p e ra tu re  v a c u u m  e v a p o r a t o r  
t o  a  v o lu m e  o f  a b o u t  25 0  m l, th e  e v a p o r a t o r  b e in g  o p e r a te d  so  t h a t  th e  t e m p e r a tu r e  
o f  th e  so lu t io n  d id  n o t  e x c e e d  4 0 °C . (A lte r n a t iv e ly  th e  d ia ly se d  so lu t io n  w a s  
a d ju s t e d  to  p H  4-7, a n d  th e  p r e c ip it a te  o f  c ru d e  K -case in  w a s  re d is s o lv e d  in  a  v o lu m e  
o f  2 5 0  m l a t  p H  7 -7 -5  b y  th e  s lo w  a d d it io n  o f  1 -O x -N aO H .) T h e  so lu t io n  w a s  th e n  
co o le d  to  3 °G  a n d  20 m l o f  4w -C aC l2 a d d e d , th e  p H  b e in g  k e p t  b e tw e e n  6-7 a n d  7-2. 
T h e  so lu t io n  w a s  th e n  w a rm e d  to  35 °C  a n d  sp u n  a t  60 0 0 0  g  fo r  45  m in  in  th e  S p in c o  
M o d e l L  u lt r a c e n tr ifu g e  (R o to r ,  21 , 2 1 0 0 0  re v /m in ) . T h e  p r e c ip it a te  a n d  a n y  f a t t y  
la y e r  w ere  d i s c a r d e d  a n d  th e  c le a r  su p e r n a ta n t  w a s  d ia ly se d  fo r  3 - 4  h  a g a in s t  5  1 o f  
w a te r , w ith  s t ir r in g , th e n  o v e rn ig h t  a g a in s t  16 1 o f  b u ffe r  A  a t  3 °C . T h e  d ia ly s e d  s o lu 
t io n  w a s  th e n  e ith e r  u se d  d ire c t ly  fo r  c h ro m a to g ra p h ic  p u r if ic a t io n , o r  fre e z e -d r ie d  fo r  
su b se q u e n t  u se . A  y ie ld  o f  9 - 1 2  g  o f  p ro te in  m a te r ia l  w a s  o b ta in a b le  a t  th i s  s t a g e .

C h ro m ato grap h ic  p u r if ic a tio n  o f  crude K -casein  

T h e  c ru d e  K -casein  w a s  p u r if ie d  b y  c h r o m a to g r a p h y  o n  a  c o lu m n  o f  D E A E  c e l lu 
lo se  p r e p a r e d  in  th e  fo llo w in g  w a y . F i f t e e n  g r a m s  o f  D E A E  c e llu lo se  w a s  a g i t a t e d  
in  50 0  m l o f  O - lx - N a O H , a llo w e d  to  s e t t le  fo r  \  h , a n d  th e  e x c e s s  l iq u id  c o n ta in in g  
f in e s d e c a n te d . T h e  s lu r r y  w a s  p o u r e d  in to  a  g l a s s  co lu m n  o f  d ia m e te r  a b o u t  4 cm  
w ith  a  la y e r  o f  in c h  o f  g la s s  w o o l p a c k e d  in to  th e  b o t to m  o f  th e  c o lu m n . T h e
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c e llu lo se  w a s  p a c k e d  in  th e  co lu m n  u n d e r  a n  a ir  p r e s su r e  o f  n o t  m o re  th a n  4 - 5  lb / in 2. 
I t  w a s  th e n  w a sh e d  w ith  3 0 0  m l o f  w a te r  fo llo w e d  b y  30 0  m l o f  0 -0 5 sr-a ce tic  a c id  
u n til  th e  p H  o f  th e  e ff lu e n t w a s  3. I t  w a s  f in a lly  w a sh e d  w ith  2 5 0 - 3 0 0  m l o f  b u ffe r  
A  u n t i l  th e  p H  o f  th e  e ff lu e n t  w a s  6. T h e  c o lu m n  w a s  th e n  c o o le d  in  ic e  w a te r  fo r  a t  
le a s t  15 m in  b e fo re  u se , a n d  w a s  k e p t  in  ice  w a te r  th r o u g h o u t  th e  ru n .

A  v o lu m e  o f  th e  d ia ly s e d  c ru d e  /c-easein  so lu t io n  c o n ta in in g  8 0 0 - 1 2 0 0  m g  o f  p ro te in  
w a s  d i lu te d  w ith  b u ffe r  A  to  a  v o lu m e  o f  a b o u t  40  m l, c o o le d  to  3 °C  a n d  a p p l ie d  to  
th e  co lu m n . I t  w a s  w a sh e d  in to  th e  c o lu m n  w ith  2 x  10 m l lo t s  o f  co o le d  b u ffe r  A ,

The preparation of k-casein

• S ml

>140 ml

Fig. 1 Fig. 2

Fig. 1. Arrangement of vessels for generating gradient for column chromatograph}'.
Fig. 2. Chromatograms of «-casein on D EAE cellulose. A, 700 mg crude «-casein, final centrifu
gation, 35000g-; B , 390 mg purified «-casein, main peak of A, rechromatographed; C, 930 mg 
crude «-casein, final centrifugation 60000g; D, 4 80 mg purified «-casein, main peak of C, 
rechromatographed.

a n d  e lu t io n  c o m m e n c e d  a t  a  flow  r a t e  o f  2 - 3  m l/m in . T h e  flow  r a t e  w a s  n o t  c r i t ic a l  
b u t  to o  s lo w  a  r a t e  w a s  a v o id e d  b e c a u s e  o f  th e  p o s s ib i l i t y  o f  |3 -case in  p r e c ip it a t in g  in  
th e  a b so r p t io m e te r  ce ll a s  th e  so lu t io n  w a r m e d  in  p a s s in g  th r o u g h . E lu t io n  w a s  
m a in ly  p e r fo r m e d  in  tw o  s t a g e s ,  u s in g  m ix t u r e s  o f  b u ffe r s  A  a n d  B .

T h e  f ir s t  s t a g e  o f  th e  g r a d ie n t  w a s  m a d e  u p  o f  5 m l o f  b u ffe r  B  m ix e d  w ith  80  m l 
o f  b u ffe r s  A  in  th e  a r r a n g e m e n t  sh o w n  in  F ig .  1 ; in  th e  se c o n d  s t a g e  140 m l o f  b u ffe r  
B  w a s  m ix e d  w ith  a n  e q u a l  v o lu m e  o f  th e  b u ffe r  in  v e s s e l  1 to  g iv e  a  s t e e p e r  l in e a r  
g r a d ie n t  in  C aC l2 c o n c e n tr a t io n . T h e  g r a d ie n t  in  th e  f ir s t  s t a g e  i s  d e s c r ib e d  b y  th e
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r e la t io n  [C a] =  j L  l n 2 2 0 / [ 2 2 0 - ( 1 6 F / 1 7 ) ]  fo r  0  <  V  <  85 , w h ere  F  is  th e  v o lu m e  o f  
flo w  in  m l ;  fo r  th e  se c o n d  s t a g e  85  <  V  <  3 6 5 , [C a] =  0-03 +  ( F — 8 5 )/2 8 0  x  0-47. 
T h e  e lu t io n  o f  /3-casein  o c c u r re d  f ir s t  a n d  w a s  fo u n d  to  b e  f a ir ly  c o m p le te  a f te r  a b o u t  
80 m l. T h e  e lu t io n  o f  «--casein in c re a se d  s h a r p ly  a f te r  a b o u t  140 m l, t y p ic a l  c h r o m a to 
g r a m s  b e in g  sh o w n  in  F ig .  2 . J u s t  b e fo re  th e  sh a r p  in c re a se  in  th e  e lu t io n  o f  « :-case in  
o c c u rre d , th e  m o la r i ty  o f  C a  in  th e  e lu a te  w a s  a lm o s t  0 -0 1 M. A fte r  a  fu r th e r  1 2 0 -1 4 0  
m l m o s t  o f  th e  « :-case in  h a d  b e e n  e lu te d  a n d  th e  m o la r i ty  o f  C a  w a s  0-25 w h ile  th e  p H  
h a d  d r o p p e d  to  4 -8 -5 -2 . T h e  m a te r ia l  u se d  fo r  fu r th e r  w o rk  w a s  c o n ta in e d  in  th e  
fr a c t io n s  o f  th e  « - c a s e in  p e a k  h a v in g  a b so r p t io n s  g r e a te r  th a n  1 5 % . T h e se  fr a c t io n s  
w ere  p o o le d , d ia ly se d  a g a in s t  tw o  c h a n g e s  o f  a  la r g e  e x c e s s  o f  0 - 0 1 M -N aC l a t  3 °C , 
a n d  fre e z e -d r ie d . T h e  y ie ld  o f  d r y  p ro te in  w a s  u s u a l ly  a b o u t  tw o - th ird s  o f  th e  t o t a l  
p r o te in  p la c e d  o n  th e  co lu m n .

1 0 4

F ig . 3. D en sity  g rad ien t e leetropherogram s o f  «-casein . A , crude «-case in ; B , purified  «-casein . 
A m oun t o f  pro te in  p laced  in  grad ien t, 65 m g ; d u ratio n  o f  run  A  44 h, run  B  41 h ; ap p lied  
v o ltag e , 500 ; bu ffer, N a 2H P 0 4, p H  9 *5 ; ionic stren gth  0*05. D o tte d  lines rep resen t t r a n s 
m ission  o f  buffer.

E lu t io n  o f  p ro te in  w a s  n o t  c o m p le te  a t  th e  e n d  o f  th e  se c o n d  s t a g e  o f  th e  g r a d ie n t .  
E lu t io n  w a s  th e re fo re  h a s te n e d  b y  w a sh in g  w ith  25 0  m l o f  0 J  in-a c e t ic  a c id , th e n  
100 m l o f  d is t i l le d  w a te r  fo llo w e d  b y  2 5 0  m l o f  0 T x - N a O H . A lte r n a t iv e ly , th e  
e lu t io n  w ith  0 - lx - a c e t ic  a c id  c o u ld  b e  fo llo w e d  b y  e lu t io n  w ith  l-O x -a c e tic  a c id . 
E lu t io n  o f  p ro te in  w a s  th e n  c o m p le te . T h e  m a te r ia l  w h ich  c o u ld  b e  e lu te d  in  e a c h  
s t a g e  is  sh o w n  in  T a b le  1. T h e  su m  o f  th e  a m o u n ts  o f  m a te r ia l  sh o w n  a s  r e c o v e re d  in  
e a c h  s t a g e  d o e s  n o t  e q u a l  th e  t o t a l  a m o u n t  p la c e d  o n  th e  co lu m n , m a in ly  b e c a u s e  th e  
m a te r ia l  fro m  th e  t a i l  o f  th e  « - c a se in  p e a k  w a s  n o t  c o lle c te d . H o w e v e r , K je ld a h l  
n itro g e n  d e te r m in a t io n s  p e r fo r m e d  o n  a ll  f r a c t io n s  e lu te d  sh o w e d  c o m p le te  r e c o v e r y  
o f  m a te r ia l .

W h en  th e  m a te r ia l  c o m p r is in g  th e  m a in  «-c a se in  p e a k  w a s  c o lle c te d  a s  d e sc r ib e d ,
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d ia ly se d  a g a in s t  s t a r t in g  b u ffe r , fre e z e -d r ie d  a n d  re c h r o m a to g r a p h e d , a  m a in  «-  
c a se in  p e a k  o c c u r re d  in  th e  s a m e  p o s i t io n  a s  in  th e  o r ig in a l  c h r o m a to g r a m  (F ig . 2). 
T h e  ¿8-casein w a s  p r e s e n t  in  s m a ll  q u a n t i t y ;  a s  d e te rm in e d  b y  K je ld a h l  n itro g e n  th e  
p r o p o r t io n  o f  /3-casein  w a s  o n ly  1 %  o f  th e  p u r if ie d  p ro te in , in  c o m p a r iso n  w ith  
5 - 8 %  in  th e  c ru d e  « - c a s e in  (T a b le  1, a n d  F ig .  2 D ) . T h e  e ffic ien cy  o f  th e  c h r o m a to 
g ra p h ic  r e m o v a l  o f  th e  /3-casein  w a s  a lso  t e s t e d  b y  e le c tro p h o r e s is  in  a  l iq u id  d e n s ity  
g r a d ie n t ,  u n d e r  c o n d it io n s  in  w h ich  ¡3-c a se in  c o u ld  b e  d is t in g u ish e d  fro m  « - c a se in . 
T h e  e le c tro p h e ro g r a m s  w h ic h  a re  g iv e n  in  F ig .  3 sh o w  t h a t  th e  ¿8-casein in  th e  p u r if ie d  
m a te r ia l  is  u n d e te c ta b le , a l th o u g h  i t  is  c le a r ly  p r e s e n t  in  th e  c ru d e  « - c a se in .

C o m p o sitio n  o f  the f r a c t io n s  eluted

T h e  id e n t i ty  o f  th e  d if fe re n t  c a se in s  w a s  e s t a b li s h e d  in  th e  fo llo w in g  w a y s . B- 
C a se in  i s  so lu b le  in  th e  p re se n c e  o f  C a 2+ in  th e  co ld , b u t  is  in so lu b le  o r g iv e s  a  tu r b id  
su sp e n s io n  a t  25  °C . « - C a se in  i s  so lu b le  in  th e  p re se n c e  o f  C a 2+, a n d  c o n ta in s  s ia l ic  
a c id  a n d  c y s t in e , n e ith e r  o f  w h ic h  is  p r e s e n t  in  th e  o th e r  c a se in  f r a c t io n s . P a r a - « -  
c a se in  c o n ta in s  c y s t in e , b u t  is  la c k in g  in  s ia l ic  a c id .

T h e  f r a c t io n  id e n t if ie d  a s  /3-casein  c o n ta in e d  n o  d e te c ta b le  d isu lp h id e  a n d  l i t t le  
s ia l ic  a c id  (T a b le  1). T h e  m a te r ia l  fro m  th e  « - c a s e in  p e a k  c o n ta in e d  b o th  c y s t in e  a n d  
s ia l ic  a c id , w a s  se n s it iv e  to  re n n in , a n d  w a s  so lu b le  in  th e  p re se n c e  o f  C a 2+. F o r  
e x a m p le , th e  c y s t in e  c o n te n t  w a s  a b o u t  o n e  m o le  p e r  4 5 0 0 0 - 4 8 0 0 0  g  o f  « - c a se in ,

T a b le  1. C o m p o sitio n  o f  crud e a n d  ch ro m ato g rap h ica lly  fra c t io n a te d  K -casein

Yield
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C rude m ate ria l /3 p eak K p eak H A c p eak N aO H  p eak o f
A A A purifiedr < f

P rep ara- 0//o 0//o 0//o 0//o 0//o k casein ,
tion  no. m g N A N A m g N A N A m g N A N A m g N A N A m g N A N A 0//o

i 760 ----- - N D 0-1 445 1-4 26 1-8 52-5 0-2 59
2 705 — 40 0-1 430 1-3 30 1-4 59 0-2 61
3 1-280 1-25 77 0-35 940 1-4 40 1-35 51 0-5 73
4 700 1-8 53 0-25 430 1-95 48 1-6 20 1-34 62
4 R 390 1-9 — — 250 1-8 — — — — 64
5 930 1-5 — — 480 — — — — — 52
5 R 480 — 0 — 250 1-6 — — — — 52
6 1-180 1-15 37 — 705 1-5 — — — — 60
7 1-100 1-1 — — 600 1-8 — — ----- — 55

P re p s. 4 f t ,  5 R  rep resen ts rechrom atographed, p rep s. 4 an d  5 resp ectiv ely .
P re p s. 6 an d  7 w ere p rep ared  fro m  th e sam e  m ilk . F o r  n o. 6 th e  crud e  /c-casein so lu tio n  w as  co n 

ce n tra te d  b y  ac id  p recip itatio n , w hile n o. 7 w as con cen tra ted  b y  e v ap o ra tio n  a t  low  tem p eratu re .
N A N A  =  JV -acetyl n euram in ic  acid .

c o m p a r e d  w ith  o n e  m o le  p e r  5 2 0 0 0  g  in  th e  c ru d e  m a te r ia l  (P re p . 1, T a b le  1). T h e  
m a te r ia l  e lu te d  w ith  O T x - a c e t ic  a c id  t e n d e d  to  h a v e  a  s ia l ic  a c id  c o n te n t  s im ila r  to  
t h a t  o f  th e  m a in  p e a k  (T a b le  1). T h e  re m a in in g  f r a c t io n  e lu te d  w ith  O -lN -X a O H  
c o n ta in e d  c y s t in e  a n d  l i t t le  s ia l ic  a c id . I t  w a s  a g g r e g a t e d  a t  p H  7, b u t  c o u ld  b e  d i s 
so lv e d  in  6 m  u r e a  a t  p H  11, a n d  w a s  th e re fo re  s im ila r  to  p a r a - « - c a s e in . T h e  r e la t iv e  
p r o p o r t io n s  o f  th e se  f r a c t io n s  fo r  se v e r a l  p r e p a r a t io n s  a re  sh o w n  in  T a b le  1.

T h e  p ro p o r t io n  o f  s ia l ic  a c id  in  th e  « - c a s e in  w a s  d iffe re n t , d e p e n d in g  u p o n  th e  
m e th o d  o f  p r e p a r a t io n . F o r  th e  p r e p a r a t io n  in  w h ich  c o n c e n tr a t io n  o f  th e  c ru d e
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« - c a s e in  w a s  e ffe c te d  b y  a c id  p r e c ip it a t io n  o f  th e  « - c a s e in  a n d  r e d is s o lv in g  th e  p r e 
c ip i t a te , th e  s ia l ic  a c id  c o n te n t  w a s  sm a lle r  ( l - 2 - l - 5 % )  th a n  t h a t  o f  « - c a s e in  w h ich  
h a d  b e e n  p r e p a r e d  a t  th i s  s t a g e  b y  c o n c e n tr a t io n  in  v a c u o  (1 -8 -2 -0  % , T a b le  1). T h is  
e f fe c t  w a s  c h e c k e d  b y  d ire c t  c o m p a r iso n  o f  th e  s ia l ic  a c id  c o n te n t  o f  « - c a s e in s  p r e 
p a r e d  b y  e a c h  o f  th e se  m e th o d s  fro m  th e  s a m e  ra w  m ilk  (T a b le  1). T h is  r e s u lt  sh o w s 
t h a t  c o n c e n tr a t io n  b y  m e a n s  o f  lo w - te m p e ra tu re  e v a p o r a t io n  i s  to  b e  p re fe rre d .

DISCUSSION

T h e  m e th o d  o f  p r e p a r a t io n  o f  th e  c ru d e  « - c a s e in  g iv e n  in  th e  f ir s t  p a r t  o f  th i s  p a p e r  
i s  n o t  o r ig in a l, b u t  th e re  a re  s t e p s  in  th e  p r o c e s s  w h ich  a r e  w o r th y  o f  c o m m e n t . F o r  
e x a m p le , th e  m e th o d  o f  re m o v in g  f a t  fro m  th e  r a w  m ilk  w a s  m o re  e ffe c t iv e  t h a n  u se  
o f  c o n t in u o u s  c re a m  se p a r a t o r s .  C o m p le te  r e m o v a l  i s  im p o r ta n t ,  a s  f a t  p r e s e n t  in  
l a t e r  s t a g e s  o f  th e  p r e p a r a t io n  te n d s  t o  b e c o m e  f irm ly  a s s o c ia t e d  w ith  th e  « - c a se in . 
A g a in , th e  re m o v a l  o f  C aC l2 a f t e r  th e  p r e c ip it a t io n  o f  th e  a  a n d  /3 c a se in s  i s  e f fe c te d  
b y  d ia ly s is ,  s in c e  th e  u se  o f  o x a la t e  to  re m o v e  th e  C a 2+ c a n  r e su lt  in  c o n s id e ra b le  lo s s  
o f  y ie ld  (L o n g  et a l .  1958 ). T h e  se c o n d  t r e a t m e n t  o f  th e  c ru d e  « - c a s e in  so lu t io n  w ith
0-25M -C aC l2 is  r e q u ir e d  to  r e d u c e  th e  /3-casein  c o n te n t  to  a  m in im u m , b e c a u s e  b o th  
th e  p u r i t y  o f  th e  f in a l p r o d u c t  a n d  th e  a m o u n t  o f  p ro te in  t h a t  c a n  b e  p la c e d  o n  th e  
c h r o m a to g r a p h ic  c o lu m n  a re  a d v e r s e ly  a f fe c te d  b y  in c r e a se d  c o n te n t  o f  /3-casein  in  
th e  c ru d e  « - c a se in  p r e p a r a t io n . F o r  th e  s a m e  re a so n , th e  c ru d e  « - c a s e in  i s  c e n tr ifu g e d  
a t  60 00 0  g  so  t h a t  r e m o v a l  o f  ^ -c a se in  m a y  b e  a s  c o m p le te  a s  p o s s ib le  (c f. A  a n d  C, 
F ig .  2 ).

A s  w a s  p o in te d  o u t  e a r lie r , « - c a se in  i s  a  c o m p le x  (B e e b y  & N it sc h m a n n , 1963) a n d  
t h a t  p a r t  o f  th e  c o m p le x  w h ich  i s  re le a se d  b y  re n n in  m a y  a lso  b e  s e t  fre e  b y  r e a g e n t s  
su c h  a s  u re a . I n  so lu t io n s  o f  « -c a se in , th is  p a r t  o f  th e  c o m p le x  m a y  b e  c o n s id e re d  to  
b e  in  e q u il ib r iu m  b e tw e e n  a t  l e a s t  tw o  s t a t e s — th o se  o f  d is so lv e d  m o n o m e r  a n d  o f  
« - c a s e in  c o m p le x — sin c e  th e  s ia l ic  a c id  c o n ta in in g  p a r t  i s  se le c t iv e ly  lo s t  o n  a c id  
p r e c ip it a t io n  o f  th e  c o m p le x . W h en  p a r t  o f  th i s  f r a c t io n  is  lo s t  th e  r e m a in d e r  t e n d s  
t o  b e  d i s t r ib u t e d  u n ifo rm ly  th r o u g h o u t  th e  « - c a s e in  s in c e  o n  c h r o m a to g r a p h y  th e  
b u lk  o f  th e  « - c a se in  e lu te s  w ith  a  fa ir ly  c o n s ta n t  p r o p o r t io n  o f  s ia l ic  a c id . T h is  i s  so  
w h e th e r  th e  s ia l ic  a c id  c o n te n t  i s  r e la t iv e ly  h ig h  o r low , su g g e s t in g  t h a t  i t  i s  p o s s ib le  
t o  fo rm  s t a b le  a g g r e g a t e s  h a v in g  d if fe re n t  p r o p o r t io n s  o f  th e  s ia l ic -c o n ta in in g  f r a c t io n  
a n d  t h a t  th e re  i s  n o  s t r o n g  te n d e n c y  to  a  p r e fe r re d  c o m b in in g  r a t io  b e tw e e n  th e  p a r t s  
o f  th e  « - c a se in  c o m p le x . T h is  b e h a v io u r  p r e s e n ts  p ro b le m s  o f  p e c u l ia r  d if f ic u lty  in  th e  
p r e p a r a t io n  o f  th e  in t a c t  « - c a s e in  c o m p le x , a n d  sh o w s th e  n e c e s s ity  fo r  a v o id in g  th e  
u se  o f  r e a g e n t s  su c h  a s  u r e a  a n d  T C A - u r e a ,  o r  o f  c o n d it io n s  o f  h ig h  p H  a n d  low  
te m p e r a tu r e  in  w h ic h  d is a s s o c ia t io n  o f  th e  c o m p le x  m a y  o c c u r . T h e  u se  o f  su c h  
r e a g e n t s  o r  c o n d it io n s  i s  l ik e ly  to  r e s u lt  in  a  re d u c e d  y ie ld  b e c a u s e  o f  th e  fo r m a t io n  
o f  p a r a - « - c a s e in , a n d  in  th e  re d u c t io n  o f  th e  s ia l ic  a c id  c o n te n t  o f  th e  f in a l p r o d u c t .

T h is  v ie w  is  s u p p o r te d  b y  t h e  r a th e r  la r g e  v a r ia t io n s  in  th e  p ro p o r t io n  o f  s ia l ic  
a c id  in  « - c a s e in  p r e p a r e d  b y  v a r io u s  m e th o d s , r a n g in g  fro m  0-79 %  (C h e e se m a n , 1962) 
t o  2 - 2 %  (C a y e n , H e n n e b e r ry  & B a k e r ,  1962), a n d  b y  th e  f a c t  t h a t  c h r o m a to g r a p h y  
o f  « - c a s e in  a t  h ig h  p H  a n d  in  u r e a  le a d s  to  th e  fo r m a tio n  o f  tw o  f r a c t io n s , o n e  o f  
w h ic h  c o u ld  o n ly  b e  e lu te d  b y  N a O H  (D u m a s , 1961).

F o r  th e  fo re g o in g  r e a so n s , th e  c h r o m a to g r a p h ic  p u r if ic a t io n  o f  th e  c ru d e  « - c a s e in
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w a s  p e r fo r m e d  n o t  in  a lk a l in e  b u t  in  m ild ly  a c id  c o n d it io n s , in  w h ic h  d is a g g r e g a t io n  
o f  th e  «--com p lex  i s  le s s  l ik e ly . P r e c ip it a t io n  o f  th e  c a se in  a t  th e  iso -e le c tr ic  p o in t  
(p H  4-7) w a s  p r e v e n te d  b y  a d ju s t in g  th e  g r a d ie n t  o f  e lu t io n  so  t h a t  th e  e lu a n t  c o n 
t a in e d  m o re  t h a n  0-25M -C aC l2 a s  i t s  p H  a p p r o a c h e d  4-7. W h o le  c a se in , a n d  « - c a s e in , 
d o  n o t  p r e c ip it a t e  fro m  so lu t io n  a t  p H  4-7 in  th e  p re se n c e  o f  0 5 M -C a C l2 ; th i s  w a s  
th e re fo re  c h o se n  a s  th e  d is p la c e m e n t  r e a g e n t .  S in c e  d is p la c e m e n t  o f  th e  « - c a s e in  
w a s e ffe c te d  m o re  r e a d i ly  in  a c id  c o n d it io n s , a  p H  g r a d ie n t  a s  w ell a s  a  s a l t  g r a d ie n t  
w a s  u s e d ;  u n d e r  th e se  c o n d it io n s , /?- a n d  « - c a s e in  c a n  b e  e f fe c t iv e ly  s e p a r a t e d ,  w ith 
o u t  th e  n e e d  fo r  la r g e  v o lu m e s  o f  e lu a n t .  A t  th e  s a m e  t im e , th e re  i s  l i t t le  te n d e n c y  fo r  
th e  « - c a s e in  c o m p le x  to  d is so c ia te , a s  i s  sh o w n  b y  th e  f a c t  t h a t  b o th  th e  c y s t in e  a n d  
s ia l ic  a c id  c o n te n ts  in c r e a se d  to  a n  e q u a l  e x t e n t  d u r in g  th e  p u r if ic a t io n . T h is  i s  n o t  
so  w h en  c h r o m a to g r a p h y  is  e f fe c te d  in  c o n d it io n s  o f  h ig h  p H  in  th e  p re se n c e  o f  u r e a  

(D u m a s , 1961 ).
A t  p r e s e n t  th e  c o m p o s it io n  o f  th e  « - c a s e in  c o m p le x  a s  i t  e x i s t s  in  m ilk  i s  n o t  k n o w n  

w ith  c e r ta in ty , a n d  a  s im ila r  u n c e r ta in ty  e x i s t s  r e g a r d in g  th e  e ffe c t  o f  th e  t r e a t m e n t s  
u s e d  to  p r e p a r e  th e  c ru d e  « - c a s e in  in  a l te r in g  th is  c o m p o sit io n . I n  m a k in g  a  s t u d y  o f  
th e  re a c t io n s  o f  th e  « - c a s e in  c o m p le x , i t  i s  d e s ir a b le  t h a t  th e  m e th o d  o f  p r e p a r a t io n  
p r e se rv e  th e  c o m p le x  in  a s  in t a c t  a  s t a t e  a s  p o s s ib le . T h e  c h r o m a to g r a p h ic  s e p a r a t io n  
d e sc r ib e d  in  th is  p a p e r  r e p r e se n ts  a  s t e p  in  t h a t  d ire c t io n .

I t  i s  a  p le a su r e  to  a c k n o w le d g e  th e  te c h n ic a l  a s s i s t a n c e  o f  M iss  R .  R .  H a n s e n , a n d  
th e  h e lp fu l  d is c u s s io n s  w ith  M r R .  B e e b y , b o t h  o f  th e  D iv is io n  o f  D a ir y  R e se a r c h .

T he preparation of k -casein
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IN T R O D U C T IO N

I n  h is  l a s t  b ie n n ia l  re v ie w  o f  m ilk -b o rn e  d is e a se s ,  D r  J o h n  S m ith  (1 9 6 1 ) r e fe r re d  to  
th e  c h a n g in g  r e la t iv e  im p o r ta n c e  o f  th e  v a r io u s  m ilk -b o rn e  in fe c t io n s . S o m e  p r e 
v io u s ly  im p o r t a n t  c o n d it io n s  (e .g . s t r e p to c o c c a l  in fe c t io n  fro m  m ilk )  w e re  n o w  r a r e  
a n d  o th e rs , p r e v io u s ly  c o n s id e re d  o f  l i t t le  im p o r ta n c e , w ere  n ow  a t t r ib u t e d  g r e a te r  
s ig n if ic a n c e . B o v in e  tu b e r c u lo s is ,  o n ce  a  sc o u rg e , h a d  b e e n  c o n tro lle d  o r  e r a d ic a te d  
in  m o s t  w e ste r n  c o u n tr ie s , a n d  in fe c t io n  o f  th e  h u m a n  s u b je c t  w ith  b o v in e  b a c il l i  
w a s  u n c o m m o n  a n d  o n ly  se e n  w h en  th e re  w ere  b re a k d o w n s  in  a n im a l  c o n tro l  o r  m ilk  
p a s te u r iz a t io n . T h e re  i s  a lso  th e  c h a n g in g  s i tu a t io n  in  r e g a r d  to  m ic r o -o rg a n ism a l 
d i s e a s e s  t r a n s m it te d  b y  m ilk , in  r e g a r d  to  th e  s u r v iv a b i l i t y  o f  v ir u se s  in  h e a t- t r e a te d  
m ilk  a n d  th e  p o ss ib le  ro le  o f  m o re  re c e n t ly  re c o g n iz e d  v ir u se s  in  h u m a n  d ise a se . 
H a z a r d s  o th e r  th a n  m ic r o -o rg a n ism a l, in  th e  fo rm  o f  ra d io n u c lid e s , t o x ic  c h e m ic a ls  
a n d  a n t ib o d ie s ,  a n d  e v e n  th e  ro le  o f  m ilk  c o n s t i tu e n t s  in  a r te r ia l  d is e a se , a re  n o w  
s u b je c t s  o f  im p o r ta n c e . T h e se  n ew e r p r o b le m s  h a v e  a lr e a d y  d e v e lo p e d  a n  e x te n s iv e  
l i te r a tu r e .

A n  a t t e m p t  i s  m a d e  h e re  to  s a i l  a  c o u rse  th ro u g h  th i s  w e ll- c h a r te d  b u t  n e v e r th e le s s  
v a s t  o c e a n  o f  d a t a ;  i t  i s  h o p e d  t h a t  i t  w ill b e  a  c o u rse  r e a s o n a b ly  a c c e p ta b le  to  m o s t  
r e a d e r s ,  a n d  t h a t  th o se  a c c u s to m e d  to  a p p r e c ia t io n  o f  D r  J o h n  S m it h ’s  e le g a n t  
r e v ie w s  w ill b e a r  w ith  th e  p r e s e n t  a u th o r .

M IL K  C O N SU M PT IO N

A  t o t a l  o f  50  65 x  106 g a l  o f  m ilk  a n d  m ilk  p r o d u c t s  w ere  c o n su m e d  in  B r it a in  in  
1961 , o f  w h ich  1583  x  10® g a l  w a s  in  l iq u id  m ilk  fo rm  (M ilk  M a r k e t in g  B o a r d ,  1962 ).

H a r r i s  & S e ld o n  (1 9 6 2 ) s a y  t h a t  th i s  w a s  4-88 p in t s  p e r  h e a d  p e r  w e ek , o n ly  f r a c t io n a l  
c h a n g e s  in  th is  f ig u re  h a v in g  o c c u r re d  s in c e  1 9 5 3 - 5 4 ; b u t  th e  f ig u re  h a d  r ise n  sin ce  
1 9 3 3 -3 4 , w h en  i t  w a s  a b o u t  3 p in t s  p e r  w e ek . A c c o rd in g  to  th e se  a u th o r s ,  m ilk  c o n 
su m p t io n  b e g a n  to  fa l l  a f t e r  th e  w a r , b e c a u s e  o f  r is in g  p r ic e s  a n d  c o m p e t it io n  fro m  
o th e r  fo o d s  a n d  d r in k s , a n d  th e  N a t io n a l  M ilk  P u b l ic i t y  C o u n c il b e g a n  a n  a d v e r t is in g
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c a m p a ig n  to  in c re a se  th e  s a le s  o f  m ilk  a n d  c r e a m . M ilk  h a d  p r e s t ig e  a s  a  h e a lth  fo o d , 
b u t  f a c e d  c o m p e t it io n , a  c a te r in g  te n d e n c y  to  u se  d r ie d  m ilk , a n d  a  p u b lic  im p r e s s io n  
t h a t  m ilk  w a s  e x p e n s iv e  a n d  f a t te n in g . P u b l ic i t y  in  th e  f ir s t  y e a r  c o s t  £ 3 0 0 0 0 0 , 
r e p re se n t in g  0-1 %  o f  r e ta i l  tu r n o v e r  o f  £3  x  108, o r  o n e -h u n d re d th  o f  a  p e n n y  p e r  
p in t .  £ 4 2 8 0 0 0  w a s  sp e n t  in  1 9 5 5 -5 6 , a n d  c o n su m p t io n  s t a b i l iz e d  a t  0-66 p in t s  p e r  
h e a d  p e r  d a y .  B y  1958  m ilk  s a le s  ro se  b y  14 m illio n  g a l  o r  a b o u t  1 % . B y  1961 a  
s a le s  in c re a se  o f  23 m illio n  g a llo n s  a g a in s t  1 9 5 1 -5 2  fig u re s  h a d  b e e n  re c o r d e d . C h a n g e s  
in  m ilk  d r in k in g  h a b i t s  w ere  n o te d , e .g . m ilk  d r in k in g  a lm o s t  d o u b le d  a m o n g  th e  
a g e - g r o u p  1 6 -3 0 , m o re  w a s  c o n su m e d  o u ts id e  th e  h o m e , i t  w a s  d r u n k  o n  i t s  o w n . T h e  
a u th o r s  n o te  v a r ia t io n s  in  m ilk  c o n su m p tio n  in  d if fe re n t  p a r t s  o f  th e  c o u n try , l is t e d  
in  T a b le  1 ; r e la t iv e ly  lo w  c o n su m p tio n  in  so m e  n o r th e rn  a n d  W e lsh  a r e a s  is  b e l ie v e d  
t o  b e  a  re lic  fro m  d e p r e s s io n  y e a r s ,  w h en  m a n y  fa m ilie s  l iv e d  o n  sk im -m ilk  fo r  
e c o n o m y .
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T a b le  1. A n a ly s i s  by reg io n  o f  m ilk  a n d  cream  co n su m p tio n  p e r  
p e rso n  p e r  week

M ilk, C ream , 
p in ts  p in ts

South ern  an d  sou th -eastern 5-51 0-02
Lon don 5-34 0-02
M idland 5-18 0-01
N o rth  M idlan d 5-04 0-02
E a ste rn 4-99 0-02
South -w estern 4-72 0 0 3
N  orth-w estern 4-65 0-02
W ales 4-48 0-02
Sco tlan d 4-38 0-01
N orth ern 4-37 0-01
E a s t  an d  W est R id in gs o f  Y orksh ire 4-16 0-01

F in a l ly ,  H a r r i s  & S e ld o n  co n c lu d e , in  re la t io n  to  a d v e r t i s in g : ‘ W ith  a  r e se r v a t io n  
a b o u t  th e  p id g in  E n g l i s h  in  “  d r in k a  p in t a  m iik a  d a y  ” , th i s  is  o n e  o f  th e  m o s t  in te l l i 
g e n t ly  p la n n e d  a d v e r t i s in g  c a m p a ig n s  w e h a v e  e x a m in e d . M o reo v er , i t  i s  b e in g  
a c c o m p a n ie d  b y  e f fo r ts  to  o v e rh a u l th e  in d u s t r y ’s  m a r k e t in g  m e th o d s  in  a c c o r d a n c e  
w ith  c h a n g in g  so c ia l  h a b i t s  a n d  th e  c o u n te r - a t t r a c t io n s  o f  c o m p e t ito r s . ’ T h e y  n o te  
t h a t  th e  w o rd  ‘ p in t a  ’ i s  to  b e  in c lu d e d  in  th e  n e x t  e d itio n  o f  C h a m b e r s ’s  D ic t io n a r y  
a s  ‘ a  d r in k  o f  m i l k ’ .

I n  th e  U .S .A . ,  F a u lk n e r ,  T a y lo r  & S c h la fm a n  (1 9 6 2 ) r e p o r t  t h a t  in  s t e p  w ith  th e  
p o p u la t io n  in c re a se  o f  a b o u t  50  m illio n  in  20  y e a r s ,  th e  t o t a l  p r o d u c t io n  o f  m ilk  ro se  
f ro m  th e  1940  t o t a l  o f  109  x  10® lb , o f  w h ich  4 3  x  10® lb  ( 3 9 % )  w a s  f lu id  m ilk  a n d  
c re a m , to  a  t o t a l  o f  122 x  10® lb , o f  w h ic h  59  x  10® lb  (48  % ) w a s  flu id . [10-3 lb  =  l  
im p e r ia l  g a llo n ] .

H e a t  treatm en ts a n d  s ta n d a rd s

T h e  M ilk  M a r k e t in g  B o a r d  R e p o r t  sh o w s t h a t  95  %  o f  l iq u id  m ilk  in  E n g la n d  a n d  
W a le s  i s  p a s te u r iz e d . I n  S c o t la n d , th e  R e p o r t  o f  th e  C h ie f  M e d ic a l O fficer to  th e  
D e p a r t m e n t  o f  H e a l t h  (1 9 6 2 ) in d ic a te s  t h a t  th e  p a s te u r iz a t io n  le v e l i s  lo w e r, a t  79 % ;  
th u s  th e  o p p o r tu n ity  fo r  m ilk -b o rn e  d is e a se  a p p e a r s  to  b e  g r e a te r  th e re  t h a n  in  
E n g la n d  a n d  W a le s .

T h e  d e t a i l  o f  th e  re m a in in g  p e r c e n ta g e  o f  ra w  m ilk  in  E n g la n d  a n d  W a le s  a v a i la b le
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to  t r a n s m it  m ilk -b o rn e  d is e a se  i s  o f  in te r e s t .  S t r a u s s  (1 9 6 0 ) s t a t e d  t h a t  p ro d u c e r-  
r e ta i le r s  in  1960  w ere  a lm o s t  th e  so le  so u rc e  o f  m ilk  fo r  l iq u id  c o n su m p tio n  fre sh  
fro m  th e  fa r m  a n d  n o t  s u b je c t e d  to  h e a t  t r e a tm e n t , a n d  fu r th e r  (E . S t r a u s s ,  p e r s . 
c o m m .) t h a t  th e  m a in  m a r k e ts  fo r  T .T .  fa r m - b o t t le d  m ilk  w ere  r u r a l  a r e a s  a n d  
s u b u r b a n  a r e a s  o f  la r g e  to w n s.

A s  K a p la n ,  A b d u s s a la m  & B i j l e n g a  (1 9 6 2 ) p o in t  o u t , n o  a u th e n t ic  o u t b r e a k  o f  
d is e a se  h a s  b e e n  a t t r ib u t e d  t o  p ro p e r ly  p a s te u r iz e d , b o t t le d  a n d  d e liv e re d  m ilk , b u t  
th e  in fa l l ib i l i ty  o f  th e  p a s te u r iz a t io n  p r o c e s s  i s  n o t  a b so lu te , a s  th e  c o n d it io n s  
n e c e s s a r y  fo r  i t s  a d e q u a te  p e r fo r m a n c e  a re  n o t  a lw a y s  fu lfille d .

M c C a llu m  (1 9 6 0 ) d e sc r ib e d  a  b a c te r io lo g ic a l  su r v e y , m a d e  b e tw e e n  1956  a n d  1959 , 
o f  th e  f lo ra  o f  G la sg o w  m ilk  a s  i t  r e a c h e d  th e  c o n su m e r . S h e  c o n c lu d e d  t h a t  th e  
re sa z u r in  t e s t  i s  c a p a b le  o f  d e te c t in g  o n ly  th e  ‘ w o r s t ’ m ilk . T h e re  w a s  c o m p le te  
c o rre la t io n  b e tw e e n  c o lifo rm  t e s t  a n d  th e  p sy c h r o p h ile  c o u n t  fo r  b o th  c e r t if ie d  a n d  
p a s te u r iz e d  m ilk . T h o u g h  th e  p sy c h r o p h ile  c o u n t  is  c o n s id e re d  b y  so m e  to  b e  a  m o re  
a c c u r a t e  in d ic a to r  th a n  th e  c o lifo rm  t e s t  o f  th e  b a c te r io lo g ic a l  s t a n d a r d  o f  m ilk , i t  i s  
c u m b e rso m e  to  p e r fo rm , h a s  a  lo n g  in c u b a t io n  p e r io d , a n d  is  s u b je c t  to  a ll  th e  e r ro r s  
o f  th e  37 °C  c o u n t. T h e  co lifo rm  t e s t ,  o n  th e  o th e r  h a n d , d e te c t s  m ilk s  w h ic h  f a i l  th e  
p sy c h r o p h ile  c o u n t  a n d  i s  e a s ie r  to  p e r fo r m . T h e  m e th y le n e -b lu e  t e s t  w a s  fo u n d  to  b e  
m o re  re lia b le  t h a n  th e  r e sa z u r in  t e s t  a n d , i f  a  d y e  t e s t  w ere  fa v o u r e d , m ig h t  t a k e  i t s  
p la c e . T h e  r e s u lt s  o b ta in e d  in  th is  su r v e y  sh o w e d  t h a t  c o n su m e r  m ilk  in  G la sg o w  w a s  
n o t  o f  a s  h ig h  a  s t a n d a r d  a s  i t  m ig h t  b e . F o r  c e r t if ie d  m ilk , in su ff ic ie n t ly  r a p id  
co o lin g , a n d  fo r  p a s te u r iz e d  m ilk , b a d ly  c le a n e d  b o t t le s ,  w ere  th o u g h t  to  b e  th e  m o s t  
f r e q u e n t  r e a so n s  w h y  sa m p le s  fa i le d  th e  c o lifo rm  t e s t .  I n  c e r t if ie d  m ilk  a  n u m b e r  o f  
s a m p le s  c o n ta in e d  c o a g u la se - p o s i t iv e , p e n ic i l l in - r e s is ta n t  s ta p h y lo c o c c i  t y p e  4 2 D . 
A lth o u g h  p h a g e - ty p e  4 2 D  is  n o t  o fte n  a  c a u se  o f  d is e a se  in  m a n , i t  w a s  c o n s id e re d  
u n d e s ir a b le  t h a t  c o n su m e r  m ilk  sh o u ld  c o n ta in  la r g e  n u m b e r s  o f  su c h  o r g a n ism s .

F o r  S c o t la n d  a s  a  w h o le  (S c o t t is h  H e a l t h  S t a t i s t i c s ,  1960 ), th e  fo llo w in g  p r o p o r 
t io n s  o f  d if fe re n t  g r a d e s  o f  m ilk  fa i le d  to  s a t i s f y  th e  p re s c r ib e d  b a c te r io lo g ic a l  t e s t s : 
21-63 %  c e rt if ie d , 17-38 %  T .T . ,  3-7 %  p a s te u r iz e d , a n d  3-08 %  T .T .  p a s te u r iz e d .

M a c k e n z ie  (1 9 6 0 ) c o n c lu d e d  t h a t  fro m  a  p u r e ly  la b o r a t o r y  s t a n d p o in t ,  fiv e  t e s t s  
sh o u ld  b e  u s e d  fo r  a  m ilk  c o n tro l p r o g r a m m e : on  ra w  m ilk , th e  d ir e c t  m ic r o sc o p ic  
c o u n t  su p p le m e n te d  b y  th e  re sa z u r in  r e d u c t io n  t e s t ,  w h ich  i s  o f  v a lu e  in  th e  d e te c t io n  

1 o f  m ilk  in  w h ic h  w e ll-m a rk e d  c lu m p in g  o f  b a c t e r ia  h a s  t a k e n  p l a c e ; a n d  on  p a s te u r iz e d  
p r o d u c t s  th e  ‘ b ig  t h r e e ’-— p h o s p h a t a s e  t e s t ,  c o lifo rm  M .P .N .,  a n d  s t a n d a r d  p la t e  
c o u n ts . T o  th e se  m u s t  b e  a d d e d  sp e c ia l  t e s t s  in d ic a te d  b y  c ir c u m s ta n c e s  a n d  a c t iv e  
fie ld  in s p e c t io n  se rv ic e s .

I n  th e  fo u r th  e d itio n  o f  C h a lm e r s ’s  B a c te r ia  in  R e la tio n  to the M ilk  S u p p ly  (1 9 6 2 ), 
a d d it io n s  h a v e  b e e n  m a d e  to  th e  c h a p te r  o n  r o u t in e  e x a m in a t io n  o f  m ilk  s a m p le s ,  
in c lu d in g  r e c e n t  r e se a r c h  o n  t e s t s  fo r  th e  k e e p in g  q u a l i t y  o f  m ilk . T h e re  i s  a  s e p a r a t e  
c h a p te r  o n  in v e s t ig a t io n s  o f  th e  p h o s p h a t a s e  t e s t  a n d  in - b o t t le  p a s te u r iz a t io n .  T h e  
q u a te r n a r y  a m m o n iu m  c o m p o u n d s  a re  d e sc r ib e d , a n d  th e  c o li-a e ro g e n e s  g r o u p  o f  
o r g a n ism s  i s  g iv e n  g r e a t e r  a t te n t io n .

T h is  is  a  c o m p re h e n s iv e  b o o k  a n d  w h ile  i t  is  in te n d e d  m a in ly  a s  a  g u id e  fo r  th e  
c o m m e rc ia l d a ir y  b a c te r io lo g is t ,  i t  sh o u ld  a lso  b e  o f  v a lu e  to  m e d ic a l  o ffice rs  o f  
h e a lth , p u b l ic  h e a lth  in sp e c to r s , a n d  o th e r s  c o n c e rn e d  w ith  th e  c o n tro l o f  m ilk  

su p p lie s .
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M ilk  s ta n d a rd s

T h e  U n ite d  S t a t e s  D e p a r t m e n t  o f  H e a lth , E d u c a t io n ,  a n d  W e lfa re  h a v e  in  1960  
is su e d  a  b u lle t in  o n  ‘ P r o c e d u re s  fo r  T e s t in g  P a s te u r iz a t io n  E q u i p m e n t ’ . T h is  r e v ise s  
e a r lie r  p u b lic a t io n s  o n  th is  s u b je c t  a n d  p r o v id e s  a  r e a d y  re fe re n c e  fo r  th e  m ilk  s a n i t a 
t io n  t r a in e e  o n  m e th o d s  o f  c o n d u c t in g  th e  im p o r t a n t  t e s t s  on  p a s te u r iz a t io n  p la n t  
e q u ip m e n t . T h is  m a n u a l  c o v e r s  p a s te u r iz a t io n  p la n t s  a n d  e q u ip m e n t , t e s t s  o n  v a t -  
ty p e  p a s te u r iz a t io n , th e  sh o r t- t im e  h ig h - te m p e ra tu re  p r o c e s s  a n d  v a c u u m  p a s te u r iz e r  
e q u ip m e n t .

A  re p o r t  o n  m ilk  p o w d e r  b y  th e  M in is tr y  o f  A g r ic u ltu re  (1 961 ) p o in te d  o u t  t h a t  
th e re  w ere  n o  b a c te r ia l  s t a n d a r d s  fo r  m ilk  p o w d e r  in  th is  c o u n try , b u t  th e  m ilk  
p o w d e r  in d u s tr y  h a d  a n  a g r e e d  co d e  o f  p r a c t ic e  d e s ig n e d  to  k e e p  h y g ie n ic  s t a n d a r d s  
h ig h . L a t e r  th e  F o o d  S t a n d a r d s  C o m m itte e  R e p o r t  o n  D r ie d  M ilk  (M in istry  o f  
A g r ic u ltu re , 1962) s e t  o u t  a  sc h e d u le  o f  s t a n d a r d s  o f  c o n s t itu t io n , b u t  th is  d id  n o t  
c o v e r  b a c te r io lo g ic a l  c o n te n t .

D eliv ery  m ethods

I n  r e g a r d  to  d e liv e ry  to  th e  c u sto m e r , th e  r e la t iv e  m e r it s  o f  b o t t le  a n d  c a r to n  a re  
n o t  y e t  w id e ly  a p p r e c ia t e d . D ix o n  (1 9 6 1 ) h a s  o u t lin e d  th e  a d v a n t a g e s  o f  m ilk  c a r t o n s .

‘ T e t r a  P a l i s  ’ a re  u se d  in  f if ty - th re e  c o u n tr ie s . I n  S w e d e n  th e y  a r e  u se d  fo r  70 %  o f  
t o t a l  m ilk  d is tr ib u t io n  a n d  fo r  1 0 0 %  in  so m e  c it ie s . I n  L o n d o n , th e  E x p r e s s  D a ir y  
C o m p a n y  d e liv e r s  a l l  h a lf-p in t s  o f  m ilk  in  th e se  c a r t o n s ; a n d  in  E s s e x ,  L o r d  R a y le ig h ’s 
F a r m s  In c . c a r r y  o u t  a  r e t a i l  d is tr ib u t io n  o f  so m e  1 0 0 0 0  g a l  d a i ly  in  th e m , a t  th e  
sa m e  p r ic e  a s  b o t t le d  m ilk . A lth o u g h  th e  g la s s  b o t t le  s t i l l  h a s  i t s  a d h e re n ts , a s  sh o w n  
b y  B r o o k s  (1 9 6 2 ), th e  p ro b le m  is  o n e  o f  p u b lic  a w a re n e ss . I n  s p i te  o f  th e  o b v io u s  
a d v a n t a g e s  o f  c a r to n s  in  c o m p a r iso n s  w ith  b o t t le s ,  i t  i s  n o t  y e t  g e n e ra lly  a g r e e d  t h a t  
th e  tw o  m e th o d s  o f  p a c k in g  a r e  s im ila r  in  c o st .

B u r to n  (1 9 6 0 ) s a y s  t h a t  i t  i s  b e c o m in g  re c o g n iz e d  t h a t  i t  is  n o t  p o s s ib le  to  s te r iliz e , 
b y  u se  o f  th e  c o n v e n t io n a l  b o tt le - w a sh in g  sy s t e m  a lo n e , th e  in s id e  su r fa c e s  o f  m ilk  
b o t t le s  to  a  s t a n d a r d  s u ita b le  fo r  a se p t ic  f illin g  p ro c e s se s , a n d  t h a t  i t  se e m s  n e c e s s a r y  
fo r  th e  w a sh in g  to  b e  fo llo w e d  b y  a  s e p a r a t e  s te r i liz in g  p ro c e ss . T h e  r e la t iv e ly  n ew  
‘ u p e r iz a t io n  ’ p r o c e s s  (a n  u lt r a - h ig h - te m p e ra tu re  t r e a tm e n t )  o ffe r s  g e rm -fre e  m ilk  
w ith  a n  a u t o m a t ic  s te r ile  fillin g  p r o c e s s  (A lp u ra  L t d . ,  B e rn e ) . I t  i s  c la im e d  t h a t  
u p e r iz a t io n  r e s u lt s  in  t o t a l  d e s t r u c t io n  o f  a l l  b a c te r ia  w h ils t  r e ta in in g  th e  c h a r a c 
te r is t ic s  o f  r a w  m ilk , e .g . v i t a m in  c o n te n t .

T h e  in c re a s in g  d e v e lo p m e n t  o f  th e  m ilk  v e n d in g  m a c h in e  is  a  f e a t u r e  o f  c u rre n t  
in te r e s t .  T h e  M ilk  M a r k e t in g  B o a r d  s t a t e s  t h a t  a t  th e  e n d  o f  J u n e  1962  a b o u t  60 0 0  
m ilk  v e n d in g  m a c h in e s  w ere  in  u se . T h e se  m a c h in e s  m u s t  d isp e n se  d e s ig n a te d  m ilk , 
b u t  a b o u t  h a l f  o f  th e m  a p p a r e n t ly  p u r v e y  ra w  m ilk  ( T .T .)— fifte e n  o f  th e  tw e n ty -n in e  
in  B r is to l  d o  so  (F .  J .  R e d s to n e , p e r s . c o m m .) . C u rre n t  le g is la t io n  e x c lu d e s  ‘ c a te r in g  
s a le s  ’ f ro m  th e  r e q u ir e m e n t  to  h o ld  a  lic e n ce  fo r  th e se  m a c h in e s , a n d  m ilk  v e n d in g  
m a c h in e s  in  th is  c a te g o r y  c o u ld  e s c a p e  s a m p lin g  b y  th e  lic e n s in g  a u t h o r i t y .  R a w  
m ilk  fro m  m a c h in e s  p r o v id e s  a  sm a ll  b u t  d i s t in c t  a n d  ra n d o m  o p p o r tu n ity  fo r  th e  
in g e st io n  o f  ra w  m ilk  c o n ta in in g  d is e a se  o r g a n ism s  (B o th w e ll, 1 9 6 0 ; H o w a r d , 19 6 2 ).
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PUBLICATIONS BY THE WORLD HEALTH ORGANIZATION AND THE 
FOOD AND AGRICULTURE ORGANIZATION

T h e re  h a v e  b e e n  a  n u m b e r  o f  p u b l ic a t io n s  fro m  th e se  o r g a n iz a t io n s  o f  th e  U n ite d  
N a t io n s  w h ich  a r e  r e le v a n t  to  th e  p ro b le m s  o f  m ilk -b o rn e  d ise a se . T h e  J o i n t  F  A O / 
W H O  E x p e r t  C o m m itte e  o n  M ilk  H y g ie n e  (1 9 6 0 ) in  i t s  se c o n d  r e p o r t  d e a l t  w ith  th e  
h y g ie n e  o f  l iq u id  m ilk , h y g ie n e  c o n tro l o f  th e  p r e p a r a t io n  o f  m ilk  p r o d u c t s ,  w a te r  
su p p ly  in  r e la t io n  to  m ilk  h y g ie n e , a n d  th e  sp e c ia l  p r o b le m s  o f  m ilk  h y g ie n e  in  w a rm  
c o u n tr ie s . I t  r e p o r te d  t h a t  s t a p h y lo c o c c a l  in fe c t io n  d e r iv e d  fro m  b o v in e  m a s t i t i s  h a s  
ta k e n  th e  p la c e  in  m a n y  c o u n tr ie s  o f  m a s t i t i s  c a u se d  b y  s tre p to c o c c i. T h e  in d is 
c r im in a te  u se  o f  a n t ib io t ic s  b y  in t r a m a m m a r y  in fu s io n  in  th e  t r e a t m e n t  o f  m a s t i t i s  
h a s  r e su lte d  in  th e  p ro d u c t io n  o f  a n t ib io t ic - r e s i s t a n t  s ta p h y lo c o c c i , w ith  r e s u lt a n t  
e p id e m io lo g ic  a n d  th e r a p e u t ic  p r o b le m s  w h en  d is se m in a t io n  o c c u r s  in  th e  h u m a n  
p o p u la t io n . R a p id  c o o lin g  o f  a l l  m ilk  to  1 0 °C  o r  lo w e r w o u ld  p r e v e n t  th e  fo r m a tio n  
o f  s t a p h y lo c o c c a l  e n te ro to x in . T h e  u se  o f  in fe r io r  q u a l i t y  m ilk  fo r  c h e e se m a k in g  is  
c o n d e m n e d , a s  i t  o fte n  le a d s  to  r e te n t io n  in  th e  ch ee se  o f  s ta p h y lo c o c c i  a n d  
e n te ro to x in .

T h is  C o m m itte e  re fe r s  to  th e  p o ss ib le  d e v e lo p m e n t  o f  ‘ m a r k e r s  ’ to  d e te c t  low  le v e ls  
o f  a n t ib io t ic s  in  m ilk  a t  fa r m s ,  c o lle c t in g  s t a t io n s  a n d  d a ir y  p la n t s ,  th e  m o s t  p ro m is in g  
r e su lt s  b e in g  o b ta in e d  w ith  d y e  p r e p a r a t io n s  a n d  ch lo ro p h y ll. T h e  r e p o r t  d e a ls  a lso  
w ith  in se c t ic id e s  a n d  ra d io n u c lid e s  in  m ilk . U r g e n t  s tu d ie s ,  i t  s a y s ,  a re  r e q u ir e d  o n  th e  
p ro b le m  o f  in se c t ic id e s  in  m ilk  a n d  o n  th e  m o n ito r in g  o f  m ilk  fo r  ra d io n u c lid e s . I t  
q u o te s  th e  J o i n t  W H O /F A O  E x p e r t  C o m m itte e  o n  M e th o d s  o f  R a d io c h e m ic a l  A n a ly s is
(1 959 ) a s  fo llo w s :

Monitoring of milk is important, because this food item is a major route by means of which 
environmental contamination reaches the human population in many countries. In addition, 
levels of certain radionuclides in milk are a reliable reflexion of the contamination of the cow’s 
diet consumed within the past few days. In general, sampling procedures should be governed by 
local and regional conditions and the objectives of the analyses. Sampling can be done at 
collection centres or processing plants, so that bulk supplies or individual units can be sampled 
systematically. Depending upon the objectives, pooling and reduction of sample size can be 
easily accomplished. Depending upon the source of contamination, it may be desirable to 
measure one or more of the following radionuclides in milk; 89Sr, “ Sr, 137Cs, 131I, and perhaps 
140Ba and 226Ra. When 131I  or 140Ba are to be measured for checking recent or variable contamina
tion, it is essential to complete the assay as soon as possible and to record the times of sample 
collection and assay, because of the short half-lives of these nuclides.

T h e  R e p o r t  d e a ls  a t  so m e  le n g th  w ith  d i s e a se s  t r a n s m it te d  th ro u g h  m ilk  p r o d u c t s ,  
a n d  i t  i s  e m p h a s iz e d  t h a t  a g e in g  in  i t s e l f  d o e s  n o t  e n su re  fre e d o m  fro m  p a th o g e n s , 
w h ich  c a n  p e r s is t  in  ch ee se  fo r  m a n y  m o n th s . A  u se fu l  co d e  o f  p r in c ip le s  g o v e rn in g  
m ilk  a n d  m ilk  p r o d u c t s  i s  g iv e n  a s  a n  a p p e n d ix .

T h e  C o m m itte e  a lso  re fe r s  to  th e  m o re  r e c e n t ly  re c o g n iz e d  t ic k -b o rn e  e n c e p h a lit is  
a n d  i t s  t r a n s m is s io n  b y  e ith e r  t ic k  b ite  o r  ra w  m ilk , i t s  e x c re t io n  in  co w ’s  m ilk  h a v in g  
b e e n  d e m o n s t r a te d  e x p e r im e n ta l ly . H e a t in g  to  6 5 - 7 0 °C  fo r  20  m in  i s  n e c e s s a r y  to  
d e s t r o y  th is  v ir u s ,  6 0 °C  fo r  20  m in  b e in g  in su ffic ie n t . B u t t e r  c a n  m a in ta in  th e  v ir u s  
fo r  2 m o n th s  a t  4 °C , a n d  c u rd s  fo r  a b o u t  2 w e e k s . P r e v e n t io n  o f  th e  d is e a se  th e re fo re  
c a n  b e  a c c o m p lish e d  b y  h e a t in g  th e  m ilk  to  t e m p e r a tu r e s  a n d  fo r  p e r io d s  o f  t im e  
a b o v e  le v e ls  p r e v io u s ly  in d ic a te d . S in c e  th e se  t im e - te m p e r a tu r e  le v e ls  a r e  d if fe re n t  
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fro m  th o se  c o m m o n ly  u se d  in  p a s te u r iz a t io n  p r o c e d u re s , th e  C o m m itte e  s t r o n g ly  
re c o m m e n d s  fu r th e r  r e se a r c h  o n  th e  p o in t .

A  W H O  M o n o g ra p h  o n  M ilk  H y g ie n e  h a s  b e e n  c o m p ile d  b y  K a p l a n  et a l .  (1 9 6 2 ). 
T h is  i s  a n  e x tr e m e ly  c o m p re h e n s iv e  s t u d y  o f  th e  s u b je c t ,  w ith  a p p r o x im a t e ly  350  
re fe re n c e s , a n d  i t  sh o u ld  b e  a  b a s ic  so u rc e  o f  d a t a  in  th is  fie ld . T h e se  a u th o r s  l i s t  th e  
v ir a l ,  r ic k e t t s ia l ,  b a c te r ia l ,  c lo s tr id ia l , p ro to z o a l , h e lm in th  a n d  o th e r  d i s e a se s  t r a n s 
m it te d  to  m a n  th ro u g h  m ilk . A n  im p o r t a n t  p a r t  o f  th e  s t u d y  d e a ls  w ith  h e a t  d e s t r u c 
t io n  o f  o r g a n ism s , a n d  th e y  s a y :

I t  is  o fte n  s t a t e d  t h a t  n o  a u th e n t ic  o u t b r e a k  o f  d i s e a s e  h a s  b e e n  a t t r ib u t e d  t o  p r o p e r ly  
p a s te u r iz e d  m ilk . T h is  c la im  is  v a l id  i f  th e  t e r m  ‘ p r o p e r ly  p a s t e u r i z e d ’ is  t a k e n  to  in d ic a te  t h a t  
th r e e  c o n d it io n s  h a v e  b e e n  fu lf i l le d : (1) th e  m ilk  w a s  a d e q u a t e ly  co o le d  a n d  k e p t  c o o l b e fo re  
p a s te u r iz a t io n  so  a s  t o  p r e v e n t  th e  fo rm a tio n  o f  h e a t - r e s i s t a n t  s ta p h y lo c o c c a l  e n te r o to x in ;  
(2) th e  p a s te u r iz in g  e q u ip m e n t  w a s  fu n c t io n in g  a d e q u a t e ly ;  a n d  (3) p r e c a u t io n s  w ere  t a k e n  to  
p r e v e n t  p o s t - p a s t e u r iz a t io n  c o n ta m in a t io n . U n fo r tu n a te ly  i t  o fte n  h a p p e n s  t h a t  o n e  o r  m o r e  o f  
th e s e  p r e r e q u is i te s  is  la c k in g  a n d  th is  is  r e sp o n s ib le  fo r  m u c h  m ilk -b o rn e  d is e a s e .  T w o  p o in t s  
m a y  b e  n o te d  h o w e v e r . F i r s t ly ,  m o d e m  m ic ro b io lo g ic a l  s tu d ie s  h a v e  sh o w n  t h a t  t e m p e r a t u r e  
in a c t iv a t io n  i s  a  m u c h  m o r e  c o m p lic a te d  p h e n o m e n o n  t h a n  w a s  fo rm e r ly  b e l ie v e d ;  fu tu r e  
s tu d ie s ,  e s p e c ia l ly  w ith  m ic ro - o r g a n ism s  o f  b o rd e r lin e  s u s c e p t ib i l i t y  to  so m e  p a s te u r iz a t io n  
t e m p e r a t u r e s  n o w  u s e d  (Q  fe v e r , tu b e r c u lo s is ) ,  sh o u ld  t a k e  t h is  in to  a c c o u n t  (see , fo r  e x a m p le ,  
D a o u s t ,  R e a d  &  L i t s k y ,  1 9 61). S e c o n d ly , th e  s u r v iv a l  o f  p a th o g e n ic  v ir a l  a g e n t s  r e q u ir e s  c a r e fu l  
s t u d y  w ith  th e  la t e s t  v ir o lo g ic a l  t e c h n iq u e s , d e v e lo p e d  o n ly  in  th e  l a s t  few  y e a r s .  A p ar t, f ro m  
v e r y  fe w  in v e s t ig a t io n s  m a d e  so m e  y e a r s  a g o ,  n o  a d e q u a t e  s tu d ie s  h a v e  b e e n  r e p o r te d  on  th e  
s u r v iv a l  o f  p a th o g e n ic  v ir u se s  in  m ilk . O n  th e  b a s i s  o f  p r a c t ic a l  e x p e r ie n c e  o v e r  m a n y  y e a r s  
h o w e v e r  t h e re  se e m s  n o  re a so n  t o  d o u b t  t h a t  th e  p a s te u r iz a t io n  p r o c e d u re s  n o w  u s e d ,  e s p e c ia l ly  
th o se  in v o lv in g  th e  h ig h e r  t e m p e r a t u r e  r a n g e ,  a r e  a d e q u a t e  fo r  p r o te c t io n , in  s p i te  o f  c e r ta in  
th e o r e t ic a l  p o s s ib il i t ie s  in d ic a te d  in  l a b o r a t o r y  e x p e r im e n ts .

T h e se  a u th o r s  a lso  d e a l  w ith  m o re  r e c e n t ly  re c o g n iz e d  v ir u se s  l ik e ly  to  p ro d u c e  
m ilk -b o rn e  d ise a se , e .g . th e  e n te r o v ir u s e s  a n d  a lso  c e r ta in  s t r a in s  o f  E sc h e r ic h ia  co li. 
In fe c t io u s  h e p a t i t i s  m u s t ,  th e y  s a j7, b e  c o n s id e re d  a s  o n e  o f  th e  m o s t  se r io u s  v ir a l  
d i s e a se s  o f  w h ich  m ilk  m a y  b e  a n  im p o r t a n t  v e h ic le  o f  t r a n s m is s io n ; th e y  re fe r  to  
th e  o b s e r v a t io n s  o f  P o sk a n z e r  & B e a d e n k o p f  (1 9 6 1 ) o n  th e  in a b i l i ty  o f  c h lo r in a t io n  to  
d e s t r o y  th e  v ir u s  u n d e r  c e r ta in  c ir c u m sta n c e s . T h e y  re fe r  to  th e  u r g e n t  n e e d  to  e n su re  
n a t io n a l  n o t if ic a t io n  o f  m ilk -b o rn e  d is e a se s ,  w h ich  th e y  l is t .

I n  a d d it io n  to  th e  m ic r o -o rg a n ism a l c o n d it io n s , a n t ib io t ic s ,  m ilk  a l le rg y , t o x ic  
c h e m ic a ls , p r e s e r v a t iv e s ,  d is in fe c ta n ts ,  r a d io n u c lid e s , p la n t  to x in s ,  f la v o u r s  a n d  
d r u g s  e x c r e te d  in  m ilk , a n d  o th e r  c a u se s  o f  u n w h o le so m e  m ilk  a r e  c o v e re d . A n  
e x a m p le  o f  th e  c o m p le te n e ss  o f  th i s  w o rk  i s  th e  in te r e s t in g  re fe re n c e  to  th e  e p i 
d e m ic s  o f  g la u c o m a  a s s o c ia t e d  w ith  d r o p s y  in  I n d ia  a n d  t r a c e d  to  c o n ta m in a t io n  
o f  co o lin g  o ils  w ith  th e  se ed -o il o f  p r ic k ly  y e llo w  p o p p y  (A rgem on e m e x ic a n a )  
w h ich  c o n ta in s  th e  a lk a lo id s  sa n g u in a r in e  a n d  d ih y d ro sa n g u in a r in e . I t  i s  n o te d  t h a t  
r e c e n t ly  H a k im , M ijo v ic  & W a lk e r  (1 9 6 1 ) h a v e  su g g e s te d  th e  p o s s ib i l i ty  o f  s a n g u i
n a r in e  b e in g  e x c r e te d  in  th e  m ilk  o f  co w s fe e d in g  on  fu m a r ia  w e e d s  (e .g . F u m a r i s  
o ffic in a lis)  in  p o o r  p a s t u r e s ,  th e se  a u th o r s  b e lie v in g  t h a t  th e  w id e  g e o g r a p h ic a l  d i s t r i 
b u t io n  o f  th e se  w e e d s  m a y  b e  o f  s ig n ific a n c e  in  re la t io n  to  th e  w id e ly  p r e v a le n t  
e n d e m ic  g la u c o m a  o f  m a n — a n  o b s e r v a t io n  o f  th e  k in d  w h ich  m ig h t  h a v e  p ro fo u n d  
s ig n if ic a n c e  fo r  th e  e p id e m io lo g y  a n d  e c o lo g y  o f  h u m a n  d ise a se .

T h e  F o o d  a n d  A g r ic u ltu re  O rg a n iz a t io n  o f  th e  U n ite d  N a t io n s  (1 9 6 2 ) h a v e  
p u b lish e d  a  s t u d y  o f  A n im a l D is e a s e  a n d  H u m a n  H e a lth . W ritte n  fo r  n o n - sp e c ia l i s t
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a s  w ell a s  s p e c ia l i s t  r e a d e r s ,  th i s  p u b l ic a t io n  d e sc r ib e s  th e  m a in  z o o n o se s  a n d  th e  
m a in  t h r e a t s  t o  a n im a l  h e a lth . T h e  e s t im a t e d  w o rld  a n im a l  p o p u la t io n , a s  g iv e n  in  
t a b u la r  fo rm , i s  sh o w n  in  T a b le  2.

T a b le  2

E st im a te d P ercen tage
n um ber in o f world

D om estic  an im als m illions pop u lation

Sheep 967-0 33-0
C attle 890-0 32-0
P ig s 485-5 15-0
G oats
E q u in e s:

340-8 12-3

H o rses 70-2 2-3
M ules 15-8 0-6
A sses 33-5 1-3

B u ffa loes 94-5 3-2
C am els 10-3 0-3

C h ick en s:

2907-6 100-0

B ro ilers (m eat) 2400-0 72-0
H en s (lay ing) 600-0 18-0

T u rk ey s 150-0 4-0
D u ck s an d  geese 200-0 6-0

3350-0 100-0

T h e  F A O  h a s  a lso  p u b lis h e d  a  m o n o g r a p h  b y  M c D ia rm id  (1 9 6 0 ) o n  ‘ D is e a s e s  o f  
F r e e - liv in g  W ild  A n im a l s ’ . T h e re  is  n o w  m u c h  e v id e n c e  t h a t  w ild  life  m u s t  se r io u s ly  
b e  c o n s id e re d  in  sc h e m e s fo r  th e  c o n tro l a n d  e r a d ic a t io n  o f  d is e a se s  in  l iv e s to c k  a n d  
th is  c o m p re h e n s iv e  m o n o g ra p h  g iv e s  a n  e x c e lle n t  s u m m a r y  o f  th e  in fo r m a tio n  
a v a i la b le  o n  th e  su b je c t .  T h is  s t u d y  w ill b e  a  s t a n d a r d  re fe re n c e  in  r e g a r d  to  th e  
in te r r e la t io n s h ip  o f  h u m a n  e p id e m io lo g y  a n d  a n im a l  e p iz o o t io lo g y . T h e  e x te n s iv e  
b ib lio g r a p h y  is  d iv id e d  in to  se c t io n s  a t  th e  e n d  o f  e a c h  c h a p te r .

P e r h a p s  th e  m o s t  b a s ic  n e c e s s ity  fo r  a t te m p t in g  t o  d e a l  w ith  d is e a se s  i s  t h a t  
th e  in fo r m a t io n  a b o u t  th e m  sh o u ld  b e  c o m p le te . I n  f ie ld s  o th e r  t h a n  m ilk -b o rn e  

( d is e a se s ,  m u c h  h a s  b e e n  w r it te n  in  re c e n t  y e a r s  a b o u t  th e  in a d e q u a c y  o f  th e  d a t a  
a v a i la b le  a b o u t  d is e a se  a n d  h e a lth  se rv ic e s— a n  in a d e q u a c y  o f  su c h  p r o p o r t io n s  t h a t  
c o n c lu sio n s  a b o u t  th e  n a t u r e  o f  th e  p ro b le m s  o r  h o w  th e y  a r e  b e in g  d e a l t  w ith  c a n  
h a r d ly  b e  d ra w n . T h e r e  a re  d e fic ie n c ie s  in  th e  m a te r ia l  t h a t  is  a v a i la b le  w h en  i t  is  
o ff ic ia lly  a s k e d  fo r , b u t  w h a t  i s  w o rse  a r e  th o s e  c a s e s  w h ere  th e  p r im a r y  in fo r m a tio n  
is  n o t  e v e n  o ffic ia lly  a s k e d  fo r .

T h e  W o rld  H e a l t h  O rg a n iz a t io n  (1 9 5 9 ), in  a  su r v e y  o f  e x is t in g  le g is la t io n  o n  n o t i 
f ic a tio n  o f  c o m m u n ic a b le  d is e a se s ,  c ite s  fo u r  re a so n s  fo r  n o t if ic a t io n , n a m e ly :  (1 ) i t  
g iv e s  in fo r m a t io n  a s  t o  in c id e n c e — r a t e s ,  a g e  a n d  se x , t im e , p l a c e ; (2 ) i t  i s  e s se n t ia l  
fo r  im m e d ia te  lo c a l  a n d  g e n e ra l  c o n tr o l ;  (3) i t  e n su re s  p r o v is io n  o f  a p p r o p r ia te  c a re , 
in c lu d in g  h o s p it a l  c a re  i f  n e c e s s a r y ;  (4 ) i t  p r o v id e s  a  c o m p re h e n s iv e  l i s t  o f  c a s e s  
re q u ir in g  fu r th e r  s t u d y  a n d  re se a r c h , w ith o u t  w h ich  n o  p r o g r e s s  is  p o s s ib le .

T h e  c o n c lu sio n  o f  th is  W H O  su r v e y  r e a d s  a s  f o l lo w s :

O f th e  f a c t o r s  fo r  s u c c e s s  in  th e  c o n q u e s t  o f  c o m m u n ic a b le  d i s e a s e — o n e  o f  th e  c o m p e llin g  
p r o b le m s  o f  o u r  t im e — th e  r e g u la r  n o t if ic a t io n  o f  c a s e s  to  th e  h e a lth  se rv ic e s  b y  m e d ic a l
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practitioners is undoubtedly one of the most important; for without such information the health 
authorities are unable to take the necessary measures. This collaboration between medical 
practitioners and the health services must be based on suitable regulations. This survey of the 
legislation of about fifty countries brings out the existence of important differences in their 
notification requirements as to both the number of notifiable diseases, which may vary between 
ten and seventy, and the notification procedure. The terms used to designate the scheduled 
diseases are often vague; and this imprecision, together with the additional burden on medical 
practitioners in some countries to notify more than one authority, may result in discouraging 
uhem from collaborating with health authorities to the fullest extent. Various attempts to 
improve notification regulations have been made both on the national and international level. 
Incompleteness of notification and differences which exist between countries in the methods of 
notification impede accurate comparative studies that are valid on the international level from 
being made; yet such studies are important both for the countries themselves and for the success 
of the world-wide campaigns undertaken by the WHO.

I n  th e  l i s t  o f  in fe c t io u s  d i s e a se s  n o t if ia b le  in  v a r io u s  c o u n tr ie s , g iv e n  in  th is  s u r v e y , 
th e re  a r e  v a r ia t io n s  in  r e g a r d  t o  th e  m ilk -b o rn e  d i s e a s e s ;  fo r  e x a m p le , E n g la n d  a n d  
W a le s  c o n s t i tu te  a  sm a ll  a r e a  in  w h ich  b ru c e llo s is , th e  m a jo r  m ilk -b o rn e  d is e a se  in  
t h a t  a re a , re m a in s  u n n o tif ia b le . T h e  le s se r  m ilk -b o rn e  d is e a se s  l ik e  sa lm o n e llo s is  a n d  
tu b e r c u lo s is  a r e  n o tif ia b le . I t  i s  c le a r ly  t im e  fo r  a d o p t io n  o f  a n  in te r n a t io n a l  sc h e d u le  
o f  n o t if ia b le  d is e a se s ,  so  t h a t  p r e v e n t io n  w ill n o  lo n g e r  b e  h in d e re d  s im p ly  b y  la c k  o f  
k n o w le d g e  o f  th e ir  e x is te n c e .
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T H E  R E L A T IV E  IM PO R T A N C E O F T H E  M IL K -B O R N E  D IS E A S E S

L e e c h , D a v is ,  M a c ra e  & W ith e rs  (1 9 6 0 ) c o m p ile d  a  r e p o r t  b a s e d  o n  a  n a t io n a l  
s u r v e y  o f  d ise a se , w a s ta g e  a n d  h u s b a n d r y  in  B r it i s h  d a ir y  h e rd s  in  1 9 5 7 -5 8 . T h e y  g iv e  
th e  f ig u re s  sh o w n  in  T a b le  3. A c u te  m a s t i t i s  a n d  J o h n e ’s  d is e a se  w ere  th e  tw o

T a b le  3. N a t io n a l  estim ate s o f  total d e p rec ia tio n  in  m ark et v a lu e  
c a u se d  by fo u r  d ise a se  co n d itio n s in  1 9 5 7 -5 8

D isease

M astitis  
Jo h n e ’s  d isease  
In ju rie s  an d  acc id en ts 
T roub le  a t  ca lv in g

E st im a te d  to ta l 
depreciation  

£

540000
626000
520000
316000

d is e a se s  c a u s in g  th e  g r e a t e s t  t o t a l  lo s s  th ro u g h  d e p r e c ia t io n  in  m a r k e t  v a lu e . T h e  
r e p o r t  c o n tin u e s  a s  fo llo w s :

The outstanding feature of the diseases of dairy herds was the importance of diseases peculiar 
to the female, particularly mastitis and those closely associated with parturition. Of the re
mainder, the most important specific diseases appear to have been Johne’s disease, grass tetany, 
and foul-in-the-foot. There were marked differences between breeds, sizes of herd, and different 
parts of the country, in the incidence of several important diseases.

The following features of the incidence of certain disease conditions, deserve further and more 
precise investigation : 1. The implication of the seasonal curve of abortions that the main reservoir 
of brucellosis infection may be the apparently normal cow excreting infection after a full-term 
parturition; 2. The relatively high incidence of stillbirths at autumn and winter parturitions, 
particularly of heifers, compared with spring and summer. The feeding of in-calf heifers and dry 
cows might merit investigation; 3. The regional differences in the incidence of acetonaemia and 
grass tetany, which were strikingly similar for the two diseases.
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S m ith  (1 9 6 0 ) fo u n d  M y co b acter iu m  jo h n e i  in  th e  m ilk  o f  o n e  o u t  o f  tw e n ty  co w s 
su ffe r in g  fro m  c lin ic a l J o h n e ’s  d is e a se  a n d  th is  s u p p o r t s  th e  v ie w  o f  D o y le  (1 9 5 4 ) t h a t  
i t s  e x c re t io n  in  th e  m ilk  is  in fre q u e n t . I t s  a b se n c e  fro m  f ifty - tw o  h e rd  s a m p le s  
fro m  te n  f a r m s  w h ere  J o h n e ’s  d is e a se  w a s  a  se r io u s  p ro b le m  in d ic a te d  t h a t  in  a f fe c te d  
h e rd s  c o n ta m in a t io n  o f  th e  m ilk  i s  n o t  h e a v y  o r  c o m m o n . A lth o u g h  th e  d is e a se  i s  a  
se r io u s  p ro b le m  in  a n im a ls ,  i t  i s  n o t  t r a n s m is s ib le  to  h u m a n  s u b je c t s .

S te e le  (1 9 6 1 ), in  a  re v ie w  o f  a n im a l  d i s e a se s  t r a n s m is s ib le  to  m a n , s a y s  t h a t  
b ru c e llo s is  i s  p r o b a b ly  th e  m o s t  w id e sp r e a d  o f  z o o n o se s , w ith  e s t im a t e d  h u m a n  
in fe c t io n  o f  h u n d re d s  o f  th o u sa n d s . I n  th e  U .S .A .  in  1947 th e  in fe c t io n  r a t e  in  c a t t le  
h a d  b e e n  e s t im a t e d  a t  2 0 - 3 0 % ,  in  sw in e  5 - 1 0 % ,  w h ile  m o re  th a n  1 0 0 0 0  c a s e s  o f  
h u m a n  b ru c e llo s is  w ere  d ia g n o se d . I n  1958 , a f t e r  a  n a t io n a l  c a m p a ig n  to  e r a d ic a te  
b ru c e llo s is , le s s  t h a n  800  h u m a n  c a s e s  o c c u r re d  a n d  m o s t  o f  th e se  w e re  a m o n g  
p e r so n s  in  o c c u p a t io n a l  c o n ta c t  w ith  a n im a ls  a n d  a n im a l  p r o d u c t s .  B y  th e  e n d  o f  
1960 , tw e n ty - s ix  S t a t e s  sh o w e d  le s s  th a n  1 %  o f  c a t t le  w ith  p o s i t iv e  se ru m  a g g lu t in a 
t io n . D u r in g  1961 b ru c e llo s is  in  sw in e  a n d  g o a t s  w a s  re c e iv in g  m o re  a t te n t io n  w ith  
a  v ie w  to  e l im in a t io n . S h e e p  b ru c e llo s is  w a s  n e v e r  a  d is e a se  e n t i t y  o f  a n y  c o n se 
q u e n ce  in  th e  U .S .A . , a l th o u g h  i t  i s  a  m a jo r  a n im a l  a n d  h u m a n  h e a lth  p ro b le m  in  th e
U .S .S .R . ,  a c c o r d in g  to  th is  a u th o r . I n  S o u th e r n  E u r o p e , A fr ic a  a n d  A s ia  g o a t s  a re  
th e  m a in  so u rc e  o f  in fe c t io n  fo r  h u m a n  b ru c e llo s is .

B r u c e l lo s is  m u s t  th e re fo r e  t a k e  f ir s t  p la c e  in  a n y  a s s e s s m e n t  o f  r e la t iv e  s ig n i
fic a n c e  o f  m ilk -b o rn e  d is e a se  in  c o u n tr ie s  w h ere  b o v in e  T B  is  c o n tro lle d . T h o u g h  
m a s t i t i s  is  p r e s e n t  in  u p  to  30  %  o f  a n im a ls ,  o n ly  25  %  o f  th i s  i s  s t a p h y lo c o c c a l  a n d  
w h en  e x c r e te d  in  th e  m ilk  e v e n  th is  p a th o g e n  w ill n o t  p ro d u c e  to x in  i f  th e  m ilk  i s  
co o le d  im m e d ia te ly . B r u c e l lo s is  i s  t r a n s m is s ib le  fro m  th e  f r e sh e s t  m ilk  a n d  c a u se s  
c h ro n ic  d is e a se  a s  w ell a s  d e a th  in  a n im a ls  a n d  m e n , w h ile  s t a p h y lo c o c c a l  in fe c t io n  
is  a n  e n te r i t ic  t o x a e m ia ,  b r ie f  in  d u r a t io n  a n d , so  f a r  a s  i s  k n o w n , w ith o u t  c h ro n ic ity  
o r  f a t a l i t y .  F u r th e r m o r e , e v e n  i f  i t  w e re  p o ss ib le  to  e l im in a te  s t a p h y lo c o c c a l  
m a s t i t i s  c o m p le te ly  fro m  a n im a ls ,  th e re  w o u ld  s t i l l  r e m a in  in  m a n  h im s e lf  a  r e se rv o ir  
o f  s t r a in s  p o s s ib ly  m o re  v ir u le n t  th a n  th o s e  in  th e  cow . T h o u g h  J o h n e ’s  d is e a se  i s  a lso  
a  s ig n if ic a n t  a n im a l  p ro b le m  i t  is  n o t  t r a n s m is s ib le  to  m a n  so  f a r  a s  i s  k n o w n  a n d  i t s  
se c re t io n  in  m ilk  i s  v e r y  u n c o m m o n .

B R U C E L L O S IS

G en era l

T h e  W o rld  H e a l t h  O rg a n iz a t io n  (1 9 6 2 ) r e c o r d e d  th e  in c id e n c e  o f  h u m a n  b ru c e llo s is , 
in  a l l  c o u n tr ie s  w h ere  th e  d is e a se  i s  n o tif ie d , b e tw e e n  A p r il  1961 a n d  M a rc h  1962 . 
T h e  h ig h e s t  n u m b e r s  o f  c a s e s  w e re  in  I t a l y  (5 6 6 3 ) a n d  S p a in  (3 7 1 8 ), w ith  a n  in c id e n c e  
r a n g in g  fro m  tw e n ty  to  60 0  c a s e s  in  o th e r  E u r o p e a n  c o u n tr ie s . T h e re  w ere  n o  c a s e s  
in  D e n m a r k  a n d  S w e d e n , w h ere  th e  d i s e a s e  h a s  b e e n  e r a d ic a te d . N o  c a s e s  a re  
r e p o r te d  in  E n g la n d  a n d  W a le s , b u t  th i s  i s  b e c a u s e  b ru c e llo s is  i s  n o t  n o t if ia b le  to  
lo c a l  h e a lth  a u th o r it ie s  th e r e ;  in  f a c t ,  so m e  9 0 - 1 0 0  c a s e s  p e r  a n n u m  a re  k n o w n  to  
o c cu r , fro m  th e  P u b lic  H e a l t h  L a b o r a t o r y  S e r v ic e  re tu r n s , b u t  th i s  i s  a  l a b o r a t o r y  
d ia g n o s t ic  r e tu r n  a n d  n o t  a  le g a l  n o t if ic a t io n  sy s t e m  c a r r y in g  th e  r ig h t  to  in v e s t ig a t e .

I n  th e  U .S .A .  in  1 9 6 1 -6 2  th e re  w ere  53 0  c a s e s ,  in  C a n a d a  113, a n d  in  P e r u  178 . 
I n  A s ia  th e  m a in  k n o w n  in c id e n c e  w a s  in  I r a n  (1 1 6 6  c a s e s ) .  I n  A u s t r a l i a  th e re  w ere
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fo r ty - f iv e  c a s e s  a n d  in  N e w  Z e a la n d  fo r ty -o n e . A lg e r ia  h a d  fo r ty - f iv e  c a s e s ;  th e re  
v /ere  o n ly  a b o u t  tw e n ty  r e p o r te d  in  a l l  o th e r  p a r t s  o f  A fr ic a .

S te e le  (1 9 6 2 ) r e p o r te d  t h a t  th e  a n n u a l  in c id e n c e  in  th e  U .S .A .  d e c r e a se d  fro m  6321  
c a s e s  in  1947 to  58 0  in  1961 . T h e  d e c lin e  h a d  b e e n  le s s  r a p id  in  re c e n t  y e a r s ,  p a r t ly  
b e c a u s e  sw in e  b ru c e llo s is  h a d  re m a in e d  a  p r o b le m  a n d  h a d  b e c o m e  th e  p r in c ip a l  so u rc e  
o f  o c c u p a t io n a l  h u m a n  d i s e a s e . T h e  e s t im a t e d  r a t e  o f  in fe c t io n  in  sw in e  w a s  1 - 2  % , w ith  
a b o u t  5 %  o f  h e rd s  a f fe c te d . P ig s  a re  r a i s e d  o n  a b o u t  1 8 4 7 0 0 0  f a r m s  in  th e  U .S .A .  
a n d  so m e  8 5 0 0 0 0  p e r s o n s  a re  s a id  to  b e  e x p o s e d  in  h a n d lin g  t h e m ; a b o u t  1 3 1 0 0 0  
h e rd s  a r e  in fe c te d , e x p o s in g  th is  n u m b e r  o f  fa r m  fa m ilie s . D is t r ib u t io n  o f  h u m a n  
b ru c e llo s is  i s  h ig h e s t  in  th e  m id -w e st , p a r t ic u la r ly  Io w a , K a n s a s  a n d  I ll in o is , fo llo w e d  
b y  o th e r  m id -w e st  a r e a s ,  a n d  so u th e rn  s t a t e s  in c lu d in g  T e x a s .  M o st  c a s e s  in  th e  
so u th  a re  r e la te d  to  p e r s o n s  h a n d lin g  in fe c te d  a n im a ls  o r  in g e s t io n  o f  c o n t a m in a t e d  
m ilk  p r o d u c t s ,  w h ile  in  th e  n o r th  a n d  w e st  p a c k in g -h o u se  w o rk e rs  a n d  b u tc h e r s  a r e  
m a in ly  a ffe c te d , a l th o u g h  m ilk  i s  in v o lv e d  in  so m e  c a se s .

A lso  in  th e  U .S .A . ,  S c h irg e r , N ic h o ls , M a r tin , W e llm a n  & W e e d  (1 9 6 0 ) g a v e  a n  
a c c o u n t  o f  e x p e r ie n c e s  w ith  22 4  p a t ie n t s ,  m o re  t h a n  h a l f  o f  w h o m  w ere  o c c u p a t io n a l ly  
c o n n e c te d  w ith  a n im a l  h u sb a n d r y . I n  p a t ie n t s  w ith  b a c te r e m ic  b ru c e llo s is , a g g lu t i 
n a t io n  t i t r e s  w e re  1 /2 0 0  o r  m o re . M o st  o f  th e m  h a d  c lin ic a l m a n ife s ta t io n s  o f  se v e re  
sy s te m ic  in fe c t io n  a n d  th e y  w e re  t r e a t e d  s a t i s f a c t o r i ly  w ith  te t r a c y c l in e  a n d  s t r e p t o 
m y c in . A  fe w  p a t ie n t s  w ith  lo c a liz e d  in fe c t io n s  h a d  r e c u r re n t  c o n s t i tu t io n a l  s y m p to m s  
a n d  in  th e se  c a s e s  a g g lu t in a t io n  t i t r e s  o fte n  w ere  low  o r  a b s e n t ; su r g ic a l  d r a in a g e  o r 
e x c is io n  o f  lo c a liz e d  in fe c t io n s  w a s  o f  v a lu e  in  d ia g n o s is  a n d  t r e a tm e n t .  B r u c e lla  s u i s  
w a s  th e  s t r a in  m o s t  c o m m o n ly  i s o la te d  fro m  lo c a liz e d  le s io n s .

T h e  C a n a d ia n  J o u r n a l  o f  P u b lic  H ea lth  (1 9 6 0 ) d i s c u s se d  a  p ro g r a m m e  fo r  b ru c e llo s is  
c o n tro l in  C a n a d a , w h ich  h a d  c o m m e n c e d  in  1 9 5 7 -5 8 . B y  M a rc h  1960  o v e r  3 x 106 
c a t t le  (a b o u t  27 %  o f  th e  c a t t le  p o p u la t io n )  w ere  u n d e r  su p e rv is io n , i .e . th e y  w ere  
e ith e r  in  th e  134  a r e a s  w h ere  t e s t in g  w a s  u n d e r  w a y  o r  in  th e  107 a r e a s  w h ic h  h a d  
b e e n  c e r t if ie d  a s  h a v in g  a  le v e l  o f  in fe c t io n  n o t  e x c e e d in g  1 %  o f  th e  c a t t le  p o p u la t io n  
a n d  5 %  o f  th e  h e rd  p o p u la t io n  fo r  3 y e a r s .  O v e r  3 7 0 0 0  r e a c to r  a n im a ls  h a d  b e e n  
id e n t if ie d  a n d  s la u g h te r e d . R e s u l t s  in d ic a te d  t h a t  b o v in e  b ru c e llo s is  c o u ld  b e  
e r a d ic a te d  u n d e r  C a n a d ia n  c o n d it io n s .

T h e  W o rld  H e a l t h  O rg a n iz a t io n  (1 9 6 1 a )  s t a t e d  t h a t  b ru c e llo s is  w a s  c o m m o n  a m o n g  
sh e e p  a n d  g o a t s  in  th e  U .S .S .R . ,  w h ere  th e se  a n im a ls  w ere  th e  so u rc e  o f  8 5 - 9 0  %  o f  
h u m a n  c o n t a c t  c a s e s  w ith  c lin ic a l s y m p to m s . H u m a n  d is e a se  t r a n s m it te d  th r o u g h  
m ilk  a n d  m ilk  p r o d u c t s  h a d  b e e n  r e d u c e d  c o n s id e ra b ly  b y  h y g ie n ic  p r o c e s s in g  m e th o d s . 
B e tw e e n  1952  a n d  1958  v a c c in a t io n  h a d  re d u c e d  h u m a n  d is e a se  b y  n e a r ly  6 0 % ,  a n d  
■ over a  5 -y e a r  p e r io d  th e  fr e q u e n c y  o f  c a s e s  a m o n g  e x p o s e d  p e r so n s  g a v e  a n  a v e r a g e  o f  
■ 0*5%  fo r  v a c c in a t e d  p e r s o n s  a n d  1 2 - 3 %  fo r  u n v a c c in a te d .

A  r e p o r t  fro m  th e  F A O /W H O  B r u c e l lo s is  C e n te r  in  J a p a n  (1 9 6 1 ) s t a t e d  t h a t  
b ru c e llo s is  th e re  h a d  b ee n  o b s e r v e d  m o s t ly  a m o n g  d a ir y  co w s, th e  ty p e  o f  in fe c t in g  
o r g a n ism s  b e in g  d if fe re n t  b e tw e e n  im p o r te d  J e r s e y s  (B r . ab o rtu s  t y p e  I  p r e d o m in a n t )  
a n d  d o m e s t ic  H o ls te in s  (B r . ab o rtu s  t y p e  I I ) .  I t  w a s  c o n s id e re d  h ig h ly  p r o b a b le  t h a t  
m a n  a n d  d o m e s t ic  a n im a ls  o th e r  th a n  d a i r y  co w s sh o w  n o n -sp e c ific  r e a c t io n  to  th e  
a g g lu t in a t io n  t e s t — a  p o in t  o n  w h ic h  th e re  i s  n o t  m u c h  p u b lis h e d  w o rk .

I n  F r a n c e ,  J a c o t o t  (1 9 6 1 ) c o n s id e re d  t h a t  b o v in e  b ru c e llo s is  w a s  a  t h r e a t  to  th e  
a g r ic u l tu r a l  e c o n o m y , e x t r a c t in g  a  to l l  tw o  o r  th re e  t im e s  t h a t  w h ich  t u b e r c u lo s i s
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to o k  b e fo re  th e  in tr o d u c t io n  o f  a n  e r a d ic a t io n  sc h e m e . B r u c e l lo s is  w a s  a  g ro w in g  
d a n g e r  to  th e  p o p u la t io n ; i t  c o u ld  v e r y  e a s i ly  c a u se  c h a r a c te r is t ic  c lin ic a l d is e a se  a n d  
in  m a n y  o th e r  c a s e s  c a u se d  a n  in a p p a r e n t  s t a t e  o f  in fe c t io n  w h ich  a g g r a v a t e d  o th e r  
c o n c o m ita n t  in fe c t io n s .

A  v i l la g e  e p id e m ic  o f  b ru c e llo s is  in  I s r a e l ,  d u e  to  B r .  m e liten sis  f ro m  in fe c te d  sh e e p  
a n d  g o a t s ,  w a s  in v e s t ig a t e d  b y  R o z a n s k y ,  W e b e r , L e h m a n  & B a h  (1 9 6 1 ). O f  309  
in h a b i ta n t s ,  e ig h ty - fo u r  w ere  in fe c te d  a n d  se v e n ty -n in e  c lin ic a lly  ill w ith  b ru c e llo s is . 
O f  fo r ty - s ix  fa m ilie s  o n ly  n in e  e s c a p e d  in fe c t io n . T h e  p o p u la t io n  a t  r i sk  w a s  c o m 
p r is e d  m a in ly  o f  h e rd sm e n  a n d  a n im a l  h a n d le r s . A ll a g e  g r o u p s  w ere  su sc e p t ib le ,  
b u t  m o r b id ity  in c re a se d  w ith  a g e , c o r r e la te d  w ith  in c r e a se d  r i s k  o f  e x p o s u r e  in  o ld e r  
a g e - g r o u p s . S e v e r i t y  o f  i lln e s s  v a r ie d  c o n s id e r a b ly  b u t  th e re  w ere  n o  f a t a l i t ie s  a n d  a ll  
c a s e s  r e sp o n d e d  to  a n t ib io t ic  th e r a p y .  B r .  m e liten sis  w a s  i s o la te d  fro m  tw e n ty -e ig h t  
o u t  o f  th ir ty - s ix  p a t ie n t s  s u b je c t e d  to  b lo o d  c u ltu re , a n d  sp e c ific  a g g lu t in in s  a t  a n  
a c c e p ta b le  le v e l w ere  d e m o n s t r a te d  in  a l l  b u t  th re e  o f  th o se  w h o w ere  c l in ic a lly  ill. 
T h e  n u m b e r  o f  p e r so n s  w ith o u t  e v id e n c e  o f  c lin ic a l b ru c e llo s is  w h o h a d  s ig n if ic a n t  
b ru c e lla  a g g lu t in in s  w a s  v e r y  sm a ll . P e r s is te n c e  o f  sp e c if ic  a g g lu t in in s  u p  to  2 y e a r s  
a f t e r  r e c o v e ry  fro m  c lin ic a l i lln e s s  w a s  re c o rd e d .

I n  S o u th  A fr ic a , S c h r ir e  (1 9 6 2 ) re v ie w e d  th e  h is to r y , in c id e n c e  a n d  d is tr ib u t io n  o f  
h u m a n  b ru c e llo s is . H e  r e p o r te d  th e  r e s u lt s  o f  a  su r v e y  o f  116 b ru c e llo s is  p a t ie n t s  a n d  
a lso  a  se ro lo g ic  su r v e y  o f  142 A fr ic a n s . B e tw e e n  1920  a n d  1959 , 51 3  c a s e s  o f  h u m a n  
b ru c e llo s is  w ere  n o tif ie d . T h e  d is tr ib u t io n  o f  th e  116 s u r v e y  c a s e s  sh o w e d  a  h ig h  p r o 
p o r t io n  fro m  th e  e a s te r n  T r a n s v a a l  a n d  S .W . A fr ic a , in d ic a t in g  th e  e n d e m ic  n a tu r e  o f  
th e  d is e a se  in  th o s e  a r e a s ,  w h ere  c a t t le  a n d  g o a t s  a re  th e  p r o b a b le  r e se rv o ir  a n im a ls .  
O f  th e se  116 c a se s , fo r ty - s ix  w ere  a t  o c c u p a t io n a l  r isk , c o m p r is in g  v e te r in a r y  su rg e o n s , 
s to c k  in s p e c to r s ,  c a t t le  fa r m e r s ,  b u tc h e r s  a n d  la b o r a t o r y  w o rk e rs  h a n d lin g  in 
fe c te d  a n im a ls  o r  m a te r ia l .  T h e  se x  in c id e n c e  w a s  77 %  m a le . A  n u m b e r  o f  c u ltu re s  
fro m  d if fe re n t  p a r t s  o f  th e  c o u n tr y  h a d  b e e n  id e n t if ie d  a n d  i t  is  e v id e n t  t h a t  b o th  
B r .  m e liten sis  a n d  B r .  ab o rtu s  h a v e  b e e n  i s o la te d  fro m  h u m a n  so u rc e s  in  se v e r a l  
re g io n s .

O th e r  r e p o r t s  o f  b ru c e llo s is  in  S o u th  A fr ic a  h a v e  b e e n  p u b lis h e d  b y  L e w is  (1 9 5 9 ), 
K ir s t e n  (1 9 6 1 ), a n d  v a n  D r im m e le n  (1 9 6 1 ). K ir s t e n  b e lie v e s  t h a t  b ru c e llo s is  c a n  b e  
re sp o n s ib le  fo r  sp o n ta n e o u s  h u m a n  a b o r t io n  a n d  h e re fe r s  to  w o rk  d o n e  to  sh o w  t h a t  
a b o u t  20 %  o f  p la c e n t a s  fro m  a  se r ie s  o f  sp o n ta n e o u s  a b o r t io n s  in  a n  e n d e m ic  a r e a  
sh o w e d  p o s it iv e  a g g lu t in a t io n  te s t s .  H e  re fe r s  to  h a n d lin g  in fe c t iv e  m a te r ia l  a s  a  
c a u se  o f  in fe c t io n  a n d  in  th e se  c a s e s  i t  c o u ld  o c c u r  v i a  th e  g a s t r o - in te s t in a l  t r a c t .  
A fte r  in v e s t ig a t in g  th e  h is to r ie s  o f  w o m en  w h o se  h u sb a n d s  h a d  th e  d ise a se , h e 
b e lie v e s  t r a n s m is s io n  b y  th e  v e n e re a l  ro u te  i s  p o s s ib le  a n d  h e p o in ts  o u t  t h a t  in  
a n im a ls  th is  i s  a  re c o g n iz e d  ro u te  o f  in fe c t io n . V a n  D r im m e le n  s a y s  t h a t  fo u r  e p id e -  
m io lo g ic a lly  d i s t in c t  fo rm s  o f  th e  d is e a se  e x i s t  in  S o u t h  A f r i c a : B r .  m e liten sis  in  g o a t s  
a n d  s h e e p ; B r .  ab o rtu s  in  c a t t l e ;  B r .  ab o rtu so v is , c o m m o n  in  s m a ll  s to c k , b u t  se lf-  
l im it in g  a n d  n o t  k n o w n  to  b e  t r a n s m it te d  to  m a n ; a n d  B r .  o v ig e n ita liu m , c a u s in g  
in fe c t io u s  in fe r t i l i ty  o f  r a m s  a n d  a lso  n o t  p a th o g e n ic  fo r  m a n  o r  o th e r  a n im a ls .  T h e  
tw o  l a s t  n a m e s  a re  V a n  D r im m e le n ’s  su g g e s t io n s  fo r  B r u c e l la  o r g a n ism s  w ith  in t e r 
m e d ia te  c h a r a c te r is t ic s  b e tw e e n  B r .  ab o rtu s  a n d  B r .  m e liten sis .

A lto n  (1 9 6 0 ) h a s  r e p o r te d  o n  th e  f r e q u e n t  o c c u rre n c e  o f  d i s s o c ia te d  s t r a in s  o f  B r .  
m e liten sis  in  M a lte se  g o a t  m ilk — le s s  p a th o g e n ic  a n d  m a r k e d ly  le s s  a g g lu tin o g e n ic
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fo r  r a b b i t s  th a n  sm o o th  s t r a in s .  A n  a n t ig e n  n o t  p r e s e n t  in  sm o o th  s t r a in s  w a s  
d e m o n s t r a te d  b y  a g g lu t in in  a b so r p t io n  m e th o d s .

D ia g n o s is

A lth o u g h  a  p o s i t iv e  b lo o d  c u ltu re  i s  a  d e f in itiv e  d ia g n o s is , i t  h a s  to  b e  a c c e p te d  
t h a t  th is  p ro c e d u re  h a s  o n ly  y ie ld e d  a  low  p e r c e n ta g e  o f  su c c e s se s  in  m o s t  p e o p le ’s  
h a n d s , e .g . le s s  t h a n  5 %  in  se r ie s  in  th e  U .K .  w h ere  B r .  ab ortu s  i s  th e  p r e d o m in a n t  
o r g a n ism , th o u g h  a s  h ig h  a s  50  %  o r  so  w h en  B r .  m e liten sis  i s  th e  p a th o g e n . I n  th e  
re m a in in g  95 %  o f  B r .  ab o rtu s  c a se s , re lia n c e  h a s  to  b e  p la c e d  o n  th e  tu b e  a g g lu t in a 
t io n  t e s t .  H e r e  in te r p r e ta t io n  i s  c ru c ia l. W ilso n  (1 9 5 5 ) a n d  D a lr y m p le - C h a m p n e y s  
(1 9 6 0 6 ) p u t  1 /80  a s  th e  d ia g n o s t ic  t i t r e  in  th e  p re se n c e  o f  o th e r  in d ic a t io n s— i.e . 
c lin ic a l in d ic a t io n s . S p in k  (1 9 6 0 ) p u t s  i t  a t  1 /100  (u s in g  A m e r ic a n  a n t ig e n ) .  R i s in g  
t i t r e s  a re  s ig n if ic a n t ;  h ig h  t i t r e s  o c cu r , h o w e v e r , w ith  n o  a p p a r e n t  o r  k n o w n  illn e s s , 
a n d  v e r y  low  o n e s in  c lin ic a lly  d e fin ite  c a se s .

W a llis  (1 9 6 0 ) h a s  w r it te n  o f  th e  p ro b le m  o f  d ia g n o s in g  p sy c h ia t r ic  c o n d it io n s  w h ere  
th e  t r u e  d ia g n o s is  i s  b ru c e llo s is , a n d  E v a n s  (1 9 6 1 ) h a s  a g a in  d ra w n  a t te n t io n  to  th e  
u n re l ia b il i ty  o f  d ia g n o s t ic  t e s t s  in  ch ro n ic  b ru c e llo s is  a n d  th e  ‘ in to le r a b le  s i tu a t io n  
o f  p a t ie n t s  su ffe r in g  fro m  ch ro n ic  b ru c e llo s is  w h o  liv e  fo r  y e a r s  u n d e r  th e  sh a d o w  o f  a  
d ia g n o s is  o f  n e u ra s th e n ia , w h ic h  v a g u e ly  im p lie s  m a l in g e r in g ’ .

T h e  p ro b le m s  o f  d ia g n o s is  a n d  in te r p r e ta t io n  o f  th e  e p id e m io lo g ic  s ig n if ic a n c e  o f  
r a i s e d  t i t r e s  in  b ru c e llo s is  a re  n o t  y e t  so lv e d , a n d  c a te g o r ic  s t a t e m e n t s  a b o u t  th e  
s ig n if ic a n c e  o f  th i s  o r  t h a t  t i t r e  r e q u ir e  c a re fu l  a s s e s sm e n t . W H O /F A O  a n t ig e n  a n d  
o th e r  n a t io n a l  a n t ig e n s  a r e  so m e tim e s  u se d  in  d if fe re n t  la b o r a to r ie s  in  th e  s a m e  
c o u n tr y  a n d  th e  r e su lt s  o f  t e s t s  w ith  th e se  a n t ig e n s  a r e  n o t  c o m p a r a b le .

A  n u m b e r  o f  p a p e r s  d e sc r ib e  c u ltu re  m e th o d s . B r in le y  M o rg a n  (1 9 6 0 ) fo u n d  t h a t  
a  b a s a l  m e d iu m  c o n ta in in g  0 - 5 %  (v /v )  T w e e n  4 0  w a s  a b le  to  s u p p o r t  th e  g ro w th  o f  
80 %  o f  th e  B r .  ab o rtu s  W ilso n  T y p e  I I  s t r a in s  s tu d ie d . O th e r  s t r a in s  o f  B r .  ab o rtu s, 
B r .  s u i s ,  B r .  m e liten sis  a n d  in te r m e d ia te  t y p e s  g re w  o n  th e  b a s a l  m e d iu m  e ith e r  w ith  
o r  w ith o u t  th e  a d d it io n  o f  T w e e n  40 . T h e  T w e e n  a g a r  m e d iu m  c o n ta in in g  th e  a n t i 
b io t ic s  b a c it r a c in , p o ly m y x in , a n d  a c t id io n e  (w ith  o r  w ith o u t  e th y l v io le t )  a s  w ell a s  
th e  A lb im i- a n t ib io t ic  m e d iu m , w o u ld  n o t  s u p p o r t  th e  g ro w th  o f  B r .  ab o rtu s  ty p e  I I  
s t r a in s .

R ic h a r d s o n  (1 9 5 9 ) h a s  u t i l iz e d  m o n o la y e r  t is su e  c u ltu re  to  s t u d y  th e  m u lt ip lic a t io n  
o f  B r .  ab ortu s  in  ce lls  fro m  v a r io u s  o r g a n s  o f  th e  cow . B r .  ab o rtu s  w a s  sh o w n  to  in v a d e  
a n d  m u lt ip ly  r a p id ly  w ith in  b o v in e  ce lls  fro m  fo e ta l  sk in  a n d  k id n e y  a s  w e ll a s  a d u l t  
u te r in e  m u c o sa , t e s te s ,  sp le e n , b o n e  m a rr o w  a n d  lu n g .

C a ld e ro n e  & P ic k e t t  (1 9 6 1 ) d e sc r ib e d  th e  u se  o f  5 - d a y  e m b r y o n a te d  e g g s , A lb im i ’s  
b ru c e lla  a g a r ,  a n d  e g g  y o lk , w h ich  w e re  c o m p a r e d  a s  to  th e ir  s u i t a b i l i t y  fo r  s u p 
p o r t in g  g ro w th  o f  b ru c e lla e  f ro m  b lo o d  o f  r a b b i t s  e x p e r im e n ta l ly  in fe c te d  w ith  th e se  
o r g a n ism s . T u b e d  e g g  y o lk  w a s  fo u n d  to  b e  a  su p e r io r  m e d iu m  fo r  th e  g ro w th  o f  
b ru c e lla e  fro m  sm a ll  in o c u la .

F o g e l  & L e w is  (1 9 6 0 ) r e p o r te d  su c c e s s fu l  c u ltu re  o f  B r .  m e liten sis  f ro m  th e  l iv e r  
t is s u e  fo llo w in g  p e r c u ta n e o u s  n e e d le  b io p s y  in  a  c a s e  w h ere  r e p e a te d  b lo o d  c u ltu re  w a s  
n e g a t iv e . I n  th e ir  c a s e  i t  w a s  im p o r t a n t  to  e s ta b lish , fo r  m e d ic o - le g a l r e a so n s , th e  
p re c ise  id e n t i ty  o f  th e  a e t io lo g ic  o r g a n ism .

H a u s c h i ld  & P iv n ic k  (1 9 6 1 ) r e p o r t  t h a t  c o n t in u o u s  c u ltu re  o f  B r .  ab o rtu s  S .  19 c a n
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b e  c a r r ie d  o u t  fo r  3 w e e k s  w ith  p o p u la t io n s  u p  to  2 x  1011 v ia b le  c e lls /m l, w ith o u t  
e s ta b lish in g  n o n -sm o o th  v a r ia t io n s ;  b u t  b e fo re  c o n t in u o u s  c u ltu re  c a n  b e  u se d  fo r  
v a c c in e  p r o d u c t io n  se v e ra l  a d d it io n a l  p r o b le m s  h a v e  to  b e  c o n s id e re d  a n d  c o n 
t in u o u s ly -g ro w n  S. 19 m u s t  b e  t e s te d  on  a n im a ls .  R e v ic k , W a lk e r  & P iv n ic k  (1 9 1 6 ) 
r e p o r te d  a  c a se  o f  o r a l  in fe c t io n  w ith  S . 19 v a c c in e  in  a  la b o r a t o r y  w o rk er .

O litz k i (1 9 5 9 ) fo u n d  t h a t  B r .  a b o rtu s, B r .  m e liten sis  a n d  B r .  s u i s  p o s s e s s  a t  l e a s t  s ix  
so lu b le  a n t ig e n s , w h ic h  c o u ld  b e  d e m o n s t r a te d  b y  th e  u se  o f  th e  a g a r  g e l  p r e c ip it a t io n  
te c h n iq u e . T h e s e  a n t ig e n s  d iffe re d  in  th e ir  r e la t iv e  c o n c e n tr a t io n  in  b a c te r ia l  e x t r a c t s  
o f  d if fe re n t  o r ig in s  a n d  in  th e ir  a b i l i t y  to  p ro d u c e  a n t ib o d y  t i t r e s  in  im m u n e  se r a .  N o  
a n t ig e n  sp e c ific  fo r  a  s in g le  sp e c ie s  w a s  d e m o n s tr a te d .

C lin ic a l  a sp ec ts

O n e o f  th e  m e a su r e s  o f  th e  im p o r ta n c e  o f  b ru c e llo s is  a s  a  h u m a n  p a th o g e n  lie s  in  
th e  m u lt ip lic i ty  o f  le s io n s  a n d  th e  c h ro n ic ity  o f  th e  d is e a se . I n  th is  co n n e x io n , 
S c h irg e r , B e a r in g  & W a u g h  (1 9 5 9 ) d e sc r ib e d  a  c a s e  o f  b ru c e llo s is  o f  17 y e a r s ’ d u ra t io n , 
in  w h ich  th e  d ia g n o s is  w a s  s u b s t a n t ia t e d  b y  c u ltu re  m e th o d s . A s y m p t o m a t ic  
sp le n o m e g a ly  d e te c te d  o n  r o u t in e  ro e n tg e n o g r a m s  o f  th e  t h o r a x , r e s u lt s  o f  b lo o d  
s tu d ie s  s u g g e s t iv e  o f  h y p e r sp le n ism , a n d  e le v a te d  b ru c e lla  a g g lu t in in  t i t r e s  p r o v id e d  
th e  in it ia l  c lu e s  to  th e  d ia g n o s is .

K e l ly ,  M a r tin , S c h irg e r  & W e e d  (1 9 6 0 ) o b s e r v e d  t h a t  b ru c e llo s is  o f  th e  b o n e s  a n d  
jo in t s  a p p e a r e d  to  b e  p r im a r ily  a  d is e a se  a f fe c t in g  m e n  e n g a g e d  in  o c c u p a t io n s  
r e la t in g  to  a n im a l  h u sb a n d r y . A m o n g  tw e n ty - tw o  p a t ie n t s  a t  th e  M a y o  C lin ic  w ith  
c u ltu r a l ly - p r o v e d  sk e le ta l  b ru c e llo s is , th e  a g g lu t in a t io n  t i t r e s  o f  se ru m  w ere  o fte n  
lo w  o r  a b s e n t . B r .  s u i s  a n d  B r .  ab o rtu s  w ere  th e  s t r a in s  m o s t  c o m m o n ly  i s o la te d  fro m  
sk e le ta l  le s io n s . O s te o m y e lit is  w a s  th e  h a r d e s t  o f  a ll  th e  le s io n s  to  t r e a t  s u c c e s s f u l ly ; 
th e y  fo u n d  t h a t  t r e a t m e n t  w ith  a  c o m b in a t io n  o f  te t r a c y c l in e  a n d  s t r e p to m y c in  g a v e  
s a t i s f a c t o r y  r e su lt s .

A g a in , A g u ila r  & E lv id g e  (1 9 6 1 ) c o n s id e re d  t h a t  th e  r a d io lo g ic  a n d  p a th o lo g ic  
a p p e a r a n c e  o f  a d v a n c e d  b r u c e lla r  sp o n d y lit i s  su g g e s te d  t h a t  d e s t r u c t iv e  in v a s iv e n e s s  
b e g in s  in  th e  in te r v e r te b r a l  d is k  r a th e r  th a n  a s  a n  e x te n s io n  fro m  th e  b o n y  m a t r i x ; 
th e y  d e sc r ib e d  a  c a s e  w h ich  d e m o n s t r a te d  p r im a r y  in v o lv e m e n t  o f  th e  d is k  b a s e d  o n  
h is to p a th o lo g ic  e v id e n c e  o f  d e s t ru c t io n  o f  th e  n u c le u s  p u lp o su s ,  m ic ro sc o p ic  in v a s io n  
o f  th e  c a r t i la g in o u s  p la t e  a n d  a b se n c e  o f  c h a n g e s  in  th e  b o n e . T h e  sp e c ia l  a f f in ity  fo r  
th e  in te r v e r te b r a l  d isk , a  n o to c h o rd a l  d e r iv a t iv e , th e y  th o u g h t  m ig h t  b e  e x p la in e d  
b y  th e  p re d ile c t io n  o f  th e  b ru c e lla  o r g a n ism  fo r  e m b ry o n ic  t is su e s ,  a n d  t h a t  b ru c e llo s is  
m ig h t  b e  a d d e d  to  th e  fe w  e n t it ie s  t h a t  c a u se  p a r t ic u la r  in v o lv e m e n t  o f  th e  in t e r 
v e r te b r a l  d isk .

P e e r y  & B e l te r  (1 9 6 0 ) h a v e  re v ie w e d  fo r ty - fo u r  c a s e s  o f  f a t a l  b ru c e llo s is  in  th e  
l i te r a tu r e , w ith  p a r t ic u la r  re fe re n c e  to  h e a r t  d ise a se . T h e se  c a s e s  w ere  a l l  c u ltu r a l ly  
p r o v e d  a n d  th e y  e x c lu d e d  a ll  o th e r  c a s e s  fro m  th e ir  c o n s id e ra t io n . E n d o c a r d it i s  w a s  
b y  f a r  th e  c o m m o n e s t  m a n ife s ta t io n  ( 8 0 %  o f  c a s e s ) .  I t  o c c u r re d  in  9 5 %  o f  B r .  
ab ortu s  in fe c t io n s , 69 %  o f  B r .  m e liten sis , a n d  43 %  o f  B r .  s u i s  c a se s .

K o n w a le r , C a r p e n te r  & O h n o (1 9 6 0 ) s tu d ie d  c a r d ia c  p a t h o lo g y  in  th ir ty - s e v e n  
g u in e a -p ig s , a t  in te r v a ls  o f  fro m  39  to  383  d a y s  a f t e r  a  s in g le  in o c u la t io n  w ith  
e ith e r  B r .  s u i s  o r  B r .  ab o rtu s  S .  19. T h e  e x p e r im e n ta l  e v id e n c e  in d ic a te d  t h a t
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brucella infection causes microscopic lesions in the heart of the guinea-pig and that 
the heart is not as resistant to the infection as might be inferred from gross 
examination.

Griffith & Norris (1961), in an analysis based upon the study of 144 proved cases of 
brucellosis and the study of 275 autopsied cases of calcific aortic stenosis, were unable 
to determine any aetiologic relationship.

Tapie, Mon nier, Frejevu, Mole & André (1960) describe a case of brucellotic peri
nephritis. Circulatory collapse had to be dealt with by noradrenaline and cortico
steroids. Biopsy confirmed the diagnosis and a pure culture of Br. melitensis was 
obtained.

Phages

At a World Health Organization round-table discussion on brucella phages (19616) 
representatives o f European countries and the U .S.A ., under the chairmanship of 
A. W. Stableforth, summarized the current information on phages. They intimated 
that a review of all phage publications would be produced. They thought the brucella 
phages might not be as useful as the salmonella phages for classification and epide
miology, since they did not show enough diversity in their host range and serology.

Brucellosis in hares and dogs

Brucellosis was found in hares in Czechoslovakia {Czech. J .  Socialist agric. Sci. 
1961), in all three regions, nineteen districts and thirty-eight localities, and was 
usually connected with pigs infected with Br. suis and in some cases with infected 
cattle. Domestic animals were generally considered free of the condition, though in 
some instances transfer of infection from hares to domestic animals was thought to 
occur. All strains recovered were typical Br. suis and eradication of brucellosis from 
hares was thought to be necessary.

Schnurrenberger (1961) reported brucellosis in a 4-year-old male bloodhound; 
listlessness, anorexia, swelling of scrotum and testes, and puffy swelling o f the right 
tib ial-tarsal joint developed after exercise; the swelling of the hock joint and scrotum 
were reminiscent of orchitis and hygroma in bovine brucellosis. Agglutinins were 
positive and the condition apparently cleared in 4 days.

In  connexion with the infection of dogs, there is no evidence that they are vectors 
or intermediate hosts for brucellae. Any role they m ay have is simply as mechanical 
carriers of, for example, conception products or aborted foetuses.

McDiarmid, in 1960, summarized the state o f knowledge up to that date on the 
carriage of brucellosis by wild animals.

Vaccination against brucellosis

Hoptm an (1959) has made an extensive review of the literature on brucellosis from 
the U .S .S .R . (150 references) and has referred to the early work of Vershilova on 
vaccination, originating in 1946. This latter author (Vershilova, 1961) has recently 
described extensive action in R ussia to eliminate brucellosis among farm  animals and 
to protect human beings by vaccination with live vaccine. Although there has been 
no decrease in animal infection in a number of districts, vaccination reduced human 
infection by nearly 60%  between 1952 and 1958. The vaccine consisted of a bovine
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strain of brucella, Br. abortus 19-BA, a  strain from a dissociated colony of a culture 
of Br. abortus 19 that proved more effective than strains of Br. melitensis and Br. 
suis. Cross immunity exists and epidemiology seems to show that brucellosis of 
cattle or pig immunizes against sheep brucellosis. The dose by subcutaneous adm ini
stration should contain 4-6 x 108 viable brucellae. Observation over 5 years of 
frequency of cases in persons exposed to infection gave an average o f 0-5%  for 
vaccinated and 12-3% for unvaccinated; while in brucellosis areas 200000 persons 
were vaccinated and the incidence was 3-3 times less than among unvaccinated. 
Cutaneous administration seemed to give as good results as subcutaneous. R evac
cination is done a year later to establish solid immunity.

Olitzki (1960) in Israel, vaccinated 223 persons with a streptomycin-dependent 
strain of Br. abortus 19. Severe post-vaccinal reactions were absent, though very 
slight rises in temperature and slight local swelling were found to deter people from 
vaccination. Peroral administration of the vaccine did not provoke post-vaccinal 
reaction. Given orally, at least 108 cells o f Br. melitensis Rev. I  (the strain used) were 
required to develop a rise in agglutinin titre.

Elberg (1961) reported that injection of the Rev. I  strain of Br. melitensis into 
Cynomologus phillipinensis raised resistance to infection by 1 to 3 powers of 10 com
pared with non-immunized an im als; bacteraem ia was rarely observed; no alteration 
of virulence on passage subcutaneously or intravenously occurred in the goat or 
guinea-pig.

The use of Br. melitensis vaccines in control of animal infection has been reviewed 
by the World Health Organization Veterinary Public Health Unit (1961c).

Therapy

Spink (1960) has examined the current status of therapy for brucellosis in the 
human subject. He states that agglutination titres of 1/100 or over are consistent 
with active disease, and that it has been established in experimental brucellosis and 
in man that antibiotics will suppress the infection, reduce complications, and shorten 
the course o f the disease. The tetracycline drugs constitute the treatm ent o f choice 
and are recommended in doses of 500 mg every 6 h for a  minimum of 21 days, orally. 
I f  the drug is well tolerated, it can be repeated if  a relapse occurs. In the more severe 
cases, 1-2 g o f streptomycin daily for 14 days can be administered intramuscularly. 
Relapse m ay take place two or three times before recovery and the treatm ent m ay be 
repeated each tim e; but Spink thinks it doubtful if more than three courses of anti
biotic therapy are beneficial, except in the rare patient in whom suppuration is 
present. He comments that at present neither vaccine nor antibiotic therapy can be 
recommended for acute or chronic illness unless the diagnosis of brucellosis can be 
supported by dependable bacteriological or serological data. Subjective complaints, 
with or without a  positive brucella skin test, do not constitute sufficient evidence for 
a diagnosis of active brucellosis.

In experimental brucellosis of mice, Spink & Bradley (1960) indicated that inter
m ittent therapy of two periods of 1 month each resulted in about the same degree 
o f suppression as that obtained with prolonged continuous therapy.
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Britain

I t  is generally accepted that Br. abortus is the predominant type of infecting 
organism in Britain, a reasonable assumption since tins is the organism grown from 
positive human blood cultures, except in the case of Br. suis in one instance (Williams, 
Entwhistle, Masters & Woods, 1957) of a child in Ireland. Br. melitensis has not 
been reported from a  human case in this country. Blood cultures are positive in 1-4%  
of cases in series of human brucellosis in this country, so that the assessm ent o f in
fecting organism is based on a  very small sample of the total.

In  milk and products of conception there have been reports of an increase in the 
proportion of Br. melitensis and its variants. Stableforth (1960a, b) and W. J .  
Brinley Morgan (pers. comm.) report a continuing rise in the percentage o f Br. 
melitensis and melitensis-like organisms in material and milk submitted, from thirty- 
eight herds infected in 1940-50 to a  total of 112 herds infected in 1951-56, while 
strains from milk and genital sources isolated in Britain in 1958-59 (415 strains) 
showed 8-7 % Br. melitensis in milk and 11-4% from genital sources.

An analysis of brucella strains typed between October 1956 and December 1960 
a t  the Brucella Reference Laboratory (J . M. Payne, pers. comm.) shows that there 
has been a  considerable rise in the isolations of Br. melitensis, and a reduction in the 
dye-sensitive strains by about half. In  that period of about 4 years, only eight strains 
of brucella from human sources were typed. In  the same period the number of 
human brucellosis cases reported to the Public Health Laboratory Service would, on 
an average of ninety per annum, total nearly 400, so that apparently in only about 
2 %  of human cases is the organism available for typing. I f  more blood cultures were 
positive and the organism typed, it is possible that Br. melitensis might be isolated.

Dalrymple-Champneys (1960a) reviewed the global situation in regard to brucellosis 
and referred to the epidemiologic potential of enzootics in swine traced to hares in
fected with brucella organisms, infection in hares having been reported from France, 
Germany, Denmark and Switzerland. He wondered if the attem pts to find wild 
carriers had been thorough enough. The emergence of Br. melitensis variants in 
Britain might present a problem. He said it was estim ated that brucellosis in cattle 
cost the U .S.A. about £ 3 | million in 1947, and that the figure for Switzerland was 
probably £1J  million at the time of writing.

A Lancet editorial (1961) considered that brucellosis should be the next disease to 
be eradicated, following the extinction of bovine tuberculosis. Though all milk-borne 
disease could be abolished tomorrow if  all milk was pasteurized, and even though more 
than 90 % of it is now, the writer thought it asking a lot to demand that every pint 
produced in the depth of the country be collected, pasteurized, and returned before a 
drop could be drunk by the producer and his family. Probably less than 500 developed 
undulant fever each year out of half a million people who drink raw milk. Universal 
pasteurization would be unlikely to reduce the incidence of infection by as much as 
half. (In fact, overall recent P H L S figures indicate that about 70%  might be 
eliminated by pasteurization: author.) To free man of undulant fever, no measures 
short o f eradicating brucella infection in cattle would suffice.

Bothwell (1960) has reviewed the epidemiology of brucellosis in Britain. He 
referred to the eighteen fatalities between 1950 and 1958. H epatitis occurred in five
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cases (two with cirrhosis), two had endocarditis, and one pulmonary embolism. Of 
seventeen with known occupation, six patients had some connexion with farming. 
Table 4 shows percentages o f milk pasteurized and a sum m ary of liquid milk sales to 
final consumers for Ju n e 1959.

Table 4

Percentages of milk supply pasteurized in  1959
0//O

E ngland and W ales 94
Scotland 78
Northern Ireland 93
E ire : Dublin 87

Other urban areas 75
R u ral (46 %  o f population) nil

Summary of liquid milk sales to final consumers, Ju n e  1959
(Quantities in millions o f  gallons.)

H eat-treated

Total Bottled Bulk U ntreated

Producer retailers 5-0 0-8 _ 4-2
D epots 0-9 0-7 0 -2 —

Processing dairym en 73-9 70-4 3 0 0-5
Non-processing dairym en 33-2 30-2 1-4 1 - 6

Totals 113-0 1 0 2 - 1 4-6 6-3

He points out that the routine distribution of T .T . milk (some of which is raw) 
tends to occur more in some sections o f the community than in others and tends to 
be associated with higher income levels. The main m arkets for T .T . farm  bottled milk 
are rural areas and suburban areas of large towns. Table 5 gives detailed information 
concerning social classes and income groups, obtained during a  1958 survey and 
described in the N ational Milk Publicity Council’s booklet, How Housewives Buy Milk.

Attention is drawn to the inadequacy of current legislative provision for the 
control of brucellosis, particularly the need for general notification of brucellosis in 
human subjects and the need to unify the legal aspects o f brucellosis in one piece of 
legislation.

Table 5. T .T . milk received by households from the milkman

C lass:
Well-to-do and middle-class 
Lower m iddle-class 
W orking-class and poor

Incom e:
Under £520 (head o f household)
£520-£780
£781-£1196
£1197 and over
No information

N um ber having
m ilk T .T . m ilk

delivered excluding
o f any type Channel Is.,

%

10 0 40
532 32

1125 23

816 2 2
464 29
154 36

61 56

262 23

1757 26T otal
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Serology and skin tests
Brodigan, McDiarmid, Marin & Skone (1961), in their study from the Isle of Wight, 

found that 5%  of 132 psychiatric in-patients had titres of 1/80 or more, and 3 %  of 
1395 blood donors and pregnant women had titres of 1/80 or more (using P H L S  
antigen). These figures are much higher than those reported by Bartram , Bothwell, 
Jebb , McDiarmid & Preston (1962) in Oxfordshire, namely, 0-23 %  in sera from 3431 
pregnant women at or over 1/100 (PH LS antigen), and 0-41 % or 8690 blood-donor 
sera at or over 1/10 (FAO antigen), and it was concluded that this was m ost likely 
due to more exposure to infected raw milk in the Isle of Wight than in the Oxford
shire area, the 1959-60 proportions of pasteurized milk being 77-3 % and 90-95 % 
respectively. In  the latter paper (Bartram  et al. 1962) the authors concluded that the 
presence o f Br. abortus agglutinins detected by the tube test was not associated with 
human abortion in thirty-five pregnant women studied, but they suggested that the 
problem should be studied in a  series using blocking antibody tests. They also sug
gested that the follow-up of positive serum agglutinins could lead to finding an in
fected herd of animals, and did so on five occasions in the series.

B y  comparison, Moreno & Castaneda (1961), in Mexico, found 0-83% suspicious 
brucellosis vectors (thirty-two cases) in a  group of 3819 blood-bank donors over 16 
months, implying, they suggested, a  serious risk to the potential recipient. They used 
the surface fixation reaction with brucella antigen. In  Japan , Uede et al. (1960), 
using FAO antigen, found 1-5% at 1/20 in milk industry personnel, 2-5%  at 1/20 in 
slaughterhouse workers, and none at 1/20 in healthy adults. Shibata, Suzuki, 
Isayam a & Shimizu (1961) stated that instability of brucella titres in animal sera can 
be due to incubation periods and temperatures, repeated freezing and thawing, 
exposure to sunlight, and shaking— all of which seem to decrease the titre.

Brodigan et al. (1961), in the Isle of Wight, also carried out skin tests, which indi
cated infection in about 17%  of the adult population. Of 685 children, 5%  gave 
positive skin tests. R aw  milk was drunk a t home by 36%  of children attending 
urban schools and by 67 % of children in rural schools. The incidence of positive skin 
tests was highest (17 %) among eighty-five children who attended rural schools and 
drank raw milk at home. On the basis of single examinations, thirty-three out o f 520 
registered dairy herds on the island were found to be producing milk infected by Br. 
abortus. These authors also obtained data  on the incidence o f agglutinins and skin 
sensitivity among adults occupationally exposed to infection by contact with animals, 
as well as among others known to be drinking raw milk from infected herds. They con
cluded that infection is widespread among dairy herds on the island, and that con
sumption o f infected milk is associated with a high rate of infection among adults and 
children; much of this is subclinical, but cases of overt disease occur.

Occupation

Bothwell (1961) points out that the percentage of persons in series o f cases of 
human brucellosis in Britain who are in occupations which might be considered as 
carrying contact risks (i.e. farming, dairying, or veterinary work) ranges from 18-0 % 
(Dalrymple-Champneys, 19606), 18-5 % in N .E . Scotland cases (Smith, 1951), 22-2 % 
in the P H L S Series (G. S. Wilson, pers. comm.) and 22-9 % in an Oxfordshire series
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(Bothwell, 1960), to 34-0% in an Irish series (Northern Ireland Departm ent of Health, 
pers. comm.). In  the 1960-61 P H L S  cases (G. S. Wilson, pers. comm.) the percentage 
of persons known to be occupationally exposed was not more than 25 %, and Wilson 
says this suggests that the great m ajority get infected in other ways. Milk is the most 
likely source for these 75%  of cases. Wilson points out that even persons occupa
tionally at risk m ay have been infected via milk.

However, in rural areas the percentage o f cases o f human brucellosis in persons 
occupationally exposed m ay be as high as 50 %, as found by Bothwell (1961) in series 
of cases in rural areas around Oxford. These indicated the endemicity of the disease 
and the need to plot cases over years rather than months, the futility of a local 
notification order for say 3 years being apparent. These localized areas o f human cases 
were associated with infected herds; clearly, by following up the initial case and 
sampling herds in the area, most if  not all of the subsequent human cases could have 
been eliminated.

In other parts o f the world, the occupationally exposed fraction of series of cases 
appears to be much higher than in Britain. Thus in Israel Rozansky et al. (1961) 
reported a  clear predominance of contact, but in this series apparently animal 
husbandry was the almost exclusive occupation of the community and the infecting 
organism was Br. melitensis. Again, the current Br. suis problem in the U .S.A . 
derives from meat-handler risks and thus the occupational proportion of cases is high. 
Though in Britain there is this apparent main infection source in milk, it is im portant 
that the 50 % of occupational cases in rural areas should be a  guide to the necessity 
for attention (by eradication) to the animal disease, rather than reliance on pasteuri
zation of milk as a prophylactic.

Proportion of children in human brucellosis cases

Usually children account for very small proportions of human series— 2-10%  of 
totals. Bothwell (1962) has reviewed British and American work on brucellosis in 
childhood and has given an account of a series of seventeen childhood cases in 
England. Only one of these had a positive blood culture; remittent or irregular 

( pyrexia was seen in fourteen and the undulant variety in tw o; thirteen cases appeared 
to be due to drinking raw milk and in four instances this was tuberculin-tested. These 
cases accounted for about 30 % of a series o f cases o f all ages in Oxfordshire and it was 
considered that special paediatric interest and improving recognition were factors 
in this; the series was small, however.

Essam e (1962) has described a farming outbreak of brucellosis involving eight 
people in two families (adults and children); this is an unusual occurrence which, 
together with other observations, suggests that brucellosis in family groups might be 
more frequently observed.

Im m unity in brucellosis is closely linked to the mononuclear cell reaction (Elberg, 
Schneider & Eong, 1957; Elberg & Meyer, 1958).

Bekierkunst & Sulitzeanu (1958) showed that mice can be protected against brucella 
infection by BCG vaccine. Such a situation has interesting epidemiologic implications, 
viz. that the generally diminishing tuberculin sensitivity o f the child population 
might be associated with reduced resistance to brucellosis, and thus that smaller
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doses of brucella in milk might be expected to produce clinical disease more often 
than in the past. I t  should also mean that intensive BCG vaccination of 13-14-year- 
olds in school would reduce the incidence of brucellosis, at any rate for ten years, 
since this is the protection apparently conferred by BCG against tuberculosis. Again, 
tuberculin skin positivity should be negatively correlated with brucellin skin posi
tivity, but so far as we know this has not yet been demonstrated or attem pted. Angle, 
Algie, Baum gartner & Lunsford (1938) did note the absence o f positive correlation 
between positive brucellergen and positive tuberculin reactions.

Infection in milk
In  the recent survey in England and Wales by the Ministry of Agriculture, pro

visional results appear to indicate that herd infection is about 22 % (varying from 
11 to 30%  from region to region), and that overall about 1 % of cows are secreting 
infected milk (i.e. about 32000 cows). The Public Health Laboratory Service (1961) 
and earlier studies in the Oxford area (McDiarmid, 1960) have indicated that 4-5 % 
of churn milk supplies are infected.

Milking machines
Kerr, Pearson & Rankin (1958) drew attention to the role of milking machines in the 

transfer of infection in animals. In  the report for 1960 on ‘ Animal Health Services in 
Great B rita in ’ (1962), an experiment to examine this point was reported. Field 
observations had suggested that such transmission does not occur commonly. E ight 
milking cows, all o f which had been vaccinated with S. 19 vaccine during calfhood, 
were used. Two of them were experimentally infected with Br. abortus S. 544 into 
each of two quarters. Infection having been established, each cow was placed in a 
separate loose-box and subsequently machine-milked always in the same order and 
procedure. With the first four cows, one infected and three non-infected, the teat 
clusters were transferred directly from one cow to another. For the other four cows 
(one infected) the clusters were dipped into a dairy disinfectant (Deosan) between 
cows. Quarter milk samples were collected twice weekly, and vaginal mucus and 
blood samples were collected weekly from all eight cows. No evidence had been forth
coming to suggest that any spread of infection during the 10-week period covered at 
the time of the report had occurred.

Legal aspects

Bothwell, McDiarmid, Bartram , Mackenzie-Wintle & Williamson (1962) of the 
Oxford Brucellosis Group have reviewed the brucellosis situation in man and in 
animals in the U .K ., together with the legislation and arrangements for control. They 
conclude that control of brucellosis requires national action, and recommend that the 
term ‘ undulant fever’ be officially interred as misleading and obsolete, and that 
‘ brucellosis ’ be used instead, to bring this country into line with WHO practice. They 
outline the necessity for notification of disease as an essential to control, indicating 
that countries which have eliminated brucellosis have invariably used this as a pre
liminary necessity. They examine the numerous fallacies surrounding the question of 
legal notification in this country. They point to the loopholes and anomalies in
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existing legislation on the control of infected milk from infected herds, and the in
effectiveness or absence o f legislation dealing with the control of infection in animals.

They suggest that the control of this disease could be a three-stage process: (1) 
Make legislation for routinely dealing with brucellosis comprehensive, in the form of 
‘ Brucellosis Regulations ’ made under the various Acts relating to human and animal 
disease ; the authors make detailed recommendations under this heading. (2) Establish 
pilot eradication areas ; they suggest areas around Compton and in the Isle of Wight ; 
in these areas compensation on slaughter would be introduced. (3) A general eradica
tion scheme which would be simplified by attending to items (1) and (2) first, with
S. 19 vaccination made compulsory. They believe that these suggestions if imple
mented would put the elimination of brucellosis on a sound basis without dislocating 
the animal husbandry industry. In an appendix they give details of existing legisla
tion on brucellosis. This report has been submitted to the Ministry of Agriculture and 
to the Ministry o f Health.

TU BERCU LO SIS

The World Health Organization (1960) Expert Committee on Tuberculosis con
sidered that bovine tuberculosis is probably not of great importance at present, 
because in most parts of the world milk is routinely boiled before consumption, and 
in other areas pasteurization of milk and control of bovine tuberculosis infection have 
been put into extensive practice. Where tuberculosis in cattle is still a problem, how
ever, it is also a menace to man, and complete eradication of human tuberculosis in 
these countries could not be achieved without attention being paid to the reduction 
or preferably eradication of tuberculosis in cattle.

The Report of the Animal Health Services in Great Britain for 1960 (1962) 
described the successful completion within 10 years o f the area eradication plan for 
bovine tuberculosis in Britain. In  1937 Parliam ent promoted the Attested Herds 
Scheme, but with the Second World War intervening the concentration of effort to 
this end did not occur until 1950-60. Tuberculin testing continued for some con
siderable time as a few pockets of infection were bound to remain. Of Irish cattle 
imported in 1960, T 2 %  were reactors, but with the whole of Britain included in 
Eradication and Attested Areas on 1 March 1960, cattle imported from Ireland from 
that date, unless accompanied by attestation certificates, were sent for immediate 
slaughter.

In Eire, the Veterinary Annual (1961) referred to a four-stage bovine tuberculosis 
eradication scheme, which was in full swing by m id-1959. B y  1961, all northern 
counties along the border with Northern Ireland wTere a t stage 2, i.e. clearance, the 
disease had been eradicated from the seven western counties, and about one-quarter 
of all cattle in the country had achieved attested status.

In  the U .S.A ., Ranney (1960a) reported that the State-Federal co-operative 
tuberculosis (cattle) eradication scheme was still a long way short o f the ultim ate 
goal. Reactors were found in twenty-five States in the previous year, following reports 
of lesions found at m eat inspection. The same author (19606) referred to the reversal 
of the downward trend in tuberculosis infection rate in cattle in the U .S.A. in 1955. 
In 1959 the incidence rose to twenty-three per 10000 slaughtered animals, though 
there wras a  slight decrease in reactors in 1960. Multiple factors were considered 
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responsible for this trend, mainly shortage of veterinarians in the war years, shortage 
o f trained help in agriculture, complacency, failure to m aintain minimum require
ments for country reaccreditation, growing livestock population, failure to emphasize 
proper cleansing, disinfecting and quarantine; also, increased care in testing and 
more careful tracing of contacts had caused an increase in the number of cases 
found.

Winter (1960), reporting on the Co-operative State  Federation Animal Disease 
Eradication Programme in Michigan, said that in 10 years from 1930 the percentage 
of reactors fell from 0-5 to 0-1 % . B y  1954, rising reactor rates stim ulated a  review o f 
the situation and in 1958-59 Michigan reported more than 30%  of the nation’s 
reactors. A cutback in testing was responsible for unidentified pockets and centres 
for disease spread, while the use o f m eat inspection reports rather than necropsy 
reports was a  factor. Re-education of the public and veterinary profession on a 
resurgent disease was necessary.

In  New Zealand, according to Jam ieson (1960), the infection rate was reduced 
from 7-8% in 1950 to 11  % in 1960.

In Turkey, K arasu  (1959) reported high incidence of tuberculosis in humans and 
low in cattle; 8 %  of the cattle, however, yielded positive results, 0-8%  of milk 
samples and 17-6% of butter samples containing the organisms. Of 2260 strains of 
tubercle bacilli from humans, 6 % were bovine; this type was associated with 5 % of 
pulmonary tuberculosis in man and 22 % of extra-pulmonary tuberculosis.

In  Hungary, Szabo & K ertay  (1959) reported that o f 248 strains of tubercle bacilli 
from humans, 35 % were bovine and this type was found in one-third of cases o f 
urogenital tuberculosis.

In  Jap an , in experimental infection of calves with human tubercle bacilli, Shibata 
et al. (1960) found no lesions, though the organisms were re-isolated from five of the 
eight tested.

In Britain, Marks (1961), in a Public Health Laboratory Service report on drug 
resistance in untreated pulmonary tuberculosis in England and Wales in 1960, found 
that the incidence of bovine tubercle bacilli was 0-5%  (six strains) in 1773 strains 
contributed to the survey from patients aged 15 or more. These six strains were 
sensitive to streptomycin and ionazid, but three strains were resistant to PA S and all 
were virulent for rabbits, and gave dysgonic, smooth, poorly-pigmented growth at 
37 °C and a trace at 25 °C.

As there is no planned system of collection of tubercle organisms from the country 
as a whole, it is not possible to say what the current incidence is in Britain.

In  the Animal Health Services report (1962), already referred to, it is reported that 
the Central Veterinary Laboratory of the Ministry o f Agriculture examined 850 
specimens for evidence of tuberculosis in 1960, and found 149 confirmed cattle lesions, 
twelve being avian. Tubercle bacilli, o f which sixteen were bovine, three human, and 
one avian, were also isolated from twenty out of 465 cattle which had no visible 
lesions on post-mortem examination in the field. One herd had apparently been 
infected with bovine-type bacilli from a human source, and transfer of human-type 
infection from attendants to cattle was also recorded. Progress with eradication o f  
bovine tuberculosis was shown in seventy suspected milk samples of which only two 
contained tubercle bacilli, both of which were avian.
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Indirect evidence of exposure to tuberculosis is available in the tuberculin positivity 

o f skin tests in school children examined prior to BCG vaccination. Thus, tuberculin 
testing of 8839 school children in several areas in England with bovine and human 
PPD  (Weybridge) has been carried out by Stewart, Embleton & van Zwanenberg
(1961), using the H eaf multiple-puncture technique. In  two districts known to have 
had a supply of milk infected with tubercle bacilli and in which there had since been a  
high incidence of non-respiratory tuberculosis, more reactors were found to bovine 
than to human PPD  and the bovine reactions were larger than those due to human 
PPD . In  two towns with a clean milk supply and a low incidence of non-respiratory 
tuberculosis, there were more reactors to human PPD  and these were larger than 
those to the bovine PPD . Comparative tuberculin testing of the human suspect with 
bovine and human PPD  may, they suggest, be used to differentiate human and 
bovine sources o f m ycobacterial infections. A qualitative difference between these 
two PPD  preparations was shown as well as a quantitative difference. These authors 
point out that in the case of children over the age of 9 in one town, they had been 
exposed to known outbreaks in 1950 and in 1953-54 of milk-borne tuberculous in
fections, while those over 6 had been exposed to the 1953-54 outbreak; they believe 
that these milk-borne infections were responsible for the high incidence of infection, 
the higher incidence of bovine PPD  reactors than human PPD  reactors, and the high 
incidence of non-pulmonary tuberculosis in that town.

In Eire, M. P. Elynn (pers. comm.), rechecking eighty-four low-grade reactors with 
comparative H eaf tests, using human tuberculin and avian tuberculin, retested 
twenty-four who reacted only to avian tuberculin or more strongly to it than to the 
human, and reactions were equal or inconclusive in five further children. This author 
made a detailed analysis o f the results of tuberculin tests on unselected school children 
(2029 rural and 703 urban). More rural-dwelling children gave a stronger reaction to 
avian tubercle, and all had contact with fowls. Handling of fowls and eggs appears to 
be particularly associated with avian infection of rural children, infection occurring 
through the mouth or by contaminated hands. Morbidity in these children, if  any, 
was slight. Avian tuberculosis was widespread in fowl flocks in the country.

In  Britain there have been several reports of tubercle infection arising from a 
breakdown in the tuberculin-testing procedure, with resultant infection of human 
subjects by milk. George & Payne (1961) reported three cases of tuberculous cervical 
adenitis in children in a village school in Yorkshire, two in September and one in 
November, 1959; all were 9 years old and all had positive H eaf tests. A positive 
biologic test was obtained from the school milk at the end of October and confirmed 
in November from a  sample of village milk. Thirty-one of 128 cattle in the herd were 
found to be reactors; an old cow which had been removed to the knacker’s yard in 
early October was thought by the veterinary surgeon to have been the source. 
Another breakdown in an attested herd was reported by the same authors. In 
Berwickshire, discovery of a tuberculous lymph gland in a slaughtered bullock led to 
investigation of the herd and forty-three reactors were found in 118 anim als; forty- 
three store cattle sold from the herd were found to be reactors also. The extreme 
rapidity with which the breakdown proceeded once it had occurred is emphasized. 
George & Payne drew attention to ‘ the danger of relaxing, a t the present time, 
measures designed to ensure the freedom of milk from tubercle bacilli’ . They urged

9-2
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extension of pasteurization to protect against the risk not only of tuberculosis but 
also o f other milk-borne diseases such as undulant fever.

Wynne-Griffith (1960) reported an instance of a boy aged 6 years found to be 
positive, having converted from negative the previous year; two others in the family, 
both under school age, were then tested and one (aged 4) was positive and the other 
(14 months) negative. Chest X -rays were negative. The family lived on a  farm  and 
two milking cows there had been found to be reactors at a routine T B  test 3 months 
before; fifteen out of twenty-five cattle were later slaughtered. I t  was concluded that 
the two children had been infected by the cattle, particularly as the youngest, who 
was negative, had never had milk from this herd.

In Oxfordshire, B lack & Sutherland (1961) reported two incidents o f tuberculous 
infection by milk from attested herds. In one herd, six reactor cows were found at 
routine test, and at retest later nineteen further reactors were found, so that in due 
course the whole milking herd was slaughtered. Most of the milk had been pasteurized, 
but three families who took raw milk from the herd produced five, four, and three 
positive reactors, one of whom had erythema nodosum ; chest X -rays were n egative; 
all the reactors were put on chemotherapy prophylactically. In  the second incident, 
a  cow from an attested herd had been slaughtered in London and found to be 
tuberculous, in December 1969. When tested in June 1959. the Friesian herd had 
been negative, including the slaughtered animal, but in September 1959 this cow had 
m astitis in one quarter of the udder. A test made then showed thirty-five positive 
and six inconclusive reactors ; these animals were slaughtered and glandular involve
ment found in eighteen. About 20 gal of raw milk had been sold daily from this herd 
in the local village and all consumers up to 21 years were therefore tested; o f 160 
tested, sixty-six with no history of previous positive reaction or BCG were found to 
be positive reactors; of twenty-three with previous BCG vaccination ten had strongly 
positive reactions, probably indicating recent superimposed infection.

I t  is clear that relaxation in the schedules of testing m ay be followed by rapid 
disaster for herds and those who drink the untreated milk. I t  cannot be expected 
that all breakdowns in the tuberculin testing net will be immediately detected.

Comparative tuberculin testing offers a way to discover routinely what con
tinuing role milk-borne infection might play in tuberculin conversion, since such 
testing could be readily incorporated in the pre-BCG skin testing of school children. 
I t  is to be hoped that standardized PPD  m aterials will be produced and that work to 
standardize the interpretation of comparative tuberculin tests can be carried out.

Reviews of the progress of dairy science

STAPHYLOCOCCOSIS

Blackburn (1960) states that m astitis caused by staphylococci and by streptococci 
other than Streptococcus agalactiae has now assumed a greater role and these types of 
m astitis do not respond so well to antibiotic therapy. Much of the m astitis is sub- 
clinical and therefore largely ignored. Recent Reports of the Animal Health Services 
in Great Britain (1959, 1960) give results obtained from clinical cases of m astitis in 
cows, which show that of all organisms obtained staphylococci constituted 24-1 % in 
1958, 24-0% of 5086 cases in 1959, and 21-8% of 3335 cases in 1960. I t  has been 
pointed out that there are twenty or more kinds of infection causing m astitis (Murphy,



Milk-borne disease 133
1956) and, although any of these can be im portant in individual herds, 99%  of all 
m astitis is accounted for by infection with Str. agalactiae, other streptococci, staphy
lococci and bacilli.

White, R attray  & Davidson (1962) obtained 502 coagulase-positive staphylococci 
from cows known to be carriers (normal and m astitic cows), and attem pted to type 
these isolates by a  slide-agglutination technique with absorbed sera prepared from 
sera against bovine strains of the organism: 94-8% were typed into three groups. 
Strains isolated from clinical cases of m astitis fell into the same three groups as those 
isolated from bovine udders without clinical symptoms. Results were consistent with 
the presence of a common antigen or antigens and a  strain-specific antigen or antigens. 
Twelve coagulase-negative staphylococci from the bovine udder and the thirteen 
human international types of coagulase-positive staphylococci failed to react with 
the cross-absorbed sera used.

Malik & Singh (1960) tested for phage type (using ten standard phages) a total of 
sixty-three coagulase-positive strains o f staphylococci, comprising forty-four from 
milk samples, three from caprine m astitis, one from an ovine abscess, and fifteen 
from human sources, and also seventeen coagulase-negative strains. Approxim ately 
86%  of the bovine strains were phage-typed and fell into four phage types; all of 
these strains were lysed by phage 42F. A part from twro human ones, no other strains 
were susceptible to the phages used.

Minamimoto, Shibata & Ishii (1959) estim ated that in Jap an  about 30%  of cows 
suffered from m astitis. Some of the strains which they isolated from infected cows 
were typable with bacteriophages in respect to group I  and coincided with the so- 
called pathogenic staphylococcus in properties.

According to Ozer & Demirer (1959), tests on ten strains of m astitis staphylococci 
indicated a 99-9% destruction with either 30 min at 65 °C, 45 sec a t 72 °C, or 1 min 
at 85°C.

Staphylococcal food poisoning occurs when toxin has accumulated. Inadequate 
cooling of raw milk or inadequate heat treatm ent followed by poor cooling will allow 
growth of staphylococci. Growth of organisms can occur in inadequately heat-treated 
or cooled milk.

Thus, George & Olson (1960) have investigated the growth of Staphylococcus 
aureus in condensed skim-milk at low and moderate temperatures. Maximum popu
lations were generally attained after 16 days a t 50 °F , 4 days at 60 °F , 52 h a t 70 °F  
and 24 h at 80°F .

Staphylococcal persistence was shown by Foltz, Mickelsen, Martin & Hunter
(1960), who found staphylococci in 10%  of chocolate drink samples and 42-85% of 
Tow f a t ’ samples, out o f a total o f 207 samples of seven pasteurized dairy products. 
Coagulase-positive staphylococci were found in 3-38% of the samples, representing 
four products.

The growth of staphylococci in cheese, butter and cream has also been the subject 
of numerous papers. Thatcher, Comtois, Ross & Erdm an (1959) presented data  to 
show that staphylococci with phage patterns o f strains commonly associated re
spectively with cattle and with human infections are widely distributed, often in 
large numbers, in Canadian cheese made from unpasteurized milk. Mammary in
fection of cattle is considered to be contributory. Enterotoxin was demonstrated in
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eight of 149 specimens tested from individual vats of cheese from a single factory, 
selected because its product was highly contaminated with staphylococci. The toxic 
cheese contained up to 1-5 x 106 staphylococci/g. No staphylococci were found 
among 236 specimens of imported cheese, for the most part made from pasteurized 
milk or heat-processed after manufacture.

Thatcher & Ross (1960) carried out laboratory experiments to demonstrate the 
development of staphylococci in milk and in cheese made from milk, subjected to 
faults of inadequate cooling, and contamination with antibiotics and with staphy
lococci ; their experiments simulated extreme faults. Potential health hazards arising 
from consumption of cheese made from unpasteurized milk gave enhanced risks of 
staphylococcal food-poisoning due to the following factors, with effect either singly or 
collectively: (a) inadequate cooling of milk contaminated with staphylococci;
(b) antibiotic residues in milk used for making cheese; (c) strains of staphylococci 
resistant to antibiotics present in the milk. Three instances of the infection of cattle 
with the ‘ hospital epidemic stra in ’, 80/81, are cited by these authors, who considered 
that if the trend towards an increase in the proportion of staphylococci in milk with 
these phage patterns continued, then faulty cheese manufacture might introduce into 
the community a large population of these organisms.

Walker, Harmon & Stine (1960) reported on the survival of staphylococci in Colby 
cheese. They used (i) milk inoculated with 13000 to 500000 Staph, aureus organisms/g 
of milk, and (ii) milk from cows with subclinical staphylococcal m astitis. Organisms 
were subsequently enumerated on plate count agar and Staphylococcus Medium 110. 
Percentages of coagulase-positive colonies in (i) were 89, 84, 87, 51, 57, 20, 16 and 15 
a t approxim ately 1, 15, 30, 45, 60, 75, 90 and 120 days respectively; and in (ii) were 
75, 83, 22, 9, 0 and 5 a t approxim ately 1, 15, 30, 45, 60, and 75 days respectively.

Allen & Stovall (1960) traced an outbreak o f food-poisoning in Wisconsin in 1958 to 
staphylococci in Colby cheese.

Roughley & McLeod (1961) investigated the survival of staphylococci in cheese 
made from pasteurized milk which was inoculated with broth cultures of five strains 
of Staph, aureus. The Staph, aureus count increased gradually during the cheese
manufacturing process up to hooping. During curing the counts generally showed a 
marked decline, and no Staph, aureus could be isolated from any of the sam ples after 
70 days. The authors point out, however, that the absence of staphylococci does not 
guarantee the absence of toxins.

In  this connexion, Post, Bliss & O’Keefe (1961) suggested that the absence of cases 
of food-poisoning following consumption of a pasteurized cream and pastry  product 
containing five strains of Staph, aureus was due to the restricted development of 
toxins by competitive growth of other organisms, and that the product had been 
rejected by consumers because of its soggy and unappetizing appearance when kept 
under conditions favourable to the growth of Staph, aureus.

In Russia, Nefed’eva, Petrovich & Petrushina (1961) reported on the results of 
the phage-typing of staphylococci isolated from the nose, mouth and hands, equip
ment, and various foods including butter and kefir. Of the thirty-six butter samples, 
eleven contained staphylococci, o f which six belonged to the third lytic group. 
Staphylococci lysed by 3-4 phages of the third lytic group were found to be the chief 
causative agents in thirty cases of staphylococcal poisoning investigated.

Reviews of the progress of dairy science
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Mickelsen, Foltz, Martin & Hunter (1961) found that ninety-five out of 125 samples 

o f cheese, representing twenty different varieties, contained staphylococci; thirty- 
three of these contained Staph, epidermis, eighty-eight Staph, aureus, and twenty- 
five contained both. Six samples of Cheddar cheese and one sample each of Blue, 
Bondost and Brick cheese contained coagulase-positive Staph, aureus; phage-typing 
indicating that seven of these samples contained organisms belonging to lytic 
group III .

Donnelly, Black & Lewis (1962) consider that Staphylococcus Medium 110 is the 
m ost efficient means of isolating staphylococci from samples of Cheddar cheese. Of 
thirteen sam ples examined from a food poisoning outbreak, eleven contained coagu- 
lase-positive staphylococci; while 19%  of 343 retail samples of Cheddar cheese 
obtained in 1959-61 contained coagulase-positive staphylococci. Three out o f nine 
selected cultures from cheese involved in the food-poisoning outbreak were positive 
for enterotoxin.

Obiger (1961) studied the pathogenicity of 372 strains of staphylococci isolated 
from various sources, including can milk, individual cow samples and quarter samples 
from healthy and infected udders. Tests were carried out on mice and guinea-pigs 
(by intraperitoneal or intrapleural injection of fresh cultures, by feeding culture 
filtrates heated for 30 min a t 100°C, or by intraperitoneal injection of heated or un
heated toxins) and on kittens (fed unheated culture filtrates or given intraperitoneal 
injection of heated or unheated culture filtrates). Inconsistent results were obtained, 
indicating that animal tests are not a reliable means o f demonstrating pathogenicity, 
probably due to individuality of test animals and variability in toxin production.

Sharpe, Neave & Reiter (1962) described methods of isolation and some charac
teristics of coagulase-positive and coagulase-negative staphylococci associated with 
dairying. Excessive multiplication during cheesemaking of the coagulase-positive 
staphylococci present in raw or insufficiently heat-treated milk m ay result in large 
numbers in the cheese, and also sometimes in the presence of enterotoxin. A high pH  
during manufacture due to suppression of the starter by penicillin or bacteriophage 
allows such multiplication. As the enterotoxin m ay remain active after the staphy
lococci have died out, the number of these organisms is not an indication of the 
presence or absence of toxin. A comparison by these authors of selective media for 
isolating coagulase-positive staphylococci from cheese favoured a tellurite glycine 
egg yolk medium (Baird Parker, 1962). They described cheesemaking experiments, 
and observed that lipolytic coagulase-negative staphylococci in cheese may contri
bute towards the flavour, whilst penicillinase-producing strains m ay be used to 
inactivate penicillin present in milk used for cheese and yogurt making.

Outbreaks of staphylococcal food-poisoning 

The Public Health Laboratory Service (1960) reported three staphylococcal out
breaks in 1959. Two were associated with raw milk and both of these occurred in 
Ju ly , one in a  Hampshire school and one in a Welsh hotel, both being due to Staph, 
aureus phage-type 42D. In  one the source of infection was not found; in the other it 
was a cow with m astitis due to the same phage-type of Staph, aureus. The third 
outbreak was associated with cream and occurred in a hotel a t Christmas. The
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cream had been stored in an open container, sometimes kept in the refrigerator but 
often in the warm kitchen. Over 100 persons who ate it a t different times became ill
1-6 h afterwards. Staph, aureus was isolated from the cream but the strain was not 
phage-typed and none of the patients was examined. In 1960 there were two out
breaks (PH LS, 1961), which were associated with milk and due to Staph, aureus. In 
one of these over 100 persons were affected, in the other thirteen were il l ; in neither 
was the source of infection clearly demonstrated. In  1961, the P H L S (1962) reported 
two outbreaks associated with milk and due to Staph, aureus; one was among cam pers, 
twenty-six o f whom became ill, whose milk supply came from a cow with m astitis on 
a  local farm ; in the second outbreak all three members of a family had symptoms 
after drinking milk from their own cow. There were also three outbreaks associated 
with cheese in 1961; in one, the vehicle of infection was Australian Cheddar cheese 
supplied by one firm to four canteens, causing symptoms in about seventy persons; 
the two other outbreaks, involving a t least 120 cases, were in hospitals, and associated 
with New Zealand Cheddar cheese from which Staph, aureus was isolated.

Steede & Iredale (1962) reported an outbreak in February 1960 of staphylococcal 
food-poisoning from raw milk involving twelve service personnel and one civilian, 
all o f whom developed vomiting and diarrhoea after drinking raw T .T . m ilk; 
ineffective cooling arrangements were thought to be responsible. Staph, aureus was 
isolated from nine of thirty-two cows in the herd and was phage-type 29/52/6/7/42E/ 
47/54/73/75. One cow had clinical m astitis but the milk from that animal was not in 
use at the time. A subsequent investigation showed that Staph, aureus was found 
commonly in churn milk from local fa rm s; fifteen of fifty-five samples were positive 
in one farm and eighteen of thirty-nine in another. There was some evidence that when 
the mean temperature of the churn was over 60°F  the incidence o f Staph, aureus was 
higher.

Munch-Petersen (1960) has made a  comprehensive review of the problem of food- 
borne epidemics of staphylococcal food-poisoning in Australia, with special reference 
to dairy products; he gives an extensive bibliography and it would appear that the 
incidence o f staphylococcal infection in man is increasing, as is the incidence o f bovine 
m astitis. Hodge (1960) has reported on problems of outbreaks o f staphylococcal food 
poisoning in the U .S.A .

In  a review of laboratory and epidemiological aspects of food-borne diseases, 
Galton & Steele (1961) say that bovine m astitis o f staphylococcal aetiology is a 
world problem and appears to have become much more prevalent in the past few 
years. W idespread antibiotic m astitis treatm ent favours the development of an ti
biotic-resistant strains o f staphylococci. Although the actual interrelationship of 
human and animal strains o f staphylococci has not been established with certainty, 
im portant information is being accumulated to indicate that both animal to human 
and human to animal transmission occurs. In  a comparative study of the properties 
of 263 coagulase-positive staphylococci from butter or cheese and from human clinical 
sites, Thatcher & Simon (1956) found that the isolates from dairy products were predo
m inantly phage-type 42 D, but this type was rarely encountered among the isolates 
from clinical sites. However, this so-called bovine form has been recovered from 
severe cases o f human enteritis that developed as a sequel to antibiotic therapy, and it 
has also been established as capable o f causing food poisoning in man. The applica
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tion of phage-typing to the epidemiological study of staphylococci isolated from 
bovine milk was studied by Williams Smith (1948). He found that 93 % were typable 
and that 421) was the most common type. However, phage-typing did not d is
tinguish strains isolated from cows with m astitis from those found in milk from 
apparently normal udders; he found also that two phage types m ay occur in the milk 
from one animal and therefore considered that phage-typing m ay be limited as an 
epidemiologic tool in the study of bovine m astitis. Galton & Steele go on to say  that 
the first evidence o f phage-type 80/81 staphylococci in milk and in dairy employees 
was obtained by Wallace, Quisenberry & Deharne (1960), who, during a survey of 
staphylococcus phage-types in milk, isolated type 80/81 from bulk milk and from 
the milk from three cows in the herd; further investigation revealed staphylococcal 
infection in one dairy employee and his family caused by the same phage type. There 
is recent epidemiological evidence to indicate further that the animal to human chain 
of transmission of staphylococci is reversible. Zinn, Anderson & Skaggs (1961) 
studied persistent furunculosis in a herd of dairy cows. The initially infected herd on 
this farm  had been disposed of, since all attem pts at treatm ent had failed, and a 
replacement herd purchased. The second herd became infected shortly after arrival 
a t  the farm  and was studied by these authors for about a  year. Phage-type 80/81 
staphylococci were isolated repeatedly from furuncles on the cows’ udders, the milk, 
the milking machine inflations and bulk milk. Two dairy attendants were found 
to be nasal carriers o f phage-type 80/81 and this same type was isolated from skin 
lesions on these individuals. One of the attendants was undergoing clinical treat
ment a t about the sam e time that the disease appeared in the initial herd. Both 
cattle and human isolates were resistant to penicillin, dihydrostreptomycin and 
chlortetracy cline.

Dauer (1961) has given a  10-year resume of food-and water-borne disease outbreaks 
in the United States for the period 1951-60. In  1960, there were five outbreaks and 
forty-eight cases due to milk and milk products. Fluid milk was the vehicle o f in
fection in only one of the five outbreaks reported, the other four being attributed to 
various milk products. In the instance involving fluid milk, five cases o f staphy
lococcal food poisoning were traced to unpasteurized milk from a fresh cow. Many 
coagulase-positive staphylococci were isolated from a specimen of the cow’s milk. 
Another outbreak involving five cases followed consumption of ice cream made with 
unrefrigerated raw milk that had been obtained from one cow. There was no evidence 
o f m astitis in the cow.

K rasnitskaya (1960) has given details of staphylococcal food-poisoning in Russia, 
stating that in recent years staphylococci have been responsible for 20-30 % of cases 
of bacterial food poisoning there. In  1958, 46 % of all cases of food-poisoning resulted 
from consumption of dairy products, sour milk products being chiefly responsible.

Control
Sharpe et al. (1962) quote van Heyningen (1950), who stated that progress in 

research o f staphylococcal food-poisoning is stifled almost to the point o f extinction 
by the difficulty of testing for toxin. They refer also to a  paper by Bergdoll (1962) 
relating to the purification of staphylococcal toxin and they point out that this has to 
be tested either on animals (cats and monkeys) or on human volunteers. Until



laboratories can test for toxin, the evidence for the incrimination of suspected food 
is circumstantial only.

These authors, in their comprehensive review of this subject, point out that, while 
it is true that we do not know the conditions which promote the production of entero- 
toxin and that little progress can be made until reliable and simple tests are available 
for detecting and measuring it, the solution for protecting the consumer against toxic 
milk, cream or cheese is simply provided by refrigeration and pasteurization. The 
elimination of staphylococci, which are often resistant to antibiotic treatment, is 
difficult, but the use of strictly hygienic milking methods promises a  decrease in the 
incidence o f infection of animals.

In this connexion, the report on the Animal Health Services in Great Britain for 
1960 (1962) contains details of control measures applied against m astitis in the 
laboratory herd. After milking each cow, the udder has been washed with a  sterile 
cloth soaked in 1:6000 chlorhexidine and the teat-cup cluster and milk tube have 
been flushed out with running cold water. Initially, each infected quarter was 
treated with an antibiotic until a bacteriological cure was obtained. The report indi
cated that, although it was too soon to conclude that the earlier mastitis-producing 
strains had been completely eliminated, it seemed that the control measures used 
were sufficient to suppress the staphylococci to an extremely low level. The incidence 
o f staphylococcal m astitis was reduced from twenty-two cases (thirteen cows) in 1959 
to five cases (five cows) in the first 11 months o f 1960, a t least one and probably two 
of these resulting from recurrence of previous infection.
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SALM ONELLO SIS

Huckstep (1962) has written a  monograph on ‘ Typhoid Fever and other Sa l
monella Infections’, and includes experience gained in dealing with 1300 cases of 
typhoid, many of them in K enya. There are chapters on prophylaxis, and one on 
other salmonella infections.

Taylor (1960) in a  general review of the whole problem of salmonellosis in Britain, 
stated that milk and milk products rarely cause human salmonella infection and 
attributed this to the high level o f pasteurization (95 % of milk), the fact that most 
cheese is now made from pasteurized milk, and that cream is now commonly pasteur
ized. Infection of the human subject can, however, still occur following errors in 
pasteurization.

Typhoid outbreaks have been reported from Eire and from Canada.
McCarthy & Dunlevy (1960) describe a milk-borne outbreak of typhoid in Arklow 

(population 5203), Ireland. Twenty cases occurred within a month (eight male, 
twelve fem ale); nineteen regularly drank milk from the same supplier while the other 
one drank it on a visit. This dairym an supplied about fifty families. Fourteen of the 
twenty cases were aged 15 or under, as were five other unconfirmed cases. No deaths 
and no carriers resulted. A dairyman had left the source dairy a  fortnight before the 
first case occurred; he was ill, with coryza, cough, and pains in chest and abdom en; he 
was found to have a  Vi agglutination 1/20 +  + ,  though W idal andfaeces were repeatedly 
negative. He was regarded as a typhoid carrier and the source o f the outbreak.

Dum as, Foley & Breton (1961) described an outbreak of 197 cases o f typhoid fever
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in March 1959 in M ontmagny (population 6000), Canada. All but nine o f the patients 
lived in M ontm agny; of these nine, live had visited the homes where contaminated 
milk was consumed and four were secondary cases infected by a  student who con
tracted the illness in M ontmagny and returned to his home before diagnosis—his four 
siblings developed typhoid fever.

The municipal waterworks and the municipal sewerage system were not in
criminated. Some 600 quarts o f raw milk were sold daily in the town, distributed by 
four principal dairymen, two living in the town and two in the country. These milk 
suppliers had always maintained adequate hygiene standards and no case of typhoid 
fever had occurred in the M ontmagny town or rural outskirts during the previous 
2 years, but a few cases were reported annually in people who lived on the banks of the 
river and who obtained their water from this polluted stream ; two of the dairymen of 
Montmagny lived on the bank of this river. The outbreak started when eight cases of 
typhoid fever were adm itted to hospital on serological diagnosis. All the families of 
these cases were buying raw milk from the same dairyman. This dairym an’s well had 
dried up over a month previously and river water had been used as a source o f supply 
and for cleaning dairy equipment. The water was not boiled; all members o f the 
dairym an’s family drank it. I t  was chlorinated for washing dairy utensils, but these 
were rinsed with polluted water to remove dust from them ; they were not sterilized. 
A  son of the dairyman had been ill for 2 weeks but had continued to work in the dairy 
with all the other members o f the family, and eight out of the ten members later 
developed typhoid fever, the father and one son alone being spared although they 
were great consumers of raw milk. Between 1 March and 12 April, 179 cases were 
reported; the other cases were reported a t the rate of one or two a week from 12 April 
to  14 June.

Further cases, apparently unconnected with the outbreak, had drunk raw milk 
from a restaurant where the operator was not supposed to sell raw milk. Four typhoid 
cases occurred in two neighbouring families although they lived downstream from the 
dairym an implicated. They obtained water from the river and produced their own 
milk, having no relations with the dairym an concerned. The aetiological agent in 
these cases was a  phage-type E - l ,  which was that isolated from all the other patients. 
One hundred and twenty-three o f the 197 cases in the outbreak were under the age o f 
20 years. The cases were fairly mild. No deaths occurred. There were no intestinal 
complications, perforations or haem orrhages; myocarditis was diagnosed in a  few cases 
who recovered without sequelae. Oral chlormycetin was exclusively the treatment.

Hudemann (1959) examined 140 samples of foods o f both plant and animal origin 
for typhoid-Yi and salmonella phages. Of six milk product samples, two were found 
to contain typhoid-Vi phages and three salmonella phages. B ut the technique was 
not considered suitable for routine use.

The Public Health Laboratory Service (1960) reported two outbreaks in 1959 of 
food poisoning due to Salmonella typhimurium, associated with milk. One occurred 
a t a  dairy farm, with twenty-six cases, confined to the farmer and employees and 
their fam ilies; the milk was pasteurized except for that consumed by these families. 
Though there was good epidemiologic evidence to incriminate the milk, salmonellae 
were not isolated from samples examined nor from cow faeces, so the source was not 
discovered. The second outbreak originated among calves which fell sick while being
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reared on a farm, and the infection spread to raw milk, possibly by the hands of a  
milker who was also concerned in calf rearing; at least two young children who drank 
the milk had symptoms and one adult was a symptomless excretor.

An outbreak due to Salm . typhimurium in 1960 was also reported (Public Health 
Laboratory Service, 1961), in which about 300 customers of a dairy selling un
pasteurized tuberculin-tested milk were a t risk, and at least sixty cases occurred 
among them and among persons on the farm and workers in the bottling plant. 
Salm. typhimurium, was isolated from anal swabs from two of the thirty-six cows in 
t  ie  herd and from a sample of milk from one of them.

Parry (1962) has reported a milk-borne outbreak due to Salm. typhimurium. In 
Ju ly  1961, sixteen cases of gastroenteritis due to Salm. typhimurium phage-type 1, 
var. 5, were traced to unpasteurized tuberculin-tested milk from one dairy in 
Liverpool. All sixteen cases were notified between 19 Ju ly  and 5 A ugust; two were 
hospitalized. Salm. typhimurium was isolated from the stools of thirteen patients, 
and five symptomless excretors o f this phage-type o f salmonella were found among 
forty-seven home contacts. The m ajority (60% ) of the salmonella excretors were 
under 15 and half of them were under 5. The infected milk supply came from a  herd 
o f thirty-six tuberculin-tested cows, supplying milk to 740 households. Diarrhoea 
had occurred in one o f the cows, which died on 25 Ju ly . The milk infected amounted to 
only about 18 gal out o f a total of 105 gal distributed daily. About ninety families, 
numbering 220 people, were possibly at risk out of a total of 740 families (2220 
people). The author thought it possible that the original source of the infection was 
bovine, but that it was most likely that infection was transm itted by faecal conta
mination of the milk.

The Public Health Laboratory Service (1962) reported five outbreaks o f food 
poisoning due to salmonellae in 1961; one o f these was that reported by Parry, 
reviewed in the previous paragraph; the second, also due to Salm. typhimurium , pro
duced at least sixty  cases, the organism being isolated from the farmer and herdsman 
and from the milk of two cows in the herd; in a  third outbreak due to Salm . typhi
murium, the organism was isolated from about twenty persons, who drank farm- 
bottled T.T. milk, and from two cows in the herd. In an outbreak due to Salm. 
enteritidis var. jena, cases occurred in several families, and the organism was isolated 
from patients and from the faeces of a sick cow on the farm supplying the milk. In  a 
larger outbreak, comprising 123 cases and excretors, the source o f infection was 
traced to a  cow with symptomless m astitis due to Salm . heidelberg; animal feeding 
stuffs were thought to be the most probable origin. In  addition to these five out
breaks associated with milk, there was one outbreak in which the vehicle of infection 
was cheese; Salm . bovis-morbificans was isolated from cheese brought home from 
France by a  family.

In  India, a family outbreak of food poisoning due to Salm. iveltevreden was reported 
by Mathur (1959), involving six people in attacks o f gastroenteritis and fever for 
5-9 days. The source of infection was milk which had been boiled a t a farm, then 
transferred to another container and consumed twelve hours later without further 
heating, presumably having been contaminated after the original bottling.

Dauer (1961) reports that ten cases of Salm . Montevideo infection followed the 
eating of home-made ice cream made with raw milk and a  cracked egg found in a
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lien’s nest. F ive cases o f gastroenteritis of undetermined aetiology occurred in a 
family group who ate cottage cheese purchased from a store. The probable source of 
infection was not found.

Q F E  V ER

In  the past 10 years, Marmion and his colleagues have dealt with various aspects of 
Q fever in Britain (Marmion, Stewart, Richmond, Barber & Stoker, 1954; Marmion, 
Stoker, Walker & Carpenter, 1956; Marmion & Harvey, 1956; Marmion & Stoker, 
1956; Marmion, 1959; Stoker, Brown, K ett, Codings & Marmion, 1955). B u t in the 
period under review there have not been m any papers on this disease published in 
Britain. The m ajority of the papers on Q fever stem from the U .S.A ., but the disease 
is being detected wherever it is looked for.

Luoto (1960) in the U .S.A . reported on the nation-wide occurrence o f Q fever 
infections in cattle and the fact that the disease was already recognized as a public 
health problem in some areas. At least 300 human cases had been found in southern 
California, and 350 cases associated with sheep in northern California, during epi
demiologic studies in 1948 to 1949. Further cases occurred annually. For m any 
years cases originating from cattle or sheep had been reported in Texas and in Idaho, 
where epidemics were studied in 1947 and in 1958. In  Iowa, ten proven cases and 
evidence of infection in eighty-five individuals were found, but only 3%  of dairy 
herds were infected. Human infection had occurred in eighteen of the thirty-five 
States with known infected cows, and occasional human cases in four newly ‘ infected’ 
states—Maryland, Pennsylvania, New York and New Jersey. The true incidence of 
human infection or disease was unknown, because many cases in the U .S.A . were 
unrecognized. Even during the 1959 epidemic in Idaho, m ost o f the ninety-three 
confirmed cases were diagnosed by 10 % of the local physicians, m any of whom had 
diagnosed cases in previous years.

Luoto & Pickens (1961) have given a  resume of recent research seeking to define 
the Q fever position. They refer to previously established factors, namely, that bovine 
infections are widespread and increasing in the U .S.A . and will result in extensive 
human contagion and disease, and that the nation-wide occurrence o f Q fever among 
dairy cattle indicates numerous reservoirs and sources o f infection. Prevalence rates 
in man remained to be determined in most states and, until adequate knowledge 
concerning the human disease became available, the public health significance o f this 
omnipresent animal infection would remain obscure and a m atter for concern. In  
Montana, dairy cattle appeared to serve as an im portant (if not the sole) source and 
reservoir. Sale and removal o f positive cows was repeatedly incriminated in the intro
duction of Q fever to previously negative herds and areas. Once the organism is 
introduced by incoming cattle, it spreads and permeates the environment, possibly 
through air- or water-borne routes, via wild-life vectors, or by other means. These 
authors discussed the modes o f human infection and pointed out that more than the 
mere presence o f the agent in the environment is necessary for human involvement. 
They say that ingestion o f infected milk does not lead to cases in many areas and that 
m an is not highly susceptible via the gastro-intestinal tract. A neutralizing factor is 
present in infected milk and this m ay render the organisms less virulent, but still 
antigenic, for man. Strain differences among Coxiella burnetii might be responsible



for lack of human disease in some areas. Protection from infected milk requires, they 
suggest, new standards for pasteurization of milk—elevation of temperature to  
145 °F  for 30 min or 161 °F  for 15 sec being required. They conclude that additional 
knowledge is needed for satisfactory definition of the public health problem.

Stoenner et al. (1961) studied the incidence of antibodies against Go. burnetii and 
of clinical symptoms associated with Q fever in two areas of Idaho, am ongst families 
associated with 119 infected herds and families associated with 141 Q fever-free 
herds. In the former group 26 % of 333 persons were sero-positive and in the latter 
group 14 % of 394. Although dairy cattle were a  potential source of human infection, 
a significant amount of clinical illness was not associated with these infections.

T jalm a & Braun (1960) say that Q fever has little or no veterinary importance but 
definite public health significance, and thus m ay be more difficult to control than a 
zoonotic disease having both veterinary and human clinical importance. T jalm a 
(1958) had stated that prior to 1957 Q fever had not been reported in man or anim als 
in Iowa, except that one case of human Q fever occurring in 1955 had been investigated.

A serologic survey of Q fever in 36921 human sera has been made by Braun (1962) 
in the U .S.A . Of these sera, 19189 were diagnostic specimens from febrile patients 
and 17 732 were prem arital specimens. An over-all reactor rate of 0-3 % positive was 
found. Follow-up of suspect infections, using clinical and bacteriologic data, resulted 
i:i identification and diagnosis of Q fever in twenty-two males. Contact with infected 
¿airy  cattle had occurred in three farm ers; occupational exposure in three abattoir 
employees and one milk-plant employee; while the remaining fifteen had no d is
cernible source. D airy cattle serologic studies showed increased prevalence, from 
0 7  % in 1956-57 to 1-6 % in 1960, the herd-positive rate increasing from 3-25 to 9-6%.

The American Veterinary Medical Association Council on Public Health and 
Regulatory Veterinary Medicine (1961) reviewed the clinical and diagnostic aspects 
of Q fever and its epidemiologic features, and mentioned the high susceptibility o f 
dairy cattle and sheep, though cattle are completely asym ptom atic. In control 
measures they include vaccination of man with inactivated vaccines prepared from 
Go. burnetii, pasteurization of milk, and also search for occupational exposure, 
contact with live stock, the consumption of raw milk, and association with other 
infected environments.

Ferris, Hanson & Brandly (1961), in Illinois, tested Go. burnetii Q fever antibody 
by capillary agglutination (CA) test, with the following results: of 8575 dairy cattle 
7 % were positive and 16 % of the herds; of 4733 swine 0-3 % were positive and 2-4% 
of the herds; only two of 862 sheep were positive. The authors said that Q fever in man 
had not been adequately investigated in Illinois. About 23 % of thirty-seven veteri
narians in 1958, and 10%  of 100 veterinarians in 1959, were positive to CA and CF 
tests. Absence of human cases might be due to failure of physicians to diagnose, and 
inapparent infection was shown to exist.

In  Canada, Fish & Labzoffsky (1960) collected composite raw milk samples from 
200 dairy herds in Western Ontario and subjected them to the capillary agglutination 
test. Samples from fourteen herds gave positive reaction. Individual milk sam ples 
from the 334 animals in these fourteen herds and blood samples from those with 
positive reaction for Q fever were examined by capillary agglutination tube method 
and complement-fixation test. Sixty  anim als (17-9%) produced a  reaction in milk
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and blood; all fourteen herds contained reactors, the incidence being from one to 
eight animals within herds.

J .  A. McKiel (pers. comm.) also investigated Q fever in Ontario, with results as 
follows: o f 4567 herd milks sampled, 103 were positive in the CA test for Co. burnetii 
antibodies, giving a herd reactor rate of 2-3 %. The highest reactor rate in any of the 
test areas was 14-1 % and in this area the average reactor rate within herds was 32 %. 
CF titres of 1/64 or higher in guinea pigs resulted from inoculation of live o f six herd 
milks, nine o f fourteen individual cow milks, and one of three bovine placental 
specimens tested. A strain (CNP) o f Co. burnetii was isolated in embryonated eggs 
from guinea pigs inoculated with a seropositive bovine milk. Coxiellae were seen in 
smears o f spleens o f milk-inoculated guinea pigs and of yolk sacs of CNP-infected 
fertile eggs. Suspensions o f these yolk sacs in guinea-pigs resulted in production of 
CF antibodies in high titre to Co. burnetii. Tissues of one rat and one swallow out of 
256 small mammals and birds tested produced antibody for Co. burnetii in guinea-pigs. 
In a  serologic study of the occurrence of Q fever antibodies in human sera, only one 
of 2453 sera (0-04 %) reacted in the capillary tube test. In a complement fixation 
test on 1775 human sera, eight sera (0-5%) had antibody titres of 1/8 to 1/32, and 
two sera (0T %) had titres of 1/16 to 1/32.

In  Ibadan, Collard & Udeozo (1959) tested 204 sera from blood donors and found 
eleven (5-4 %) had complement-fixing antibody to Co. burnetii a t a serum titre of 1/20 
or greater. Of 119 sera from pregnant women, only one (0-8%) had complement
fixing antibody. This preponderant male incidence was compared with similar reports 
from California. These authors also tested cattle, goat, sheep and chicken sera, which 
showed a high incidence o f positive sera, mostly at low titre, infection being more 
prevalent among goats (44% ) and chickens (36% ). They suggest that main sources 
of human infection in Ibadan  are through inhalation of infected dust particles and 
through contact with goats and fowls, these forming a potent animal reservoir.

In  Belgium, Jad in , Thomas & Leonard (1959) reported investigations into the 
incidence of Co. burnetii agglutinations in cattle, and carried out micro-agglutinations 
on 169 specimens o f cow serum, which did not show the presence of Br. abortus. Of 
these, 107 were positive (63-3%). Of the sera in the area, 30%  were positive for 
Br. abortus and 44-3% for Q fever.

In Germany, Triieb, Boese & Posch (1960) reported an epidemic of Q fever affecting 
515 persons in the lower Rhine district in 1958, which occurred in three w aves; the 
prim ary source of infection was believed to have been a  cattle auction where four 
cows excreted Co. burnetii in their milk.

A recent British paper is by Marmion (1962) who has reviewed the course and 
clinical features of seven proven and two suspected cases of Q fever endocarditis 
(seven men and two women aged between 30 and 60). The aortic valve was affected in 
five cases, the m itral in two, and both in one case. A definite or equivocal attack  o f 
rheumatic fever occurred before the onset o f endocarditis in six patients, and a  
clinically recognizable attack  o f Q fever in seven. Subacute endocarditis lasted from 
5 months to 5 years before fatal termination, and clinically resembled subacute 
bacterial endocarditis in m any but not all respects. Blood cultures taken during the 
phase of endocarditis were nearly always bacteriologically sterile, but Co. burnetii 
was isolated from the blood of four cases, and Q fever complement-fixing antibody
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was present a t high titre in all. In  seven cases examined after death, Co. burnetii 
was isolated from vegetations on the heart valves and coxiella-like organisms seen 
in sections. The author drew attention to the diagnostic value of complement- 
fixation tests with the phase 1 antigens of Co. burnetii in detecting chronic, active 
infection.

Reviews of the progress of dairy science

T I C K - B O R N E  V I R U S  I N F E C T I O N

The epidemiology of tick-borne biphasic milk fever has been further elucidated by 
workers in R ussia and Central Europe.

Drozdov (1959a), in Russia, reported epidemiologic investigations o f outbreaks of 
biphasic milk fever, of which the virus appears similar in immunological charac
teristics to the tick-borne encephalitis viruses. Milk was frequently implicated and 
in one outbreak four strains of virus were isolated from 203 samples of goat’s m ilk ; 
the virus could not be isolated from cow’s milk, but antibodies to biphasic milk fever 
virus were detected in a high proportion of cows, indicating that cows, acting as hosts 
to infected ticks (the main reservoir of infection), are not generally infected to a 
sufficient degree to produce milk contamination, although this is considered likely to 
occur following infection with m assive doses.

Blaskovic & Gresikova (1959), however, demonstrated that milk of farm animals 
m ay transm it tick-borne encephalitis virus to man. Goats and cows artificially 
infected with the virus excreted it in milk during 2-8 days a fter ; in blood it usually 
appeared more quickly and disappeared earlier. The virus remained viable in dairy 
products and sour milk for varying periods of time.

Gresikova, H avranek & Gorner (1960) studied the heat resistance of tick-borne 
encephalitis in milk at temperatures ranging from 55 to 85 °C, a t intervals of 5 deg, 
for 10 sec. The virus was inactivated in milk during pasteurization at both 72 and 
85 °C for 10 sec.

Pogodina (1959) presented case reports o f families owning goats and cows; they 
considered that latent immunization against tick-borne encephalitis occurs via the 
alim entary canal when fresh milk from infected goats is consumed, and that infection 
from this source does not always produce clinical sym ptom s; also that the possibility 
o f infection via cow’s milk was doubtful.

Drozdov (1959ft) isolated virus strains from the blood of a patient infected with 
biphasic milk fever in Russia, and also from the milk of goats and Ixodes ricinus 
ticks. Results indicated that all strains were identical. Sym ptom s of encephalitis 
similar to those observed after intracerebral infection of tick-borne encephalitis virus 
and Omsk haemorrhagic fever virus were produced in white mice and a kid by in tra
cerebral injection of the isolated virus.

Drozdov (1959c) also reported that strains of a  filterable virus isolated from the 
blood of a patient with biphasic milk fever, the blood of goats, and I . ricinus ticks, 
were identical antigenically and immunologically. Later (1960 a) he reported that 
experiments with patients’ sera established a  high antigenic and immunological 
sim ilarity between viruses causing biphasic milk fever, tick-borne encephalitis, 
louping-ill, and Omsk haemorrhagic fever.

Gresikova-Kohutova (1959a) reported studies on survival o f the virus o f tick- 
borne encephalitis in dairy products at refrigerator temperature. The titre remained



almost unchanged in cow’s milk for 2 weeks and in cream and butter for 2 m onths; 
in quarg it fell as the acidity increased, the virus being absent after 2 months.

The same author (19596) centrifuged a  H ypr strain of tick-borne encephalitis virus 
in 20 % mouse brain suspension and diluted the supernatant with saline, saline +  10 % 
normal inactivated rabbit serum, or milk. The virus was inactivated a t 50 °C for 
20 min in saline and at 65 °C for 20 min in milk. In  general, milk afforded better 
protection over the temperature range tested (40-70°C for 20 min). Pasteurization 
of milk by the holder method caused a  marked decrease in titre of the virus but did 
not inactivate it completely.

This author further reported (1959c) that the optimum environmental pH  for the 
tick-borne encephalitis virus isolated in Czechoslovakia was found to be pH  7-6-8-2. 
The H ypr (M40) virus however was able to survive at a  pH  range of 2-55-10-45 over 
a  24 h period at 4 °C ; it survived a  pH  of 4-5 for 24 h in sour milk.

The role o f the I .  ricinus tick was experimentally demonstrated by Gresikova 
& Rehacek (1959), who infected two ewes with louping-ill virus by means of infected
I .  ricinus ticks, and one of them excreted the virus in milk on the 7th and 8th day 
after infection. Two sheep infected with a  human strain of Czechoslovakian tick-borne 
encephalitis excreted the virus in milk between the 3rd and 7th day after infection. 
One cow excreted encephalitis virus in milk on the 3rd and 4th days, and the virus 
was detected in blood on the 2nd and 6th days after infection.

Further, Drozdov (19606), in experiments with five pairs o f goats, used four 
different strains o f virus o f the tick-borne encephalitis group, which were injected 
twice subcutaneously or intramuscularly, and blood and milk samples examined from 
the 3rd day after injection and subsequently a t 1-2 day intervals. All the viruses 
were found to be capable of entering the milk and blood under the conditions o f this 
experiment. Louping-ill virus was shown to possess highest pathogenicity for goats.

Milk-borne disease 145

O N C O G E N IC  V I R U S

Gross (1961) in his monograph on oncogenic viruses, refers to the development of 
leukaemia in successive generations o f cattle. Information about possible familial 
incidence o f leukaemia in cattle is scanty, as only relatively few animals are allowed 
to live out their life span and be observed for possible development of disease. Cattle 
have a  relatively long life-span and records are not available to survey the incidence 
of disease through several successive generations, whereas in the mouse ten or even 
twenty successive generations of animals can be observed by a single human observer 
in an experiment— this would be impossible in cattle. Nevertheless, there is evidence 
that leukaemia m ay also develop in several members of the same family of cattle— in 
some instances in two or three successive generations. Gross cites papers by Schaper 
(1938), who noted twenty-three cases o f leukaemia developing in a cow and its off
spring; by  Lockau (1933) and others, who made similar reports; and by Czymoch 
(1937), who observed eight cases o f leukaemic cows with leukaemic offspring, in
cluding two leukaemic calves from the same cow, and also that sixteen out o f twenty 
leukaemic cows bred in a particular district were the offspring of one and the same 
bull, which eventually also died from leukaemia. Both Czymoch and Schaper 
observed m any cases o f leukaemia in herds of cattle in which a  particular bull was 
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used for breeding purposes, the occurrence of the disease ceasing on removal of the 
bull.

Gross pointed out that it is difficult to evaluate the incidence of leukaemia in 
cattle, but a t slaughter (when they are relatively young) 1 in 9000 cattle has the 
disease. He says that the possibility should be considered that in cattle, as in chickens 
and mice, leukaemia m ay be caused by an agent transm itted in certain families from 
one generation to another and that such an agent m ay be responsible for the develop
ment o f this disease in more than one member of the same family.

I t  is unknown whether these oncogenic viruses are present in cow’s milk, whether 
they have any role in human disease, or what the survival rate might be in raw milk 
or heat-treated milk.

In  another study relating to oncogenic virus, Huebner, Rowe, H artley & Lane
(1962) demonstrated the presence of polyoma virus in mice infecting grain and silage 
stores on dairy and other farms, in Montgomery and Frederick Counties, Maryland,
U .S.A ., a grain- and livestock-producing area north of Washington, D.C., which also 
supplies a  large part o f the milk for that city. They reported also on continuing 
surveys for polyoma infection in mouse populations on one of the five positive farm s 
and in three feed mills located in a small town in the same area. They used a haemag- 
glutination-inhibition (HI) test to demonstrate antibodies to polyoma. They point 
out that M us musculus have world-wide distribution and are grass seed and grain 
feeders. As much as 25 % of grain stocks m ay be destroyed by them, and the mice 
per 100 m3 of rick increases from forty-seven in November-December to over 1100 
in M ay-June. As m any as 2000 living and dead mice m ay be taken from the upper 
portion of a single rick. They quote figures given by Southern & Laurie (1946) which 
showed that over 95 % of all grain ricks in England were infested with house mice.

Grain storage areas infested with breeding colonies of mice are im portant foci of 
mouse virus infections, with consequent opportunity for widespread dissemination— 
the authors say ‘ a t least to m ice’ and hypothesize that the basic natural cycle of 
polyoma and other viruses exists in agricultural ecologies. Further studies m ay, they 
think, reveal previously unknown viral zoonoses, as well as explanations for the 
survival of known mouse viruses in natural and laboratory colonies.

The urine is a more prolific outlet than faeces for polyoma virus; over a million 
median infectious doses can often be demonstrated in 1 ml of urine from mice infected 
as new-borns. These authors estim ate that in a  9-month period about 150 1 of urine 
m ay be deposited in the upper layers of a grain rick. Polyoma virus is very hardy, 
surviving 37 °C undiminished for long periods, and accumulation of virus can be 
considerable, even on undam aged grain. Other common and com paratively resistant 
viruses, e.g. mouse adenovirus, K  virus, hepatitis, reoviruses, lymphocytic chorio
meningitis virus, and others might be expected to occur on such grain.

Low level haemagglutination-inhibition responses were obtained from 10%  of 
persons sampled in houses with heavy mouse infestations but the authors did not 
'h i nk this very significant. Cows on the farm were also negative, though apparently 
positive for reovirus.

No mention is made of testing preheated milk for virus, but clearly the presence of 
polyoma and other tumour-producing viruses— albeit a t present of mice—in situa
tions where access to milk supplies could occur, m ust be of concern, and m any questions
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of potential survival o f polyoma virus and other animal viruses in milk and their heat 
lability in milk arise.

The Medical World News of 12 May 1961 contained a report that for the first time a 
pox-type virus had been shown as the specific cause of a  simian tumour, and in a 
series of experiments in five human volunteers it was shown that the virus can pro
duce benign tumours in man, these being due to Y ab a virus.

At the very least it can be said that much more needs to be known about the 
possible presence o f oncogenic virus in milk supplied for human consumption.
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P E S T I C I D E S  A N D  A N T I B I O T I C S  I N  R E L A T I O N  T O  A N IM A L S  A N D  M T T .E  S U P P L I E S

The Research Study Group on Toxic Chemicals in Agriculture and Food Storage 
(Ministry of Agriculture, 1961) reported that it had received no evidence of harm to 
consumers of crops or food treated with pesticides and that official recommendations 
for their safe use were so framed that any residues in food should be far below any 
dose liable to harm a consumer. Nevertheless, they recommended further selective 
survey work to determine pesticide residues in food, home-produced and imported, 
to serve as a check on whether such recommendations were being properly observed.

In  the U .S.A ., Clifford, Bassen & Mills (1959) reported a 1958 survey by the Food 
and Drug Administration, in which 936 samples of raw milk from forty-eight dairies 
in sixteen metropolitan areas in all sections o f the U .S. were analysed for residues of 
chlorinated organic pesticides by a paper chromatographic method. Investigations 
to determine the source o f pesticide residues were limited to eight producers whose 
milk contained ‘ substan tial’ residues. Of these, the source of contamination was 
definitely accounted for in only three cases. In  the milk from one producer, the 
feeding o f DDT-contaminated corn silage (1-2-12 ppm. DDT) was responsible for 
high residues, 4-8 and 6-33 ppm. DDT. In  the other two cases, contamination was 
traced to careless spraying o f barns with concentrated D D T solution by a com
mercial exterminator.

Papworth (1961), in the Veterinary Annual, has reviewed the subject o f the toxicity 
of pesticides in relation to animals, but he did not adduce evidence for toxic effects 
on men. He refers to papers describing toxic effects from bitch’s milk (Burgisser,
1960) and residues of dieldrin in cow’s m ilk; but cows did not excrete malathion in 
the milk even when fed levels of 8 ppm. for 3 weeks (Smith et al. 1960).

Sanders (1962) points out that total losses to farm  crops from pests o f all types 
m ay be in the region of £1 x 108 in the U .K ., and that chemical pesticides can play 
an im portant part in reducing these losses, as they have done in increasing the yield 
of arable crops on British farm s by 30-40 % in the last 20 years. Although no specific 
cases of poisoning by toxic chemicals or residues had been reported, it was harder 
to prove that no human being had suffered any sort o f ill-effects from such residues. 
Laboratory animals had been fed through a life-time with doses o f the new pesticides 
far in excess of those likely to be encountered in human food and as far as it goes the 
evidence seems to show that responses to equivalent doses by men and laboratory 
animals are similar. On the other hand, insecticidal seed dressings can be a menace 
to wild birds and to m ammals eating the birds, but restrictions on the use of such 
dressings were agreed in 1961 and now these risks are believed to be slight.
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The Jo in t Committee on Antibiotics in Animal Feeding (1962) noted in their report 

that the Scientific Snb-Committee accepted that the perm itted feeding of antibiotics 
since 1953 had been of economic benefit; in young pigs and poultry it significantly 
lowered the cost of production, through either improved rates of growth or improved 
efficiency of feed conversion, or b oth ; these effects did not occur in germ-free chicks 
and it would seem that the effects in farm animals are often due to control o f sub- 
elinieal infection. They state that there is no evidence that feeding antibiotics a t per
m itted levels has any harmful effects on animals and after slaughter there are no 
more than traces of antibiotics in carcases or animal products. They consider the only 
remaining potential hazard to animals or human health that can be foreseen arises 
from the effect of antibiotics on bacterial populations.

Frazer (1962), in an address to the conference of the Royal Institute o f Public 
Health and Hygiene, has recently reinforced these views in relation to the possibility 
that, if the particular antibiotic is one used clinically, its indiscriminate use in animals 
producing milk or m eat might lead to the development of resistant organisms on a 
large scale, and a  further danger might arise from the possibility that the injected 
antibiotic might so far alter the bowel-flora as to result in gastro-intestinal distri
butors and other difficulties. He also said that milk or m eat from animals so treated 
retained varying quantities o f the antibiotic, in an amount sufficient to cause a 
reaction in sensitive individuals.

Reviews of the progress of dairy science

M I L K  F A T S  I N  R E L A T I O N  T O  H E A R T  D I S E A S E

D avis (1961a) has reviewed the evidence relating to diet and coronary artery 
disease with reference to the role of essential fa tty  acids, and particularly to fats 
derived from milk and dairy products. He emphasizes the difference between normal 
intake and excessive intake and concludes, inter alia, that the amount of properly 
controlled experimental evidence on the relationship between cardiovascular disease 
and fat intake and type is practically negligible, and that drastic recommendations, 
such as the avoidance o f all dairy produce, are unwise, because the solids-not-fat 
fraction of dairy products is probably the most valuable constituent in our diet. Meat 
fa t might be reduced first, and secondly butter and margarine, but no reduction 
should be made in whole milk or cheese. In  another communication, the same author 
(19616) indicates that if the teaching of certain schools is extended into the future we 
shall have healthy middle-aged men thinking they can avoid disease by sipping 
maize-oil in front of a television set or at a banquet, and by taking tablets or capsules 
while travelling everywhere by car.

In regard to excess intake o f milk and milk fats, Briggs, Rubenberg, O’Neal, 
Thomas & H artroft (1960) reported a study of the incidence of myocardial infarcts 
among three groups of autopsied patients who were matched for age, sex, race, and 
place and period of death : (1) patients with peptic ulcers who had been treated with a 
Sippy diet or milk products; (2) patients with peptic ulcers who were not known to 
have been so treated; (3) non-ulcer patients matched with the other two groups. This 
study was carried out as a  sequel to reports that the incidence of myocardial infarcts 
is higher among persons with chronic peptic ulcers than others. D ietary difference 
might account for this, and milk products are suspect because they are commonly
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used by these patients. Butter fat in particular is suspect because o f its effect on 
blood coagulation and clot lysis, because it is a  m ajor constituent of diets that pro
duce coronary thrombosis and myocardial infarcts in experimental animals, and 
because o f its effect on blood cholesterol levels of man under certain conditions. Ten 
hospitals in the U .S.A . and five in the U .K . provided the clinical and autopsy data. 
In  each of groups (1) and (2) there were ninety-seven patients in the U .S.A . and 
ninety-five in the U .K . ; the control groups (3) numbered 194 and 190 respectively. 
In  the U .S.A . the incidence o f myocardial infarct was identical in ulcer patients with
out Sippy diet and in non-ulcer controls (15 % ); incidence in the Sippy-treated ulcer 
group was significantly higher at 36 %, while the elimination of twenty-one patients 
on diet for less than a year left seventy-six patients with an incidence of 42% . In 
the U .K ., incidence o f infarcts in patients on milk diet was 18 %, significantly higher 
than in the non-Sippy ulcer group (3 %) and the controls (8 %).

After allowing for other factors, it was tempting to think that the high incidence 
o f myocardial infarcts among Sippy-treated patients was a  result o f the butterfat 
content of their d ie t; but the authors point out that o f course mere association does 
not constitute proof and further study is needed before definitive conclusions are 
drawn.

An Interdepartm ental Committee (1960) on Milk Composition in the United 
Kingdom  concluded that the s . n . f . fraction of milk should be maintained, as certain 
population groups have inadequate intakes of protein and calcium. Unless these are 
increased, through consumption of more milk, dairy products or other foods, an in
crease in the s .n . f . content o f milk would be desirable, but this could only be done 
gradually. This does not apply to the fatty  fraction of milk, as the diet as a  whole 
contains more than adequate amounts of vitamins A and D. The Committee stressed 
the need for more research into the relationship between milk fat and arterial 
degeneration, but thought no reduction was called for in the fat content of m ilk ; if  it 
were necessary to reduce the amount of milk fat consumed, butter would be con
sidered first. The fat of milk has an indirect value, because people prefer whole milk 
and there has been no increase in consumption of skim-milk in this country, as in 
some parts of the world; thus maintenance of milk fat at its present level ensures that 
milk remains an esteemed article of diet.

B A D IO N T T C L ID E S  I N  M I L K

The hazards to man of nuclear and allied radiations are now of world-wide concern 
and the two British reports of the Medical Research Council (1956, 1960) are detailed 
expositions of all the ramifications of the subject. I t  is, of course, in relation to their 
great potential somatic and genetic dam age that the radionuclides are the subject of 
concern and not in relation to a  delineated existing disease problem.

Appleyard (1961) points out that the acute radiation syndrome is well known and 
well described in man. The median lethal total body dose for man is probably not far 
from 500 rad. A t doses above this not much can be done. At doses well below, 
recovery is straightforward and apparently complete with little external aid, and for 
short exposures over a wide range of doses there are also extensive data. I t  is in the 
range of doses well below the median lethal, say  5-100 rad total body dose, that
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another weakness is apparent; there are no really satisfactory biological indications 
o f exposure; m ost of the ordinary peripheral blood examinations, e.g. differential 
white cell count, are rather remote from the radiation effect and rather easily upset 
by other factors. In  Hiroshima and N agasaki people exposed to radiation have been 
followed up and there is no doubt about the subsequent increased incidence o f leu
kaem ia within the following 10 years. An increase in malignancies other than 
leukaemia and further delayed in time has also been found in these studies. In 
general, however, there is a  m ajor gap in our understanding of the genetic effects of 
radiation on people.

Newcombe & Jam es (1959) state that about 4 % of all individuals bom  will suffer 
a t some time during their lives from serious defects in which heredity plays an 
obvious and m ajor part, and it is now believed that something between a quarter 
and the whole of this ‘ load ’ of hereditary defects is directly maintained by the rate of 
naturally occurring new m utations in each generation. The new mutations presumably 
make up for the defective individuals who die young or who fail to reproduce. The 
frequency of the conditions which are mutation-maintained will increase with any 
rise in the level o f ionizing radiation. Present levels of exposure resulting from 
medical X -rays average about 3 roentgens per generation per person and might 
eventually increase hereditary effects by as much as 10 %. Genetic effect of fall-out 
from nuclear weapon testing is probably about one-thirtieth of this, but while this 
appears small as a  percenage, it seems large if  expressed as absolute numbers of 
seriously affected individuals per generation in the world population. These authors 
considered the uncertainties in calculations— one of the chief stemming from 
ignorance concerning the respective roles of selection and mutation in maintaining 
our present load of hereditary defects. They discussed a  method by which we might 
obtain the necessary insight into the operation of these two factors to influence the 
genetic component o f population health and well-being.

Newcombe (1960), who has made a comprehensive study of this subject, considers 
that population genetic studies m ust be based on the family as the im portant unit 
and, within the family, on a chronology of the events of marriage, birth, death and 
illness or handicap. Conventional surveys are not adequate for the purpose but much 
of the required information already exists in the routine records of vital events and 
illnesses relating to whole populations. The ordinary methods of vital statistics are 
incapable o f extracting such family data from the routine records on a massive scale, 
but development studies carried out in Canada indicate that this extraction can be 
achieved with the aid o f electronic computers.

The need for accurate data in the field of general radiation exposure o f populations 
is a  special illustration of the whole problem of ensuring accurate data  about all 
diseases, as well as those that are milk-borne.

An Expert Committee on Radioactive Materials in Food and Agriculture was set 
up by the FAO to review the behaviour of radioactive substances in terrestrial and 
aquatic food chains, including levels in food and agricultural materials, and practices 
which affect radioactive contamination of human d ie ts; to indicate improvements in 
surveys o f radioactive substances in food and agricultural m aterial; and to make 
recommendations regarding research on food chains to further understanding and 
reduction of radioactive contamination of human diet. The report of this Committee
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(FAO, 1960) noted that the quantity of 131I  which reaches milk depends on the extent 
to which the deposit is intercepted on plants which cattle consume, which will vary 
greatly according to the nature o f the herbage and the extent of removal of 131I  from 
leaves by rain. An average o f 5-10%  of ingested 131I  appears in cow’s milk and 
20-30 % in that of goats and sheep.

In 1961 the FAO published a summary of world information on dietary levels of 
90Sr and 137Cs. An approxim ate correlation between latitude and 90Sr in milk was 
found, values for U .K ., U .S.A ., Russia, Germany and France being similar and for 
Norway and Canada slightly higher, but the few values for Sweden and Finland were 
lower. Values were low for the Mediterranean area, India, Jap an , South Africa, and 
Australia, and very low for Central America. A general rise in level occurred between 
1957 and 1959 in the northern hemisphere, correlated with heavy fall-out. In 1960 a 
considerable decrease in 137Cs was observed, because of the cessation of weapons 
testing.

McNeill & Trojan (1960) related the 137Cs content of Toronto milk in 1959 to the 
feeding arrangements o f the animals—in barns on winter feed up to April, then out 
to pasture in May and exposed to fall-out contamination as a result of bomb tests in 
late 1958. Two distinct rates o f decrease o f the Cs/K  ratio supported the assumption 
th at most o f the Cs entering cattle comes from foliage directly rather than via the 
grass root-system. Peaks of Sr/Cs ratio and C s/K  ratio were reached in M ay-June 
1959.

Miettinen, Paakkola, Nasanen, Vuorinen & Merten (1961) state that milk and milk 
products are the main source (85 %) o f caesium in the Finnish diet. An analysis of 
grass and milk in Finland in 1959 for 90Sr and 137Cs showed similar results to that of 
milk of other countries in corresponding climatic conditions.

Madshus & Baarli (1960) reported that in Norway the value of the total fall-out 
was higher in the spring and summer of 1958 than in the preceding year, ranging up 
to  119 mc/'km2 in April. The 137Cs content o f dried milk showed seasonal variations, with 
a  remarkable increase in spring and summer and a decrease in late autumn and winter, 
in 1958 and in 1959.

Ellis, Howells, Russell & Templeton (1960) studied deposition of 90Sr on farm  land 
and its transfer to milk after the reactor accident a t Windscale in 1957, and after 
fall-out from weapons tests. Deposition averaged 160 /x/xc/rn2 on farm s within two 
square miles o f Windscale and fell rapidly with distance from the works. At farm s 
farther from the works most of the 90Sr deposition came from weapons test fall-out. 
The highest level of 90Sr in milk was 0-2 c/g of Ca, which was lower than the per
missible amount after such incidents (2 ¿¿/¿c/g of Ca) recommended by the Medical 
Research Council. Relatively more 90Sr was transferred to milk from weapons test 
fall-out deposition than from material emitted from Windscale.

An editorial in the British Medical Journal (1961) reviewed the question of radio
active iodine in milk. Every nuclear explosion generates 131I  in the fission products 
o f uranium or plutonium in bombs. I t  was pointed out that explosions a t several 
thousand feet resulted in a fraction of the fall-out being distributed promptly and in 
lethal doses over a  relatively small area of the earth’s surface, while most of the radio
active m aterial is propelled into the stratosphere, from which it descends gradually 
over a  period of a  year or two. A third fraction of the fission products is trapped in the



lower atmosphere and deposited in a  few weeks, covering the hemisphere in which the 
explosion occurred, and this is the source o f iodine about which concern is expressed. 
This isotope is not found in the stratospheric fall-out because its short half-life allows 
it to decay during the months it remains in the upper air. In 1958, m easurable 
am ounts o f 131I  were detected in the air after heavy programmes of nuclear weapon 
testing in U .S.A. and U .S .S .R ., while in October 1961 tests had again released large 
amounts of 131I  which had found its way into milk. A Medical Research Council 
report (1961) advised that an acceptable radiation dose would not be exceeded in any 
age-group unless the average concentration of 131I  in milk of 130 ppc/1 was exceeded 
over a period of a  year. The British Medical Journal considered that a stricter 
standard would be necessary when a nation’s whole milk supply was threatened. 
During October 1961 the average iodine concentration was about 130 ppc/1 (higher 
in Scotland but lower in m ost parts o f England). Children are vulnerable to m I, 
particularly a t 6 months, as up to this age the thyroid gland remains constant in size 
though the milk intake increases roughly in proportion to the infant’s body weight. 
The British Medical Journal saw no reason for advising dried milk for children at that 
time.

The Agricultural Research Council Radiobiological Laboratory (1961a) reported 
on the quantity of 90Sr in milk produced in the U .K . in 1959-60. During the late 
spring and early summer of 1960, cattle were grazing for the first time on herbage 
which had grown after the rate o f fall-out had been relatively low for several m onths; 
on average, milk produced then contained 48 % of the 90Sr observed a  year pre
viously. The mean for the 12 months ending Ju n e 1960 was 10-3 ppc of 9(lSr/l or 8-4 
ppc/g o f Ca; this was about 15 % less than the figure a t  the end of 1959. Investiga
tions continued in ‘ special areas ’ where high rainfall and local agricultural conditions 
lead to higher levels in milk than elsewhere, and where the effective delay period in 
transfer o f 90Sr from rain to milk is longer than elsewhere.

In  a later report (19616) the A.R.C. Radiobiological Laboratory gave the estim ated 
mean ratio of 90Sr/Ca in the average diet in the U .K . during 1960 as 6-4 ppc/g, less 
than three-quarters o f the value for 1959; while the mean concentration of " S r  in 
milk was 7-8 ppc/1 or 6-4 ppc/g of Ca, about two-thirds of that for 1959. The decrease 
reflected reduced rate of fall-out with suspension of weapon testing.

A more recent report from this laboratory (1962) contains the results o f m easure
ments of 131I  in milk between December 1961 and April 1962, and of " S r  in milk 
during the latter half o f 1961. The levels of 131I  in milk were negligible between 
December 1961 and April 1962. During the 32 weeks following nuclear weapon tests 
in autumn 1961, the average amount of 131I  entering milk in the U .K . was 17 % of that 
which would give rise to the annual average o f 130 ppc/1 which the M.R.C. stated 
would not cause the acceptable radiation dose to be exceeded for any age-group; 
between m ajor regions the values ranged from 11 to 24% .

Measurements o f 90Sr in milk showed that values in the summer of 1961 were 
similar to those of a  year before, but between October and December the ratio was on 
average about 20 % higher than the same period in 1960, attributed to tests in autum n 
1961. However, the mean ratio for 1961 was about 10%  less than that for 1960. 
B u t the highest levels o f 90Sr in milk resulting from these tests was not expected 
before mid-1962.
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The average mixed diet of U .K . population during 1961 was estim ated to contain

6-2 fijx.c of 90Sr/g o f Ca (similar to the value for 1960), Working levels giving a margin 
of safety below maximum permissible levels were derived from M .R.C. recommenda
tions : for individuals in general population, 400 pp,c of 90Sr/g of Ca; average for whole 
population, 130 p/xc o f 90Sr/g o f Ca. During 1961, levels of " S r  in milk and in total 
diet were less than one-twentieth o f the working level for the whole population ; in 
localized areas the levels in milk were a little above one-tenth of the working level 
for individuals.

Garner (1959) concluded from available data that if  a  cow’s milk is fit for human 
consumption there is no danger to the cow itself from 131I  or "S r .

The fall-out from nuclear tests has stim ulated some countries to analyse food and 
water to discover their content of radioactive m aterial and to estim ate the total 
intake into the body of the longer-lived isotopes, " S r  and 137Cs. Such research has 
required a large number of radiochemical analyses, since analysis of one source only 
(e.g. water) sheds very little light on the whole picture. E stim ates have been checked 
by analysing human bones obtained at post-mortem examination for " S r  (WHO 
1961<Z).

Bryant & Loutit (1961) made an assessm ent o f the accuracy and precision of the 
methods for the determination of "S r ,  stable Sr and Ca in human bone. The degree 
o f contamination of an individual with " S r  depends largely upon his diet, the con
tam ination of which has been determined mainly by the rate o f fall-out. These 
authors show that the degree o f contamination of bone (a) differs in infants according 
to domicile, being higher in Wales and probably lower than average in London and 
the home counties; (b) differs between bones o f an individual adult, depending on 
rate of turnover of mineral in the respective bones; and (c) is relatively constant 
between bones of growing children.

Scott Russell (1962) stated that although Sr and Ca do not move at identical rates 
through biological system s, their behaviour is sufficiently similar for the fate o f " S r  
to be largely inferred from a  knowledge o f the metabolism of Ca. Although about 
65 % of " S r  consumed by the population comes from milk and milk products, this 
does not necessarily mean that reduction in intake o f milk might lessen the hazard. 
Strontium and calcium are transferred from diet to bone in a relatively constant 
ratio, calcium dilutes the " S r  in the skeleton, and retention is determined by the 
ratio of "S r :C a  in total diet rather than its content o f " S r  alone. The ratio o f "S r :C a  
in milk is relatively similar to that in other foods; thus variations in the quantity o f 
milk consumed have little effect on the ratio of " S r  to calcium in the total diet and 
the exposure level will not be affected.

Differences in the amount o f deposition of fall-out in various regions depend upon 
variations in rainfall. Rainfall in most o f the U .K . is between 25 and 75 inches a year 
and the variation in total deposition of " S r  varies by a factor o f 3. Exam ination of 
" S r  content of milk and of potatoes in different regions shows that the extent o f 
contamination varies with the amount of rainfall.

The Health and Safety Laboratory of the U .S. Atomic Energy Commission (1962), in 
their quarterly report of 1 April, presented current data from the fall-out programme 
and the U .S. N aval Research Laboratory. Radionuclide levels in fall-out, water, and 
milk were several times higher during 1957-59 than either before or after. Inter-



pretative reports and notes deal with 90Sr levels in diet, U .S. wheat, and tap  water, and 
also included was a  report on errors in 90Sr measurements made during 1961. A 
bibliography of recent literature pertinent to fall-out studies was given.

Removing radionuclides from milk
About 85 % of radioactive strontium and radioactive caesium in cow’s milk can be 

removed by treatm ent with cation exchange resins saturated with non-radioactive 
cations, e.g. Ca, without apparently lowering the quality of the milk (Migicovsky,
1959). 131I has been removed from milk up to the extent of 98 % by treatm ent with 
an anion exchange resin in the chloride form. Preliminary laboratory experiments 
have also been conducted on the removal of 137Ca from m eat by treatm ent with 
sodium chloride.

Singer & Armstrong (1960) have shown that up to 75 % of the 85Sr content of milk 
could be removed by passing it through a column of pulverized protein-free or fat- 
free bone treated with 4 n -CaCI2 solution or 8n -KOH  solution. After such use 
pulverized bone could be repeatedly regenerated.

Radionuclides in water used in dairying

The 4th report of the Ministry of Housing and Local Government (1962) on radio
strontium and radiocaesium in drinking water in the U .K . gave results of m easure
ments on samples taken in 1961. Assuming an average ingestion of 1 1/day, the 
estim ated average daily ingestion of 90Sr in drinking water in 1961 was 0-25 /x/xc per 
person. This amount is small compared with the average daily intake in the diet, 
which for 1961 was estim ated at 6-71 ppc per person. The daily ingestion of 137Cs in 
drinking water in 1961 was estim ated to be 0T3 /x/xc per person.

These figures are of value when related to the use of contaminated water in dairy 
operations.
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M ISCELLAN EO U S

Wende & Dienst (1961) reported a localized area in Georgia with a  high incidence 
of attenuated infection with T. gondii in a herd of cattle and swine. The high incidence 
(51 %) of toxoplasmosis in the occupants o f two cottages was related to association 
with the infected animals but not related to consumption of infected m eat or milk 
supply, which was obtained from an outside dairy.

Nevot, Lafont & Lafont (1960) investigated the destruction of shigella in milk by 
pasteurization, and found that Shigella dysenteriae, Sh. flexneri and Sh. sonnei were 
destroyed by pasteurization when correctly carried out.

Elliker (1961), discussing time and temperature combinations for inactivation of 
pathogenic microorganisms, gives times for destruction of the pathogenic micro
organisms in milk and milk products. He refers to Listeria monocytogenes, an 
organism that infects man and twenty-six other mammals and birds, and causes an 
increase in monocytes, necrotic or granulomatous foci in various organisms and 
conjunctivo-keratitis. Pasteurization in the laboratory a t 149 °F  for 35 sec, 167 °F  
for 10 sec and at 185°F in a  commercial flash drum pasteurizer destroyed a  mixed 
suspension of fifty-four strains of the organism. Significance in raw milk supplies
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was not indicated. Bruhn, Moller-Madsen, Pedersen & Jensen (1960) determined 
temperatures required for destruction of a  number of organisms with 16 sec exposure 
in milk. St. pyogenes was destroyed at 14L-6°F, Staph, aureus a t 151-5°F, Salm. 
typhimurium  a t 151-5°F, Br. abortus a t  153-5°F, and Str. faecalis a t 163-8°F. All 
but the last were destroyed a t 153-4°F for 16 sec. However, they considered question
able whether or not this organism should be classed as a true pathogen. A com
parison of temperatures required for destruction of Escherichia coli and various 
pathogens by the come-up time method of pasteurization was made, and higher 
temperatures were required for E . coli than for the pathogens tested.
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