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Professor S. J .  Folley, F .R .S ., died at the age o f 64 on 29 June 1970 after a  short 
illness. The National Institute for Research in Dairying has lost in him an eminent 
scientist whose distinguished career did much to enhance its reputation throughout 
the world. He graduated at Manchester University in 1927 and spent his early post­
graduate years in the Departm ents of Physiology and Biochemistry of Liverpool 
University. He came to the Institute in 1932. Only recently he outlined his career at 
the Institute in a short article in the N .I.R .D . Biennial Reviews 1970. As he himself 
tells, he came to a Physiology Department which then “ occupied a converted back 
bedroom in the Manor H ouse” ; at that time its staff consisted of a biochemist and a 
technical assistant. Professor Folley became H ead of the Physiology Department in 
1945; under his guidance the department rapidly expanded and in recent years its 
staff, including visiting workers, has a t tim es exceeded 50.

E arly  in his career Professor Folley became interested in the endocrine control of 
lactation and, in particular, in the role of the hormones o f the thyroid and anterior 
pituitary. During the Second World War he and his staff carried out extensive 
studies on the hormonal induction of m ammary growth and lactation in sterile heifers 
and cows using synthetic oestrogens. These investigations led to more detailed and 
fundamental studies on the control o f m ammary growth and lactation in a  number 
o f species, and especially in the goat which proved to be an excellent experimental 
animal. Later, his interests turned towards neuroendocrine relationships, the physio­
logy of the milk-ejection reflex, the assay of oxytocin in blood and factors affecting 
the release of prolactin and other hormones from the anterior pituitary. He was also 
greatly interested in the biochemistry of milk synthesis and pioneered early studies 
on the role o f blood acetate as a  substrate for the biosynthesis o f milk fa tty  acids. 
Later, much research in his department was directed to the study of m am m ary en­
zymes and to the synthesis o f lactose.

The outstanding importance o f his work received wide recognition. He was 
awarded the degree of D .Sc. by his university in 1940 and was elected a Fellow of 
the R oyal Society in 1951. In 1938 he was a Rockefeller Research Fellow at Yale 
University and in 1953 he was appointed Visiting Professor at the Collège de France 
where he gave a series o f lectures which were later published in French, English and 
Russian. In  1964 he was given the title of Research Professor in Reading University 
and in the same year he was awarded an honorary doctorate by the University of 
Ghent. In  1969 he was presented with the Dale Medal of the Society for Endo­
crinology.

As a  scientist he was original and resourceful and ideas flowed from his fertile 
mind. He had an infectious enthusiasm and the exhortation to ‘ drive on ’ became 
rapidly known to newcomers to his department. H is enthusiasm was, however,
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tempered by a keen criticism and he had little patience with the slipshod experiment 
or careless piece o f writing. Professor Folley was beset with serious health problems 
throughout his career and in recent years he suffered from almost complete blindness. 
H is success is an outstanding tribute to his great courage in meeting and overcoming 
these crises. The devotion of his wife Mary was a  source o f great strength and 
encouragement to  him. She accompanied him to meetings and conferences and is 
herself a well-known and popular figure. Friends in many countries grieve with her at 
her loss and extend to her their affection and admiration.

A. T. COW IE

P r in te d  in  G reat B r i t a in
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L o c a l  c o o l in g  o f th e  m a m m a r y  g la n d  a n d  m i l k  p r o d u c t io n
in  t h e  c o w

B y  C. W. H OLM ES

M assey University, Palmerston North, New Zealand 

(Received 27 Ju n e 1970)

S ummary. An experiment has been performed with 2  Jersey  cows to determine 
the effect of a reduction in udder tem perature on milk production. One half of 
the udder was covered while the other half was cooled by an increase in air movement 
at an air temperature of 6 - 1 0  °C ; for closely clipped udders it was estim ated that 
the cooling conditions might be equivalent to an air temperature o f — 1 0  °C with 
low air movement. Yields o f milk, fat, protein and lactose were reduced significantly 
at the morning milking after 2 2  h cooling; the decreases which occurred at the after­
noon milking after 9 h cooling, in all components except fat, were not significant. 
Wisconsin M astitis Tests on the milk indicated that changes in udder health did 
not contribute to these effects.

Several workers have shown that local cooling of an area o f skin in the sheep causes 
a  reduction in wool growth (Doney & Griffiths, 1967; Downes & Hutchinson, 1969; 
Lyne, Jo lly  & Hollis, 1970). The possibility o f a comparable effect on milk synthesis 
of changes in temperature within the udder has been mentioned by Johnson (1965), 
when discussing the overall effect of ambient temperature on milk production of 
cows. No work designed to test this possibility has been reported, although Ewbank
(1968) induced an increase in the numbers of somatic cells in milk from an individual 
quarter of a  cow’s udder by local cooling of the quarter.

The present experiment was an attem pt to determine the direct effect o f local 
cooling of the udder on milk production and on the somatic cell counts in milk.

EXPERIMENTAL

Two Jersey  cows, one 7 and the other 8  years old, were used when in the sixth 
month of lactation. They were each fed 11 kg dried grass daily during the experiments, 
in 2  feeds before milkings, and had constant access to drinking water. The cows were 
housed, side by side, in a controlled temperature room ( ± 1  °C), and restrained by 
tubular steel yokes. They were milked at 6.00 and 16.00 h with a bucket-type machine 
which enabled the milk from individual quarters to be collected separately. The whole 
surface of each udder was closely clipped, and cooling o f one half was achieved by 
increasing the rate of air movement across its surface to 330-500 cm/s (7-11 m.p.h. 
approx.) by means of fans and a centrifugal blower; air movement was measured at 
a  distance of 10-15 cm from various places on the udder with a silvered katather-
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mometer. The other half of the udder was protected by a cover o f cloth and sheep’s 
fleece, held in place by elastic around the cow’s girth and over her tail. Surface 
temperatures were measured by thermocouples ( ± 0-05 °C), fixed to each quarter 
o f the udder with adhesive tape.

The complete experiment consisted o f 4 periods, each of 5 days or 10 milkings. 
The cooling treatment, which was applied to one half of the udder of each cow during 
day 3, began after the morning milking at the end of day 2 and continued until the 
morning milking a t the end of day 3. Air temperature was 12-14 °C on days 1 , 2 , 4 
and 5, but it was between 6  and 1 0  °C on day 3; each cow was fitted with a cover 
during day 3. The plan is outlined below:

Day
___________ _________________ __________________________________________A  ____________________________________________________________________ .t \

1 2 3 4 5

Milking ... pm am
Treatment
Air temperature, °C 13

During the first and third periods the left half of the udder o f cow 1 and the right 
half of the udder of cow 2  were cooled, whereas in the second and fourth periods the 
opposite halves of each udder were cooled. Thus, each half of each udder was cooled 
twice during the experiment.

After each milking the milk from each quarter was weighed to within 1  g, stirred, 
and a  200-300 g sample taken for an aly sis; a  smaller sample was also taken for 
determination of the cell count.

Samples were analysed for percentage contents o f fat, protein and lactose with an 
Infra Red Milk Analyser (Grubb Parsons and Co. Ltd, Newcastle upon Tyne, England). 
The analyser was checked periodically against known standards and was accurate 
to ± 0-04 % for fat and protein and ±  0 - 0 2  % for lactose (Munford, 1968).

The cell content o f the milk samples was assessed by the Wisconsin M astitis Test 
(WMT) as described by Thompson & Postle (1964), except that a  commercial re­
agent (Rapid M astitis Test Reagent, I.C .I. (N.Z.) Ltd) designed for use in a modified 
California M astitis test was used. The results of the WMT using this reagent have 
been found to be highly correlated with results obtained with the Prescott-Breed 
smear method (Mr R . C. W. Daniel, unpublished observations).

Milk samples from individual quarters were collected under aseptic conditions 
during only the third and fourth periods of the experim ent; they were cultured on 
1 0 % sheep blood agar, incubated at 37 °C and examined at 24 and 48 h.

The yields of milk, fat, protein and lactose and the percentage composition of the 
3 constituents were calculated for each udder half at each milking. The difference in 
yield between day 3 and days (2 +  4) -h 2 was calculated for both halves within cows 
and periods, and the effect of cooling determined by subjecting the 8 pairs o f differ­
ences for each component to a ‘ ¿ ’ test, after suitable coding of the values in each case. 
Results from afternooon and morning milkings were analysed separately.

RESULTS

The cows remained in apparent good health, despite the relatively unsuitable 
housing. The procedures adopted for maintaining a temperature difference between

pm

13

pm am 
f  Cooling |  

8

pm pm

13 13
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t h e  2  u d d e r  h a l v e s  o n  d a y  3  s e e m e d  t o  b e  s u c c e s s f u l .  T h e  s u r f a c e  t e m p e r a t u r e  o n  t h e  

c o o le d  h a l f  w a s  2 0 - 2 5  °C  a n d  o n  t h e  w a r m e d  h a l f  3 4 - 3 6  ° C ;  t h e s e  v a l u e s  m a y  b e  

c o m p a r e d  w it h  t h o s e  f o r  b o t h  h a l v e s  o n  d a y s  1, 2 , 4  a n d  5 , w h ic h  w e r e  3 3 - 3 4  °C . 

H o w e v e r ,  i t  i s  l ik e ly  t h a t  s u r f a c e  t e m p e r a t u r e  o n  t h e  c o o le d  h a l f  w a s  u n d e r e s t im a t e d  

r e l a t i v e  t o  t h a t  o n  t h e  w a r m e d  h a l f  (M o ln a r  &  R o s e n b a u m ,  1 9 6 3 )  b e c a u s e  o f  t h e  r a p i d  

a i r  m o v e m e n t  o v e r  t h e  t h e r m o c o u p le s .  A f t e r  t h i s  e x p e r im e n t  h a d  b e e n  c o m p le t e d ,  

m e a s u r e m e n t s  m a d e  w it h  c o w  2  a n d  w it h  a n o t h e r  c o w  i n d i c a t e d  t h a t  t h e  c o o l in g  

p r o c e d u r e  m ig h t  h a v e  c a u s e d  a  d i f fe r e n c e  in  i n t r a - g l a n d  t e m p e r a t u r e  o f  0 - 2 - 0 - 4  °C  

b e tw e e n  t h e  2  h a l v e s  o f  t h e  u d d e r ,  m e a s u r e d  w it h  a  t h e r m o c o u p le  a t  a  d e p t h  o f  

15  c m  f r o m  t h e  t i p  o f  t h e  t e a t .

T a b l e  1. Y i e l d s  o f  m i l k ,  f a t ,  p r o t e i n  a n d  la c t o s e  f r o m  c o o le d  a n d  w a r m e d  h a lv e s  o f  th e  

u d d e r  a t  m o r n in g  a n d  a f t e r n o o n  m i l k i n g s ,  o n  d a y s  2 ,  3  a n d  4 .  I n  a d d i t i o n  th e  y ie l d  f o r  

d a y  3  i s  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  th e  m e a n  y ie l d  f o r  d a y s  2  a n d  4 .

(The P  values denote the significance o f the effect o f cooling.)

Effect of local cooling of cow m am m ary gland

Treatm ent D ay
o f udder t-------- 'i D ay  3 x 2

Yield, g half 2 3 4 t , „  , , x  100, D ays 2 +  4 P

Morning milkings 0//o
Milk Cooled 2460 2460 2630 96-5

W armed 2420 2530 2600 100-8 <  0-005

F a t Cooled 146 150 149 101-4
W armed 142 155 149 106-2 <  0-050

Protein Cooled 93 97 100 100-0
W armed 93 99 98 103-1 <  0-010

Lactose Cooled 122 121 129 96-0
W armed 120 126 131 100-0 <  0-025

Afternoon milkings
Milk Cooled 1810 1700 1810 93-9

W armed 1840 1730 1810 94-5 <  0-20

F a t Cooled 122 116 126 93-5
W armed 124 117 129 92-1 <  0-40

Protein Cooled 66 64 69 94-1
W armed 67 66 68 97-0 <  0-20

Lactose Cooled 89 83 89 93-3
W armed 90 85 89 94-4 <  0-20

T h e  m e a n  r e s u l t s  f o r  m i lk ,  f a t ,  p r o t e in  a n d  l a c t o s e  y ie ld s  f r o m  t h e  c o o le d  a n d  

w a r m e d  u d d e r  h a l v e s  o n  d a y s  2 , 3 a n d  4  a r e  p r e s e n t e d  in  T a b l e  1. I n  a d d i t io n ,  

t h e  v a l u e  ( d a y s  3 x  2 / d a y s  2  +  4 ) x  1 0 0  i s  g iv e n  in  e a c h  c a s e  s o  t h a t  a  c o m p a r i s o n  o f  

c h a n g e s  in  t h e  2  u d d e r  h a l v e s  c a n  b e  m a d e ; t h e  v a l u e  o f  P  r e f e r r e d  t o  in  e a c h  c a s e  

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

m o r n in g  m i lk in g  t h e  y ie l d s  o f  m i lk  a n d  o f  a l l  3 c o m p o n e n t s  f r o m  t h e  c o o le d  h a l f  w e r e  

r e d u c e d  r e l a t i v e  t o  t h o s e  f r o m  t h e  w a r m e d  h a l f  b y  a b o u t  3 - 5  % ;  a l l  t h e s e  d i f fe r e n c e s  

w e r e  s i g n i f i c a n t .  H o w e v e r ,  f o r  t h e  a f t e r n o o n  m i lk in g s  t h e  d i f fe r e n c e s  w e r e  s m a l le r ,  

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

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

c e n t a g e  c o m p o s i t i o n ; a t  m o r n in g  m i lk in g s  s m a l l  in c r e a s e s  in  f a t  a n d  p r o t e in  c o n t e n t  

o c c u r r e d  o n  d a y  3 b u t  l i t t l e  c h a n g e  in  l a c t o s e ,  w h e r e a s ,  a t  a f t e r n o o n  m i lk in g s ,  t h e
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f a t  p e r c e n t a g e  h a d  f a l l e n  s l i g h t l y  o n  d a y  3  w h ile  t h e  l e v e l s  o f  l a c t o s e  a n d  p r o t e in  

w e r e  t h e  s a m e  a s  a t  m o r n in g  m i lk in g s .  M ilk  f r o m  b o t h  t h e  w a r m e d  a n d  t h e  c o o le d  

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

c e n t a g e  c o m p o s i t io n .  O n e  c o w  s h o w e d  c o n s i s t e n t ly  l a r g e r  e f f e c t s  o f  c o o l in g  t h a n  t h e  

o t h e r ,  a l t h o u g h  in  g e n e r a l  b o t h  s h o w e d  s i m i la r  e f fe c t s .  W M T  s c o r e s  t e n d e d  t o  b e  

h ig h e r  o n  d a y  1 o f  e a c h  p e r io d  t h a n  s u b s e q u e n t l y ; t h e y  w e r e  a p p a r e n t l y  u n a f f e c t e d  

b y  c o o l in g .  A n  e x c e p t io n  w a s  m i lk  f r o m  t h e  l e f t  f o r e  q u a r t e r  o f  c o w  1, w h ic h  s h o w e d  

c o n s i s t e n t l y  h ig h  s c o r e s ;  n e v e r t h e le s s  t h i s  q u a r t e r  s h o w e d  n o  c o n s i s t e n t  e f fe c t  o f  

c o o l in g  e i th e r .

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

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

f o r e  q u a r t e r  o f  c o w  1, f r o m  w h ic h  S t a p h y l o c o c c u s  a u r e u s  w a s  c o n s i s t e n t ly  i s o l a t e d .

DISCUSSION

I t  i s  n o t  p o s s ib le  t o  c o m p a r e  a c c u r a t e ly  t h e  c o o l in g  c o n d i t io n s  w h ic h  w e r e  u s e d  in  

t h e s e  e x p e r im e n t s  w it h  n a t u r a l l y  o c c u r r in g  c l im a t ic  c o n d i t io n s .  H o w e v e r ,  u s i n g  

v a l u e s  o f  0 - 0 5 °  a n d  0 -1 2  ° C / k c a l  m 2 h  f o r  t h e  in s u la t io n  o f  a i r  a t  a i r  m o v e m e n t s  o f

9-6 a n d  0-6  m .p .h .  r e s p e c t iv e l y  ( J o y c e  &  B l a x t e r ,  1 9 6 4 ) ,  a n d  a  v a l u e  o f  0 0 5  ° C / k c a l m 2h  

f o r  t h e  t i s s u e  in s u la t io n  o f  t h e  u d d e r  ( H o lm e s ,  u n p u b l i s h e d  h e a t - f lo w  d i s k  m e a s u r e ­

m e n t s ) ,  i t  c a n  b e  e s t i m a t e d  t h a t  a n  a i r  t e m p e r a t u r e  o f  1 0  °C  w it h  a n  a i r  m o v e m e n t  o f

9-6  m .p .h .  w o u ld  b e  e q u i v a l e n t  t o  a n  a i r  t e m p e r a t u r e  o f  — 10  °C  w it h  a n  a i r  m o v e m e n t  

o f  0-6  m .p .h .  I n t e r p r e t a t io n  o f  t h i s  t y p e  o f  c a l c u la t io n  i s  c o m p l i c a t e d  in  t h a t  t h e  

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

w o u ld  m a k e  a  c o n t r ib u t io n  t o  lo c a l  in s u la t io n  in  n o r m a l  c i r c u m s t a n c e s .

T h e  r e s u l t s  s h o w  t h a t  a  m a r k e d  in c r e a s e  in  lo c a l  h e a t  l o s s  a n d  t h e  c o n s e q u e n t  

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

w it h in  t h e  u d d e r  d u e  p o s s i b l y  t o  r e d u c e d  e n z y m ic  a c t i v i t y  w ith in  t h e  s e c r e t o r y  c e l ls  

o r  r e d u c e d  b lo o d  f lo w  in  t h e  c o o le d  g l a n d s  o r  b o t h .  L in z e l l  (1 9 5 0 )  s h o w e d  t h a t  b lo o d  

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

b y  v a s o c o n s t r i c t i o n .  T h e  h a l f  u d d e r s  h a d  b e e n  c o o le d  f o r  9  h  b e fo r e  t h e  a f t e r n o o n  

m i lk in g  a n d  f o r  2 2  h  b e fo r e  t h e  m o r n in g  m ilk in g  o n  d a y  3 , a n d  t h i s  m a y  e x p l a in  t h e  

l a r g e r  e f fe c t  o f  c o o l in g  s e e n  a t  t h e  m o r n in g  m i lk in g .  T h i s  e f fe c t  o f  c o o l in g  m ig h t  b e  o f  

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

r a in ,  w h ic h  c o u ld  l e a d  t o  in c r e a s e d  h e a t  l o s s  f r o m  t h e  u d d e r ,  p a r t i c u l a r l y  a s  c o w s  

t e n d  t o  t u r n  t h e i r  h in d  q u a r t e r s  in t o  w in d  a n d  r a in .  C o n t a c t  b e tw e e n  t h e  u d d e r  a n d  

a n  u n i n s u l a t e d  c o n c r e te  f lo o r  w o u ld  a l s o  l e a d  t o  r a p i d  h e a t  lo s s ,  a n d  t h i s  h a s  b e e n  

d i s c u s s e d  a s  a  p o s s ib le  p r e d i s p o s in g  c a u s e  o f  m a s t i t i s  ( E w b a n k ,  1 9 6 8 ) , a l t h o u g h  n o  

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

E w b a n k  (1 9 6 8 ) ,  w h o  in d u c e d  a n  in c r e a s e  in  t h e  c e ll  c o u n t  o f  m i lk  f r o m  c o o le d  

q u a r t e r s ,  b u t  h is  c o o l in g  t e c h n iq u e  d i f fe r e d  f r o m  t h a t  u s e d  in  t h e  p r e s e n t  e x ­

p e r im e n t  a n d  m a y  h a v e  b e e n  m o r e  s e v e r e .  I n  a n y  c a s e  t h e  p r e s e n t  r e s u l t s  s u g g e s t  

t h a t  c h a n g e s  in  u d d e r  h e a l t h  d i d  n o t  c o n t r ib u t e  t o  t h e  d e c r e a s e s  w h ic h  o c c u r r e d  

in  m i lk  p r o d u c t io n .

I  a c k n o w le d g e  t h e  h e lp  a n d  a d v i c e  o f  M r  R .  C . W . D a n ie l  o f  t h e  D e p a r t m e n t  

o f  V e t e r i n a r y  C l in ic a l  S c i e n c e s ;  o f  M is s  G . B o w m a n  w h o  p e r f o r m e d  t h e  W is c o n s in
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T he  s p e c ific ity  fo r  /c-casein as the  s ta b iliz e r o f as-casein
and /?-casein

I. R ep lacem ent of /c-casein by o ther p ro te in s

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

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 G 2  9 A T

(R e c e iv e d  15  J u l y  1 9 7 0 )

S u m m a r y . T h e  s p e c i f i c i t y  o f  t h e  in t e r a c t i o n  b e tw e e n  /c -c a se in , a g- c a s e in  a n d  /3 -c a se in  

w h ic h  f o r m s  t h e  b a s i s  o f  m ic e l le  s t a b i l i z a t i o n  w a s  s t u d ie d  b y  i n v e s t i g a t i n g  t h e  e x t e n t  

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

r e p la c e d  /c -c a se in  a n d  e v e n  i t  w a s  o n ly  2-5  %  (w /v )  a s  e f f e c t iv e  a n d  r e q u ir e d  a  lo n g  

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

a s - c a s e in  a n d  C a 2+  w e r e  o f  a  s i m i la r  s i z e  t o  t h e  c a s e i n - C a  c o m p le x e s  w h ic h  c o m p o s e  

n a t u r a l  m ic e l le s .  G e l a t i n  a l s o  f o r m e d  c o m p le x e s  w it h  a s - a n d  w it h  /3 -c a se in  a t  3 0  °C  

in  t h e  a b s e n c e  o f  C a C l2. E v i d e n c e  w a s  o b t a i n e d  t h a t  t h e  i n t e r a c t i o n s  b e t w e e n  g e la t in  

a n d  t h e  c a s e in s  h a d  a  m u c h  s t r o n g e r  io n ic  c o m p o n e n t  t h a n  h a d  t h o s e  b e tw e e n  

/c -c a se in  a n d  t h e  o t h e r  c a s e in s .  I t  w a s  c o n c lu d e d  t h a t  t h e  i n t e r a c t i o n s  b e tw e e n  

/c -c a se in  a n d  a s - a n d  /3 -c a se in s  w h ic h  l e a d  t o  m ic e l le  f o r m a t io n  a r e  h ig h ly  s p e c i f ic  

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

T h e  c a s e in  m ic e l le s  o f  m i lk  c o n t a in  3  m a jo r  c a s e in  c o m p o n e n t s ,  a s -, /?- a n d  /c -c a se in s , 

w h ic h  c o m p r i s e  r e s p e c t iv e l y  a b o u t  4 5 , 3 3  a n d  1 1 %  o f  t h e  t o t a l  c a s e in  p r e s e n t  

( R i b a d e a u  D u m a s ,  1 9 6 8 ) .  T h e  m ic e l la r  s y s t e m  i s  s t a b i l i z e d  b y  /c - c a se in ; i f  /c -c a se in  i s  

r e m o v e d  a g- a n d  /3 -c a se in s  a r e  p r e c i p i t a t e d  b y  t h e  C a 2+ n o r m a l ly  p r e s e n t  in  m i lk  

( W a u g h  &  v o n  H ip p e l ,  1 9 5 6 ) . /c -C a se in  a l s o  s t a b i l i z e s  a s - a n d  /3 -c a se in  in d i v i d u a l l y  

a g a i n s t  p r e c i p i t a t i o n  b y  C a 2+ , m ic e l le s  b e in g  f o r m e d  in  e a c h  c a s e  ( Z it t le ,  1 9 6 1 ;  Z i t t l e  

&  W a lt e r ,  1 9 6 3 ;  N o b l e  &  W a u g h ,  1 9 6 5 ) .  I t  i s  a s s u m e d  in  t h i s  p a p e r  t h a t  t h i s  in v o lv e s  

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

m ic e l le  f o r m a t io n .

T h e  p r e c i p i t a t i o n  o f  a s - a n d  /3 -c a se in s  b y  C a 2+ m u s t  in v o lv e  t h e  a g g r e g a t i o n  o f  t h e  

m o le c u le s  in t o  v e r y  l a r g e  u n i t s .  I n  t h e  p r e s e n c e  o f  /c -c a se in  a g g r e g a t i o n  s t i l l  o c c u r s ,  

s in c e  m ic e l le s  a r e  f o r m e d ,  b u t  i t  i s  l e s s  e x t e n s iv e .  /c -C a se in  m a y  a c t  e i t h e r  r e l a t i v e l y  

n o n - s p e c if i c a l ly  a s  a  p r o t e c t iv e  c o l lo id  o r  d e t e r g e n t ,  o r  b y  i n t e r a c t i n g  s p e c i f i c a l ly  a t  

d e f in i t e  s i t e s  t o  f o r m  c o m p le x e s  t h a t  a r e  n o t  p r e c i p i t a b l e  b y  C a 2+. T h e  m a in  p u r p o s e  

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

t h e  e x t e n t  t o  w h ic h  /c -c a se in  c o u ld  b e  r e p la c e d  in  t h e  s t a b i l i z a t i o n  o f  a s - a n d  /3 -c a se in  

b y  p r o t e i n s  s i m i la r  in  s iz e ,  c h a r g e  o r  c o m p o s i t io n .  T h i s  s t u d y  a l s o  a d d s  t o  e v id e n c e  

p r e s e n t ly  a v a i l a b l e  o n  t h e  m o d e  o f  i n t e r a c t io n  b e tw e e n  /c -c a se in  a n d  a s - a n d  /3 -c a se in s .
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EXPER IM EN TA L

M a t e r i a l s

C a s e i n  f r a c t i o n s .  C a s e in  f r a c t i o n s  w e r e  p r e p a r e d  f r o m  t h e  m i lk  o f  i n d iv id u a l ,  

g e n e t ic a l ly  t y p e d  F r i e s i a n  c o w s  f r o m  t h e  I n s t i t u t e  h e r d  a s  d e s c r ib e d  p r e v i o u s l y  

(G r e e n , 1 9 6 9 ) ,  t h e  c r u d e  /c -c a se in  A  a n d  / L c a s e i n  A  b e in g  p u r i f ie d  b y  t r e a t m e n t  w it h  

c a lc iu m  p h o s p h a t e  g e l .

P r o t e i n s  a n d  p e p t i d e s  t e s te d  a s  s t a b i l i z e r s .  S o lu t io n s  o f  p r o t e in s  a t  p H  7-0  w e r e  

d i a l y s e d  a g a i n s t  0 -0 7  m - K C I ,  p H  7-0 , b e fo r e  u s e ,  u n le s s  o t h e r w is e  in d i c a t e d .  C r y s t a l l in e  

b o v in e  s e r u m  a lb u m in  w a s  o b t a i n e d  f r o m  B r i t i s h  D r u g  H o u s e s  L t d ,  P o o le ,  D o r s e t ,  

a n d  c r y s t a l l in e  o v a lb u m in  a n d  s w in e  s k in  g e l a t i n  w e r e  f r o m  t h e  S i g m a  C h e m ic a l  

C o .,  S t  L o u i s ,  M o .,  U .S . A .  B l o o d  s e r u m  w a s  p r e p a r e d  b y  c e n t r i f u g a t io n  o f  f r e s h  c o w ’s  

b lo o d  w h ic h  h a d  b e e n  a l lo w e d  t o  c lo t .  E g g  a lb u m e n  w a s  o b t a i n e d  f r o m  a  n e w ly  l a i d  

h e n ’s  e g g .  M i lk  s e r u m  w a s  p r e p a r e d  f r o m  s e p a r a t e d  m i l k :  C a C l2 (0 -2  m  f in a l  c o n ­

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

7 5  0 0 0  g  f o r  1 h . S o lu b le  c a s e in  w a s  r e m o v e d  b y  a d ju s t i n g  t h e  s u p e r n a t a n t  l i q u i d  t o  

p H  4 -5  w it h  n -H C I  a n d  c e n t r i f u g in g .  T h e  c a s e in - f r e e  s u p e r n a t a n t  l i q u i d  w a s  f r e e d  

f r o m  C a 2+  b y  d i a l y s i s  a g a i n s t  0 -0 2  m - E D T A —0 -0 7  m - K C 1 o f  p H  7-0 , a n d  t h e n  a g a i n s t  

0 -0 7  m - K C I  o f  p H  7-0 . T h e  e g g  l ip o p r o t e in  u s e d  w a s  a  m i x t u r e  o f  l ip o v i t e l l in s  a n d  a - ,  

[ j-  a n d  y - l iv e t in s  p r e p a r e d  b y  t h e  M g S 0 4 m e t h o d  o f  B e r n a r d i  &  C o o k  (1 9 6 0 ) .  G ly c o -  

m a c r o p e p t i d e  w a s  p r e p a r e d  f r o m  w h o le  c a s e in  a s  d e s c r ib e d  b y  A l a i s  &  J o l l e s  (1 9 6 1 )  

a n d  d i s s o l v e d  in  0 -0 7  m - K C I  o f  p H  7-0 , j u s t  b e fo r e  u s e .

O th e r  p r o t e i n s .  S o y a b e a n  t r y p s i n  in h ib i t o r  w a s  o b t a i n e d  f r o m  B r i t i s h  D r u g  H o u s e s  

L t d ,  P o o le ,  D o r s e t ,  a n d  c r y s t a l l in e  / M a c t o g lo b u l in  w a s  a  g i f t  f r o m  D r  R .  L .  J .  L y s t e r .

M e t h o d s

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

C a C l2, b y  v a r i o u s  t e s t  p r o t e in s ,  w e r e  n o r m a l ly  d e t e r m in e d  b y  t h e  m e t h o d s  o f  Z i t t l e

(1 9 6 1 )  f o r  a s- c a s e in  a n d  Z i t t l e  &  W a l t e r  (1 9 6 3 )  f o r  / / - c a s e in .  U n le s s  o t h e r w is e  i n d i ­

c a t e d  0 -0 7  m - K C I  w a s  p r e s e n t  a n d  t h i s  n e c e s s i t a t e d  a n  in c r e a s e  in  t h e  c o n c e n t r a t io n  

o f  C a C l2 f r o m  0-01  t o  0 -0 2  m .

D e t e r m i n a t i o n  o f  p r o t e i n  c o n c e n t r a t io n s .  T h e  c o n c e n t r a t io n s  o f  b o v in e  s e r u m  

a lb u m in  a n d  o v a lb u m in  w e r e  d e t e r m in e d  a s s u m in g  =  6 -67  ( L u z z a t i ,  W i t z  & 

N ic o la ie f f ,  1 9 6 1 )  a n d  j =  6 -5 8  ( c a l c u l a t e d  f r o m  t h e  d a t a  o f  C r a m m e r  &  N e u b e r g e r ,  

1 9 4 3 )  r e s p e c t iv e ly .  T h e  c o n c e n t r a t io n  o f  s w in e  s k in  g e l a t in  w a s  d e t e r m in e d  f r o m  t h e  

v a l u e  o f  E  2 8 0  =  0 -7 7 5  d e r iv e d  f r o m  m e a s u r e m e n t s  o f  t h e  e x t in c t io n  a n d  n i t r o g e n  

c o n t e n t  o f  a  d i a l y s e d  s o lu t io n  a s s u m i n g  t h a t  t h e  m a t e r i a l  c o n t a in e d  18-3  %  N  

( E a s t o e ,  1 9 5 5 ) . T h e  c o n c e n t r a t io n s  o f  p r o t e in  in  b lo o d  a n d  m i lk  s e r u m ,  e g g  a l b u m e n  

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

2 8 0  n m  a n d  2 6 0  n m  ( L a y n e ,  1 9 5 7 ) . O t h e r  p r o t e in  s o lu t io n s  w e r e  p r e p a r e d  d i r e c t l y  

f r o m  c h y , s a l t - f r e e  m a t e r i a l .

D e t e r m i n a t i o n  o f  C a 2+  c o n c e n t r a t io n s .  T h e  c o n c e n t r a t io n  o f  f r e e  C a 2+  in  s o lu t io n s  

w a s  d e t e r m in e d  a t  3 0  ° C  u s in g  a  c a lc iu m  e le c t r o d e  o b t a i n e d  f r o m  C o r n in g  G l a s s  

W o r k s ,  M e d f ie ld ,  M a s s . ,  U .S . A . ,  t o g e t h e r  w it h  a  V ib r o n  e le c t r o m e t e r  ( E le c t r o n ic  

I n s t r u m e n t s  L t d ,  R ic h m o n d ,  S u r r e y ) .  T h e  p o s i t io n  o f  t h e  r e a d i n g s  o n  t h e  s c a l e  w a s  

a d ju s t e d  b y  a p p l i c a t io n  o f  a  b a c k in g  p o t e n t i a l  s u p p l i e d  b y  a  1-5 V  M a l lo r y  a l k a l i n e
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b a t t e r y  a n d  a  v a r i a b l e  r e s i s t a n c e .  T h e  e le c t r o d e  p o t e n t i a l  d u e  t o  C a 2+  w a s  t a k e n  a s  

t h e  d i f fe r e n c e  b e tw e e n  t h e  p o t e n t i a l s  r e c o r d e d  w it h  t h e  t e s t  s o lu t io n  a n d  a  s o lu t io n  

w h ic h  w a s  s i m i la r  in  a l l  r e s p e c t s  e x c e p t  t h a t  n o  C a 2+  w a s  p r e s e n t .

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

a  B e c k m a n  M o d e l  E  a n a l y t i c a l  u l t r a c e n t r i f u g e .  S c h l ie r e n  o p t i c s  w e r e  u s e d  a n d  r u n s  

w e r e  c a r r i e d  o u t  a t  3 0  °C  a t  5 9 7 8 0  r e v / m in .  S e d i m e n t a t i o n  c o e f f ic ie n t s  w e r e  d e t e r ­

m in e d  f r o m  t h e  s lo p e  o f  a  p l o t  o f  t h e  n a t u r a l  l o g a r i t h m  o f  t h e  m a x im u m  o r d in a t e  

a g a i n s t  t im e .  V i s c o s i t ie s  w e r e  m e a s u r e d  u s in g  a n  O s t w a ld  v i s c o m e t e r  a t  3 0  °C  a n d  

d e n s i t i e s  b y  m e a n s  o f  a  p y c n o m e t e r .

A g a r o s e  g e l  f i l t r a t i o n .  A  c o lu m n  (7 1  x  2 T 5  c m )  o f  S e p h a r o s e  2 B  ( P h a r m a c i a ,  

U p p s a l a ,  S w e d e n )  w a s  u s e d  a t  2 3  °C . I t  w a s  e q u i l i b r a t e d  b e fo r e  u s e  w it h  0 -0 7  m - 

K C 1 - 0 - 0 2  M -C a C l2- 4 f ig J m l p e n ic i l l in  o f  p H  6-9 , a n d  e lu t e d  w it h  t h e  s a m e  s o l u t io n ;  

5  m l f r a c t i o n s  w e r e  c o l le c te d .  T h e  v o i d  v o lu m e  o f  t h e  c o lu m n  ( F 0) a n d  t h e  e f f e c t iv e  

in t e r n a l  v o lu m e  ( F,-) w e r e  t a k e n  a s  t h e  e lu t io n  v o lu m e  o f  L a c t o b a c i l l u s  c a s e i  c e l ls  

(9 3  m l)  a n d  t h e  d i f fe r e n c e  b e t w e e n  F 0 a n d  t h e  e lu t io n  v o lu m e  o f  l a c t o s e  (3 3 5  m l)  

r e s p e c t iv e ly .  T h e  S t o k e s  ’ r a d i i  o f  t h e  e lu t e d  f r a c t i o n s  w e r e  c a l c u l a t e d  b y  t h e  m e t h o d  o f  

A c k e r s  ( 1 9 6 4 ) ;  t h e  e f f e c t iv e  p o r e  r a d i u s  o f  t h e  g e l  (r ) w a s  d e t e r m in e d  b y  c a l ib r a t io n  

o f  t h e  c o lu m n  w it h  2  p r o t e in s .  T h y r o g lo b u l in  ( S t o k e s ’ r a d i u s  8-5  n m , A n d r e w s ,  1 9 7 0 )  

h a d  a n  e lu t io n  v o lu m e  o f  2 6 3  m l ,  g iv i n g  a  p o r e  r a d i u s  o f  1 1 5  n m . F i b r i n o g e n  ( S t o k e s ’ 

r a d i u s  10-6  n m , c a l c u l a t e d  a s  d e s c r ib e d  b y  A n d r e w s  (1 9 7 0 )  f r o m  t h e  d i f fu s io n  c o ­

e f f ic ie n t  d e t e r m in e d  b y  S h u l m a n  (1 9 5 3 ) )  h a d  a n  e lu t io n  v o lu m e  o f  2 6 1  m l,  g i v i n g  a  

p o r e  r a d i u s  o f  1 3 6  n m . B y  a v e r a g in g  t h e s e ,  t h e  p o r e  r a d i u s  w a s  t a k e n  a s  1 2 5  n m .

R E SU L T S

S t a b i l i z a t i o n  t e s t s  u s i n g  v a r i o u s  p r o t e i n s

S t a b i l i z a t i o n  b y  K - c a s e in .  T h e  e x t e n t  o f  s t a b i l i z a t i o n  o f  a s - a n d  /^ -c a se in s  b y  v a r i o u s  

l e v e l s  o f  /c -c a se in  a t  3 0  °C  in  b o t h  t h e  p r e s e n c e  a n d  a b s e n c e  o f  K C 1  a r e  s h o w n  in  F i g s  1 

a n d  2 . T h e s e  p r o v i d e  t h e  d a t a  w it h  w h ic h  t h o s e  o b t a i n e d  w it h  o t h e r  p r o t e in s  s h o u ld  

b e  c o m p a r e d ,  s in c e  /c -c a se in  i s  t h e  n a t u r a l  s t a b i l i z e r  in  t h e  c a s e in  m ic e l le  in  m i lk .  

T h e  l e v e l s  o f  a s - a n d  /?-c a s e in s  r e m a in in g  in  s o lu t io n  ( i .e . n o t  c e n t r i f u g e d  d o w n  a t  lo w  

s p e e d )  in  t h e  p r e s e n c e  o f  C a C l2 a n d  t h e  a b s e n c e  o f  s t a b i l i z e r  ( a b s c i s s a  =  0 ) p r o v i d e  

t h e  b a s e  l in e s  w h ic h  a r e  e q u i v a l e n t  t o  z e r o  s t a b i l i z a t i o n .

T h e  s t a b i l i z i n g  e f fe c t  o f  /c -c a se in  o n  a s - c a s e in  w a s  a l s o  t e s t e d  a t  0  °C ,  u s i n g  t h e  

n o r m a l  m e t h o d  e x c e p t  t h a t  K C 1  w a s  a b s e n t  a n d  t h e  in c u b a t i o n  m i x t u r e  w a s  c o o le d  

t o  0  ° C  b e fo r e  t h e  a d d i t i o n  o f  C a C l2 ; in c u b a t i o n  a n d  c e n t r i f u g a t io n  w e r e  t h e n  c a r r i e d  

o u t  a t  0  °C . T h e s e  r e s u l t s  i n d ic a t e  t h a t  h ig h  c o n c e n t r a t io n s  o f  /c -c a se in  s t a b i l i z e  

a g- c a s e in  a s  w e ll  a t  0 °  a s  a t  3 0  °C  ( F ig .  1 ) , b u t  t h e  t h r e s h o ld  l e v e l  b e lo w  w h ic h  n o  

s t a b i l i z a t i o n  o c c u r s  i s  h ig h e r  a t  0 °  t h a n  a t  3 0  °C .

S t a b i l i z a t i o n  b y  o th e r  p r o t e i n s .  N o n e  o f  t h e  p r o t e in  o r  p e p t i d e  s o lu t io n s  s h o w n  in  

T a b l e  1 s t a b i l i z e d  e i t h e r  a s - o r  /?-c a s e in  a t  t h e  l e v e l s  i n d ic a t e d ,  u n d e r  t h e  s t a n d a r d  

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

c a s e in  ‘ in  s o lu t io n  ’ w a s  d e t e r m in e d  b y  s u b t r a c t i n g  t h e  e x t in c t io n  a t  2 8 0  n m  o f  t h e  

t e s t  m a t e r i a l  f r o m  t h e  t o t a l  e x t in c t io n ,  t h e  c o n c e n t r a t io n s  o f  t h e  p r o t e in s  u s e d  c o ir ld  

n o t  b e  i n c r e a s e d  f u r t h e r .
I t  s e e m e d  l ik e ly  t h a t  b e t t e r  c o n d i t io n s  m ig h t  b e  e s t a b l i s h e d  f o r  in t e r a c t i o n  o f  t h e



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

u r e a ,  s o  a s  t o  b r e a k  d o w n  s o m e  o f  t h e  s e c o n d a r y  s t r u c t u r e ,  a n d  t h e  u r e a  t h e n  s lo w ly  

r e m o v e d  b y  d i a l y s i s .  S u c h  a n  e x p e r im e n t  w a s  t r i e d  w it h  b o v in e  s e r u m  a lb u m in ,  

o v a l b u m in  a n d  m i lk  s e r u m  w it h  b o t h  a B- a n d  ^ - c a s e in .  S o l id  u r e a  w a s  d i s s o l v e d  t o  

6  M f in a l  c o n c e n t r a t io n  in  m i x t u r e s  o f  s o lu t io n s  o f  c a s e in  a n d  t e s t  p r o t e in  in  0 -0 7  m - 

K C 1 . T h e  m i x t u r e s  w e r e  in c u b a t e d  a t  3 0  °C  f o r  1 h  b e fo r e  t h e  u r e a  w a s  r e m o v e d  b y
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Fig . 1. The stabilization o f «„-casein a t  30 and 0 °C by  /c-casein. • ,  0-07 m-KCI, 0-02 M-CaCl2, 
30 °C ; o ,  no KC1, 0-01 M-CaCl2, 30 °C ; A ,  no KC1, 0-01 M-CaCl2, 0 °C.
Fig. 2. The stabilization o f /?-casein by  /c-casein a t  30 °C. O, No KC1, 0'01 M-CaCl2; • ,  0-07 m - 
KC1, 0-02 M-CaCl2.

T a b l e  1. P r o t e i n  a n d  p e p t i d e  s o l u t io n s  w h ic h  d i d  n o t  s t a b i l i z e  

a g- o r  ¡1 - c a s e i n  a g a i n s t  p r e c i p i t a t i o n  b y  C a C l 2

H ighest value of protein /«s- 
or /?-casein (g/g) tested

Protein solution ccb-casein /?-casein

Standard m ethod
Cow’s blood serum 1-3 0-7
E gg  albumen 2-5 1-5
Milk serum 1-9 1-5
Casein glycom acropeptide 1-0 2-0

Method involving urea treatm ent
Bovine serum albumin 1-2 0-6
Ovalbumin 1-2 0-6
Milk serum 2-0 1-0

d i a l y s i s  a t  4  ° C  a g a i n s t  3 c h a n g e s  o f  0 -0 7  m - K C I  o f  p H  7-0 o v e r  2 4  h . T h e  a p p r o p r i a t e  

a m o u n t  o f  e a c h  s o lu t io n ,  d e t e r m in e d  f r o m  t h e  e x t in c t io n  a t  2 8 0  n m , w a s  t h e n  t a k e n  

a n d  t h e  s t a b i l i z a t i o n  t e s t  w a s  c a r r i e d  o u t  a s  d e s c r ib e d  a b o v e .  H o w e v e r ,  n o n e  o f  t h e  

p r o t e in  s o lu t io n s  e f f e c t e d  a n y  s t a b i l i z a t i o n  w h e n  t e s t e d  a t  l e v e l s  u p  t o  t h o s e  i n d i c a t e d  
in  T a b l e  1.

/ ? - C a se in  w a s  in e f f e c t iv e  a s  a  s t a b i l i z e r  o f  a s - c a s e in  a t  a  r a t i o  o f  / ? - c a s e in /a 8- c a s e in  =  

0-7  u n d e r  c o n d i t io n s  w h e r e  i t  w a s  n o t  i t s e l f  p r e c i p i t a t e d  b y  C a C l2, i .e .  a t  0  °C . T h e



C a C l2 le v e l  w a s  r a i s e d  t o  0 -0 2 5  m  in  t h e  a b s e n c e  o f  K C 1  s o  a s  t o  l e a v e  a  s u f f i c ie n t  c o n ­

c e n t r a t io n  o f  f r e e  C a 2+, a f t e r  b in d in g  t o  / b c a s e i n ,  t o  p r e c i p i t a t e  a s - c a s e in .

T h e  e v id e n c e  p r e s e n t l y  a v a i l a b l e  s u g g e s t s  t h a t  t h e  in t e r a c t i o n s  b e tw e e n  t h e  c a s e in s  

a r e  m a in ly  h y d r o p h o b ic  in  n a t u r e  a n d  i t  h a s  b e e n  s u g g e s t e d  t h a t  /c -c a se in  s h o w s  

c e r t a in  d e t e r g e n t - l ik e  p r o p e r t i e s ,  h a v i n g  d i s c r e t e  h y d r o p h o b ic  a r e a s  in  t h e  m o le c u le  

(H i l l  &  W a k e ,  1 9 6 9 ) . T h e r e f o r e ,  i t  s e e m e d  p o s s i b l e  t h a t  o t h e r  p r o t e in s  h a v i n g  d i s ­

c r e t e  h y d r o p h o b ic  a r e a s  m ig h t  r e p la c e  /c -c a se in  a s  s t a b i l i z e r s  o f  a s - a n d  /? - c a s e in s .
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Fig . 3. The effect o f  time on the level o f stabilization o f a s-easein by  gelatin. Gelatin and 
a B-casein were pre-incubated a t  30 °C in 0-07 m-KCI-2 /(g/ml penicillin in a  total volum e o f 
4-9 ml. A fter the time indicated, 0-1 m l 1-0 M-CaCI2 w as added and the stabilization test was 
carried out in the standard manner. Pre-incubation tim e; O, 0 h ; • ,  6-5 h ; A ,  16 h.
F ig . 4. The effect o f time on the level o f stabilization o f /?-casein by gelatin. The pre-incubations 
and stabilization tests  were carried out as described for F ig . 3. Pre-incubation tim e; O, Oh; 
• ,  6-5 h; A, 16 h.

E g g - y o l k  l ip o p r o t e in  w it h  t h e  l ip id  p a r t l y  r e m o v e d  w a s  c h o se n  a s  a n  e x a m p l e .  A  

3 0 0  m g  s a m p l e  o f  f r e e z e - d r ie d  l ip o p r o t e in  w a s  e x t r a c t e d  3  t im e s  f o r  1 h  e a c h  t im e  

w it h  10  m l e t h a n o l - d i e t h y l  e th e r  ( 3 : 2 )  ( E v a n s ,  B a n d e m e r ,  H e in le in  &  D a v i d s o n ,

1 9 6 8 ) . T h e  a m o u n t  o f  l i p i d  e x t r a c t e d ,  d e t e r m in e d  g r a v i m e t r i c a l l y  a f t e r  e v a p o r a t i o n  

o f  t h e  s o lv e n t ,  a m o u n t e d  t o  31  m g .  T h u s ,  a s s u m i n g  t h a t  t h e  o r ig in a l  m a t e r i a l  c o n ­

t a i n e d  2 4  %  l ip id ,  a s  f o u n d  b y  E v a n s  e t a t .  ( 1 9 6 8 )  f o r  l ip o v i t e l l in ,  4 3 %  o f  t h e  l ip id  

h a d  b e e n  e x t r a c t e d .  M o s t  o f  t h e  p r o t e in  r e s id u e  d i s s o l v e d  in  0 -0 7  m - K C I  o f  p H  8-5 , 

a n d  t h i s  s o lu t io n  w a s  t e s t e d  a s  a  s t a b i l i z e r  o f  a s - a n d  / i- c a s e in s  b o t h  u n d e r  t h e  s t a n d a r d  

c o n d i t io n s  a n d  b y  t h e  m e t h o d  i n v o lv in g  s o lu t io n  o f  t h e  p r o t e in  a n d  c a s e in  in  6  M -u re a  

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

e i t h e r  t e s t  u p  t o  a  r a t i o  o f  l i p o p r o t e i n / a s - o r  / ? - c a s e in  o f  0 -0 7 . H ig h e r  r a t i o s  c o u ld  n o t  

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

e x p e r im e n t .

L i k e  t h e  o t h e r  p r o t e i n s  t e s t e d ,  s w in e - s k in  g e l a t i n  d i d  n o t  s t a b i l i z e  a s - o r  

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

s t a n d a r d  m a n n e r .  H o w e v e r ,  i f  t h e  g e l a t i n  a n d  c a s e in  w e r e  p r e - in c u b a t e d  a t  5  o r  3 0  ° C  

w it h  o r  w i t h o u t  p r e t r e a t m e n t  w it h  u r e a ,  b e fo r e  t h e  a d d i t i o n  o f  C a C l2, s t a b i l i z a t i o n  

w a s  o b t a in e d .  A t  3 0  °C  t h e  l e v e l  o f  s t a b i l i z a t i o n  i n c r e a s e d  p r o g r e s s i v e l y  w it h  t im e



14 M a r g a r e t  L .  G r e e n

u p  t o  a t  l e a s t  16  h , w h e n  t h e r e  w a s  a l m o s t  c o m p le t e  s t a b i l i z a t i o n  a t  t h e  h ig h e s t  r a t i o s  

t e s t e d  ( F i g s  3 , 4 ) . P e n ic i l l in  w a s  a d d e d  t o  t h e  in c u b a t i o n  m i x t u r e s  t o  p r e v e n t  

b a c t e r i a l  g r o w t h ,  b u t  t h i s  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  r e s u l t s .

S t a b i l i z a t i o n  u n d e r  c o n d i t i o n s  o f  c o n tr o l le d  C a 2+ c o n c e n t r a t io n  

T h e  r e s u l t s  d e t a i l e d  a b o v e  s h o w  t h a t ,  u n d e r  t h e  c o n d i t io n s  u s e d ,  /c -c a se in  a n d  

g e l a t i n  s t a b i l i z e  ocs - a n d  /5 -c a se in s  a g a i n s t  p r e c i p i t a t i o n  b y  C a 2+ . H o w e v e r ,  t h e  r e s u l t s  

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

i s  n o t  p r e c i p i t a b l e  b y  C a 2+, a n d  a p p a r e n t  s t a b i l i z a t i o n  d u e  t o  p r e f e r e n t i a l  b in d in g  o f  

C a 2+ b y  t h e  t e s t  p r o t e in  l e a v i n g  in s u f f ic ie n t  C a 2+ t o  p r e c i p i t a t e  t h e  c a s e in .  I t  w a s  

t h e r e f o r e  n e c e s s a r y  t o  s h o w  t o  w h a t  e x t e n t  t h e  ‘ a p p a r e n t  ’ s t a b i l i z e r s  c o m p e t e  w it h  

ots - a n d  /5 -c a se in  f o r  C a 2+  a n d  t o  c a r r y  o u t  s t a b i l i z a t i o n  t e s t s  a t  s u f f i c ie n t ly  h ig h  l e v e l s  

o f  C a 2+ t o  c o r r e c t  f o r  t h i s .

T a b l e  2 . S t a b i l i z a t i o n  o f  ots - c a s e i n  a t  a  c o n tr o l le d  C a 2+ c o n c e n t r a t io n

T est protein
Cone. CaCl2,

M

a,-Casein 
‘ soluble’ in 
absence o f 

test protein,
o//o

Test protein / 
a s*casein, 

g/g

a B-Casein
‘ soluble’ in
presence of

test protein,
°//o

«■ -Casein 0-050 18 0-18 81
Gelatin (no pre-incubation) 0-063 18 5-5 15
Gelatin (25-5 h pre- 0-063 23 5-5 86

incubation)

T a b l e  3 . S t a b i l i z a t i o n  o f  B - c a s e i n  a t  a  c o n tr o l le d  C a 2+  c o n c e n t r a t io n

Cone. CaCl.
Test protein M

«-Casein 0-050
Gelatin (no pre-incubation) 0-035
Gelatin (25-5 h pre- 0-035

incubation)

/?-Casein /?-Casein
‘ soluble’ in ‘ soluble’ in
absence o f T est protein / presence o f

test protein, /?-casein, test protein,
0//o g/g 0//o

33 0-43 100
33 5-4 30
37 5-4 86

T h e  ‘ a p p a r e n t  ’ s t a b i l i z e r s ,  a t  t h e  c o n c e n t r a t io n s  u s e d  h i s t a b i l i z a t i o n  t e s t s ,  w e r e  

t i t r a t e d  w it h  C a C l2 a n d  t h e  c o n c e n t r a t io n  o f  f r e e  C a 2+  d e t e r m in e d  w it h  a  c a lc iu m  

e le c t r o d e .  T h u s ,  i t  w a s  p o s s i b l e  t o  d e t e r m in e  t h e  c o n c e n t r a t io n  o f  C a C l2 r e q u ir e d  t o  

g i v e  0 -0 2  M -C a2+ in  t h e  p r e s e n c e  o f  t h e  p r o t e in ,  w h ic h  m a x im a l l y  p r e c i p i t a t e d  b o t h  

ocs - a n d  /5 -c a se in . S t a b i l i z a t io n  t e s t s  w e r e  t h e n  m a d e  u n d e r  t h e s e  c o n d i t io n s .  B o t h  

C a 2+  d e t e r m i n a t io n s  a n d  s t a b i l i z a t i o n  t e s t s  w e r e  c a r r i e d  o u t  in  0-07  m - K C I - 0 0 5  m - 

im id a z o le - H C l  b u f fe r  o f  p H  6-8 f o r  a s - c a s e in  a n d  p H  7-0  fo r  /5 -c a se in ; t h e  b u f fe r  w a s  

a d d e d  t o  p r e v e n t  s m a l l  c h a n g e s  in  p H ,  t o  w h ic h  t h e  c a lc iu m  e le c t r o d e  w a s  e x t r e m e l y  

s e n s i t iv e .  T h e  c o n c e n t r a t io n s  o f  C a C l2 r e q u ir e d  t o  g iv e  a t  l e a s t  0 -0 2  M -C a2+ , u n d e r  t h e  

c o n d i t io n s  u s e d ,  a n d  t h e  e x t e n t s  o f  s t a b i l i z a t i o n  o f  a s - a n d  /5 -c a se in s  a t  t h e s e  C a C l2 

l e v e l s  a r e  s h o w n  in  T a b l e s  2  a n d  3  f o r  /c -c a se in  a n d  g e la t in .
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F ig . 5. Agarose gel filtration elution profiles o f m ixtures o f /c-casein or gelatin with a 8-casein, 
and o f the separate components. W ith the exception of a 8-casein alone, the sam ples applied to the 
column consisted o f 10 m l o f standard  stabilization test incubation m ixtures, containing 
32-9 m g a 8-casein, 7-3 m g /c-casein and 105 m g gelatin, as appropriate, in 0-07 m-KCI-2 /(g/ml 
penicillin-0'02 M-CaCl2, which hadbeen incubated a t  30CC for 15min, then centrifuged for 10 min. 
In the case o f the a 8-casein-gelatin m ixture and gelatin alone these were pre-incubated a t  30 °C 
for 17 h before the addition o f CaCl2. For a 8-casein alone, CaCl2 w as om itted from  the sam ple. 
Shaded areas represent fractions in which the effluent was cloudy. These fractions were 
clarified by the addition o f 1 drop o f rc-NaOH before m easuring the extinctions.

2 d a r  3 8
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G e l f i l t r a t i o n  o f  m i x t u r e s  o f  ccs - c a s e i n  w it h  K - c a s e in  a n d  g e l a t i n  

i n  th e  p r e s e n c e  o f  C a C l 2

T h e  v i s c o s i t i e s  o f  g e l a t i n  s o lu t io n s  in c r e a s e  c o n s id e r a b ly  w it h  t im e  o n  in c u b a t i o n  

a t  3 0  ° C  ( D a v i s  &  O a k e s ,  1 9 2 2 ) . T h e  s t a b i l i z a t i o n  t e s t  d e p e n d s  o n  t h e  s e p a r a t i o n  o f  

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

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

o f  p r e c i p i t a t e d  a s - c a s e in .  T h e r e f o r e ,  in d e p e n d e n t  e v id e n c e  f o r  t h e  f o r m a t i o n  o f  m ic e l le s  

in  g e l a t i n - c a s e in  m i x t u r e s  w a s  r e q u ir e d .

T a b l e  4 . R e c o v e r y  a n d  e s t im a t e d  s i z e  o f  m a t e r i a l  e lu te d  f r o m  th e  a g a r o s e  

c o lu m n  i n  th e  r a n g e  9 5 - 1 3 0  m l

Sample

Total
recovery,

0//o

Recovery in 
range

95-130 ml, %

Stokes’
radius,

nm

U pper limit 
for particle 

weight

a B-Casein +  v-easein 92 4-2 66-8 10-2 x 10s
a B-Casein +  gelatin 100 9-7 65-0 9-3 x 108
a s-Casein 87 0-8
x-Casein 100 0-0
Gelatin 70 5-4

M u r p h y ,  D o w n e y  &  K e a r n e y  (1 9 6 9 )  h a v e  d e s c r ib e d  t h e  f r a c t i o n a t io n  o f  c a s e in  

c o m p le x e s  b y  m e a n s  o f  g e l - f i l t r a t io n  o n  S e p h a r o s e  2 B  c o lu m n s .  T h i s  t e c h n iq u e  w a s  

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

a n d  g e la t in .  T h e  e lu t io n  p a t t e r n s  c o m p a r e d  w it h  t h o s e  o f  t h e  c o m p o n e n t s  a lo n e  a r e  

s h o w n  in  F i g .  5 . F r o m  b o t h  i n c u b a t io n  m i x t u r e s  s m a l l  p e a k s  w e r e  o b t a i n e d  r e p r e ­

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

m a t e r i a l  in  e a c h  o f  t h e s e  p e a k s  a n d  t h e  c a l c u l a t e d  S t o k e s ’ r a d i u s  f o r  e a c h  a g g r e g a t e ,  

t o g e t h e r  w it h  t h e  p a r t ic l e  w e ig h t  c a l c u l a t e d  a s  d e s c r ib e d  b y  A n d r e w s  ( 1 9 7 0 ) ,  a r e  

s h o w n  in  T a b l e  4 . O f  t h e  t o t a l  p r o t e in  in  t h e  a 8- c a s e in - x - c a s e in  m i x t u r e  5 2  %  w a s  

e lu t e d  a s  a  p e a k  e a r l ie r  t h a n  w o u ld  b e  e x p e c t e d  f r o m  t h e  b e h a v io u r  o f  t h e  s e p a r a t e  

c o m p o n e n t s .  T h e  m a t e r i a l  in  t h i s  s e c o n d  p e a k  h a d  a  c a l c u l a t e d  S t o k e s ’ r a d i u s  o f

1 1-3  n m , g iv i n g  a n  u p p e r  l im i t  f o r  t h e  p a r t i c l e  w e ig h t  o f  4 -9  x  10 6. T h e r e  w a s  e v id e n c e  

o f  a  s m a l l  a m o u n t  o f  a n  in t e r m e d ia t e  c o m p le x  in  t h e  a s- c a s e in - g e la t in  m i x t u r e  a n d  

t h e r e  w e r e  i n d ic a t io n s  t h a t  s o m e  o f  t h e  m a t e r i a l  in  t h e  m a in  p e a k  w a s  e l u t e d  e a r l ie r  

t h a n  w o u ld  h a v e  b e e n  e x p e c t e d  f r o m  t h e  e lu t io n  p a t t e r n  o f  t h e  s e p a r a t e  c o m p o n e n t s .  

A n a l y t i c a l  s t a r c h - g e l  e le c t r o p h o r e s i s  s h o w e d  t h a t  a l l  o f  t h e  p e a k s  o b t a i n e d  f r o m  e a c h  

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

A  n a l y t i c a l  u l t r a c e n  t r i f u g a t i o n

G e l a t i n - c a s e i n  m i x t u r e s .  G e l a t i n - c a s e i n  m i x t u r e s  w e r e  e x a m in e d  in  t h e  a n a l y t i c a l  

u l t r a c e n t r i f u g e  in  o r d e r  t o  d e t e c t  a n y  c o m p le x  f o r m a t io n  in  t h e  a b s e n c e  o f  C a 2+ s u c h  

a s  h a s  b e e n  o b s e r v e d  f o r  x - c a s e i n - a s - c a s e in  m i x t u r e s  u n d e r  c e r t a in  c o n d i t io n s  ( N o b le  

&  W a u g h ,  1 9 6 5 ) . a s - C a s e in - g e la t in  a n d  / ? - c a s e in - g e la t in  m i x t u r e s  w e r e  i n c u b a t e d  a t  

3 0  °C  f o r  3 0  m in  a n d  1 6  h  b e fo r e  u l t r a c e n t r i f u g a t i o n  a t  3 0  °C . a s- C a s e i n - g e l a t in  

m i x t u r e s  w e r e  d i l u t e d  w it h  a n  e q u a l  v o lu m e  o f  0 -0 7  m - K C I  i m m e d ia t e ly  b e fo r e  t h e  

r u n .  T h e  o b s e r v e d  s e d i m e n t a t i o n  c o e f f ic ie n t s  in  0 -0 7  m - K C I  a n d  t h e  e x t e n t  o f
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s t a b i l i z a t i o n  o f  t h e  c a s e in s  a g a i n s t  p r e c i p i t a t i o n  b y  C a C l2 in  t h e  s a m e  m i x t u r e s  a r e  

sh o w n  in  T a b l e  5 . T h e  r e s u l t s  s h o w  t h a t  b o t h  c a s e in s  f o r m  c o m p le x e s  w it h  g e l a t in .

M i x t u r e s  o f  g e l a t i n  w it h  o th e r  p r o t e i n s .  I n  o r d e r  t o  d e t e r m in e  w h e t h e r  c o m p le x  

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

m i x t u r e s  o f  g e l a t i n  w it h  3 n o n - c a s e in  p r o t e i n s  w a s  c a r r i e d  o u t .  M ix t u r e s  c o n t a in in g

4-3  m g / m l  g e l a t i n  a n d  1-5  m g /m l  p r o t e in  in  0 -0 7  m - K C I  o f  p H  7-0  w e r e  i n c u b a t e d  a t  

3 0  ° C  f o r  3 0  m in  a n d  f o r  16  h  b e fo r e  u l t r a c e n t r i f u g a t i o n  a t  3 0  °C . I n  e a c h  i n s t a n c e  o n ly  

o n e  s c h l ie r e n  p e a k  w a s  o b s e r v e d  in  t h e  m i x t u r e  ; s e d i m e n t a t i o n  c o e f f ic ie n t s  a r e  s h o w n  

in  T a b l e  6.

Proteins as casein micelle stabilizers

T a b l e  5 . A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  o f  c a s e i n - g e l a t i n  m i x t u r e s

Solution Incubation time
Sedim entation 

coeff. (obs.)

Proportion 
in each 
fraction

a 8-Casein or 
/^-casein in 

* soluble ’ form,
0//o

Gelatin (5-3 mg/ml) 30 min, 16 h 2-74
a 8-Casein (1-4 mg/ml) 30 min 4-12 .

/?-Casein (1-5 mg/ml) 30 min 1-76, 16-46 30 :70 .

œs-Casein (T 4  mg/ml) + 30 min 7-64 10
gelatin (5-3 mg/ml) 16 h 6-57, 14-80 80 :20 83

/j-Casein (1-5 m g/ml) 4- 30 min 3-92, 14-89 80 :20 16
gelatin (4-3 mg/ml) 16 h 3-43, 14-50 80 :20 88

T a b l e  6. A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  o f  g e l a t i n - n o n - c a s e i n  

p r o t e i n  m i x t u r e s

Incubation Sedim entation
Solution time coeff. (obs.)

Trypsin  inhibitor 30 min 2-38

Trypsin inhibitor +  gelatin 30 min 3-67
16 h 3-87

/j-Lactoglobulin 30 min 3-94

//-Lactoglobulin +  gelatin 30 min 3-67
16 h 3-67

Bovine serum albumin 30 min 6-12

Bovine serum album in +  gelatin 30 min 4-28
16 h 4-35

E f f e c t  o f  i o n i c  s t r e n g t h  o n  s t a b i l i z a t i o n

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

w h ic h , o n  a d d i t i o n  o f  C a C l2, a g g r e g a t e  in t o  m ic e l le - l ik e  s t r u c t u r e s .  T o  t h i s  e x t e n t  i t  

b e h a v e s  s im i la r l y  t o  /c -c a se in . I n  a n  a t t e m p t  t o  c a r r y  t h e  c o m p a r i s o n  o n e  s t a g e  f u r t h e r  

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

i n t e r a c t io n  in v o l v e d  in  s t a b i l i z a t i o n  b y  e a c h  o f  t h e  2  p r o t e in s ,  t h e  e f fe c t  o f  io n ic  

s t r e n g t h  o n  t h e  s t a b i l i z a t i o n  o f  a s - a n d  ^ - c a s e i n  b o t h  b y  /c -c a se in  a n d  g e l a t i n  w a s  

d e t e r m in e d .  I n  e a c h  t e s t  t h e  s t a n d a r d  m e t h o d  w a s  u s e d  e x c e p t  t h a t  t h e  c o n c e n t r a t io n  

o f  C a C l2 w a s  r a i s e d  t o  0 -0 3  M a n d  t h e  io n ic  s t r e n g t h  w a s  v a r i e d  b y  a d d i t i o n  o f  K C 1 .
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T h e  r e s u l t s ,  s h o w n  in  T a b l e s  7 a n d  8 , i n d ic a t e  t h a t  s t a b i l i z a t i o n  b y  g e l a t in  i s  m o r e  

s e n s i t iv e  t o  io n ic  s t r e n g t h  t h a n  s t a b i l i z a t i o n  b y  /c -c a se in .

T a b l e  7 . E f f e c t  o f  i o n i c  s t r e n g t h  o n  th e  s t a b i l i z a t i o n  o f  a s - c a s e i n  

(The ratios /c-easein/as-casein (g/g) and gelatin/a,-casein (g/g) were 0-19 and 5-1 respectively.)

«„-Casein in ‘ soluble’ form, %

Cone. KC1, m No stabilizer
/c-Casein as 
stabilizer

Gelatin as 
stabilizer

0-07 22 63 78
0-09 24 48 67
0-11 30 45 54
0-15 30 46 49

T a b l e  8 . E f f e c t  o f  i o n i c  s t r e n g t h  o n  th e  s t a b i l i z a t i o n  o f  f t - c a s e in  

(The ratios /c-casein//?-casein (g/g) and gelatin//?-casein (g/g) were 0-42 and 6-1 respectively.)

/9-Casein in ‘ soluble’ form, %

Cone. KCl, M No stabilizer
K-Casein as 
stabilizer

Gelatin as 
stabilizer

0-07 24 78 68
0 0 9 18 53 33
O i l 17 52 21
0 1 5 20 57 22

P r o p e r t i e s  o f  g e l a t i n

I t  s e e m e d  t h a t  t h e  a p p a r e n t  s t a b i l i z i n g  a c t i o n  o f  g e l a t i n  m ig h t  b e  f u r t h e r  e lu c i ­

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

s t a b i l i z i n g  p r o t e in s  o n  t h e  o t h e r .  S in c e  s w in e  s k in  g e l a t i n  i s  l e s s  w e ll  c h a r a c t e r i z e d  

t h a n  m o s t  o f  t h e  o t h e r  p r o t e i n s  i n v e s t i g a t e d ,  s o m e  o f  i t s  p r o p e r t i e s  w e r e  d e t e r m in e d .

T h e  c a r b o h y d r a t e  c o n te n t ,  d e t e r m in e d  a s  r e d u c in g  s u g a r  ( H a s s i d  &  A b r a h a m ,  

1 9 5 7 ) ,  w a s  1 - 4 %  (w /w ), b u t  t h e  s i a l i c  a c i d  c o n t e n t  w a s  b e lo w  t h e  le v e l  (0 -0 2  % ,  w /w ) 

m e a s u r a b l e  b y  t h e  m e t h o d  o f  W a r r e n  (1 9 5 9 ) .  T h e  t o t a l  p h o s p h a t e  c o n te n t ,  d e t e r m in e d  

b y  t h e  m e t h o d  o f  F i s k e  &  S u b b a r r o w  (1 9 2 5 ) ,  w a s  0 - 0 4 9 %  (w /w ). T h e  is o - io n ic  p o i n t  

w a s  d e t e r m in e d  b y  g e n t l y  s t i r r i n g  2 0 - 7 0  m g  g e l a t i n  in  0 -0 7  m - K C I  w it h  2  m l  m i x e d  

b e d  r e s in  p r e p a r e d  b y  m ix in g  A m b e r l i t e  I R - 1 2 0  ( H +  f o r m )  a n d  A m b e r l i t e  I R A - 4 0 0  

( O H ”  f o r m )  t o  p H  7-0 . T h e  g e l a t i n - r e s in  m i x t u r e  w a s  s t i r r e d  u n t i l  t h e  p H  v a l u e  o f  

t h e  s u p e r n a t a n t  l i q u i d  h a d  b e c o m e  c o n s t a n t .  T h i s  v a l u e ,  p H  9 -0 -9 -3 , w a s  t a k e n  a s  

e q u a l  t o  t h e  is o - io n ic  p o in t  o f  g e la t in .

D ISCUSSIO N

/c-C a se in  i s  t h e  n a t u r a l  s t a b i l i z e r  o f  a g- c a s e in  a n d  /? - c a s e in  in  m ilk ,  e n a b l in g  m ic e l le s  

t o  b e  f o r m e d .  I n  c o n t r a s t  t o  o t h e r  w o r k e r s ’ r e s u l t s  (N o b le  &  W a u g h ,  1 9 6 5 ) , t h e  p r e s e n t  

w o r k  i n d i c a t e s  t h a t  /c -c a se in  s t a b i l i z e s  a s - c a s e in  a t  0  ° C  n e a r l y  a s  w e ll  a s  a t  3 0  °C ,  

a l t h o u g h  c o m p le x  f o r m a t i o n  i s  n o t  o b s e r v e d  in  t h e  a b s e n c e  o f  C a 2+  a t  0  ° C  ( N o b le  & 

W a u g h ,  1 9 6 5 ) .



Proteins as casein micelle stabilizers 19

O f  t h e  p r o t e i n s  t e s t e d  a s  r e p la c e m e n t s  f o r  x - c a s e  in  in  t h e  s t a b i l i z i n g  p r o c e s s ,  o n ly  

g e l a t in  w a s  e f f e c t iv e .  T h i s  w a s  s o  e v e n  u n d e r  f a v o u r a b l e  c o n d i t io n s  fo r  c o m p le x  

f o r m a t io n ,  c r e a t e d  b y  p a r t i a l  d i s r u p t i o n  o f  t h e  s e c o n d a r y  s t r u c t u r e  o f  p o s s ib le  

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

w o u ld  ‘ o p e n  u p ’ t h e  p r o t e in  m o le c u le ,  e n a b l in g  a r e a s  t h a t  a r e  n o t  e x p o s e d  in  t h e  

n a t i v e  m o le c u le  t o  b e c o m e  a v a i l a b l e  f o r  i n t e r a c t io n  w ith  t h e  c a s e in .  M o r e o v e r ,  g e l a t in  

w a s  m u c h  le s s  e f f e c t iv e  a s  a  s t a b i l i z e r  t h a n  /c -c a se in , 4 0  t im e s  a s  m u c h  (w /w ) a n d  

a  p r o lo n g e d  p r e - in c u b a t io n  p e r io d  b e in g  r e q u ir e d .

E v i d e n c e  f o r  in t e r a c t i o n  r e s u l t in g  in  c o m p le x  f o r m a t i o n  w a s  o b t a i n e d  b y  a n a l y t i c a l  

u l t r a c e n t r i f u g a t i o n  o f  g e l a t i n - c a s e in  m i x t u r e s .  H o w e v e r ,  t h e s e  c o m p le x e s  w e r e  

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

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

p a r t i c u l a r  c o m p le x .  W it h  a s- c a s e in  t h e r e  w a s  s o m e  c h a n g e  in  t h e  s e d i m e n t a t i o n  

p a t t e r n  w it h  t im e .  E i r s t  a  r e l a t i v e l y  s m a l l  c o m p le x  w a s  f o r m e d ,  o f  h ig h e r  s e d i m e n t a ­

t io n  c o e f f ic ie n t  t h a n  e i t h e r  t h e  a g- c a s e in  a g g r e g a t e  o r  g e l a t i n  a lo n e ,  a n d  t h u s  p r e ­

s u m a b l y  o f  l a r g e r  s iz e .  L a t e r  a  s m a l l  p r o p o r t i o n  o f  a  m u c h  l a r g e r  c o m p le x  w a s  

d e t e c t a b l e .  T h e  s e d i m e n t a t i o n  c o e f f ic ie n t  o f  t h e  s m a l l e r  c o m p le x  w a s  c lo s e  t o  t h a t  o f  

t h e  a s - c a s e in - x - c a s e in  c o m p le x  d e s c r ib e d  b y  N o b le  &  W a u g h  (1 9 6 5 ) .  T h e  s e d i m e n t a ­

t io n  p a t t e r n  o f  t h e  / ? - c a s e in - g e la t in  m i x t u r e  d i d  n o t  c h a n g e  s ig n i f i c a n t ly  w it h  t im e .  

H o w e v e r ,  in  c o n t r a s t  t o  t h e  f in d in g s  fo r  a s - c a s e in ,  m o s t  o f  t h e  l a r g e  a g g r e g a t e  p r e s e n t  

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

m a t e r i a l  in  t h e  m i x t u r e  w a s  s m a l l e r  t h a n  t h e  o r ig in a l  c a s e in .  T h i s  i s  s i m i la r  t o  t h e  

a c t io n  o f  d e t e r g e n t s  o n  c a s e in s  (C h e e s e m a n  &  J e f f c o a t ,  1 9 7 0 ) , w h ic h  w a s  in t e r p r e t e d  

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

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

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

N e i t h e r  o f  t h e  s e d im e n t a t io n  p a t t e r n s  s h o w e d  t h e  p r e s e n c e  o f  u n c o m p le x e d  

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

t h a n  c a s e in  (w /w ) in  c o n t r a s t  t o  t h e  a s - c a s e in - x - c a s e in  c o m p le x  w h ic h  c o n t a in s  e x c e s s  

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

x - c a s e in .  I t  m a y  b e  t h a t  t h e  c a s e in  m o le c u le s  in  t h e  c a s e i n - g e l a t in  c o m p le x e s  a r e  

o c c lu d e d  in  a  g e l a t i n  n e t w o r k ,  a l t h o u g h  t h e  s e d i m e n t a t i o n  d a t a  s h o w  t h a t  t h e  

n e t w o r k  c a n n o t  b e  l a r g e .  T h i s  h y p o t h e s i s  i s  c o n s i s t e n t  w it h  t h e  r e s u l t s  o f  a n a l y t i c a l  

u l t r a c e n t r i f u g a t i o n  o f  m i x t u r e s  o f  g e l a t i n  w it h  t r y p s i n  in h ib i to r ,  / ? - la c t o g lo b u l in  a n d  

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

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

H o w e v e r ,  t h e  a s - c a s e i n - g e la t i n  c o m p le x  b e h a v e d  s i m i la r l y  t o  t h e  a a- c a s e in - x -  

c a s e in  c o m p le x  in  t h e  p r e s e n c e  o f  C a 2 + : a g g r e g a t e s  e lu t e d  j u s t  b e y o n d  t h e  v o i d  

v o lu m e  o f  a  S e p h a r o s e  2 B  c o lu m n  w e r e  f o r m e d  in  b o t h  i n s t a n c e s .  T h e  r e a s o n  w h y  

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

n o t  c le a r ,  b u t  i t  m a y  b e  t h a t  t h e  a g g r e g a t e s  w e r e  in  e q u i l ib r iu m  w it h  C a 2+  a n d  t h e  

C a - f r e e  c o m p le x e s .  C a 2+  w o u ld  t h e n  b e  r e t a r d e d  o n  t h e  c o lu m n  c a u s in g  p r o g r e s s iv e  

d i s s o c ia t io n  o f  t h e  a g g r e g a t e s .  T h e  p a r t i c l e  w e ig h t s  o f  t h e  a g g r e g a t e s  c a n n o t  b e  

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

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

b e t w e e n p a r t i c l e  w e ig h t  a n d  e lu t io n  v o lu m e  f o r  S e p h a r o s e  2 B  c o lu m n s .  B y  c o m p a r i s o n
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w ith  t h e  s t a n d a r d s ,  t h e  c a l c u l a t e d  m a x im u m  p a r t i c l e  w e ig h t s  w e r e  a b o u t  1 x  1 0 9. 

H o w e v e r ,  M u r p h y  e t a l .  ( 1 9 6 9 )  h a v e  e s t i m a t e d  t h e  m o le c u la r  e x c lu s io n  l im i t  o f  

S e p h a r o s e  2 B  a s  a b o u t  1 x  1 0 8 w h ic h  w o u ld  g iv e  m a x im u m  p a r t i c l e  w e ig h t s  o f  1 x  1 0 7 

t o  1 x  1 0 8 f o r  t h e  a g g r e g a t e s .  T h u s ,  i t  i s  l ik e ly  t h a t  t h e  a g g r e g a t e s  w e r e  o f  t h e  s a m e  

o r d e r  o f  s iz e  a s  t h e  c a s e i n - C a  c o m p le x e s  f r o m  w h ic h  c a s e in  m ic e l le s  a r e  b u i l t  u p  in  

t h e  p r e s e n c e  o f  c a lc iu m  p h o s p h a t e  (M o rr , 1 9 6 7 ;  M u r p h y  et a l .  1 9 6 9 ) . F o r  t h e  p r e s e n t  

p u r p o s e  i t  i s  s u f f i c ie n t  t o  s a y  t h a t  t h e  a g- c a s e in - x - c a s e in  a n d  a s - c a s e i n - g e la t i n  c o m ­

p le x e s  w e r e  e x t e n s i v e l y  a g g r e g a t e d  in  t h e  p r e s e n c e  o f  C a 2+  b u t  t h a t  t h e s e  a g g r e g a t e s  

w e r e  o f  l im i t e d ,  a n d  a p p r o x i m a t e l y  c o n s t a n t ,  s iz e .  I t  i s  c le a r  t h a t ,  w h e t h e r  o r  n o t  

<xs - c a s e in  w a s  o c c lu d e d  in  a  g e l a t i n  n e t w o r k ,  i t  w a s  n o t  p r e v e n t e d  f r o m  i n t e r a c t i n g  

w ith  C a 2+ w it h  t h e  f o r m a t io n  o f  a g g r e g a t e s  a l t h o u g h  t h e s e  w e r e  n o t  l a r g e  e n o u g h  t o  

p r e c i p i t a t e .

T h e  m a in  c o n c lu s io n  t h a t  c a n  b e  d r a w n  f r o m  t h e  p r e s e n t  w o r k  i s  t h a t  t h e  i n t e r ­

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

o f  C a 2+  a r e  t o o  s p e c i f i c  t o  b e  d e s c r ib e d  a s  s o m e  k in d  o f  p r o t e c t iv e  c o l lo id  m e c h a n i s m .  

S o m e  o f  t h e  p r o p e r t i e s  o f  t h e  p r o t e i n s  t e s t e d  a s  s t a b i l i z e r s  a r e  c o m p a r e d  w it h  t h o s e  

o f  x - c a s e in  in  T a b l e  9 . I t  i s  c le a r  t h a t  s t a b i l i z i n g  a b i l i t y  i s  n o t  c o n n e c te d  s o le ly  w it h  

a n y  o b v i o u s  g r o s s  p r o p e r t i e s  o f  t h e  p r o t e i n s  s u c h  a s  s iz e ,  i s o - io n ic  p o in t ,  c h a r g e ,  

p h o s p h a t e  c o n t e n t  o r  a v e r a g e  h y d r o p h o b ic i t y .  I n  f a c t ,  o n e  p o i n t  t h a t  s t a n d s  o u t  i s  

th e  g r e a t  d i f fe r e n c e  in  g r o s s  p r o p e r t i e s  b e tw e e n  x - c a s e in  a n d  g e l a t i n ,  t h e  o n ly  

2  p r o t e in s  e f f e c t iv e  a s  s t a b i l i z e r s .

T h e  q u e s t io n  t h e r e f o r e  a r i s e s  a s  t o  w h e t h e r  x - c a s e in  a n d  g e la t in  f o r m  c o m p le x e s  

w it h  a g- a n d  / / - c a s e in s  b y  t h e  s a m e  m e c h a n i s m .  B e f o r e  c o n s id e r in g  t h i s  i t  i s  n e c e s s a r y  

t o  n o t e  t h e  c h a r a c t e r i s t i c s  o f  c o m p le x  f o r m a t i o n  b y  c a s e in s  in  t h e  p r e s e n c e  o f  C a 2+ . 

I t  i s  c le a r  t h a t  c o m p le x  f o r m a t io n  in  t h e  a b s e n c e  o f  C a 2+  i s  n o t  a  p r e r e q u i s i t e  f o r  

m ic e l le  f o r m a t i o n ;  c o m p le x  f o r m a t i o n  b e t w e e n  x -  a n d  /1 -c a se in s  in  t h e  a b s e n c e  o f  

C a C l2 h a s  n o t  b e e n  d e t e c t e d ,  a n d  t h a t  b e tw e e n  x -  a n d  a g- c a s e in s  d o e s  n o t  o c c u r  in  t h e  

a b s e n c e  o f  C a C l2 u n d e r  a l l  c o n d i t io n s  w h e r e  t h e r e  i s  s t a b i l i z a t i o n  o n  a d d i t i o n  o f  C a C l2 

( W a u g h  &  v o n  H i p p e l ,  1 9 5 6 ;  N o b le  &  W a u g h ,  1 9 6 5 ) .  I t  s e e m s  l ik e ly  t h e r e f o r e  t h a t  

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

( a )  t h e  in d i v i d u a l  c a s e in s  i n t e r a c t  b y  m e a n s  o f  i n t e r m o le c u la r  C a - l in k s ,  (b ) C a 2+ 

n e u t r a l i z e s  n e g a t i v e  c h a r g e s  o n  t h e  m o le c u le s  e n a b l in g  n o n - io n ic  in t e r a c t i o n s  t o  

o c c u r .  E i t h e r  o f  t h e s e  w o u ld  b e  p o s s i b l e  a s  b o t h  w o u ld  r e d u c e  t h e  io n ic  r e p u l s io n  

b e tw e e n  t h e  c a s e in s ,  w h ic h  a r e  a l l  n e g a t i v e l y  c h a r g e d  a t  t h e  p H  v a l u e s  a t  w h ic h  

m ic e l le  f o r m a t i o n  o c c u r s .

T h e  d a t a  o n  t h e  e f f e c t s  o f  io n ic  s t r e n g t h  o n  s t a b i l i z a t i o n  c a n  n o w  b e  c o n s id e r e d  in  

t h i s  l i g h t .  I n  s t a b i l i z a t i o n  b y  x - c a s e in  a n  i n c r e a s e  in  io n ic  s t r e n g t h ,  w h ic h  h a s  t h e  

e f fe c t  o f  r e d u c in g  c h a r g e - c h a r g e  in t e r a c t i o n s ,  r e d u c e s  t h e  l e v e l  o f  s t a b i l i z a t i o n  b u t  

d o e s  n o t  e l im in a t e  i t  e n t i r e ly .  T h i s  i n d i c a t e s  t h a t  a l t h o u g h  io n ic  i n t e r a c t i o n s  a r e  

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

f o r  s t a b i l i z a t i o n  t o  o c c u r .  T h i s  s u g g e s t s  t h a t  t h e  m a jo r  r o le  o f  C a 2+  i s  p r o b a b l y  t o  

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

C a - l in k s ,  w h ic h  w o u ld  p r o b a b l y  b e  p r im a r i l y  e l e c t r o s t a t i c  in  n a t u r e  (M c A u le y  &  H i l l ,

1 9 6 9 ) , m a y  b e  f o r m e d .  O n  t h e  o t h e r  h a n d ,  g e l a t i n  i s  p o s i t iv e l y  c h a r g e d  a t  t h e  p H  

v a lu e  o f  t h e  s t a b i l i z a t i o n  e x p e r im e n t s ,  s o  io n ic  i n t e r a c t i o n s  m a y  w e ll  b e  i m p o r t a n t .  

T h i s  i s  s u g g e s t e d  b y  t h e  o b s e r v a t i o n  t h a t  b o t h  a B- a n d  / / - c a s e in s  f o r m  c o m p le x e s
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w it h  g e l a t i n  in  t h e  a b s e n c e  o f  C a 2+ a n d  i s  c o n f ir m e d  e x p e r im e n t a l ly  f o r  / ? - c a s e in  in  

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

t io n  o f  K C 1  f r o m  0 -0 7  m  t o  0-11  M. C h a n g e s  in  io n ic  s t r e n g t h  h a d  a  le s s  d r a s t i c  e f fe c t  

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

v e r y  c o n s id e r a b ly  w h e n  t h e  c o n c e n t r a t io n  o f  K C 1  w a s  in c r e a s e d  f r o m  0 -0 7  M t o  

0 -1 5  m . T h e r e f o r e ,  t h e  e v id e n c e  i n d i c a t e s  t h a t  t h e  c a s e i n - g e l a t i n - C a  i n t e r a c t i o n s  

f o r m in g  t h e  b a s i s  o f  t h e  s t a b i l i z a t i o n  p h e n o m e n o n  h a v e  a  s t r o n g  io n ic  c o m p o n e n t .  

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

a lb u m in ,  / j - l a c t o g lo b u l in  o r  t r y p s i n  in h ib i t o r  a r e  a l s o  p r o b a b l y  p r im a r i l y  io n ic ,  s in c e  

t h e  l a s t  3  p r o t e i n s  a r e  a l l  n e g a t i v e l y  c h a r g e d  a t  t h e  p H  v a l u e  o f  t h e  e x p e r im e n t  

( T a b le  9 ;  K i r n i t z ,  1 9 4 7 ) .

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

a c t i o n s  b e tw e e n  /c -c a se in  a n d  a s - a n d  /9 -c a se in s  t h a t  l e a d  t o  m ic e l le  f o r m a t io n .  T h e  

o n ly  p r o t e in s  k n o w n  t o  r e p la c e  /c-ca se in  t o  a n y  e x t e n t  a r e  g e l a t in ,  w h ic h  i s  m u c h  le s s  

a c t i v e  a n d  p r o b a b l y  i n t e r a c t s  in  a  d i f f e r e n t  w a y ,  a n d  p a r a - /c - c a s e in  s o lu b i l iz e d  b y  

c o u p l in g  i t  t o  b o v in e  s e r u m  a lb u m in  ( W o y c h ik  &  W o n d o lo w s k i ,  1 9 6 7 ) . A l t h o u g h  

q u a n t i t a t i v e  d a t a  a r e  n o t  a v a i l a b l e ,  t h e  f in d in g  t h a t  s o lu b i l iz e d  p a r a - /c - c a s e in  s t a b i l i z e s  

a s - c a s e in  s u g g e s t s  t h a t  t h e  p r im a r y  a r e a  o f  t h e  /c -c a se in  m o le c u le  in v o lv e d  in  t h e  

in t e r a c t i o n s  l e a d i n g  t o  m ic e l le  f o r m a t i o n  i s  in  t h e  p a r a - /c - c a s e in  m o ie t y .

T h e  a v a i l a b l e  e v id e n c e  i n d i c a t e s  t h a t  t h e  in t e r a c t i o n s  o f  /c -c a se in  w it h  a s - a n d  

^ - c a s e i n s  a r e  p r o b a b l y  p r im a r i l y  n o n - io n ic .  T h i s  i s  s u g g e s t e d  b y  t h e  l ik e  c h a r g e  o f  t h e  

c o m p o n e n t s ,  t h e  e f fe c t  o f  io n ic  s t r e n g t h  o n  s t a b i l i z a t i o n ,  t h e  in c r e a s in g  a g g r e g a t i o n  

o f  c a s e in s  w it h  r i s e  in  t e m p e r a t u r e  ( P a y e n s ,  1 9 6 6 )  a n d  t h e  r e a d y  f o r m a t i o n  o f  c o m ­

p l e x e s  w it h  d e t e r g e n t s  ( N o e lk e n ,  1 9 6 6 ;  C h e e s e m a n  &  J e f f c o a t ,  1 9 7 0 ;  G r e e n ,  1 9 7 1 ) .  

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

s u b s t r a t e ,  s o  t h a t  s p e c i f i c  g r o u p s  in  e a c h  m o le c u le  a r e  p r o b a b l y  in v o lv e d .  T h i s  i s  

i n d i c a t e d  b y  e x p e r im e n t s  in v o lv in g  s p e c i f i c  m o d i f i c a t io n  o f  a m in o  a c i d  r e s i d u e s  in  

t h e  c a s e in  m o le c u le s .  F o r  e x a m p l e ,  p h o t o - o x id a t io n ,  in v o lv in g  p a r t i a l  l o s s  o f  h is t id in e  

a n d  t r y p t o p h a n ,  r e m o v e s  t h e  c a p a c i t y  o f  /c -c a se in  t o  s t a b i l i z e  a g- c a s e in  a g a i n s t  p r e ­

c i p i t a t i o n  b y  C a C l2 ( Z it t le ,  1 9 6 4 )  a n d  d e p h o s p h o r y la t io n  o f  a 3- c a s e in  d e c r e a s e s  i t s  

c a p a c i t y  t o  b e  s t a b i l i z e d  b y  /c -c a se in  ( P e p p e r  &  T h o m p s o n ,  1 9 6 3 ) .

I  t h a n k  D r  N .  J .  B e r r i d g e  f o r  h is  in t e r e s t  a n d  e n c o u r a g e m e n t ,  M r s  J .  J e f f c o a t  f o r  

c a r r y in g  o u t  t h e  a n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  a n d  M is s  S .  C h a m b e r s  a n d  M r  G . 

C r u tc h f ie ld  f o r  e x c e l le n t  t e c h n ic a l  a s s i s t a n c e .
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The s p e c ific ity  fo r  /¿-casein as the s ta b iliz e r o f as-casein
and /?-casein

II. R ep lacem ent of /c-casein by d e te rg en ts  and  w ate r-so lu b le  po lym ers
B y  M A R G A R E T  L .  G R E E N

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 G 2  9 A T

[ R e c e iv e d  15  J u l y  1 9 7 0 )

S u m m a r y . T h e  c a t io n ic  d e t e r g e n t  c e t y l t r im e t h y la m m o n iu m  b r o m id e  ( C T A B ) ,  t h e  

a n io n ic  d e t e r g e n t s  s o d iu m  la u r y l  s u l p h a t e  a n d  s o d iu m  d e o x y c h o l a t e ,  a n d  t h e  n o n ­

io n ic  d e t e r g e n t s  T w e e n  2 0 , T w e e n  8 0  a n d  B r i j  3 5 , a n d  le c it h in ,  s t a r c h ,  g ly c o g e n ,  

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

/c -c a se in  in  s t a b i l i z i n g  a s - a n d  / ? - c a s e in s  a g a i n s t  p r e c i p i t a t i o n  b y  C a 2+ . O f  t h e  m a t e r i a l s  

t e s t e d ,  C T A B  a n d  T w e e n  2 0  s t a b i l i z e d  b o t h  c a s e in s  a n d  B r i j  3 5  s t a b i l i z e d  o n ly  

a s - c a s e in .  A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  o f  m i x t u r e s  o f  C T A B  w it h  e a c h  c a s e in  a n d  

o f  B r i j  3 5  w it h  a g- c a s e in  i n d i c a t e d  t h a t  b o t h  d e t e r g e n t s  a c t e d  b y  d i s r u p t i n g  t h e  

c a s e in  a g g r e g a t e s  a n d  c o m p le x in g  w it h  t h e  m o n o m e r s .  A d d i t io n  o f  C a C l2 d i d  n o t  

a g g r e g a t e  t h e  B r i j  3 5 - a s - c a s e in  c o m p le x .  I t  i s  c o n c lu d e d  t h a t  t h e  b a s i s  o f  t h e  

s t a b i l i z a t i o n  p h e n o m e n o n  in v o lv e s  s p e c i f i c  in t e r a c t i o n s  b e tw e e n  /c -c a se in  a n d  a g -  

c a s e in  o r  / ? - c a s e in  a t  m a in l y  h y d r o p h o b ic  s i t e s .

G r e e n  (1 9 7 1 )  p r e s e n t e d  e v id e n c e  t h a t  t h e  s t a b i l i z a t i o n  o f  a s- a n d  / b c a s e i n  a g a i n s t  

p r e c i p i t a t i o n  b y  C a 2+ , w h ic h  i s  p r o b a b l y  t h e  b a s i s  o f  m ic e l le  f o r m a t io n ,  i s  e x t r e m e l y  

s p e c i f i c ;  o f  s e v e r a l  p r o t e i n s  t e s t e d  o n ly  g e l a t i n  r e p la c e d  /c -c a se in  a n d  t h e n  o n ly  a t  

r e l a t i v e l y  h ig h  c o n c e n t r a t io n s .  T h i s  i n d i c a t e s  t h a t  /c -c a se in  d o e s  n o t  a c t  s i m p l y  a s  a  

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

b e tw e e n  t h e  c a s e in  m o le c u le s .  T h e  p r e s e n t  p a p e r  d e s c r ib e s  a n  e x t e n s io n  o f  p r e v io u s  

w o r k  (G r e e n ,  1 9 7 1 )  d e s ig n e d  t o  s h e d  f u r t h e r  l i g h t  o n  t h e  d e g r e e  o f  s p e c i f i c i t y  a n d  

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

H i l l  &  W a k e  (1 9 6 9 )  s u g g e s t e d  t h a t  s t a b i l i z i n g  a c t io n  m a y  r e s u l t  f r o m  t h e  d e t e r g e n t -  

l ik e  p r o p e r t i e s  o f  /c -c a se in , a n d  C h e e s e m a n  &  J e f f c o a t  (1 9 7 0 )  s h o w e d  t h a t  c a s e in s  f o r m  

c o m p le x e s  w it h  c e r t a in  d e t e r g e n t s .  I n  m o r e  g e n e r a l  t e r m s ,  P a y e n s  (1 9 6 6 )  p o i n t e d  o u t  

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

b e tw e e n  d i f f e r e n t  c a s e in s .  G r e e n  (1 9 7 1 )  c o n c lu d e d  t h a t  io n ic  in t e r a c t i o n s  p r o b a b l y  

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

b o n d in g  m a y  b e  in v o lv e d .  T h e s e  c o n s id e r a t io n s  l e d  t o  t h e  p r e s e n t  s t u d } ’ , in  w h ic h  

d e t e r g e n t s  a n d  w a t e r - s o lu b le  p o ly m e r s  w e r e  t e s t e d  a s  s t a b i l i z e r s  o f  a s - a n d  / / - c a s e in s  

a g a i n s t  p r e c i p i t a t i o n  b y  C a 2+ .
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EXPERIMENTAL

M a t e r i a l s

P o l y o x y e t h y l e n e  s o r b i t a n  m o n o - o le a te  (T w e e n  8 0 )  a n d  p o ly o x y e t h y le n e  s o r b i t a n  

m o n o la u r a t e  (T w e e n  2 0 ) w e r e  o b t a i n e d  f r o m  H o n e y w e l l  a n d  S t e in  L t d ,  C a r s h a l t o n ,  

S u r r e y .  P o ly e t h y le n e  g ly c o l  (m o l. w t  3 0 0 )  w a s  o b t a i n e d  f r o m  K o c h - L i g h t  L a b o r a ­

t o r i e s  L t d ,  C o ln b r o o k ,  B u c k s ,  a n d  p o ly e t h y le n e  g ly c o l  (m o l. w t  6 0 0 0 )  f r o m  U n io n  

C a r b id e  L t d ,  L o n d o n ,  W . l .  C e t y l t r im e t h y la m m o n iu m  b r o m id e  ( C T A B ) ,  s o d iu m  

l a u r y l  s u l p h a t e ,  p o ly o x y e t h y l e n e  l a u r y l  e th e r  ( B r i j  3 5 ) , s o d iu m  d e o x y c h o la t e ,  s o d iu m  
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R E SU LT S

S t a b i l i z a t i o n  t e s t s

S in c e  /c -c a se in  i s  t h e  n a t u r a l  s t a b i l i z e r  o f  ccs - a n d  / / - c a s e in s  in  t h e  c a s e in  m ic e l le ,  a l l  

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

t io n  ( i .e . t h e  p r o p o r t io n  o f  ots - o r  / j- e a s e in  r e m a in in g  ‘ s o l u b l e ’ a n d  n o t  c e n t r i f u g e d  

d o w n  a t  2 0 0 0  g  f o r  10  m in )  a g a i n s t  t h e  a m o u n t  o f  /c -c a se in  a d d e d  w e r e  s h o w n  in

T a b l e  1. D e t e r g e n t s  a s  s t a b i l i z e r s  o f  a s - a n d  ¡3 - c a s e in

a 8-Casein /LCasein

Detergent

Cationic
CTAB

Anionic
Sodium  lauryl sulphate 
Sodium  deoxycholate 

Non-ionic 
Tween 80 
Tween 20 
Brij 35

D etergent/ a 8-Casein in
a g-casein, ‘ soluble’

g/g form, %

1-40 93

1-40 93
0-27 0

13-9 7
13-4 12
14-6 46

Detergent/ /?-Casein in
/?-easein, 1 soluble ’

g/g form , %

1-81 93

0-60 67
0-53 10

26-7 42
6-3 48

25-0 28

F i g s  1 a n d  2  o f  t h e  p r e v io u s  p a p e r  (G r e e n ,  1 9 7 1 ) . T h e s e  p l o t s  w e r e  s ig m o id ,  in d i c a t i n g  

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

t o  e x p r e s s  t h e  r e s u l t s  in  a  s im p le  f a s h io n .  I n  t h e  p r e s e n t  p a p e r  t h e y  a r e  n o r m a l ly  

e x p r e s s e d  a s  t h e  m a x im a l  le v e l  o f  s t a b i l i z a t i o n  o b t a in e d ,  t o g e t h e r  w it h  t h e  r a t i o  o f  

s t a b i l i z e r  t o  c a s e in  (w /w ) r e q u ir e d  t o  g iv e  t h i s ,  b u t  w h e r e  a  c lo s e r  c o m p a r i s o n  b e tw e e n  

t h e  m a t e r i a l  t e s t e d  a n d  /c -c a se in  h a s  s e e m e d  o f  in t e r e s t ,  m o r e  d e t a i l e d  d a t a  a r e  g iv e n .  

T h e  b a s e  l in e s ,  e q u i v a l e n t  t o  z e r o  s t a b i l i z a t i o n ,  a r e  p r o v i d e d  b y  t h e  l e v e l s  o f  a s - a n d  

/1 -c a se in s  r e m a in in g  ‘ in  s o l u t i o n ’ in  t h e  p r e s e n c e  o f  C a C l2 a n d  in  t h e  a b s e n c e  o f  
s t a b i l i z e r  ( a b s c i s s a  =  0 ).
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D e t e r g e n t s .  V a r io u s  d e t e r g e n t s ,  c a t io n ic ,  a n io n ic  a n d  n o n - io n ic ,  w e r e  t e s t e d  a s  

s t a b i l i z e r s  f o r  ocs - a n d  ^ - c a s e i n s  w it h  t h e  r e s u l t s  s h o w n  in  T a b l e  1. T e s t s  w e r e  c a r r i e d  

o u t  in  t h e  p r e s e n c e  o f  K C 1  e x c e p t  w h e n  s o d iu m  l a u r y l  s u l p h a t e  w a s  u s e d ,  in  w h ic h  

c a s e  K C 1  w a s  o m i t t e d  a s  i t  p r e c i p i t a t e d  t h e  d e t e r g e n t .  T h e  lo w  le v e l s  o f  t h e  a n io n ic  

d e t e r g e n t s  u s e d  w e r e  d i c t a t e d  b y  t h e i r  lo w  s o lu b i l i t i e s  in  t h e  p r e s e n c e  o f  C a C l2. F o r

N on-proteins as casein micelle stabilizers

C e t y l t r i m e t h y l a m m o m u m  

b r o m i d e / a s-  o r  /1 - c a s e in ,  g / g

Fig . 1. The stabilization o f a s- and /?-casein by C TA B in 0-07 m-KCI. 
O, a„-Casein; • ,  /?-casein.

T a b l e  2 . W a te r - s o lu b le ,  n o n - p r o t e in  p o l y m e r s  a s  s t a b i l i z e r s  o f  

a 8- a n d  ( ¡ - c a s e i n s

a 8-Casein /?-Casein

Polym er / a a-Casein Polymer/ /?-Casein in
a 8-casein, in ‘ soluble’ yff-casein, ‘ so luble ’

Polym er g/g form , % g/g form , %

Starch 6-0 5 13-0 17
Glycogen 6 0 2 130 10
Chondroitin sulphate 6 0 42 13-0 85
Polyethylene glycol 

(mol. wt 300)
1-4 0 2-5 20

Polyethylene glycol 
(mol. wt 6000)

131 4 2 9 0 15

C T A B ,  T w e e n  8 0  a n d  B r i j  3 5  t h e  r a t i o s  o f  d e t e r g e n t  t o  c a s e in  r e c o r d e d  in  T a b l e  1 

w e r e  t h e  h ig h e s t  t e s t e d .  T w e e n  2 0  w a s  t e s t e d  a t  h ig h e r  l e v e l s  b u t  w i t h o u t  in c r e a s in g  

t h e  d e g r e e  o f  s t a b i l i z a t i o n  o f  e i t h e r  c a s e in .  T h e  e f fe c t  o f  t h e  c o n c e n t r a t io n  o f  C T A B  

o n  t h e  le v e l  o f  s t a b i l i z a t i o n  o b t a i n e d  i s  s h o w n  in  F i g .  1.

L e c i t h i n .  L e c i t h in ,  p r e s e n t  in  a m o u n t s  o f  6 a n d  1 4  t im e s  t h e  w e ig h t s  o f  a g- a n d  

/ / - c a s e in  r e s p e c t iv e l y ,  e f f e c t e d  n o  s t a b i l i z a t i o n  o f  e i t h e r  c a s e in  in  t h e  a b s e n c e  o f  K C 1 .

W a te r - s o lu b le  n o n - p r o t e in ,  p o l y m e r s .  T h e  r e s u l t s  o f  t e s t s  o f  v a r i o u s  w a t e r - s o lu b le  

p o ly m e r s  a s  s t a b i l i z e r s  o f  a s - a n d  /1 -c a se in s  a r e  s h o w n  in  T a b l e  2 . O n ly  t h o s e  t e s t s  

w it h  t h e  p o ly e t h y le n e  g ly c o l s  w e re  c a r r i e d  o u t  b y  t h e  s t a n d a r d  p r o c e d u r e ; t h e  o t h e r
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m a t e r i a l s  w e r e  t e s t e d  in  t h e  a b s e n c e  o f  K C 1  a n d  w it h  0-01  M -C aC l2. O f  t h e s e  m a t e r i a l s  

o n ly  c h o n d r o i t in  s u l p h a t e  h a d  a n y  s t a b i l i z i n g  a c t io n .

E f f e c t  o f  C a C l 2 c o n c e n t r a t io n  a n d  i o n i c  s t r e n g t h  o n  th e  le v e l  o f  s t a b i l i z a t i o n .

T h e  r e s u l t s  d e t a i l e d  a b o v e  s h o w  t h a t ,  u n d e r  t h e  c o n d i t io n s  u s e d ,  C T A B ,  s o d iu m  

l a u r y l  s u l p h a t e ,  c h o n d r o i t in  s u l p h a t e  a n d  p o s s ib ly .  T w e e n  2 0 , T w e e n  8 0  a n d  B r i j  3 5  

a p p e a r e d  t o  s t a b i l i z e  b o t h  a B- a n d  /7 -c a se in s  a g a i n s t  p r e c i p i t a t i o n  b y  C a 2+ . H o w e v e r ,  a s  

d i s c u s s e d  p r e v io u s ly  (G r e e n , 1 9 7 1 ) , i t  i s  n e c e s s a r y  t o  c a r r y  o u t  s t a b i l i z a t i o n  t e s t s  a t  

a  s u f f i c ie n t ly  h ig h  c o n c e n t r a t io n  o f  C a C l2 t o  c o m p e n s a t e  f o r  a n y  b in d in g  o f  C a 2+ b y  

t h e  a p p a r e n t  s t a b i l i z e r .

T a b l e  3. E f f e c t s  o f  i n c r e a s e d  c o n c e n t r a t io n s  o f  C a C l 2 o n  th e  le v e l  o f  

s t a b i l i z a t i o n  o f  c a s e i n s  b y  a p p a r e n t  s t a b i l i z e r s  

œa-Casein /i-Casein
/--------------- *--------------- > <--------------- *--------------- ,
Stabilizer/ a„-Casein Stabilizer/ /?-Casein

Cone. CaCl2, a 8-casein, in ‘ soluble’ /?-casein, in ‘ soluble’
M g/g form, % g/g form, %

CTAB
001 1-5 85 2-0 96
1-00 1-5 97 2-0 98

Tween 80
0-01 33 9 63 20
0-20 31 10 28 22

Tween 20
001 30 6 60 15
0-20 23 53 49 33

B rij 35
001 33 15 66 8
0-20 3 58 66 20

E f f e c t  o f  in c r e a s e d  c o n c e n t r a t io n  o f  C a C l 2 o n  th e  le v e l  o f  s t a b i l i z a t i o n .  W h e n  t h e  C a C l2 

c o n c e n t r a t io n  in  t h e  s t a b i l i z a t i o n  t e s t  m i x t u r e  w a s  in c r e a s e d  t o  0 -0 5  M, t h e  a p p a r e n t  

s t a b i l i z a t i o n  b y  s o d iu m  l a u r y l  s u l p h a t e  c o m p le t e ly  d i s a p p e a r e d .  L ik e w is e  t h e  a p ­

p a r e n t  s t a b i l i z a t i o n  b y  c h o n d r o i t in  s u l p h a t e  a t  0-01  M -C aC l2 w a s  c o m p le t e ly  a b s e n t  

a t  0 T  M -C aC l2. T h e r e f o r e ,  i t  i s  p r o b a b l e  t h a t  s o d iu m  l a u r y l  s u l p h a t e  a n d  c h o n d r o i t in  

s u l p h a t e  a r e  n o t  t r u e  s t a b i l i z e r s  b u t  a p p e a r  t o  s t a b i l i z e  c a s e in s  a t  lo w  l e v e l s  o f  C a C l2 

b e c a u s e  t h e y  p r e f e r e n t i a l ly  b i n d  C a 2+.

T h e  e f f e c t s  o f  in c r e a s in g  t h e  c o n c e n t r a t io n  o f  C a C l2 in  t e s t  m i x t u r e s  c o n t a in in g  t h e  

o t h e r  a p p a r e n t  s t a b i l i z e r s  a r e  s h o w n  in  T a b l e  3 . A l l  t h e  e x p e r im e n t s  w e r e  c a r r i e d  o u t  

in  t h e  a b s e n c e  o f  K C 1 . T h e  r e s u l t s  s h o w  n o  m a r k e d  e f fe c t  o f  C a C l2 c o n c e n t r a t io n  o n  
t h e  e x t e n t  o f  s t a b i l i z a t i o n  o f  e i t h e r  c a s e in  b y  C T A B .  W h e n  T w e e n  2 0  w a s  u s e d  w it h  

b o t h  c a s e in s  a n d  B r i j  3 5  w it h  a s - c a s e in ,  t h e  d e g r e e s  o f  s t a b i l i z a t i o n  w e r e  in c r e a s e d  a t  

t h e  h ig h e r  c o n c e n t r a t io n  o f  C a C l2. T w e e n  8 0  a p p e a r e d  t o  s t a b i l i z e  n e i t h e r  c a s e in ,  a n d  

B r i j  3 5  d i d  n o t  s t a b i l i z e  /7 -c a se in  a t  e i th e r  C a C l2 c o n c e n t r a t io n .  T h e s e  r e s u l t s  i n d i c a t e  

t h a t  C T A B  a n d  T w e e n  2 0  w e r e  t r u e  s t a b i l i z e r s  o f  b o t h  a g- a n d  /7 -c a se in s  a n d  t h a t  

B r i j  3 5  s t a b i l i z e d  a 8- c a s e in  o n ly .  I t  w a s  n o t  p o s s ib le  t o  c o n f ir m  t h i s  a s  t h e  c a l c iu m  

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

E f f e c t  o f  C a C l .2 c o n c e n t r a t io n  a n d  i o n i c  s t r e n g th  o n  th e  s t a b i l i z a t i o n  o f  a s - c a s e i n  b y  

B r i j  3 5 .  T h e  p h e n o m e n o n  o f  t h e  m o r e  e f f e c t iv e  s t a b i l i z a t i o n  o f  c a s e in s  b y  n e u t r a l



d e t e r g e n t s  a t  h ig h  t h a n  a t  lo w  C a C l2 c o n c e n t r a t io n s  w a s  s t u d ie d  f u r t h e r  f o r  t h e  

s t a b i l i z a t i o n  o f  a s - c a s e in  b y  B r i j  3 5 . T h e  r e s u l t s  o f  s t a b i l i z a t i o n  t e s t s  c a r r i e d  o u t  a t  

v a r i o u s  C a C l2 l e v e l s  in  t h e  p r e s e n c e  o f  K C 1  a r e  s h o w n  in  F i g .  2 . T h e y  s h o w  t h a t  t h e  

le v e l  o f  s t a b i l i z a t i o n  a t  a n y  g iv e n  r a t i o  o f  B r i j  3 5  t o  a s- c a s e in  a n d  p o s s i b l y  a l s o  t h e  

m a x i m a l  e x t e n t  o f  s t a b i l i z a t i o n  o b t a i n a b l e  i n c r e a s e d  w it h  in c r e a s in g  C a C l2 c o n ­

c e n t r a t io n .  T h i s  m a y  b e  e i t h e r  a  s p e c i f i c  e f fe c t  o f  C a C l2 o r  i t  m a y  b e  d u e  t o  t h e  io n ic  

s t r e n g t h .  T h i s  w a s  i n v e s t i g a t e d  b y  u s i n g  v a r i o u s  C a C l2 c o n c e n t r a t io n s ,  w it h  K C 1  

a d d e d  t o  b r in g  t h e  io n ic  s t r e n g t h  t o  a  c o n s t a n t  v a l u e  o f  1 *5 . T h e  d e g r e e  o f  s t a b i l i z a ­

t io n  b y  t h e  s a m e  a m o u n t  o f  B r i j  3 5  w a s  a l w a y s  t h e  s a m e ,  w h ic h  in d i c a t e s  t h a t  i t  i s  

d e p e n d e n t  o n  t h e  io n ic  s t r e n g t h  r a t h e r  t h a n  o n  t h e  io n ic  c o m p o n e n t s  p r e s e n t .
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Fig . 2. Stabilization o f a 8-casein by  Brij 35 a t  various CaCl2 concentrations. KC1 was present 
a t  0-07 m . O, 0-02 M-CaCl2; • .  0-2 M-CaCl2; A , 0-5 M-CaCl2.

A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n

C a s e i n - C T A B  m i x t u r e s .  U l t r a c e n t r i f u g e  r u n s  o f  a s - c a s e in ,  / j- c a s e in  a n d  C T A B  

a lo n e  a n d  m i x t u r e s  o f  C T A B  w it h  e a c h  c a s e in ,  a t  r a t i o s  g i v in g  a t  l e a s t  9 0  %  s t a b i l i z a ­

t io n  u n d e r  t h e  c o n d i t io n s  u s e d ,  w e r e  c a r r i e d  o u t  a t  2 3  °C .  T h e  s e d i m e n t a t i o n  c o ­

e f f i c ie n t s  in  0 -0 7  m - K C I  a r e  s h o w n  in  T a b l e  4 . T h e  d e t e r g e n t  f o r m e d  a  n e g a t i v e  

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

h a d  a  lo w e r  r e f r a c t i v e  in d e x .  I n  t h e  p r e s e n c e  o f  t h e  c a s e in s  t h i s  f l o a t in g  p e a k  w a s  

a b s e n t  a l t h o u g h  t h e r e  w a s  a  n e g a t i v e  g r a d i e n t  a t  t h e  m e n is c u s ,  i n d ic a t in g  t h a t  s o m e  

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

m u c h  r e d u c e d  in  t h e  p r e s e n c e  o f  t h e  d e t e r g e n t .  I n  f a c t ,  t h e  v a l u e s  f o r  s 20 w o b s e r v e d  

w e r e  l e s s  t h a n  t h o s e  f o r  t h e  c a s e in  m o n o m e r s  ( M c K e n z ie  &  W a k e ,  1 9 5 9 ) . T h i s  s u g g e s t s  

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

f o r m in g  c o m p le x e s  w it h  t h e m .  I t  i s  n o t  p o s s ib le  t o  e s t i m a t e  t h e  s iz e  o f  t h e  s m a l l e r  

u n i t s  s in c e  t h e  d e n s i t y  a n d  s p e c i f ic  v o lu m e  o f  t h e  c o m p le x  c a n n o t  b e  d e t e r m in e d .

a a- C a s e i n - B r i j  3 5  m i x t u r e .  T h e  s e d im e n t a t io n  c o e f f ic ie n t s  o b s e r v e d  in  u l t r a -  

c e n t r i f u g e  r u n s  a t  2 3  °C  o f  a s - c a s e in ,  B r i j  3 5  a n d  a  m i x t u r e  o f  t h e  2  g i v in g  1 0 0 %  

s t a b i l i z a t i o n  o f  a s - c a s e in  a r e  s h o w n  in  T a b l e  5 . I n  t h e  m ix t u r e ,  t h e  s c h l ie r e n  p e a k s



d u e  t o  a s - c a s e in  a n d  B r i j  3 5  w e r e  c o m p le t e ly  a b s e n t  a n d  a  s in g le  p e a k ,  o f  t h e  a r e a  

e x p e c t e d  f r o m  t h e  s u m  o f  t h e  2  c o m p o n e n t s ,  w a s  p r e s e n t ,  s h o w in g  t h a t  a  c o m p le x  

w a s  f o r m e d .  T h e  s e d i m e n t a t i o n  c o e f f ic ie n t  o f  t h i s  c o m p le x  s u g g e s t s  t h a t  t h e  a s - c a s e in  

p o l y m e r  w a s  a t  l e a s t  p a r t i a l l y  d i s s o c i a t e d  b y  t h e  d e t e r g e n t .  A l s o  s h o w n  in  T a b l e  5  

a r e  t h e  e f f e c t s  o f  0 -0 2  m  a n d  0-5  M -C a C l2 o n  t h e  s e d i m e n t a t i o n  c o n s t a n t  o f  t h e  c o m ­

p l e x  ; w it h  n e i t h e r  s t r e n g t h  o f  C a C l2 w a s  t h e r e  a n y  in c r e a s e .

3 0  M a r g a r e t  L .  G r e e n

T a b l e  4 . A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  o f  c a s e i n - C T A B  m i x t u r e s

Solution

CTA B (4-0 mg/ml) 
a 8-Casein (3-0 mg/ml)
a 8-Casein (3-0 mg/ml) +  CTAB (4-0 mg/ml) 
/?-Casein (1-5 mg/ml)
^-Casein (1-5 mg/ml) +  CTA B (4-0 mg/ml)

Sedim entation coeff. 
(obs.) 2̂0,w

1-32 S (floating) —
4-95S 4-67
1-27S 1-18

14-31S, 2-10S 13-5 1-98
0-93S 0-86

T a b l e  5 . A n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  o f  a s - c a s e i n - B r i j  3 5  i n  th e 

p r e s e n c e  a n d  a b s e n c e  o f  C a C l 2

(All solutions were prepared in 0-07 m-KCI, pH  6-8.)

Solution
Sedim entation coeff. 

(obs.) 2̂0, w

B rij 35 (6-6 mg/ml) 1-5 S 1-4
a„-Casein (3-3 mg/ml) 4-OS 3-6
a 8-Casein (3-3 mg/ml) 2-2 S 2-0

+  Brij 35 (6-6 mg/ml) 
a 8-Casein (1-4 mg/ml) 1-4 S

+  Brij 35 (6-6 mg/ml) 
+  0-02 M-CaCl2 

a 8-Casein (3-3 mg/ml) 0-5 S , 2-0 S
+  B rij 35 (6-6 mg/ml) 
+  0-5 M-CaCl2

D ISCUSSIO N

O f  t h e  l a r g e  n u m b e r  o f  n o n - p r o te in  m a t e r i a l s  t e s t e d  a s  r e p la c e m e n t s  f o r  /c -c a se in  

in  s t a b i l i z i n g  a g- a n d  ^ - c a s e i n s  a g a i n s t  p r e c i p i t a t i o n  b y  C a 2+ , o n ly  t h e  d e t e r g e n t s  

C T A B  a n d  T w e e n  2 0  w e r e  e f f e c t iv e  f o r  b o t h  c a s e in s ,  a n d  B r i j  3 5  w a s  e f f e c t iv e  f o r  

a s - c a s e in  o n ly .

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

a s - a n d  / ? - c a s e in s  c a n  o n ly  b e  d r a w n  f r o m  t h e  r e s u l t s  d e s c r ib e d  i f  t h e  s t a b i l i z i n g  

m a t e r i a l s  a c t  in  t h e  s a m e  w a y  a s  /c -c a se in . T w o  c h a r a c t e r i s t i c s  o f  /c -c a se in  a r e  r e l e v a n t  : 

i t  f o r m s  l a r g e  c o m p le x e s  g iv i n g  t u r b i d  ‘ s o lu t io n s  ’ w it h  e a c h  o f  a B- a n d  / ? - c a s e in  in  t h e  

p r e s e n c e  o f  C a C l2 ; a n d  i t s  s t a b i l i z a t i o n  c u r v e s  ( p lo t s  o f  l e v e l  o f  s t a b i l i z a t i o n  v e r s u s  

a m o u n t  o f  s t a b i l i z e r  a d d e d )  w it h  b o t h  ccs - a n d  / ? - c a s e in s  a r e  s i g m o id  in  s h a p e ,  i n d i ­

c a t i n g  t h a t  t h e  in t e r a c t i o n s  o c c u r r in g  a r e  c o - o p e r a t iv e  (H i l l ,  1 9 1 3 ) , i .e .  t h a t  t h e  p r o ­

t e c t i o n  o f  a  p r o p o r t io n  o f  t h e  a s - o r  / ? - c a s e in  m o le c u le s  f a c i l i t a t e s  p r o t e c t io n  o f  t h e  
r e s t .

T h e  e v id e n c e  a v a i l a b l e  s u g g e s t s  t h a t  t h e  d e t e r g e n t s  w h ic h  s t a b i l i z e  c a s e in s  p r o b ­

a b l y  d o  n o t  a c t  in  t h e  s a m e  w a y  a s  /c -c a se in . T h e  s t a b i l i z a t i o n  c u r v e s  w e r e  s i g m o i d



f o r  C T A B  w it h  b o t h  c a s e in s  b u t  n o t  f o r  T w e e n  2 0  w it h  e i th e r  c a s e in  o r  f o r  B r i j  3 5  

w it h  a s - c a s e in .  I n  a l l  i n s t a n c e s ,  c l e a r  s o lu t io n s  w e r e  f o r m e d  w it h  c a s e i n - d e t e r g e n t  

m i x t u r e s  a f t e r  t h e  a d d i t i o n  o f  C a C l2, i .e .  t h e r e  w a s  n o  i n d ic a t io n  o f  m ic e l le  f o r m a t io n .  

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

in d i c a t e d  t h a t  t h e  p o s i t iv e l y  c h a r g e d  d e t e r g e n t  C T A B  a n d  t h e  n e u t r a l  d e t e r g e n t  

B r i j  3 5  a c t e d  s i m i la r l y  in  c o m b in in g  w it h  a t  l e a s t  p a r t i a l l y  d i s s o c i a t e d  f o r m s  o f  t h e  

c a s e in  p o ly m e r s .  T h e  a d d i t i o n  o f  C a C l2 t o  t h e  a s - c a s e i n - B r i j  3 5  c o m p le x  d i d  n o t  

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

a c t i n g  s i m i la r l y  t o  x - c a s e in  ; in  t h e  p r e s e n c e  o f  /c -c a se in  a n d  C a C l2, cts- a n d  /^ -c a se in s  

c o m p le x  in  a  p o ly m e r ic  f o r m  t o  g iv e  m ic e l le s  o f  g r e a t l y  in c r e a s e d  s e d im e n t a t io n  c o ­

e f f ic ie n t .

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

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

H o w e v e r ,  t h e  r e s u l t s  c o n f ir m  t h o s e  o f  C h e e s e m a n  &  J e f f c o a t  (1 9 7 0 ) ,  in  i n d i c a t i n g  t h a t  

t h e  c a s e in s  r e a d i l y  f o r m  c o m p le x e s  b a s e d  m a in ly  o n  h y d r o p h o b ic  in t e r a c t io n s .  I n  

c o m p a r i s o n  w it h  t h e  n e u t r a l  d e t e r g e n t s ,  t h e  g r e a t e r  e f f e c t iv e n e s s  o f  C T A B  c a n  b e  

e x p l a in e d  b y  a d d i t i o n a l  io n ic  in t e r a c t i o n s  b e tw e e n  t h e  n e g a t i v e l y  c h a r g e d  c a s e in  a n d  

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

d e t e r g e n t s  w it h  in c r e a s e  in  io n ic  s t r e n g t h  p r o b a b l y  r e f l e c t s  s c r e e n in g  o f  t h e  c h a r g e d  

g r o u p s  in  t h e  c a s e in  b y  t h e  io n s  in  s o lu t io n ,  e n a b l in g  t h e  c a s e in  t o  p a r t i c i p a t e  m o r e  

r e a d i l y  in  h y d r o p h o b ic  in t e r a c t io n s .

O n  t h e  o t h e r  h a n d ,  t h e  r e s u l t s  i n d ic a t e  t h a t  h y d r o g e n  b o n d in g ,  a t  l e a s t  w ith  x s - o r  

/5 -c a se in  a s  t h e  a c c e p t o r ,  i s  p r o b a b l y  n o t  a  m a jo r  f a c t o r  in  m ic e l le  f o r m a t io n .  A l l  t h e  

w a t e r - s o lu b le  p o ly m e r s  t e s t e d ,  m o s t  o f  t h e m  s t r o n g  h y d r o g e n - b o n d  d o n o r s ,  w e r e  

in e f f e c t iv e  a s  s t a b i l i z e r s .

P a y e n s  ( 1 9 6 6 ) ,  o b s e r v in g  t h a t  c a s e i n - c a s e i n  in t e r a c t i o n s  a r e  f a v o u r e d  b y  in c r e a s e  

in  t e m p e r a t u r e ,  a n d  N o e lk e n  (1 9 6 6 ) ,  w h o  f o u n d  t h a t  B r i j  3 5  s t a b i l i z e s  a s - c a s e in  in  

s o lu t io n  in  t h e  p r e s e n c e  o f  C a C l2, c o n c lu d e d  t h a t  i n t e r a c t io n s  b e tw e e n  t h e  d i f f e r e n t  

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

(1 9 7 1 )  l e a d  t o  a  s im i la r  c o n c lu s io n ,  a l t h o u g h  t h e y  a l s o  p o i n t  t o  a  m in o r  r o le  f o r  io n ic  

i n t e r a c t io n s .  F u r t h e r ,  t h e y  e m p h a s i z e  t h e  g r e a t  s p e c i f i c i t y  o f  t h e  i n t e r a c t i o n s  f o r m in g  

t h e  b a s i s  o f  m ic e l le  f o r m a t io n .  H o w e v e r ,  t h e  s t a b i l i z a t i o n  o f  a s - c a s e in  b y  t h e  c a r ­

r a g e e n a n s  ( H a n s e n ,  1 9 6 8 )  d o e s  n o t  a p p e a r  t o  f i t  in t o  t h i s  p a t t e r n .  T h e s e  p o l y s a c ­

c h a r id e  m a t e r i a l s  f o r m  s t a b l e  m ic e l le s  w it h  a s - c a s e in ,  a n d  t h e  e s t e r  s u l p h a t e  a n d

3 ,6 - a n h y d r o g a l a c t o s e  u n i t s  a p p e a r  t o  b e  i n v o lv e d  in  t h e  i n t e r a c t io n  ( L in  &  H a n s e n ,

1 9 6 8 ) . T h i s  p o in t s  t o  t h e  p o s s ib le  in v o lv e m e n t  o f  h y d r o g e n - b o n d  a c c e p t o r  s i t e s  o n  

a s - c a s e in  a n d  p o s s i b l y  s o m e  i n t e r m o le c u la r  b o n d in g  t h r o u g h  C a .

I  a m  g r a t e f u l  t o  D r s  N .  J .  B e r r i d g e  a n d  G .  C . C h e e s e m a n  f o r  h e lp fu l  d i s c u s s io n s ,  

M r s  J .  J e f f c o a t  f o r  c a r r y in g  o u t  t h e  a n a l y t i c a l  u l t r a c e n t r i f u g a t i o n  a n d  M e s s r s  G . 

C r u tc h f ie ld  a n d  1 ). T .  M o o r e  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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In fluence  o f the  p h ys ica l fo rm  o f a b a rle y  g ra in  and b a rle y  s tra w  
d ie t on n itro g e n  m e ta b o lis m  in  sheep

B y  P .  J A C K S O N , *  J .  A .  F .  R O O K  a n d  K .  G . T O W E R S

D e p a r t m e n t  o f  A g r i c u l t u r a l  S c i e n c e s ,  T h e  U n iv e r s i t y  o f  L e e d s ,

L e e d s ,  L S 2  9 J T

( R e c e iv e d  5  A u g u s t  1 9 7 0 )

S u m m a r y . (1 )  T w o  w e t h e r  s h e e p  f i t t e d  w it h  r u m in a l  a n d  d u o d e n a l  r e - e n t r a n t  c a n n u la s  

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

s t r a w  d ie t  a n d  in t r a r u m in a l  a d d i t i o n  o f  a m m o n iu m  s a l t s  ( m a in ly  a c e t a t e )  o n  d i g e s t i ­

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

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

( 2 )  . G r in d in g  a n d  p e l l e t in g  o f  t h e  d ie t  d e p r e s s e d  t h e  d i g e s t ib i l i t y  o f  c r u d e  f ib r e  a n d  

i n c r e a s e d  t h a t  o f  t h e  n i t r o g e n - f r e e  e x t r a c t  a n d  a d d i t i o n  o f  a m m o n iu m  s a l t s  i n c r e a s e d  

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

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

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

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

m o la r  p r o p o r t io n  o f  p r o p io n ic  a c i d  w e r e  12-3  a n d  3 8 T  %  a n d  t h e  c o r r e s p o n d in g  

v a l u e s  f o r  w - b u ty r ic  a c i d  w e r e  2 8 T  a n d  9 - 0 % .

( 3 )  . V a r i a t i o n s  in  t h e  f lo w  o f  n i t r o g e n o u s  m a t e r i a l s  t o  t h e  d u o d e n u m  w e r e  r e l a t e d  

m o r e  t o  t h e  p a t t e r n  o f  f e r m e n t a t io n  e s t a b l i s h e d  in  t h e  r u m e n  t h a n  t o  t h e  e x p e r im e n t a l  

t r e a t m e n t s .  T h e r e  w a s  a  h ig h ly  s i g n i f i c a n t  r e l a t io n s h ip  b e tw e e n  t h e  m o la r  p r o p o r t io n  

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

o f  a - e - d ia m in o p im e l ic  a c i d  a n d  a - l in k e d  g lu c o s e  p o ly m e r s .  T h e  a m in o  a c id  c o m p o s i ­

t io n  o f  d u o d e n a l  d i g e s t a  d i f fe r e d  f r o m  t h a t  o f  t h e  d ie t — in  p a r t i c u l a r  t h e  p r o p o r t i o n  o f  

g l u t a m ic  a c i d  w a s  d e c r e a s e d  a n d  t h e  p r o p o r t i o n s  o f  a s p a r t i c  a c id ,  a la n in e ,  ly s in e  a n d  

h is t id in e  w e r e  in c r e a s e d — b u t  d i f fe r e n c e s  in  c o m p o s i t io n  b e tw e e n  t r e a t m e n t s  a n d  

b e tw e e n  a n i m a l s  w e r e  s m a l l .

( 4 )  . T h e  f a e c a l  o u t p u t  o f  n i t r o g e n  d i f fe r e d  l i t t l e  b e tw e e n  a n i m a l s  a n d  b e tw e e n  

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

in fu s io n  o f  a m m o n iu m  s a l t s .

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

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

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

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

t h e  r a t e  o f  p a s s a g e  o f  f o o d  p a r t i c l e s  ( fo r  r e f e r e n c e s ,  s e e  M o o re , 1 9 6 4 ;  S h a w ,  1 9 6 1 ) ,

*  Present address: Im perial Chemical Industries L td , Anim al N utrition Section, Je a lo tt ’s Hill 
Research Station, Bracknell, Berks.
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t h e  c o n c e n t r a t io n  o f  N H 3- N  in  r u m e n  l iq u o r  ( A lw a s h  &  T h o m a s ,  1 9 7 0 ) ,  a n d  t h e  s i t e  

o f  d ig e s t io n  in  t h e  g u t  o f  d i e t a r y  c o n s t i t u e n t s  ( fo r  r e fe r e n c e s ,  s e e  0 r s k o v ,  1 9 6 9 ) . 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  u n d e r t a k e n  t o  s t u d y  t h e  e f fe c t  o f  t h e  p h y s i c a l  f o r m  o f  

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

a n d  o f  a d d e d  n o n - p r o te in  N  in  s h e e p .

P . J a c k s o n , J .  A . F .  R o o k  a n d  K .  G . T o w e r s

EXPERIMENTAL

F o u r  w e t h e r  s h e e p  a b o u t  1 y e a r  o ld  a n d  f i t t e d  w it h  p e r m a n e n t  r u m in a l  a n d  

d u o d e n a l  r e - e n t r a n t  c a n n u la s  w e r e  u s e d .  T h e  d a i l y  d ie t  c o n s i s t e d  o f  7 0 0  g  o f  b a r l e y  

g r a i n  a n d  3 0 0  g  o f  b a r l e y  s t r a w ,  t o g e t h e r  w it h  a  c o m p le t e  m in e r a l  a n d  v i t a m i n  

s u p p le m e n t  a n d  1 g  o f  c h r o m ic  o x id e  (C r20 3) p o w d e r .  T h e  c h r o m ic  o x id e  w a s  p r e ­

m i x e d  w it h  t h e  m in e r a l  a n d  v i t a m i n  s u p p le m e n t .  I n  t h e  f i r s t  4 2 - d a y  p e r io d  2  s h e e p  

r e c e iv e d  t h e  d ie t  a s  r o l le d  b a r l e y  a n d  c h o p p e d  s t r a w  ( a b o u t  1 in .) ,  r e f e r r e d  t o  h e n c e ­

f o r w a r d  a s  t h e  ‘ c h o p p e d  d i e t ’ , a n d  2  r e c e iv e d  t h e  d ie t  in  a  f in e ly  g r o u n d ,  p e l l e t e d  

f o r m . I n  t h e  s e c o n d  4 2 - d a y  p e r io d  t h e  d i e t s  w e r e  g iv e n  in  t h e  r e v e r s e  o r d e r .  T h e  

c o m p o s i t io n  o f  t h e  d i e t s  i s  g iv e n  in  T a b l e  1.

T a b l e  1. T h e  d r y - m a t t e r  c o n te n t  a n d  p r o x i m a t e  c o m p o s i t i o n  o f  th e

f o o d s  a n d  d ie t s

Proxim ate composition ( % o f dry m atter)

Crude E ther Nitrogen-
Food or D ry Organic protein, ex tract­ Crude free

diet m atter, % m atter N x  6-25 ives fibre extract Ash

Barley  straw 88-3 94-3 2-9 1-3 43-2 46-0 5-7
Barley  grain 86-5 97-4 11-3 2-3 5-6 78-5 2-6
Chopped 87-0 96-6 8-6 1-9 16-2 69-9 3-4

straw  +  rolled
barley  d iet*

Ground and 88-9 96-4 8-6 2-0 15-6 70-3 3-5
pelleted diet

*  Calculated from  the values for the individual foods and corrected for the addition o f m inerals and 
vitam ins.

A n im a l s  w e r e  m a in t a i n e d  u n d e r  c o n s t a n t  l i g h t in g  c o n d i t io n s  a n d  t h e  d a i l y  d ie t  

w a s  o f f e r e d  in  2 4  e q u a l  a m o u n t s  a t  h o u r ly  i n t e r v a l s  b y  m e a n s  o f  a n  a u t o m a t i c  f e e d e r  

(M in so n  &  C o w p e r ,  1 9 6 6 ) . T h e r e  w a s  n o  a c c e s s  t o  d r in k in g  w a t e r  b u t  t h r o u g h o u t  t h e  

f i r s t  21  d a y s  o f  e a c h  4 2 - d a y  p e r io d  2  1 o f  w a t e r  w a s  g iv e n  d a i l y  a s  a  c o n t in u o u s  in t r a -  

r u m in a l  in fu s io n ,  a n d  in  t h e  s e c o n d  21 d a y s  2 1 o f  a  4 - 2 %  ( v /v )  s o lu t io n  o f  a  c o n ­

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

7 g  N / d a y .  T h e  c o m p o s i t io n  ( % )  o f  t h e  c o n c e n t r a t e d  s o lu t io n  o f  a m m o n iu m  s a l t s  w a s  

N ,  8 -6 ; f o r m ic  a c id ,  7 - 5 ;  a c e t ic  a c id ,  2 4 - 9 ; p r o p io n ic  a c id ,  3-5 .

C o l le c t io n  o f  s a m p l e s

O n e  m e m b e r  o f  e a c h  p a i r  o f  s h e e p  w a s  u s e d  f o r  e x p e r im e n t a l  p u r p o s e s ,  t h e  o t h e r  

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

m e n t a l  a n im a l  d u r in g  t h e  s a m p l in g  a n d  m e a s u r e m e n t  o f  flo w .



I n  e a c h  2 1 - d a y  s u b t r e a t m e n t  p e r io d  b a l a n c e  s t u d ie s  w e r e  m a d e  o v e r  d a y s  1 0 - 1 8 .  

Q u a n t i t a t iv e  c o l le c t io n s  w e r e  m a d e  o f  f a e c e s ,  u r in e  a n d  f o o d  r e f u s a l s  a n d  r e p r e ­

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

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

t o  t h e  d u o d e n u m  w e r e  t a k e n  o n  d a y s  1 9 - 2 1  o v e r  8 -h  p e r io d s  f r o m  1 0 .0 0  t o  1 8 .0 0  h . 

T h e  p r o c e d u r e  w a s  t h a t  d e s c r ib e d  b y  N ic h o l s o n  &  S u t t o n  (1 9 6 9 ) ,  e x c e p t  t h a t  1 0 % ,  

a n d  n o t  2 0 - 3 0 % ,  o f  t h e  c o n t e n t s  w a s  r e t a i n e d  a s  a  s a m p le  f o r  a n a l y s i s .  S a m p l e s  o f  

r u m e n  d i g e s t a  w e r e  t a k e n  a t  l f - h  i n t e r v a l s  f r o m  1 0 .0 0  t o  1 9 .0 0  h  o n  d a y  2 1 . W e ig h t e d  

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

d u r in g  t h e  3 s a m p l in g  p e r io d s  a n d  t h e s e ,  t o g e t h e r  w it h  s a m p l e s  o f  r u m e n  d i g e s t a ,  
w e r e  s t o r e d  a t  — 2 0  °C  f o r  a n a l y s i s .

A n a l y s i s  o f  m a t e r i a l s

S a m p l e s  o f  t h e  f o o d s ,  r e f u s a l s ,  a n d  f a e c e s  w e r e  a n a l y s e d  f o r  th e n - p r o x i m a t e  c o n ­

s t i t u e n t s  a n d  ( f a e c e s  o n ly )  f o r  c h r o m ic  o x id e  ( C h r i s t i a n  &  C o u p ,  1 9 5 4 ) ,  a n d  s a m p l e s  o f  

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

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

(C h r i s t i a n  &  C o u p ,  1 9 5 4 ) , a - l in k e d  g lu c o s e  p o ly m e r s  ( M a c R a e  &  A r m s t r o n g ,  1 9 6 8 ) , 

a lc o h o l- s o lu b le  a n d  in s o lu b le  N  (W e lle r ,  G r a y  &  P i lg r im ,  1 9 5 8 )  a n d ,  t o g e t h e r  w it h  

s a m p l e s  o f  r u m e n  d i g e s t a ,  f o r  t o t a l  (A n n is o n ,  1 9 5 4 )  a n d  in d i v i d u a l  s h o r t - c h a in  f a t t y  

a c i d s  ( S t o r r y  &  M il la r d ,  1 9 6 5 ) .  F r e e  a m m o n i a  (M c D e r m o t  &  A d a m s ,  1 9 5 4 )  a n d  p H  

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

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

b y  t h e  m e t h o d  d e s c r ib e d  b y  B i d m e a d  &  L e y  (1 9 5 8 ) ,  e x c e p t  t h a t  p e r fo r m ic  a c i d  w a s  

r e m o v e d  in  v a c u o  a t  lo w  t e m p e r a t u r e .  T h e  f r e e  a m in o  a c i d s  w e r e  d e t e r m in e d  w it h  a n  

a u t o m a t i c  a m in o  a c i d  a n a l y s e r  o f  t h e  t y p e  d e s c r ib e d  b y  S p a c k m a n ,  S t e in  &  M o o r e

(1 9 5 8 )  a n d  m a n u f a c t u r e d  b y  E v a n s  E l e c t r o s e le n iu m  L t d ,  H a l s t e a d ,  E s s e x ,  u s in g  

c o lu m n s  o f  A m b e r l i t e  I . R .  1 2 0  r e s in .

Effect of barley fo rm  on N  metabolism  3 5

RESULTS

T h e  c o m p o s i t i o n  o f  r u m e n  l iq u o r

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

s a l t s  o n  t h e  c o m p o s i t io n  o f  r u m e n  l iq u o r  i s  g iv e n  in  T a b l e  2 . A p a r t  f r o m  t h e  r e s u l t s  

f o r  s h e e p  9  d u r in g  t h e  p e r io d  w h e n  i t  r e c e iv e d  t h e  c h o p p e d  d ie t  w i t h o u t  a d d i t i o n  o f  

a m m o n iu m  s a l t s ,  p H  w a s  d e p r e s s e d  b y  g r in d in g  a n d  p e l l e t in g  o f  t h e  d ie t .  T h e r e  w a s  

n o  e f fe c t  o n  r u m e n  p H  o f  a d d i t i o n  o f  a m m o n iu m  s a l t s .  T h e  c o n c e n t r a t io n s  o f  N H 3- N  

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

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

a m m o n iu m  s a l t s .  H o w e v e r ,  c h a n g e s  in  t h e  m o la r  p r o p o r t i o n s  o f  s h o r t - c h a in  f a t t y  

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

17 w h e n  i t  r e c e iv e d  t h e  c h o p p e d  d ie t  w a s  c h a r a c t e r i z e d  b y  a  v e r y  h ig h  p r o p o r t i o n  o f  

p r o p io n ic  a c id ,  w h e r e a s  f o r  s h e e p  9  w it h  t h e  s a m e  d ie t  t h e r e  w a s  a  m u c h  lo w e r  p r o ­

p o r t io n  o f  p r o p io n ic  a c i d  a n d  c o r r e s p o n d in g ly  h ig h e r  p r o p o r t i o n s  o f  a c e t i c  a n d  

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

a  m a r k e d  d e c r e a s e  in  t h e  p r o p o r t io n  o f  p r o p io n ic  a c id ,  a n d  a  c o m p e n s a t in g  in c r e a s e  

m a in l y  in  « - b u t y r i c  a c id .  I n  s h e e p  9 t h i s  r e s u l t e d  in  t h e  e x c e p t io n a l l y  h ig h  p r o p o r t io n



03 CD

T
a

b
le

 2
. 

In
fl

u
e

n
ce

 o
f 

th
e 

p
h

y
si

c
a

l 
fo

rm
 o

f 
th

e 
d

ie
t 

a
n

d
 i

n
tr

a
ru

m
in

a
l 

in
fu

si
o

n
 o

f 
‘a

m
m

o
n

iu
m

 s
a

lt
s’

 o
n

 t
h

e 
p

H
, 

co
n

ce
n

tr
at

io
n

 o
f 

a
m

m
o

n
ia

 n
it

ro
g

e
n

 a
n

d
 t

h
e 

co
n

ce
n

tr
at

io
n

 a
n

d
 m

o
la

r 
p

ro
p

o
rt

io
n

s 
o

f 
sh

o
rt

-c
h

ai
n

 f
a

tt
y

 
a

c
id

s 
in

 
ru

m
e

n
 

li
q

u
o

r 
o

f 
sh

ee
p

 
re

ce
iv

in
g

 

d
ie

ts
 o

f 
b

ar
le

y
 g

ra
in

 a
n

d
 b

ar
le

y
 s

tr
aw

Sh
or

t-
ch

ai
n

 f
at

ty
 a

ci
ds

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_
A_

__
__

__
__

__
_

__
__

__
__

__
__

__
__

__
__

-—
 

--
--

-^
T

ot
al

 
M

ol
ar

 p
ro

po
rt

io
n

s,
 %

N
H

3-
N

,
co

n
ce

n
tr

at
io

n
,

,--
--

--
--

--
--

--
--

--
--

--
--

--
-

T
re

at
m

en
t

Sh
ee

p
p

H
m

g/
10

0 
m

l
m

m
ol

es
/1

A
ce

ti
c

P
ro

pi
on

ic
n

-B
ut

yr
ic

Is
ob

u
ty

ri
c

n
-V

al
er

ic
Is

ov
al

er
ic

C
h

op
pe

d 
di

et
9

5-
9 

+
 0

-1
14

-6
 +

 0
-9

84
-5

 +
 3

-8
57

-1
24

-7
15

-6
1-

1
0-

9
0-

6
17

6-
3 

+
 0

-1
10

-8
 +

 0
-7

96
-7

 +
 4

-5
49

-2
38

-1
9-

0
1-

3
1-

0
1-

4

C
h

op
pe

d 
di

et
9

6-
1 

+
 0

-1
57

-7
 +

 2
-1

11
0-

1 
+

 1
-8

62
-5

19
-0

15
-5

1-
0

0-
9

1-
2

+
 a

m
m

on
iu

m
 s

al
ts

17
6-

4 
±0

-1
42

-1
 ±

9-
8

12
0-

8+
 1

-9
63

-6
17

-3
17

-1
0-

7
0-

9
0-

4

G
ro

un
d,

 p
el

le
te

d
9

5-
9 

+
 0

-1
28

-1
 +

 0
-3

96
-0

 +
 2

-6
58

-1
12

-3
28

-1
0-

7
0-

7
0-

3
di

et
17

5-
8 

+
 0

-1
14

-4
±0

-9
10

5-
9 

±1
-9

55
-2

23
-5

18
-6

1-
1

1-
1

1-
1

G
ro

un
d,

 p
el

le
te

d
9

5-
9 

+
 0

-1
55

-8
 +

 2
-8

11
9-

5 
+

 2
-7

63
-4

15
-5

19
-1

0-
5

0-
9

0-
6

di
et

 +
 a

m
m

on
iu

m
 

sa
lt

s
17

5-
8 

+
 0

-1
71

-6
+ 

12
-5

15
4-

4 
+

 8
-9

57
-1

32
-4

8-
4

0-
7

0-
7

0-
8

P .  J a c k s o n , J .  A .  F .  R o o k  a n d  K .  G .  T o w e r s



T
a

b
le

 3
. 

T
h

e
 i

n
fl

u
e

n
ce

 o
f 

th
e 

p
h

y
si

c
a

l 
fo

rm
 o

f 
th

e 
d

ie
t 

a
n

d
 i

n
tr

a
ru

m
in

a
l 

in
fu

si
o

n
 o

f 
‘a

m
m

o
n

iu
m

 s
a

lt
s’

 o
n

 t
h

e 
in

ta
k

e
 a

n
d

 

a
b

o
m

a
sa

l 
a

n
d

 f
a

e
c

a
l 

o
u

tp
u

ts
 o

f 
o

rg
an

ic
 m

at
te

r,
 c

ru
d

e
 f

ib
re

 a
n

d
 n

it
ro

g
en

-f
re

e 
e

x
tr

ac
t 

o
f 

sh
e

e
p

 r
e

ce
iv

in
g

 d
ie

ts
 o

f 
b

ar
le

y
 g

ra
in

 

a
n

d
 b

ar
le

y
 s

tr
aw

O
rg

an
ic

 m
at

te
r 

C
ru

de
 f

ib
re

 
N

it
ro

ge
n

-f
re

e 
ex

tr
ac

t

O
ut

pu
t,

 g
/d

ay
 

O
ut

pu
t,

 g
/d

ay
 

O
ut

pu
t,

 g
/d

ay

T
re

at
m

en
t

Sh
ee

p
In

ta
ke

,
g/

da
y

A
bo

m
as

al
F

ae
ca

l
In

ta
ke

,
g/

da
y

A
(

A
bo

m
as

al
1

F
ae

ca
l

In
ta

ke
,

g/
da

y
A

bo
m

as
al

F
ae

ca
l

C
h

op
pe

d 
di

et
9

83
8

39
1

24
4

14
7

94
83

59
6

19
3

13
0

17
84

0
44

4
23

1
14

7
96

79
59

7
18

5
12

6

C
h

op
pe

d 
di

et
 +

 a
m

m
on

iu
m

9
84

0
37

2
22

7
14

7
78

76
59

7
19

6
12

2
sa

lt
s

17
80

3
43

1
23

5
13

0
97

68
57

9
19

3
12

3

G
ro

un
d,

 p
el

le
te

d 
di

et
9

85
7

43
3

23
3

13
9

12
0

83
62

5
22

2
12

6
17

85
8

46
3

24
9

13
9

87
86

62
6

21
8

12
7

G
ro

un
d,

 p
el

le
te

d 
di

et
9

85
7

45
4

23
5

13
9

16
8

82
62

5
18

6
12

7
+

 a
m

m
on

iu
m

 s
al

ts
17

85
7

36
8

23
0

13
9

78
80

62
5

19
1

11
6

T
a

b
le

 4
. 

T
h

e
 i

n
fl

u
e

n
ce

 o
f 

th
e 

p
h

y
si

c
a

l 
fo

rm
 o

f 
th

e 
d

ie
t 

a
n

d
 i

n
tr

a
ru

m
in

a
l 

in
fu

si
o

n
 

o
f 

‘'a
m

m
o

n
iu

m
 

sa
lt

s’
 

o
n

 
th

e 
in

ta
k

e
, 

a
b

o
m

a
sa

l,
 f

a
e

c
a

l 
a

n
d

 u
ri

n
a

ry
 o

u
tp

u
t,

 d
ig

e
st

ib
il

it
y

 i
n

 t
h

e 
st

o
m

ac
h

 a
n

d
 w

h
o

le
 g

u
t 

a
n

d
 r

et
en

ti
o

n
 o

f 
n

it
ro

g
e

n
 o

f 
sh

ee
p

 r
ec

ei
v

in
g

 

d
ie

ts
 o

f 
b

ar
le

y
 g

ra
in

In
ta

ke
, 

g/
da

y
/--

--
--

--
--

-__
__

__
__

__
__

_
A

__
__

__
__

_
O

ut
pu

t,
 g

/d
ay

D
ig

es
ti

bi
li

ty
,

0
/ /o

N
it

ro
ge

n
A

m
m

on
iu

m
(

__
__

__
__

__
_

A_
__

__
__

__
__

_
t--

--
--

--
--

--
--

--
A-

--
--

--
--

--
--

--
>

re
te

n
ti

on
,

T
re

at
m

en
t

Sh
ee

p
F

oo
d

sa
lt

s
T

ot
al

A
bo

m
as

al
F

ae
ca

l
U

ri
n

ar
y

St
om

ac
h

 
O

ve
ra

ll
g/

da
y

C
h

op
pe

d 
di

et
9

12
-5

0
12

-5
15

-6
4-

1
4-

2
-2

4
-8

67
-2

4-
2

17
12

-5
0

12
-5

24
-8

3-
6

3-
5

-9
8

-4
71

-2
5-

4

C
h

op
pe

d 
di

et
9

12
-5

7-
3

19
-8

15
-0

4-
1

9-
8

24
-2

67
-2

*
5-

9
+

 a
m

m
on

iu
m

 s
al

ts
17

12
-3

7-
2

19
-5

15
-9

3-
7

7-
3

18
-5

69
-9

*
8-

5

G
ro

un
d,

 p
el

le
te

d 
di

et
9

12
-2

0
12

-2
12

-8
3-

4
5-

7
-

 
4-

9
72

-1
3-

1
17

12
-2

0
12

-2
15

-0
5-

0
3-

6
-2

3
0

59
-0

3-
6

G
ro

un
d,

 p
el

le
te

d 
di

et
9

12
-2

7-
6

19
-8

14
-7

3-
8

7-
7

25
-8

68
-9

*
8-

3
+

 a
m

m
on

iu
m

 s
al

ts
17

12
-2

7-
5

19
-7

20
-4

4-
8

6-
7

-
 

3-
6

60
-7

*
8-

2

E
xp

re
ss

ed
 a

s 
a 

pe
rc

en
ta

ge
 o

f 
th

e 
fo

od
 n

it
ro

ge
n.

CO -aEffect of barley form  on N  metabolism



o f  « - b u t y r i c  a c i d  o f  2 8  % .  A d d i t io n  o f  a m m o n iu m  s a l t s  t o  t h e  c h o p p e d  d i e t  p r o d u c e d  

a  s i m i la r  c o m p o s i t io n  o f  a c i d s  in  b o t h  s h e e p ;  a c e t ic  a c i d  a c c o u n t e d ,  o n  a  m o la r  b a s i s ,  

f o r  6 3 - 6 4  %  o f  t h e  t o t a l  a c i d s  a n d  t h e  m o la r  p r o p o r t io n s  o f  p r o p io n ic  a n d  « - b u t y r i c  

a c i d s  w e r e  r o u g h ly  e q u a l .  H o w e v e r ,  t h e  a d d i t io n  o f  t h e  a m m o n iu m  s a l t s  t o  t h e  g r o u n d ,  

p e l l e t e d  d ie t  w a s  a s s o c i a t e d  w it h  s m a l l  in c r e a s e s  in  a c e t ic  a n d  p r o p io n ic  a c i d s  in  s h e e p  

9 , b u t  in  s h e e p  17 t h e r e  w a s  a  c o n s id e r a b le  in c r e a s e  in  p r o p io n ic  a c id .

T h e  f lo w  o f  m a t e r i a l s  to  th e  s m a l l  in t e s t in e

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

o f  c h r o m ic  o x id e  a d ju s t e d  t o  g iv e  1 0 0 %  r e c o v e r y  o f  c h r o m ic  o x id e  a p p e a r in g  in  t h e  

f a e c e s .  T h e  r e c o v e r y  in  t h e  f a e c e s  o f  t h e  c h r o m ic  o x id e  in c lu d e d  in  t h e  d ie t  a v e r a g e d  

7 0  %  f o r  t h e  c h o p p e d  d i e t  a n d  8 8  %  f o r  t h e  g r o u n d ,  p e l l e t e d  d ie t .  T h e  lo w  r e c o v e r y  

w it h  t h e  c h o p p e d  d ie t  w a s  d u e  t o  p a r t i a l  s e p a r a t i o n  o f  t h e  c h r o m ic  o x id e  f r o m  t h e  m a in  

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

b o x .  T h e  f lo w  o f  c h r o m ic  o x id e  t o  t h e  d u o d e n u m  r a n g e d  f r o m  4 7  t o  9 8 % ,  w it h  

a n  a v e r a g e  o f  7 7  % ,  o f  t h a t  a p p e a r in g  in  t h e  f a e c e s .

V a lu e s  f o r  t h e  f lo w  t o  t h e  d u o d e n u m  o f  d i e t a r y  c o n s t i t u e n t s  a r e  g iv e n  in  T a b l e s  3 

a n d  4 . T h e r e  w a s  n o  c le a r  d i s t in c t io n  b e tw e e n  t r e a t m e n t s  fo r  t h e  a b o m a s a l  o u t p u t  o f  

o r g a n ic  m a t t e r ,  a n d  t h e r e  w e r e  i r r e g u la r  d i f fe r e n c e s  b e tw e e n  s h e e p  a n d  t r e a t m e n t s  in  

t h e  a b o m a s a l  o u t p u t  o f  c r u d e  f ib r e .  I n  s h e e p  9  w h e n  i t  r e c e iv e d  t h e  g r o u n d ,  p e l l e t e d  

d ie t  w it h  t h e  a d d i t i o n  o f  a m m o n iu m  s a l t s ,  t h e  m e a s u r e d  a b o m a s a l  o u t p u t  o f  c r u d e  

f ib r e  e x c e e d e d  t h e  d i e t a r y  in t a k e .  H o w e v e r ,  t h e  v a l u e s  f o r  N - fr e e  e x t r a c t  s h o w e d  

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

f r a c t i o n  w a s  o n  a v e r a g e  2-7  p e r c e n t a g e  u n i t s  lo w e r  f o r  t h e  g r o u n d ,  p e l l e t e d  d ie t  a n d

2-2  p e r c e n t a g e  u n i t s  h ig h e r  f o r  t h e  g r o u n d ,  p e l l e t e d  d ie t  w it h  a m m o n iu m  s a l t s  t h a n  

t h e  m e a n  v a l u e  ( 6 7 - 6 % )  f o r  t h e  c h o p p e d  d ie t s .

T h o u g h  t h e  in c lu s io n  o f  a m m o n iu m  s a l t s  in c r e a s e d  t h e  i n p u t  o f  N  b y  6 0  % ,  t h e r e  

w a s  n o  c o n s i s t e n t  e f fe c t  e it  h e r  o f  p h y s i c a l  f o r m  o f  t h e  d ie t  o r  o f  a d d i t io n  o f  a m m o n iu m  

s a l t s  o n  t h e  a b o m a s a l  o u t p u t  o f  N .  S i x  o f  t h e  8 r e c o r d e d  v a l u e s  w e r e  w it h in  t h e  r a n g e

1 2 -8 - 1 5 - 9  g / d a y : t h e  m e a n  v a l u e  o f  15-0  g / d a y  i s  a n  in c r e a s e  o f  2 2  %  o v e r  t h e  i n t a k e  

o f  f o o d  N .  H o w e v e r ,  f o r  s h e e p  17  w h e n  i t  r e c e iv e d  t h e  c h o p p e d  d ie t  a n d  a l s o  t h e  

g r o u n d ,  p e l l e t e d  d ie t  w it h  a m m o n iu m  s a l t s ,  t h e  a b o m a s a l  o u t p u t  o f  N  w a s  e x c e p t io n ­

a l l y  h ig h ,  w it h  v a l u e s  o f  2 4 -8  a n d  2 0 -4  g / d a y  r e s p e c t iv e ly .  A lc o h o l  f r a c t i o n a t io n  o f  

t h e  n i t r o g e n o u s  c o m p o u n d s  o f  t h e  d u o d e n a l  d i g e s t a  g a v e  t h e  fo l lo w in g  v a l u e s  f o r  
s h e e p  9 a n d  17  r e s p e c t iv e l y  f o r  t h e  p e r c e n t a g e  o f  UST in  n o n - p r o te in  f o r m :  c h o p p e d  

d ie t ,  3 8 -5  a n d  3 6 - 9 ; c h o p p e d  d i e t  p l u s  a m m o n iu m  s a l t s ,  4 4 -3  a n d  3 9 - 4 ; g r o u n d ,  

p e l l e t e d  d ie t ,  4 2 -0  a n d  4 3 - 7 ; g r o u n d ,  p e l l e t e d  d ie t  p lu s  a m m o n iu m  s a l t s ,  4 7 -6  a n d  

4 7 * 1. V a l u e s  f o r  t h e  a b o m a s a l  o u t p u t  o f  a - e - d ia m in o p im e l ic  a c i d  N  a n d  a - l in k e d  

g lu c o s e  p o ly m e r s  a r e  g iv e n  in  T a b l e  5 . T h e r e  w a s  a  c lo s e  r e l a t io n s h ip  b e tw e e n  t h e  

a b o m a s a l  o u t p u t  o f  a - a m in o - N  a n d  b o t h  a - e - d ia m in o p im e l ic  a c i d  N  a n d  a - l in k e d  

g lu c o s e  p o ly m e r s ,  a n d  f o r  b o t h  c o n s t i t u e n t s  t h e  2  h ig h e s t  v a l u e s  w e r e  f o r  s h e e p  17 

o n  t h e  2  o c c a s io n s  w h e n  i t  s h o w e d  a n  u n u s u a l ly  h ig h  o u t p u t  o f  t o t a l  N .

3 8  P . J a c k s o n , J .  A . F .  R o o k  a n d  K .  G . T o w e r s
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Table 5. The influence of the physical form of the diet and intraruminal infusion of 
‘ ammonium sa lts ’ on the abomasal output (gjday) of ¡x-e-diaminopimelic acid N  and 
cn-linked glucose polymers in the sheep

Treatment Sheep
a-e-Diaminopimelic 

acid N
a-linked glucose 

polymers

Chopped diet 9 0-054 15-0
17 0-073 27-4

Chopped diet 9 0-045 16-5
+  ammonium salts 17 0-034 18-8

Ground, pelleted diet 9 0-027 7-5
17 0-050 16-9

Ground, pelleted diet 9 0-035 8-2
+  ammonium salts 17 0-056 22-1

The composition of duodenal digesta

Grinding and pelleting o f the diet was associated with a small but significant 
(P  <  0-05) depression in pH  of duodenal contents o f 0-2 percentage units (the mean 
value, with s .e ., for the chopped diet was 2-7 +  0-1) but addition of ammonium salts 
had no effect. Altering the physical form of the diet caused a reduction in the N H 3-N 
content o f the digesta and addition of ammonium salts a slight increase. Mean values 
(mg/100 ml), with s .e ., for the different treatm ents for sheep 9 and sheep 17 re­
spectively were: chopped diet, 21-7 +  1-5, 22-9 + 0-2; chopped diet +  ammonium salts, 
24-7 +  2-6, 24-7+ 1-0; ground, pelleted diet, 13-6 +  0-2, 10-7 + 0-3; ground, pelleted 
diet +  ammonium salts, 15-4+0-8, 17-0 +  0-9.

The amino acid composition of the diet, expressed as a percentage of the total 
measured a-amino nitrogen, was as follows: aspartic acid, 5-6; threonine, 5-0; serine, 
6-9; glutamic acid, 20-6; proline, 4-1; glycine, 9-3; alanine, 7-6; valine, 7-3; cystine,
2-5; methionine, 3-9; isoleucine, 4-6; leucine, 8-5; tyrosine, 1-1; phenylalanine, 0-9; 
lysine, 5-2; histidine, 2-6; arginine, 4-4. The amino acid composition of the duodenal 
digesta differed characteristically from that o f the diet. The mean changes, in per­
centage units, for acids which showed consistent effects were: glutamic acid, -  8-9; 
proline, — 2-0; methionine, —1-7; tyrosine, — TO; a-e-diaminopimelic acid, + 0 -6 ; 
isoleucine, + 0 -7 ; threonine, + 1 -2 ; histidine, + 1 -9 ; alanine, + 2 -6 ; lysine, + 4 -2 ; 
aspartic acid, +  5-8. The physical form of the diet had only small effects. The ground, 
pelleted diet was associated with slightly higher values for the proportions of aspartic 
acid and glutamic acid and lower values for lysine and histidine than those obtained 
for the chopped diet, but the addition of ammonium salts tended to eliminate the 
differences between diets in the values for aspartic and glutamic acids.

Digestibility of dietary constituents and utilization of nitrogen

The effect o f the physical form of the diet and intraruminal infusion of ammonium 
salts on the faecal output of organic m atter, crude fibre and nitrogen-free extract is 
given in Table 3 and on faecal and urinary output and digestibility of nitrogen and 
on nitrogen retention in Table 4. Neither the physical form of the diet nor the addi­
tion of ammonium salts affected the overall digestibility o f dietary organic m atter, 
which averaged 72-1 % , but the digestibility o f crude fibre was reduced from 44-9 
to 39-2 % by grinding and pelleting and increased by 2-5-3-2 percentage units by the
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addition of ammonium salts and to the greatest extent with the chopped diet. The 
digestibility o f nitrogen-free extract was slightly higher in the ground and pelleted 
diet (mean value 79-8%) than in the chopped diet (mean value 78-5%) but the 
addition of ammonium salts had no effect.

Treatm ents had no clear-cut effect on overall digestibility of N, but for sheep 17 
the digestibility of N  was decreased by grinding and pelleting. The addition of 
ammonium salts had no effect on faecal output o f N but significantly increased urinary 
N  output and was associated with an increased N  retention.

P. J a c k s o n , J. A. F. R o o k  a n d  K. G. T o w e r s

DISCUSSION

The present investigation was undertaken to assess the effects o f the pattern of 
microbial fermentation on the utilization of N  in the rumen.

The choice of a barley grain, barley straw (7 :3) diet was made on the assumption 
that by changing its physical form marked changes in the pattern of digestion could 
be achieved without alteration of the chemical composition of the diet. Grinding and 
pelleting of the diet produced the expected effects of a decrease in the digestibility of 
crude fibre and a slight increase in that of the nitrogen-free extract. However, the

Molar percentage o f propionic 
acid in the short-chain fa tty  

acids of rumen liquor

Molar percentage of butyric 
acid in the short-chain fa tty 

acids o f rumen liquor

Fig. 1. The relationship between the abomasal output of total N and (a) the molar proportion 
of propionic acid and (b) the molar proportion of butyric acid in the short-chain fatty acids of 
rumen liquor in sheep receiving barley grain, barley straw diets.

effects of the physical form of the diet on the mixture of acids in rumen liquor were 
not consistent and the addition of ammonium salts produced changes over and above 
those directly attributable to the small amounts of acids included in the mixture. 
The influence o f fermentation pattern on utilization of N  in the rumen could not 
therefore be assessed in the direct way initially intended, but striking differences in 
the utilization of total dietary N  were nevertheless apparent.

Grinding and pelleting of the diet in both sheep caused some reduction in the 
abom asal output o f total N  but these differences and those observed in response to



infusion of ammonium salts appeared to  be related more to the pattern of ferm enta­
tion established in the rumen than to  the treatm ents themselves. There was a close 
direct relationship with the molar proportion of propionic acid and an inverse rela­
tionship with the molar proportion of butyric acid (Fig. 1). The relationship with the 
molar proportion of acetic acid was not significant (P  >  0-05). Thus, though the 
basal diet was comparatively low in N, the transfer o f N  to the duodenum was not 
directly influenced by the supply of additional non-protein N.
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Molar percentage of propionic 
acid in the short-chain fatty 

acids o f rumen liquor

Fig. 2. The relationship between the abomasal 
(a) a-e-diaminopimelic acid N and (6) a-linke 
grain, barley straw diets.

(b)

Molar percentage o f propionic 
acid in the short-chain fa tty  

acids o f rumen liquor

output of total N  and the abomasal output of 
d glucose polymers in sheep receiving barley

The work of Eadie, Hyldgaard-Jensen, Mann, Reid & Whitelaw (1970) with hay, 
barley diets has demonstrated that a high proportion of butyric acid in the rumen 
liquor is associated with a  large ciliate population, whereas a high proportion of pro­
pionic acid is associated with a reduction in ciliate numbers and an increase in 
bacteroides-type rods and in certain curved Gram-negative rods. Consistent with 
those observations, the abom asal output of a-e-diaminopimelic acid (an amino acid 
peculiar to b ac te r ia -se e  Smith, 1969) was closely related to the molar proportion 
of propionic acid, as was the passage to the small intestine o f a-linked glucose 
polymers (Fig. 2), which m ay include both dietary starch and microbial polysac­
charides. In  vitro the extent of microbial growth and of protein synthesis/mole of 
A TP available from energy sources has been shown to vary with the microbial 
species, and Hobson & Summers (1967) have calculated that species such as Bacter- 
oides amylophilus and Selenomonas rwminantium which are important organisms for 
the production of propionic acid in the rumen m ay produce up to twice the amount 
of bacterial protein/unit of energy consumed as do other species.

The material entering the duodenum showed the expected changes in amino acid 
composition as compared with that o f the diet, namely a decrease in the proportion 
of glutamic acid and an increase in the proportions of aspartic acid, alanine, lysine 
and histidine, but neither experimental treatm ents nor fermentation pattern had



42
any marked effect. This relative constancy in the amino acid composition of the 
duodenal digesta is in line with the conclusions of Purser (1970) that the nature of 
the microbial species has little influence on the composition of microbial protein.

Though, from the limited information presented, it is not possible to judge the 
significance of these observations in term s of the nutrition of the host animal, an 
im portant consequence m ay be that the nature of the microbial species present in the 
rumen m ay influence not only the composition of the fermentation waste products, as 
is well known, but also the relative importance o f the rumen and the intestine as 
sites for the uptake of nutrients.

This work was supported by B .P . Chemicals L td , to whom we express our thanks.
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S u m m a r y . In a feeding experiment with 6 cows in mid-lactation a  portion of the 
starch in the concentrate part of the diet was isocalorically replaced by 8 % soybean 
oil, and the effects on the yield and composition of the milk were studied. The oil was 
incorporated into the diet either as coarsely ground soybeans or by direct addition of 
the oil itself. The concentrate m ixtures were given with a high-roughage diet that 
supplied 5-5 kg hay and 2-7 kg sugar-beet pulp/day.

When the soybean oil was included in the diet either in the form of soybeans or 
as the oil itself there was an increase in the yields o f milk, solids-not-fat (SN F) and 
lactose, and an increase also in the percentage of lactose in the milk. The percentage 
of protein, however, was decreased.

When the oil was included in the form of soybeans there was an increase in the 
yield o f fa t but a decrease in the percentage of SN F  in the milk.

When soybean oil was included in the diet, the yield o f protein was increased but 
the yield of fat and the percentage of fat in the milk were both decreased.

With both methods of incorporating the oil there was an increase in the relative 
proportion of propionic acid and a  decrease in that o f butyric acid in the total 
volatile fatty  acids of the rumen liquor. When the oil was added directly, but not when 
it was added as soybeans, there was a  decrease in the proportion of acetic acid in 
the total volatile fatty  acids. The implications of these findings are discussed.

It is known that the method by which unsaturated fa ts are incorporated into the 
diet of lactating cows can affect the yield and composition of the milk fat. For 
example, Moore, Hoffman & Berry (1945) showed that if 5-8 oz of cod-liver oil were 
given to lactating cows each day as a single dose the milk fat content was reduced. 
However, when the daily dose o f cod-liver oil was divided into 12 small portions and 
these were given at different times throughout the day the milk-fat content was 
unaltered. Moore et al. (1945) also observed that when cod-liver oil was given as a 
single daily dose, the iodine value of the milk fat was greater than when the cod-liver 
oil was given in 12 smaller doses. In an earlier experiment Williams, Cannon & Espe
(1939) showed that the method of incorporating soybean oil into the ration of 
lactating cows could affect the milk fat percentage as well as the fatty-acid composition 
of the milk fat. When the soybean oil was given as cracked soybeans to the cows 
the yield and content of fat in the milk were greater than when an equivalent amount 
of soybean oil was first extracted from the beans and then poured over the ration.
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W illiams et al. (1939) also reported that when the soybean oil was added directly to 
the diet of the cows, the Reichert Meissl and Polenske values and the linoleic acid 
content o f the milk fat were lower but the oleic acid content of the milk fat was higher 
than when the cows were given cracked soybeans.

The experiments o f Moore et al. (1945) and Williams el al. (1939) were conducted 
before it was known that unsaturated oils could alter the pattern of rumen fermentation 
and hence milk-fat synthesis, so an experiment was planned to investigate further 
the effects o f the 2 methods of incorporating soybean oil into the diet o f cows on 
the yield and composition of their milk, and to determine whether any differences 
that might arise could be related to changes in the pattern of rumen fermentation. 
The results o f this experiment are now reported.

W .  St e e l e , R. C. N o b l e  a n d  J. H, M o o r e

EXPERIMENTAL 

Experimental animals

Six Ayrshire cows, which had calved on average 47 days before the beginning of the 
experiment, were used. During the experiment they were housed in a byre and yoked 
in stalls equipped for individual feeding. The cows were exercised in a  concrete yard 
for 2 h each day. They were milked at intervals of 15 and 9 h. Their rations were 
divided into 3 portions each day and water was given ad lib.

Experimental diets

The cows were given 5-5 kg o f a mature hay and 2-7 kg o f sugar-beet pulp/day. 
The compositions (percentages o f the dry matter) of the hay and sugar-beet pulp 
respectively were as follows: crude protein, 6-3, 12-0; crude fibre, 34-5, 16-2; ether 
extract, 1-6, 1-3; ash, 6-7, 5-9; nitrogen-free extractives, 50-9, 64-6. Three different 
concentrate mixtures were given to the cows and the mean daily intakes o f each of 
the basal constituents are given in Table 1. The intakes of barley, molasses and 
minerals were the same for each concentrate mixture. The low-fat concentrate 
mixture contained 25 % starch and in the 2 high-fat concentrate mixtures part of 
this starch was isocalorically replaced by soybean oil so that the oil constituted 8 % 
by weight o f the 2 high-fat concentrate mixtures. Coarsely ground soybeans were 
incorporated into one concentrate mixture and since the soybeans contained 16 % 
oil they therefore constituted 50 % by weight o f this concentrate mixture. An equi­
valent amount of soybean oil was incorporated directly into the other concentrate 
mixture. Although this soybean oil was not extracted from the same batch of 
soybeans as that used in the other high-fat ration, it had a similar fatty-acid com­
position. The total fatty-acid contents (g/100 g dry matter) of the hay and sugar- 
beet pulp and of the low-fat and high-fat concentrate mixtures were 0-50, 0-49, 0-85 
and 8-93% respectively.

The intakes o f hay and sugar-beet pulp were kept constant throughout the experi 
ment. The amount of concentrates given to each cow at the beginning of the experi­
ment was calculated according to the average yield o f milk produced in the 2 weeks 
before the experiment began. Thereafter, the amounts of concentrates were adjusted 
at the beginning of each period. This adjustm ent was made for each cow according 
to the average change in the yields of all the cows.



D ietary fa t and m ilk composition 45

Table 1. Mean daily intakes (kg) of each of the constituents 
of the concentrate mixtures

Low-fat Concentrate mixture containing
concentrate t — A-----------------------------%

mixture Soybeans Soybean oil

Barley 2-76 2-76 2-76
Starch 2-23 0-47 0-47
Molasses 0-36 0-36 0'36
Minerals 0-36 0-36 0-36
Extracted soybean meal 3-32 — 3-32
Soybeans — 3-95 —

Soybean oil — — 0-63

Experimental design

The experimental design was two 3 x 3  Latin  squares which were balanced for 
carry-over effects. The duration of each experimental period was 42 days and the 
change-overs between treatm ents were made abruptly.

Sampling and method of analysis

A 4-day composite sample o f milk was taken on days 37-40 of each period. F a t, 
SN F, protein and lactose contents were determined by the methods described 
previously (Steele, 1969). On day 40 o f each period samples of rumen liquor were 
taken from each cow by stomach tube 4 h after the morning feed (Steele & Moore,
1968). The proportions of the individual volatile fa tty  acids in the samples of rumen 
liquor were then determined according to  the method of Cottyn & Boucque (1968).

Statistical treatment of results

The results were analysed statistically by methods outlined by Cochran & Cox
(1957).

RESULTS

All the rations were consumed within 1 h of feeding.
Although the cows gained slightly in weight dining the experiment, the different 

experimental treatm ents had no significant effects on the weights o f the cow s: the 
mean weights (kg) when they were given the low-fat concentrate mixture, the con­
centrate mixture containing soybeans and that containing soybean oil were 
respectively 465, 464 and 473; s .e . +  ST .

The mean daily yields o f milk and the contents and yields of milk constituents 
produced in days 37-40 of each experimental period are given in Table 2. When 
soybean oil was included in the diet, either directly or as soybeans, the yields of 
milk, SN F  and lactose and the content of lactose in the milk were increased but the 
protein content o f the milk was decreased. The direct addition of soybean oil to the 
diet also increased the yield o f protein in the milk whereas the inclusion of soybeans 
in the diet reduced the SN F  content o f the milk. When the cows were given the diet 
containing soybeans there was an increase in the yield o f milk fat, in contrast to the 
reductions in the yield and content of milk fa t observed when they were given 
soybean oil as a direct addition to the diet.

The concentrations o f total steam-volatile fa tty  acids in the rumen liquor o f the
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cows and the relative proportions o f the individual acids in that total on day 40 o f 
o f each experimental period are given in Table 3. The inclusion of the soybean oil 
in the diet either as soybeans or as a direct addition resulted in an increase in the

W .  S t e e l e , R. C. N o b l e  a n d  J. H. M o o r e

Table 2. Mean daily yields and composition of the milk produced 
by the cows in days 37-40 of each period

Dietary treatments

Diet with 
low-fat 

concentrate 
mixture

Milk yield, kg 18-60
Milk-fat yield, g 704
SN F yield, kg 1-61
Lactose yield, g 878
Protein yield, g 615
Milk-fat content, % 3-78
SN F content, % 8-65
Lactose content, % 4-72
Protein content, % 3-31

* , * * , * * * ,  Significantly different (P <  0-05, P  <  
with the unsupplemented ration.

Diet with concentrate 
mixture containing:

Soybeans Soybean oil
S.E.M.

( ± )
21-0** 23‘ 0 * * * 0-74

785* 549 *** 30-5
1-76* 1-96** 0-062

1027*** 1119*** 35-3
620 679* 22-5

3-74 2-39*** 0-124
8-38** 8-52 0-103
4 .8 9 * * * 4-87* 0-038
2-96** 2-96** 0-090

i-Ol, P  <  0-001 respectively) from the values obtained

Table 3. The composition (molar percentages) and the total concentrations (m-equivf 
100 ml) of the total fatty acids in the rumen liquor of cows during day 40 of each treat­
ment period

Dietary treatments

Diet with
low-fat Diet with concentrate containing:

concentrate e — > S.E.M.
mixture Soybeans Soybean oil ( ± )

Acetic 71-0 69-6 67-9** 0-70
Propionic 14-1 15-9* 17-8** 0-64
Iso-butyric 0-69 0-66 0-78 0-077
n-Butyrie 13-0 12-3* 12-0** 0-23
Iso-valeric 0-57 0-56 0-64 0-072
n-Valeric 0-88 0-92 0-92 0-095

Total 8-67 8-62 8-09 0-847

* , * * ,  Significantly different (P  <  0-05, P <  0-01 respectively) from the values obtained with the 
unsupplemented ration.

relative proportion of propionic acid and a  decrease in that of n-butyric acid. The 
direct addition of the oil to the diet also decreased the relative proportion of acetic 
acid in the mixture o f steam-volatile fa tty  acids in the rumen liquor. None of the 
experimental treatm ents produced any significant change in the concentrations of 
to tal volatile fa tty  acids in the rumen liquor.

DISCUSSION

The results in Table 2 support those of Williams et al. (1939), who found that when 
cracked soybeans were incorporated in the diet of cows the fa t content o f the milk 
and the yield of milk fa t were greater but the yield o f milk was less than when the



cows were given a  diet containing an equivalent amount of soybean oil. However, 
there were only 2 dietary treatm ents in the experiments o f Williams et at. (1939) and 
no attem pt was made to compare the effects o f the diets containing cracked soybeans 
or soybean oil with the effects of a low-fat control diet. Our results show that the 
yield and percentage of fa t in the milk o f the cows given the diet containing soybean 
oil were markedly less than in the milk of the cows when they were given the low-fat 
diet. Compared with the results obtained with the low-fat diet, the addition of soy­
beans to the diet resulted in a small increase in the yield o f milk fa t but no change in the 
fat content o f the milk. These different effects o f dietary soybeans and soybean oil 
are a t present difficult to explain. Storry, Hall, Tuckley & Millard (1969) have shown 
that when an emulsion of soybean oil was infused intravenously into cows, the 
percentage and yield of fa t in the milk were increased. Moreover, the infusion of the 
soybean oil emulsion resulted in increased yields o f linoleic and linolenic acids in 
the milk fat. Thus, it would appear that the m am m ary gland readily utilizes soybean 
oil fa tty  acids for milk-fat synthesis. I t  seems reasonable to suppose, therefore, that 
the effect of dietary soybean oil on milk fa t secretion is an indirect one that might 
possibly involve some change in the pattern of rumen fermentation. I t  is well known 
that supplementation of the diet o f cows with cod-liver oil reduces the milk-fat yield 
(e.g. Moore et at. 1945; Hilditch & Williams, 1964). Such changes have been shown to 
be associated with a pronounced decrease in the proportion of acetic acid and an 
increase in the proportion of propionic acid in the volatile fatty-acid fraction of the 
rumen contents (Shaw & Ensor, 1959; Nottle & Rook, 1963). When compared with 
the results obtained on the low-fat diet, the inclusion of soybean oil in the diet of the 
cows significantly decreased the proportion of acetic acid and significantly increased 
the proportion of propionic acid in the rumen volatile fa tty  acids (Table 3), but these 
changes in composition of the rumen volatile fa tty  acids were relatively sm all and 
could hardly be expected to account in themselves for a decrease in the yield o f milk 
fa t from 704 to 549 g/day. Although there were no significant differences in the con­
centration and composition of the volatile fatty  acids when the cows were given the 
diets containing soybeans or soybean oil, the yield o f milk fat on the dietary soy­
bean treatm ent was somewhat greater than that when the cows were given the low- 
fa t concentrate mixture, and much greater than that when they were given the diet 
containing soybean oil. The relatively small effect o f dietary soybean oil on the 
relative proportions o f the rumen volatile acids (Table 3) is in marked contrast to the 
very pronounced effect o f dietary cod-liver oil. Shaw & Ensor (1959) reported that 
the addition of cod-liver oil to the diet o f cows reduced the molar percentage of 
acetic acid in the total rumen volatile fa tty  acids from 71-1 to 56T and increased that 
o f propionic acid from 14T to 28-2. Since the oil in the soybeans is located intra- 
cellularly, the rumen micro-organisms m ust digest the cell wall and other structural 
components o f the bean tissues before the oil is liberated. This would result in a 
relatively slow release of the oil into the rumen fluid during the day. On the other 
hand, when the cows were given the diet containing the added soybean oil there 
would be a  rapid release o f the oil when the concentrate mixture entered the rumen 
and the initial concentration of oil in the rumen fluid would thus be relatively high. 
The precise mechanism by which these different situations in the rumen affect the 
yield o f milk fat is a  topic that requires further investigation.

D ietary fa t  and m ilk  composition 47
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The increases observed in the yield and content of lactose in the milk o f the cows 

when they were given the diets containing soybeans or soybean oil (Table 2) were 
similar to the results of Steele (1969), who found that the addition of stearic acid 
or palmitic acid to the diet increased the yield of lactose in the milk. Blood glucose 
is recognized as being the precursor of milk lactose (Reiss & Barry, 1953) but it seems 
unlikely that the increase in the output of milk lactose could have resulted from an 
increase in the supply o f blood glucose. The concentration of blood glucose was not 
determined in the present experiment, but it was found in the previous work (Steele,
1969) that the concentration of glucose in the plasm a of cows given the low-fat 
control diet was about 53 m g/100 ml and that this concentration was unaltered when 
the diet was supplemented with stearic or palmitic acids. Moreover, Storry & Rook
(1961) have shown that the synthesis o f lactose in the m ammary gland is not affected 
by variations in the plasm a glucose concentrations within the range 20-80 mg/ 
100 ml. According to Linzell (1968) the lactating m ammary gland derives 30-50%  
of its energy from the oxidation of glucose and 20-30 % from the oxidation of acetate. 
When the diet of cows is supplemented with various fats, oils or fatty  acids, there is 
a reduction in the utilization o f acetate for fa tty  acid synthesis in the m ammary gland 
(Moore & Steele, 1968). Under these conditions, it is possible that a greater propor­
tion of the blood acetate taken up by the m ammary gland is oxidized to provide 
energy for the synthesis o f milk constituents. This would mean that a greater pro­
portion of the glucose taken up from the blood by the m ammary gland could be 
utilized for the synthesis of lactose. Such an increase in the synthesis o f lactose in 
the m ammary gland might be the factor responsible for the increase in the yield of 
milk observed in the present work when cows were given the diets containing soy­
beans or soybean oil (Rook, Storry & Wheelock, 1965).

The authors thank Mr JohnW atson and Mr Norman Strachan for skilled technical 
assistance.
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S u m m a r y . The effects o f the isocaloric replacement of starch in a low-fat concentrate 
mixture by 8 % soybean oil on the yield and composition of milk fat were investi­
gated in a feeding experiment with 6 cows in mid lactation. Two high-fat concentrate 
mixtures were given to the cows. In  one the requisite amount of soybean oil was 
given by including 50 % coarsely ground soybeans in the concentrate mixture. In 
the other an equal amount of soybean oil was added directly to the concentrate 
mixture. The concentrate mixtures were given with a high-roughage diet that sup­
plied 5-5 kg hay and 2-7 kg of sugar-beet pulp/day.

When the 2 high-fat rations were given to the cows there were reductions in the 
percentages and yields o f 10:0, 12:0, 14:0, 14:1, 16:0 and 16:1 fa tty  acids and 
increases in the concentrations and yields of 18:0, 18:1 and 18:2 fa tty  acids in the 
milk fat. The direct addition of the soybean oil to the diet also reduced the per­
centage and yield o f 6 :0  and 8 :0  whilst the inclusion of the soybeans increased the 
percentage o f 4:0 and the yields of 4: 0 and 6 :0  in the milk fat.

When both high-fat rations were given to the cows there were increases in the yields 
and concentrations o f c is-9-18 :1 in the milk fat, whilst inclusion of the soybean oil 
in the diet increased also the concentration and yield o f ¿raws-11-18:1.

The implications of these findings are discussed.

Williams, Cannon & E spe (1939) showed that the method of incorporating soy­
bean oil into the diet of cows could affect the fatty-acid composition of the milk fat. 
They found that when the diet contained cracked soybeans the milk fa t produced 
contained a  higher content of linoleic acid and a lower content of oleic acid than 
when the diet contained an equivalent amount of soybean oil. However, the experi­
ments of Williams et al. (1939) were somewhat limited in that the diets supplemented 
with soybeans or soybean oil were not compared with an unsupplemented control 
diet, and the concentrations of 18:1 and 18:2 in the milk fa t were obtained in­
directly from iodine and thiocyanogen values. In view of the importance o f essential 
fatty  acids (e.g. linoleic acid) in nutrition, it might be considered advantageous to 
increase the linoleic acid content o f cow’s milk. The work of W illiams et al. (1939) 
certainly seemed to suggest that this might be possible, but the extent to which the 
linoleic acid content of milk fat might be increased will be limited by the extensive 
biohydrogenation of dietary unsaturated fa tty  acids that occurs in the rumen. There-

4-2
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fore, the effects on the fatty-acid composition of the milk fat of supplementing the 
diet o f the cow with soybeans or soybean oil were reinvestigated and the findings 
are now reported.

W .  S t e e l e , R. C. N o b l e  a n d  J. H. M o o r e

EXPERIMENTAL

Experimental animals

Six Ayrshire cows that had calved on average 47 days before the experiment began 
were used. The housing and management of the animals has already been described 
(Steele, Noble & Moore, 1971).

Experimental diets

Throughout the experiment the cows were given 5-5 kg o f a mature hay and
2-7 kg of sugar-beet pulp/day. Three different concentrate mixtures were given. The 
low-fat control concentrate mixture was formulated so that when the cows were

Table 1. M ean daily intakes (g) of each fatty acid on the 
various dietary treatments

D ietary  treatm ents

D iet with concentrate m ixture containing:
D iet with. low-iat ( A 'S

F a tty  acids concentrate m ixture Soybeans Soybean oil

16:0 24-9 75-4 71-1
17:0 6-4 3-7 4-3
18:0 7-6 28-3 28-8
18:1 26-1 136-8 157-4
18:2 28-1 329-1 323-1
18:3 plus other 6-1 56-8 61-4

C 18 unsaturated
acids

Total 99-2 630 644

given the diet containing this concentrate mixture their daily intake of fa tty  acids 
was about 100 g. This low-fat concentrate mixture supplied 3-32 kg extracted soy­
bean meal/day. The 2 high-fat diets were derived from the low-fat concentrate 
mixture by the isocaloric replacement of starch by 8 % soybean oil. In one of the 
high-fat concentrate m ixtures (soybeans) the calculated amount of coarsely ground 
soybeans replaced the appropriate amount of starch and extracted soybean meal. 
In the other high-fat concentrate mixture (soybean oil) soybean oil replaced the 
appropriate amount o f starch.

The total intakes o f each fa tty  acid are given in Table 1 and further details of the 
experimental diets have already been given by Steele et al. (1971).

Experimental design

The experimental design was two 3 x 3  Latin  squares which were balanced for 
carry-over effects. The duration of each experimental period was 42 days and change- 
overs between treatments were made abruptly.
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Sampling and methods of analysis

One 4-day composite sample of milk was obtained from each cow on days 37-40 of 
each period. The concentrations of total fa t were determined as described previously 
(Steele & Moore, 1968). A sample o f fat that had been extracted from the milk with 
chloroform: methanol (2 :1 , v/v) was hydrolysed by the method of Hutton & Seeley
(1966). The proportions of the various fa tty  acids were then determined by gas- 
liquid chromatography with an instrument fitted with dual-flame ionization de­
tectors and a temperature programmer (Pye-Unicam Ltd, Cambridge, England). The 
separations were carried out in glass columns (0-64 x 214 cm) packed with a stationary

18 :1A9

Fig . 1. Chrom atogram  showing the separation o f 18 :0 , A c ^ -9 -1 8 :l  and A c i s - l l - 1 8 :l  on a  
D EG S-SC O T column (0-05 x 1525 cm ): carrier gas, N 2; flow rate, l-2 5 cm 3/m in; tem perature, 
160 °C ; detector, single-flame ionization (Perkin-Elm er L td , Beaconsfield, England).

phase of Carbowax 20 M terephthalic acid on a support of Chromosorb G (Perkin- 
Elm er Ltd , Beaconsfield, England). The 18:1 fa tty  acids of the milk fa t were separ­
ated into total cis- and total trans- isomers by thin-layer chromatography on silica gel 
impregnated with silver nitrate (Morris, 1966). The proportions of the positional 
isomers in each of these fractions were determined on a gas-liquid chromatograph 
fitted with a  single flame ionization detector and a  support-coated open capillary 
column (0-05 x 1525 cm) containing a stationary phase of diethylene-glycol succinate 
(Perkin-Elmer Ltd , Beaconsfield England). The retention volumes o f these isomers 
were identified by the use of authentic acids obtained from the Hormel Institute
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(Austin, Minnesota, U .S.A .). F ig. 1 shows the gas-chromatographic separation of the 
A cis-9- and A cis-1 l -octadecenoic acids. The positional distribution of the double 
bonds was further checked by oxidation of the methyl ester fractions (Chang & 
Sweeley, 1962) and analysis o f the resultant mono- and dicarboxylic acids by gas 
chromatography as described by Moore & Williams (1966).

Statistical treatment of results

The results were analysed statistically by the methods outlined by Cochran & Cox 
(1957).

R E SU L T S

The mean weight percentages and yields o f the major fa tty  acids produced during 
days 37-40 of each period are given in Tables 2 and 3 respectively. When the soy­
beans were included in the diet there were decreases in the percentage o f 12:0 and in 
the yields and percentages of the 10:0, 14:0, 14 :1, 16:0 and 16:1 of the milk fat and

Table 2. Mean weight percentages of the major fatty acids in the milk fat 
produced during days 37-40 of each period

D ietary  treatm ents

W .  S t e e l e , R. C. N o b l e  a n d  J. H. M o o r e

Diet with concentrate m ixture containing :
D iet with low-fat ,---------------------A--- 'i

F a tty  acids concentrate m ixture Soybeans Soybean oil S.E.M. ( +  )

4 :0 3-00 3-69** 3-24 0-191
6 :0 2-27 2-49 1-70* 0-200
8 :0 2-13 1-53 1-13* 0-304

10 :0 7-41 3-48* 2-70* 1-442
12 :0 6-02 4-52* 3-00* 0-622
14 :0 15-1 12-1»* Q. 7 4 * * * 0-667
14:1 3-11 1.Q2** 2-08* 0-315
16 :0 38-7 27-2** 24-0** 2-93
16:1 4-21 2-84* 3-09* 0-441
18:0 2-92 10-6 *** 0 .7 9 ** * 0-636
18:1 11-9 25-8** 3 7 -8 *** 2-64
18 :2 1-04 2 -8 2 *** I .9 4 * * 0-226
18 :3  plus other 0-02 0-16 0-93* 0-254

C 18 un satu­
rated acids

* ,  * * ,  * * *  Significantly different (P  <  0-05, P  <  0*01, P  <  0*001 respectively) from  the values obtained 
with the control ration.

increases in the yield o f 6 :0  and in the yields and percentages of 4 :0 , 18:0, 18:1 and 
18:2. When the soybean oil was given as a direct addition to the diet o f the cows 
there were reductions in the yields and concentrations of the 6 :0 , 8 :0 , 10:0, 12:0, 
14:0, 14:1, 16:0 and 16:1 and increases in the yields and concentrations of 18:0, 
18:1 and 18:3 and in the concentration of 18:2 in the milk fat.

The mean weight percentages and yields of the isomers of 18:1 in the milk fat 
produced during days 37-40 of each period are given in Table 4. Only the direct 
addition of the soybean oil to the diet increased the yield and concentration of the 
trans-11-18:1 in the milk fat. When either of the 2 high-fat diets was given to the 
cows, there were increases in the percentages and yields of the cis-9- and the trans- 
isomers (other than trans-11) of 18:1 in the milk fat.
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Table 3. Mean yields (gjday) of total and individual fatty acids in the 
milk fa t produced during days 37-40 of each period

D ietary treatm ents
r

D iet with concentrate m ixture
D iet with low- containing
fat concentrate r ------------ -,

F a tty  acids m ixture Soybeans Soybean oil S.E.M. ( + )
4 :0 20-3 27-6** 17-4 1-66
6 :0 15-2 18-6** Q.2*** 0-835
8 :0 14-0 11-4 5-8** 1-908

10:0 47-7 26-4* 13-2** 8-62
12 :0 39-8 34-2 15-0 *** 3-91
14:0 1011 90-0* 49.8* * * 3-61
14:1 20-7 12-0** 10-2** 2-02
16 :0 260-9 203-1» 121-1*** 19-78
16:1 28-5 21-1* 15-3** 2-99
18:0 19-7 7 8 -3 *** 37-9* 5-54
18:1 78-3 192-4 *** 202-5** 28-37
18:2 7-48 19-8 *** 10-4 1-45
18 :3  plus other 0-20 1-14 4-96** 1-200

C 18 unsatu-
rated  acids

Total 669 746* 5 2 1 * * * 29-0

*, **, *** Significantly different (P  < 0-05, P  < 0-01, P  < 0-001 respectively) from the values obtained
with the control ration.

Table 4. Mean weight and mean yields of the isomers of octadecenoic (18:1) acid in the
milk fa t during days 37-40 of each period

D ietary treatm ents

D iet with low- D iet with concentrate m ixture containing
fa t  concentrate A S.E.M.

F a tty  acids m ixture Soybeans Soybean oil ( ± )
Mean w-eight, %

18:1 c is-9 10-4 24-0*** 3 1 -9 *** 2-37
18:1 tran s-11 1-31 1-30 5 -2 6 *** 0-585

Other 18:1 0-10 0-50** 0-60** 0-101
irans-isomers

Mean yields, g/day

18:1 c is-9 69-8 178-7** 171-1** 24-78
18:1 tran s-11 7-83 10-1 28-3** 4-803

Other 18:1 0-68 3-58** 3-12** 0-592
<rans-isomers

* * ,  * * *  Significantly different (P  <  0-01, P <  0-001 respectively) from  the values obtained with the
control rations.

D ISCUSSIO N

There seems little doubt that when the 2 high-fat diets were given to the cows the 
resulting increases in the yields and concentrations of 18:0 and 18:1 in the milk fat 
were the direct result of an increased intake of each of these acids. I t  is also clear 
that the 18:0 and 18:1 in milk fat were not entirely of dietary origin. From  Tables 1
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and 3 it can be calculated that when the cows were given the control ration the daily 
intake o f total C IS  fa tty  acids was 67-9 g, whereas the daily output of 18:0 together 
with that of 18:1 in the milk fat amounted to 98-0 g. Since the different dietary 
treatm ents had no significant effect on the weights of the cows during this experiment 
(Steele et al. 1971) it seems unlikely that the additional 30-1 g o f 18:0 +  18:1 in the 
milk fa t o f the cows given the low-fat diet was derived from the breakdown of adipose 
tissues. Annison, Linzell, Fazakerley & Nichols (1967) and Kinsella & McCarthy
(1968) have shown that the C18 fa tty  acids of milk fat are not synthesized by the 
chain elongation of shorter chain fatty  acids in the mammary gland. Therefore, it 
would appear that some of the 18:0 and 18:1 in milk fat is derived from de novo 
synthesis in tissues other than the mammary gland. It is also possible that a propor­
tion of the 18:0 and 18:1 in milk fat is synthesized from acetate by the micro- 
organisms in the rumen.

Although the intakes o f each of the C IS  fatty  acids were similar when the cows 
were given either o f the 2 high-fat diets, the diet containing soybeans resulted in 
higher concentrations and yields o f 18:0 and 18:2 and lower concentrations of 18:1 
in the milk fat than did the diet containing soybean oil. I t  seems reasonable to 
suppose that the unsaturated acids in these 2 diets underwent differing degrees of 
hydrogenation by the bacteria of the rumen. Consequently, the amounts of each of 
the C 18 fa tty  acids that were absorbed into the blood and taken up by the m ammary 
gland would be different when the cows were given either of the 2 high-fat diets. I t  
is known that the rate at which free linoleic acid is released into the rumen affects the 
extent to which it is hydrogenated by rumen micro-organisms. Moore, Noble, Steele 
& Czerkawski (1969) showed that when esterified linoleic acid was infused into the 
rumen of sheep more 18:0 and less 18:1 were formed than when free linoleic acid 
was given as an intraruminal infusion.

In the present experiment, when the cows were given the soybeans the rate of 
release into the rumen of the intracellular oil would be slower than when the cows 
were given the soybean oil as a direct additive to the diet. From the results of 
Moore et al. (1969) it might be expected that when the diet containing soybean oil 
was given, more 18:1 and less 18:0 would be produced from 18:2 in the rumen than 
when the diet containing the soybeans was given. This would therefore explain the 
difference in the output o f these 2 acids in the milk fat when the 2 high-fat diets were 
given to the cows. Ward, Scott & Dawson (1964) have shown that trans-18:1 is an 
intermediate in the biohydrogenation of C 18 polyunsaturated fa tty  acids in the rumen. 
From  the results in Table 4 it can be calculated that trans-18:1 acids accounted for 
9 and 23%  respectively of the increases in the concentration of total 18:1 in the 
milk fat when the diets containing soybeans and soybean oil were given to the 
cows. This is consistent with the view that the biohydrogenation of linoleic acid in 
the rumen was much less complete when the diet of the cows contained soybean oil 
than when it contained soybeans.

The increases in the percentage and yield of 18:2 in the milk fat when the cows 
were given the diet containing soybeans (Tables 2, 3) are probably a reflexion of 
the delayed contact between the rumen bacteria and the intracellular oil. Before the 
hydrogenating micro-organisms could reach the intracellular oil o f the soybeans the 
cell walls would have to be digested. Thus, it seems reasonable to suppose that before
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all the cells o f the soybeans had been attacked in the rumen, some would have 
passed farther along the digestive tract where the unmodified oil would be liberated 
and absorbed. Hence, more 18:2 would be absorbed when the diet containing soy­
beans was given to the cows and consequently more 18:2 would be secreted in the 
milk.

From  the values given in an earlier publication (Steele et al. 1971) and from those 
given in Table 3 it can be calculated that when the cows were given the control diet 
and the diets containing soybeans and soybean oil the 18:2 in the milk fat consti­
tuted 0-5, 1-2 and 0-7% respectively of the total calories in the milk. According to 
Holman (1960) the requirement for dietary linoleate by the human infant is approxi­
mately 1 % of the dietary calories. However, it must be remembered that of the 
various 18:2 isomers, only cis-9, c is-}2-18 :2  (linoleic acid) possesses essential fatty- 
acid activity and that cis-9, cis-12-18:2 accounts for only about 65%  of the total 
18:2 in cow’s milk fat (Moore, 1966). Thus, even when the cows were given the diet 
containing soybeans, the milk would appear to be somewhat low in essential fa tty  
acids.

The decrease in the synthesis of the shorter-chain fa tty  acids (C 8 -C 16) in the milk 
fat (Table 3) that resulted from the increased intake o f dietary fat is in agreement with 
earlier observations (Moore & Steele, 1968; Noble, Steele & Moore, 1969). I t  was 
shown previously (Steele et al. 1971) that the inclusion of soybeans or soybean oil 
in the diet of the cows had little effect on the concentrations of the various volatile 
fa tty  acids in the rumen content. Moore & Steele (1968) have suggested that an in­
creased uptake o f long-chain fa tty  acids from the blood leads to increased concentra­
tions o f long-chain fa tty  acids and their CoA derivatives in the m am m ary gland. 
Increased concentrations of fa tty  acids or their CoA derivatives lead to inhibitions 
o f acetyl CoA carboxylase (Howanitz & Levy, 1965; Sm ith & Dils, 1966; Hibbit, 1966) 
which catalyses the rate-limiting step in fatty-acid synthesis in the bovine m am m ary 
gland (Ganguly, 1960). Table 3 shows also that when soybean oil was given to the 
cows the yield o f 4 :0  in the milk fat was unaffected and when soybeans were in­
cluded in the diet the yield of 4 :0  and 6 :0  were both increased. A possible explana­
tion for the different effects o f dietary long-chain fa tty  acids on the secretion in the 
milk fat of 4 :0  and 6 :0  on one hand and the fa tty  acids from 8 :0  to 16:0 on the other 
m ay be found in the work of Becker & K um ar (1965). They have shown that in the 
goat m ammary gland the synthesis o f 4 :0  and 6 :0  is by a  pathway that is independent 
o f malonyl CoA and hence does not depend on acetyl CoA carboxylase.

The authors thank Miss A. S. Wallace and Miss J .  Pearson for their skilled tech­
nical assistance.
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S u m m a r y . The effects on the composition of the plasm a lipids of the isocaloric replace­
ment of starch in a low-fat concentrate mixture by 8 % soybean oil were investigated 
in a feeding experiment with 6 cows in mid-lactation. Two high-fat concentrate 
mixtures were given : in one, the soybean oil was incorporated into the diet by the 
inclusion of the appropriate amount o f coarsely ground soybeans; in the other, the 
soybean oil was incorporated directly in the concentrate mixture. The concentrate 
mixtures were given with a  high-roughage diet that supplied daily 5-5 kg hay and 
2-7 kg o f sugar-beet pulp.

When the cows were given the 2 high-fat diets there were increases in the concentra­
tions of total plasm a fa tty  acids and in the concentrations of fa tty  acids circulating 
in the plasm a as phospholipids and cholesteryl esters. There were increases in the 
concentrations o f plasm a unesterified fa tty  acids and triglyceride fa tty  acids when the 
cows were given the diet containing soybeans but there were decreases in the con­
centrations of these 2 fractions when the cows were given the diet containing soy­
bean oil.

The inclusion of soybeans in the diet increased the concentration of 18:0  in the 
plasm a triglycerides and unesterified fa tty  acids whilst the inclusion of soybean oil 
in the diet increased the concentrations of 18:0 and 18:1 but decreased the concentra­
tion of 18:2 in the plasm a unesterified fatty  acids.

When the cows were given the 2 high-fat diets there were decreases in the con­
centrations o f 16:0 and 16:1 and increases in the concentration of 18:2 in the plasm a 
cholesteryl esters. The inclusion of soybeans in the diet also reduced the concentra­
tions o f 18:1 and 20 :3  in the plasm a cholesteryl esters but increased the con­
centrations o f 18:0 and 18:2 in the plasm a phospholipids.

The m ajor fa tty  acid circulating in the plasm a of the cows was 18:2 (46-4-55-3 %) 
on all diets but only about 1 % (0-40-1-04 %) o f the total plasm a 18:2 occurred in the 
plasm a triglycerides.

The results are discussed in relation to the changes in the composition of the milk 
fa tty  acids produced by the cows when they were given the experimental diets.

In a previous report (Steele, Noble & Moore, 19716) an experiment was described 
in which a study was made of the effects of 2 methods of feeding soybean oil on the 
composition of the milk fat o f cows. In  this experiment blood sam ples were taken
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from the cows on the various dietary treatments. The plasm a lipids have now been 
analysed and the results o f these analyses together with a  discussion of the relation­
ship between the compositions of the plasm a and milk lipids are now reported.

EXPER IM EN TA L

Full details of the cows, experimental diets and procedures have been given (Steele, 
Noble & Moore, 1971a). Briefly, 6 Ayrshire cows were given 5-5 kg o f hay and 2-7 kg 
o f sugar-beet pulp/day. Three different concentrate mixtures were given ; one o f these 
was of low-fat content, and when the diet containing this mixture was given to the 
cows their daily intake of total fatty  acids was less than 100 g. The other 2 mixtures 
were constituted by isocalorically replacing part of the starch in the low-fat con-
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Table 1. Total fatty-acid contents and fatty-acid compositions 
of the fa ts in the various dietary constituents

Low-fat
Sugar-beet concentrate

Fatty  acid Hay pulp mixture Soybeans Soybean oil

Weight percentages of the total
16:0 28-6 26-1 23-4 1 0 -6 9-4
17:0 8 -8 3-9 5-9 — —

18:0 6-9 15-4 6 -6 41 3-7
18:1 9-6 141 34-2 21-9 24-7
18:2 25-0 32-3 28-6 54-5 52-6
18:3 2 0 - 2 5-5 1-1 8-9 9-6

Total fatty acid content, g/100 g dry matter
0-50 0-49 0-85 16-2 93-0

centrate mixture by 8 % by weight of soybean oil. In  one mixture, the appropriate 
amount o f oil was incorporated by adding coarsely ground soybeans and in the 
other by the direct addition of the soybean oil. The fatty-acid contents and compo­
sitions o f the various dietary components are given in Table 1. The amounts o f con­
centrate mixture given to each cow were adjusted for milk yield. The experimental 
design was two 3 x 3  Latin  squares which were balanced for carry-over effects. The 
duration of each experimental period was 42 days. Blood samples were taken from 
the subcutaneous abdominal vein on day 40 of each period. The lipids were extracted 
from the samples o f plasm a by the method of Nelson & Freem an (1959) and the 
plasm a lipids were analysed by the methods described by Moore, Noble & Steele
(1968). The results were analysed statistically by the methods outlined by Cochran & 
Cox (1957).

R E SU L T S

The concentrations of the total plasm a fatty  acids and the fatty  acids contained 
in the various lipid fractions in the plasm a of the cows given the different diets are 
presented in Table 2. The concentrations of the total fatty  acids, the phospholipid 
fa tty  acids and the cholesteryl ester fatty  acids in the plasm a were increased when 
the cows were given either of the 2 high-fat diets. Although the concentrations o f the 
triglyceride fa tty  acids and unesterified fa tty  acids in the plasm a did not vary
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significantly with dietary treatment, the concentrations of these 2 fractions tended 
to increase when the cows were given the diet containing soyabeans and tended to 
decrease when the cows were given the soybean oil as a direct addition to the diet. 
When the cows were given the 2 high-fat diets there were slight increases in the 
relative proportions o f the cholesteryl ester and phospholipid fractions in the plasm a 
lipids and relative decreases in those o f the triglyceride and unesterified fa tty  acid 
fractions.

Table 2. M ean concentrations (mgjlOO ml) of total fatty acids and of the fatty acids 
present in the individual lipid fractions of the plasm a of the cows on each dietary 
treatment

D ietary fa t and plasm a lip id  composition

Diet with Diet with concentrate
low-fat mixture containing:

concentrate (------------'—__A____________________ S . E . M .
mixture Soybeans Soybean oil ( ± )

Total fatty acids 145 3 3 7 *** 338 *** 24-3
Triglyceride fatty acids 5-46 6-60 3-97 1-98
Unesterified fatty acids 5-73 6-28 5-27 2-17
Phospholipid fatty acids 85 198*** 2 0 6 *** 17-3
Cholesteryl ester fatty acids 49 124*** 1 2 2 * * * 8-82

* * *  Significantly different (P  <  0 *0 0 1 ) from the value obtained with the low-fat concentrate mixture.

Table 3. Mean weight percentages of the major fatty acids in the plasm a triglycerides
of the cows on each dietary treatment

Diet with Diet with concentrate
low-fat mixture containing:

concentrate c --A---------------- 1 S . E . M .

Fatty  acid mixture Soybeans Soybean oil ( ± )
16:0 65-2 48-2 55-5 9-50
16:1 2-24 1-73 1-96 0-538
18:0 16-3 31 0 * 21-9 5-64
18:1 8-95 9-44 14-5 2-89
18:2 6-91 8-74 5-29 2-04

*  Significantly different (P  <  0-05) from the value obtained with the low-fat diet.

The fatty-acid compositions o f the plasm a triglycerides are given in Table 3. The 
only significant change in the composition of the triglycerides was an increase in the 
concentration of 1 8 :0  when the cows were given the diet containing soybeans. 
Nevertheless, there was a tendency for the concentrations of 18 : 0 and 1 8 : 1 to increase 
and for the concentrations o f 18 :2  and 1 6 :0  in the plasm a triglycerides to decrease 
when the cows were given the soybean oil as a  direct additive to their diet. 
There was also a tendency for the concentration of 1 8 :2  to increase and for that of 
1 6 :0  to decrease in the plasm a triglycerides when the cows were given the diet con­
taining soybeans.

The compositions o f the plasm a unesterified fa tty  acids of the cows are given in 
Table 4. When the cows were given the high-fat diets there was an increase in the 
concentration of 1 8 :0 and a decrease in that o f 1 6 :0 in the plasm a unesterified fatty  
acids. The direct addition of the oil to the diet also produced an increase in the 
concentration of 18:1 but decreased that of 18:2 in the plasm a unesterified fatty  acids



The composition of the plasm a cholesteryl esters are given in Table 5. When the 
cows received the high-fat diets there were decreases in the concentrations o f 16:0  
and 16:1 and an increase in the concentration of 18:2 in the plasm a cholesteryl 
esters. The greater increase was observed when the cows were given the diet con­
taining soybeans. The inclusion of the soybeans in the diet also caused the con­
centrations of the 18:1 and 20 :3  in the plasm a cholesteryl esters to be reduced.
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Table 4. M ean weight percentages of the major fatty acids in the plasm a unesterified 
fatty acids of the cows on each dietary treatment

Diet with Diet with concentrate
low-fat mixture containing:

concentrate ,--------------- -- A------------------ % S.E.M.
Fatty  acid mixture Soybeans Soybean oil ( ± )

16:0 39-7 27-2** 19-2*** 3-43
16:1 2-48 1-41 2-80 1-42
18:0 22-7 35-5*** 36-8*** 1-74
18:1 15-3 17-0 2 7 .7 * * * 1-85
18:2 18-0 17-7 12-5* 1-99

*, * * ,  * * *  Significantly different (P <  0-05, P  <  0-01, P  <  0-001 respectively) from the values ob­
tained with the low-fat diet.

Table 5. Mean weight percentages of the major fatty acids present in the plasm a 
cholesteryl esters of the cows on each dietary treatment

Dietary treatments

Diet with Diet with concentrate
low-fat mixture containing:

concentrate t --A----------------, S.E.M.
Fatty  acid mixture Soybeans Soybean oil ( ± )

16:0 6-57 3-87*** 3-90*** 0-207
16:1 2-51 1-08*** 1#4 7 ** * 0-126
18:0 0-75 0-74 0-70 0-203
18:1 4-04 2-40** 3-49 0-308
18:2 75-4 84-0*** 80-5*** 0-861
18:3 6-87 5-39 7-96 0-971
20:3 0-83 0-25** 0-31 0-148
20:4 1-17 0-78 0-76 0-341

* * ,  * * *  Significantly different (P <  0-01, P  <  0-001 respectively) from the values obtained with the 
ow-fat diet.

The fatty-acid compositions of the plasm a phospholipids are given in Table 6. In 
the plasm a phospholipids the concentrations of 18:0 and 18:2 were increased and 
that of 20:3  decreased when the cows received the diet containing soybeans. 
Although a decrease in the concentration of the 20:3  was the only significant change 
that occurred in the plasm a phospholipids when the soybean oil was given as a direct 
addition to the diet o f the cows, there was a tendency for this dietary treatm ent to 
result in an increase in the concentrations o f 18:0, 18:1 and 18:2 in the plasm a 
phospholipids.
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The total concentrations of the individual fa tty  acids in the plasm a of the cows 

are given in Table 7. When the 2 high-fat diets were given to the cows there were 
increases in the amounts o f all the m ajor fa tty  acids in the plasm a. When the soy­
bean diet was given to the cows the total concentrations of 16:0, 18:0 and 18:2 in 
the plasm a tended to be higher and that o f 18:1 tended to be lower than when the 
diet contained the soybean oil as a direct additive.

Table 6. Mean weight percentages of the major fatty acids present in the plasm a phospho­
lipids of the cows on each dietary treatment

Dietary treatments

D ietary fa t  and plasm a lip id  composition

Diet with Diet with concentrate
low-fat mixture containing:

concentrate f--------------------------

Fatty  acid mixture Soybeans Soybean oil S . E . M .  ( +  )

16:0 14-2 14-5 12-3 0-51
IS : 0 20-7 23-7** 21-3 0-79
IS : 1 12-4 1 0 0 13-9 1 -6 6
18:2 341 40-7** 37-8 1-67
18:3 2-43 1-56 2-31 0-867
20:3 4-91 2-56*** 3-09** 0-329
20:4 2-46 1-78 217 0-324

* * ,  * * *  Significantly different (P <  0 01, P  <  0 001 respectively) from the value obtained with the 
low-fat diet.

Table 7. Mean total concentrations (mg 1100 ml) of individual fatty acids in the plasm a
of the cows on each dietary treatment 

Dietary treatments

Diet with low- 
fat concentrate

Diet with concentrate mixture containing:
t-------------------- *-------------------- ■»

Fatty  acid mixture Soybeans Soybean oil

16:0 2 1 - 1 38-4 33-3
16:1 1-49 1-54 2 - 0 2

18:0 2 0 - 2 52-1 47-5
18:1 13-9 24-5 34-9
18:2 67-3 186-4 176-9
18:3 5-43 9-77 14-5
20:3 4-58 5-38 6-74
20:4 2 - 6 6 4-49 5-40

From  Table 7 it can be seen that 18:2 was the m ajor fa tty  acid circulating in the 
plasm a on each dietary treatment. This essential fa tty  acid accounted for 46-4, 55-3 
and 52-3% of the total plasm a fatty  acids when the diets contained respectively the 
low-fat concentrate, soybeans and soybean oil as a direct addition. I t  should be 
noted that on these respective diets only 0-81, T04 and 0-40% of the total plasm a 
18:2 occurred in the triglycerides.

D ISCUSSIO N

Comparison of the yields o f total fa tty  acids in the milk of the cows on the various 
dietary treatm ents (Steele et at. 19716) with the results in Table 2 showed that the 
yield of total milk fa tty  acids was not related to the concentration of total plasm a
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fa tty  acids or to the concentrations of fa tty  acids circulating in the plasm a as 
phospholipids or cholesteryl esters. This comparison showed also that as the con­
centration of triglyceride fa tty  acids and unesterified fa tty  acids in the plasm a 
increased, the yield of total milk fa tty  acids increased (cf. Moore, Steele & Noble,
1969). The direct relationship between total milk fa tty  acids and the concentration 
of plasm a triglycerides supports the work of Barry, Bartley, Linzell & Robinson
(1963) and Annison, Linzell, Fazakerley and Nichols (1967), who found that a portion 
of the milk fat o f cows is derived from the plasm a triglycerides that circulate as 
chylomicrons and low-density lipoproteins. The results o f West, Annison & Linzell

Table 8. Comparison of the ratios of certain fatty acids in the plasm a triglycerides 
and milk fa t of the cows on each dietary treatment

Dietary treatments

W .  S t e e l e , R. C. N o b l e  a n d  J. H. M o o r e

Diet with Diet with concentrate mixture
low-fat containing:

concentrate ,-----------------*----------------- ^
Ratio mixture Soybeans Soybean oil

18:0/18:1
Milk fat 0-25 0-41 0-18
Plasma triglycerides 1-82 3-28 1-50

16:0/16:1
Milk fat 9-2 9-6 7-8
Plasma triglycerides 291 27-9 28-3

(18:0 +  18:1 )/18:2
Milk fat 14-3 12-9 23-1
Plasm a triglycerides 3-65 4-63 6-89

(1967) and those o f Bishop, Davies, Glascock & Welch (1969) suggest that in rumin­
ants the plasm a triglycerides are taken up by the m ammary gland where they are 
substantially or completely hydrolysed. A s discussed in detail by Moore, Steele & 
Noble (1969), the positive relationship between the concentration of unesterified 
fa tty  acids in the plasm a and the yield o f total milk fa tty  acids is probably a re­
flexion of the increased pool size o f unesterified fa tty  acids in the m ammary gland. 
The results of West et al. (1967) show that the plasm a unesterified fa tty  acids are 
in equilibrium with the unesterified fa tty  acids in the m ammary gland.

The values given in Table 8 are in agreement with those of Moore, Steele & Noble
(1969) and are consistent with the views that the m ammary gland contains a de- 
saturase that actively converts 18:0  to 18:1 and that this desaturase has a relatively 
low specificity for 16:0 (Lauryssens et al. 1960; Bickerstaffe & Annison, 1968). I t  is 
also interesting to observe that, irrespective of dietary treatment or the amount of 
18:0 taken up from the blood triglycerides by the m ammary gland, the 18:0/18:1  
ratio in the plasm a triglycerides was, on average 7-9 times greater than the cor­
responding ratio in the milk fat (Table 8). A t present, no explanation for this 
observation can be put forward. The ratio of ( 1 8 :0 + 1 8 :1)/18:2 in the blood 
triglycerides was much less than in those o f the milk (Table 8). These findings add 
further weight to the argument (Moore, Steele & Noble, 1969) that there is a specific 
distribution of 18:2 amongst the triglycerides o f the different plasm a lipoproteins, 
and that the 18:2 content of the triglycerides in the chylomicrons and low-density
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lipoprotein triglycerides that supply precursor fa tty  acids for the synthesis of milk 
fat in the m ammary gland is less than the 18:2 content o f the total plasm a tri­
glycerides.

The diet containing soybeans resulted in higher concentrations and yields of 18:0 
and lower concentrations and yields of 18:1 in the milk fat than did the diet containing 
soybean oil (Steele et at. 19716). These differences in milk-fat composition are 
reflected by the differences in the fa tty  acid composition of the plasm a trigly­
cerides o f the cows given these 2 diets (Table 3). This supports the suggestion 
put forward by Steele et at. (19716) that when the cows were given the diet 
containing soybeans the proportion of the dietary 18:2 that was completely 
hydrogenated to 18:0 in the rumen was greater than when the cows wTere given the 
diet containing soybean oil. Although the rate o f hydrolysis of triglycerides by 
rumen micro-organisms is fairly rapid (Moore, Noble, Steele & Czerkawski, 1969) the 
rate of release o f intracellular oil from the soybeans into the rumen will be relatively 
slow. Thus, when the cows were given the diet containing soybean oil, the initial 
concentration of free 18:2 in the rumen contents would be considerably greater than 
that in the rumen contents when the cows were given the diet containing soybeans. 
Experim ents in vivo and in vitro (Moore, Noble, Steele & Czerkawski, 1969) have 
shown that when the initial substrate concentration is low', the main product o f the 
hydrogenation of 18:2 by rumen micro-organisms is 1 8 :0 ; when the initial substrate 
concentration is high, the main product o f the hydrogenation of 18:2 is 18:1.

The results given in Table 7 show that when soybeans or soybean oil were in­
cluded in the diet o f the cows the total concentration of 18:2 in the plasm a was in­
creased by about 114 mg/100 ml. Virtually all o f this increased amount o f 18:2 
circulating in the plasm a was found in the cholesteryl ester and phospholipid 
fractions. This finding is in agreement with the results of Noble, Steele & Moore (1969) 
and Moore, Noble & Steele (1969), which showed that when sheep were given intra- 
ruminal or intra-abom asal infusions of maize oil, the absorbed 18:2 was selectively 
incorporated into the plasm a phospholipids and cholesteryl esters and only to a very 
limited extent into the plasm a unesterified fatty  acids and triglycerides. Although it is 
generally accepted that the reason for the low concentrations of 18:2 in bovine milk 
fat is the extensive hydrogenation of dietary 18:2 that takes place in the rumen 
(reviewed by Storry, 1970), the results of the present investigation and those of 
earlier studies (Moore, Steele & Noble, 1969; Moore, Noble & Steele, 1969; Noble et 
at. 1969) emphasize that the 18:2 that does escape hydrogenation is selectively 
incorporated into those lipid fractions in the blood that cannot donate fa tty  acids to 
the m ammary gland for milk fat synthesis.

The authors thank Miss A. S. Wallace and Miss J .  Pearson for skilled technical 
assistance.

D ietary fa t  and plasm a lip id  composition
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S u m m a r y . F a t  analyses were carried out on fore-milk and residual milk sam ples to 
elucidate the significance o f the changes in fatty-acid composition of milk fat during 
milking previously reported by other workers. The levels of phospholipid in 
fore-milk samples per unit weight o f fa t were considerably higher than those o f 
residual milk samples. The fa tty  acid composition of the triglyceride in fore-milk and 
residual milk samples was similar. These results suggest that the differences in fa tty  
acid composition o f milk fa t collected during milking can be attributed to decreases in 
the relative amount of phospholipid-rich globule membrane associated with increasing 
globule diameter.

I t  has been clearly shown that there is an increase in the average diameter o f fat 
globules during the course of milking o f dairy cows (Jenness & Patton, 1959; Brunner, 
1965; Kernohan & Lepherd, 1969). Since the volume of a sphere is proportional to 
the cube of its diameter and the surface is proportional to its square it is clear that 
for a given weight o f emulsified fa t the total surface area of the fat globules is 
inversely proportional to the average globule diameter (Sommer, 1951).

On the assum ption that the globule is coated with a uniform layer of phospholipid 
and protein (Morton, 1954; K ing, 1955; Patton, Durdan & McCarthy, 1964; H ayashi 
& Smith, 1965) it would be expected that during the course of milking the relative 
content of phospholipid to total fat would decrease as the average diameter o f the 
globules increased. This could possibly account for the changes in fatty-acid com­
position of milk fat during milking reported by some authors (Lemus, 1902; Mulder, 
1945; Aristova, 1961). Observations are presented in the first part of this paper 
which throw some light on this point.

The theory suggested by Russian workers (Zaks, 1962) to explain the small changes 
in iodine number o f milk fat collected during successive phases o f milking, and 
following thermal stimulation and injection of oxytocin, implies that triglyceride of 
different fatty-acid composition is secreted by individual sections o f the gland. For 
this reason the triglyceride fatty-acid composition of milk fat in fore-milk and residual 
milk samples was also examined.
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METHODS

Fore-milk and residual milk samples were collected by means of a  teat siphon 
inserted into one quarter of each of 5 average yielding cows of various breeds. The 
fore-milk sample (200 ml) was taken prior to washing the udder and the residual milk 
was collected after the end of normal milking following the intra-muscular injection 
of 30 i.u. Pitocin (Parke-Davis and Co. L td , Sydney).

The milk-fat content of the samples was then determined by the Babcock method 
(Davis, 1959). L ipid for phospholipid estimation was first extracted with ethanol- 
ether (3 :1 , v/v) and a  second extraction was carried out on a  portion of the first 
extract. The second extraction involved the addition of ether and water in a suitable 
ratio, shaking the mixture, removing the ether phase and evaporating it to dryness. 
L ipid phosphorus was determined on the dried extract by the procedure described 
by Zilversmit & D avis (1950).

Total lipid was extracted in chloroform-methanol (cf. Hartm ann & Lascelles, 1964) 
and triglycerides separated from phospholipids by adsorption of the latter on silicic 
acid (Carroll, 1963). Butyl esters were prepared from the triglyceride solution by 
dialkyl carbonate-induced transesterification which is specific for glycerides (W ads­
worth, 1968). The butyl esters were separated on D E G S (polyester o f diethylene 
glycol succinate) columns which were temperature programmed from 70 to 180 °C at 
4 degC/min. (see Wadsworth, 1968). Peak areas were measured by multiplying peak 
height by retention time (Bartlet & Iverson, 1966).

R E SU L T S

Changes in phosjpholijpid and milk fa t content during milking

The milk fa t and phospholipid content o f the milk samples from 5 cows are pre­
sented in Table 1.

Table 1. Total fa t and phospholipid content of fore-milk and residual 
milk samples from 5 cows

(Values presented are means and standard errors of duplicate determinations.)

Cow Sample
Total fat, 

g %
Phospholipids, 

mg %

Phospho­
lipid/

total fat, mg/g
(1) Friesian Fore-milk 0-9* 65-3+17-5 72-5

Residual 7-8 108-9+ 3-5 13-9
(2) Jersey Fore-milk M 28-5+ 5-3 25-9

Residual 14-8 131-2+ 0-8 8-8
(3) Australian Illa- Fore-milk 1-8 57-1 +  16-0 31-7
warra Shorthorn Residual 8-2 126-8+ 8-9 15-5

(4) Friesian Fore-milk 1-0 10-2+ 1-1 10-2
Residual 9-6 37-7+ 0-0 3-9

(5) Ayrshire x Fore-mi lk 4-0 13-2+ 1-1 3-3
Guernsey Residual 11-4 24-5 ±  1-9 2-1

s .e . of all total fat samples g  0-05 g %.



I t  m ay be seen that the levels of phospholipid per gram  of fat in the fore-milk 
samples were 1-5-4 times greater than the comparable values for residual milk.

Changes in composition of triglycerides during milking

The results of the analysis of the percentage composition of the m ajor fa tty  acids 
o f triglycerides in sam ples from cows 1, 2 and 3 are presented in Table 2. In  cow 1 no 
differences were observed in unsaturated fa tty  acid content of fore-milk and residual 
milk samples while in cows 2 and 3 there was a  slight increase in the percentage of 
18:1, 18:2 and 18:3 in residual samples. I t  is doubtful, however, whether these 
differences are meaningful.

Changes in  m ilk  fa t  during m ilking 67

Table 2. Fatty-acid composition of triglyceride from fore-milk 
and residual milk samples

(R esults (weight %  o f to tal fatty-acid  butyl esters) are expressed as m eans ¿ s ta n d a rd  
errors o f duplicate sam ples.)

Cow 1 Cow 2 Cow 3
, * , , --------------- , ,-------------- A-------------- ,

Fatty  acids Fore-milk Residual Fore-milk Residual Fore-milk Residual

10:0 1-3 ±0-07 1-6 ±0-03 3-9 ±  0-01 3-7 +  0-08 3-5 +  0-21 4-2 +  0-65
12:0 1-5 +  0-00 1-7 +  0-06 4-1 +  0-12 3-9 +  0-03 7-6 +  2-32 4-7 +  0-77
14:0 6-4 +  0-06 6-7 ±0-14 10-3 ±0-11 9-8 +  0-16 14-5 +  0-25 13-2+1-44
16:0 26-0 +  0-04 25-7 ±  0-13 26-2 +  0-21 26-2 +  0-04 33-7 ±0-65 33-4 +  2-50
18:0 10-8 +  0-12 10-6± 0-06 8-2 +  0-13 8-2 +  0-01 4-9 +  0-19 5-2 +  0-40
18:1 41-6 +  0-67 41-0±0-12 34-1 +  0-49 36-4 +  0-14 20-1 +  0-58 23-1 ±  0-18
18:2 3-2 +  0-01 3-3 ±0-09 2-9 +  0-01 3-4±0-07 2-1+0-02 2-5 +  0-05
18:3 1-8 ±  0-22 2-0 ±0-03 0-6 +  0-38 1-4 +  0-03 0-9 +  0-04 l-8±0-13

Remainder 7-4 7-4 9-7 7-0 12-7 11-9

D ISCUSSIO N

The phospholipid content o f whole milk is generally accepted as being 0-03% 
(Mohr & Moos, 1932; Horrall, 1935; Holm, W right & Deysher, 1936; Rhodes & Lea, 
1958). The values reported here were of this order but ranged widely from 0-009 to 
0-06 %. This wide range is understandable considering the differences in fa t content of 
these samples.

The relatively high phospholipid levels in the fore-milk samples and the much 
lower levels in the residual milk sam ples are consistent with an increase in globule 
size during milking (Kernohan & Lepherd, 1969) with the consequent decrease in 
phospholipid-rich fa t globule membrane per gram  of fat. Considering the highly 
unsaturated nature o f the fa tty  acids o f phospholipids (Smith & Jack , 1959; Smith 
& Lowry, 1962), it is suggested that the relative decrease in phospholipid content 
described above could explain the lowered iodine values in residual milk reported 
by Aristova (1961) and probably those observed by others (Lemus, 1902; Mulder, 
1945) for sam ples collected towards the end of normal milking.

The results obtained for the fatty-acid composition of the milk-fat triglycerides 
are in accord with the values for whole milk obtained by other authors (Herb, 
Magidman, Luddy & Riemenschneider, 1962; Jensen, Gander & Sampugna, 1962;
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Gander, Jensen  & Sampngna 1962; Patton  & McCarthy, 1963; Jensen, Quinn, 
Carpenter & Sampugna, 1967), with high levels of 18:1 and 16:0 and lower levels of 
18:0, 14:0, 18:2 and 18:3. The fatty-acid composition of fore-milk and residual milk 
are rem arkably similar (Table 2) with only a suggestion of an increase in long-chain 
unsaturated fa tty  acids in residual milk. Thus, it is clear that the small decreases in 
iodine number reported by Russian (cf. Zaks, 1962) and other workers (Lemus, 1902; 
Mulder, 1945) during milking cannot be attributed to changes in the fatty-acid 
composition of triglycerides. On this basis the proposition that separate areas of 
mammary-gland parenchyma produce milk o f different fatty-acid composition cannot 
be sustained.

I t  is suggested that the differences in fatty-acid composition of milk during milking 
reported previously could be attributed solely to changes in globule diameter.

The authors wish to thank Miss E . M. Stubenrauch for her skilled technical 
assistance.
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S u m m a r y . A method based on salt fractionation, iso-electric precipitation and gel- 
filtration chromatography is described for the purification of the enzyme rennin 
(E.C. 3 .4 .4 .3) .

The enzyme rennin which is present in the stomach of the young calf is responsible 
for the hydrolysis o f K-casein in the coagulation of milk (Alais, Mocquot, Nitschmann 
& Zahler, 1953). There is, therefore, considerable interest in studying the mechanism 
of rennin action. Obviously for such work it is essential to have a pure preparation 
of the enzyme and in particular a preparation which is free from pepsin (E.C. 3 .4 .4 .1 )  
because in some respects pepsin has a similar specificity to that of rennin (Foltmann,
1966). The method of purification devised by Berridge (1955) is widely used but its 
success is dependent on the starting material used. We have been unable to obtain 
satisfactory results with this method and so we have developed an alternative one 
which is described here.

E X P ER IM EN T A L AND R E SU L T S

Step 1. Sodium chloride fractionation. F ive litres o f commercial rennet (Chr. Hansen, 
Reading, Berks) was saturated with sodium chloride a t 20 °C to precipitate the pro­
teins (Berridge, 1955). The mixture was filtered through a  W hatman No. 3 paper. 
The precipitate and filter paper were shredded, suspended in 11 o f water, dialysed 
against tap-water at 4 °C until the water was free from chloride ions and then filtered. 
The filtrate was retained.

Step 2. Iso-electric precipitation. The iso-electric point o f rennin is pH  4-5 (Foltmann,
1966) and that of pepsin is c. pH  TO (Young, 1963). To precipitate the rennin 
the dialysed solution was therefore adjusted to pH  4-5 with 0-1 m-HCI. A heavy 
cloudy precipitate was obtained which contained most o f the clotting activity o f the 
original solution. The mixture was centrifuged for 10 min at 2000g to obtain the 
precipitate, which was washed with 0-1 m  acetate buffer o f pH  4-5. The rennin- 
containing precipitate was suspended in 80 ml water and rendered soluble again by 
increasing the pH  to 6-8 with 0T M-NaOH.

Step 3. Sodium chloride fractionation. Step 1 was repeated.
Step 4. Iso-electric precipitation. Step 2 was repeated. The filtrate obtained from the 

iso-electric precipitation was shown to be free from pepsin by the method of R ick
(1963). As most o f the pepsin would remain in solution at pH  4-5 it was concluded 
that the rennin precipitate was therefore free from pepsin. The enzyme assay could



not be performed on the precipitate because rennin is insoluble at the pH  used in 
the assay.

Step. 5. Gel filtration. A 20 ml portion of the solution containing the rennin was 
subjected to gel-filtration chromatography on a column of Sephadex G-200 (Pharm­
acia, Uppsala, Sweden). A typical elution profile is shown in F ig. 1. The clotting 
activity was contained in the major peak eluted. The first peak eluted was in the 
void volume and m ay have contained a small proportion of polymerized rennin (de 
Koning, 1968), which would account for the clotting activity, in addition to impuri­
ties. There were also some impurities eluted after the main rennin fraction.
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Tube number

F ig . 1. Gel-filtration chrom atography o f the rennin-containing solution (step 5). The chrom ato­
graphy was done a t  4 °C on Sephadex gel G-200 using a  column 90 cm long by 6 cm diam ., with a
flow-rate o f 50 ml/h. The buffer was 0 005 m-K H 2PO , ad justed  with 0-1 M-NaOH to pH  5 -6 .----- ,
Absorbance a t  280 nm ; O— O, activity .

Step 6. Preparation of rennin crystals. The fractions indicated in Fig. 1 were com­
bined and used in this step. Sodium chloride was added very slowly at 4 °C by using 
a  dialysis bag filled with salt which was suspended and rotated in the rennin- 
containing solution until a  white protein precipitate was obtained. The solution 
containing this precipitate was centrifuged at 2000g' for 10 min and the precipitate 
dissolved in 10 ml water. Crystals were obtained from this solution by freezing and 
thawing.

Alternatively the rennin in the eluate was precipitated at 1-8 M-NaCl. The mixture 
was centrifuged at 2000g for 10 min and the supernatant discarded. Rennin crystals 
and a small amount o f NaCl crystals were obtained by slowly drying the protein 
over P 20 5 at 4 °C.

Specific activity. The rennin crystals had an activity of 80 units/mg protein, where 
1 unit is the amount o f protein required to clot 10 ml milk in 1 min at 30 °C. A com­
mercial preparation of rennin (Sigma Chemical Co. Ltd, London) had a corresponding 
specific activity o f 42 units/mg protein.
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Io n -exch an g e  ch rom atograp h y  o f  the re n n in  c ry sta ls . T h e  p u r i t y  o f  th e  p r e p a r a t io n  

w a s  c h e c k e d  b y  io n -e x c h a n g e  c h r o m a to g r a p h y  d u r in g  w h ich  c r y s ta ll in e  re n n in  
r e so lv e s  in to  3 e n z y m ic a lly  a c t iv e  c o m p o n e n ts . T h e  e lu t io n  p ro file  (F ig . 2 ) sh o w s 
t h a t  th e re  w a s  a  sm a ll  a m o u n t  o f  m a te r ia l  e lu te d  f ir s t ,  w h ic h  w a s  p r o b a b ly  p ro -  
re n n in , a n d  a  m a jo r  p e a k  w h ic h  c o n ta in e d  a l l  th e  c lo t t in g  a c t iv i ty .  T h e re  w a s  so m e

Fig. 2. Ion-exchange chromatography of crystalline rennin. The chromatography was per­
formed on D EAE-cellulose (W. and R . Balston, Ltd, Maidstone, Kent). The column was 26 cm 
long by 2 cm diam. and was eluted with buffer and pH gradient (300 ml 0-1 M phosphate, 
pH 5-8 and 300 ml 0-4 M phosphate, pH 5*5).----- -, Absorbance at 280 nm; O—O» activity.

re so lu t io n  o f  th i s  m a in  p e a k  in to  3 c o m p o n e n ts . T h e  r a t io  o f  sp e c if ic  a c t iv i t ie s  o f  
re n n in  A  : B  : C w a s  3 : 2 - 5 : 1 , w h ich  i s  in  g o o d  a g r e e m e n t  w ith  th e  c o rre sp o n d in g  v a lu e s  
o b ta in e d  b y  F o l tm a n n  (1 9 6 6 ).

W e a re  g r a t e fu l  to  th e  A g r ic u ltu r a l  R e s e a r c h  C o u n c il fo r  a  g r a n t  to  f in a n c e  th is  
w o rk .
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T h e  e f f e c t s  o f  i n c r e a s i n g  a m o u n t s  o f  d i e t a r y  c o c o n u t  o i l  o n  
m i l k - f a t  s e c r e t i o n  in  th e  c o w

B y  J .  E .  S T O R R Y ,  A . J .  H A L L  a n d  V . W . J O H N S O N

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 , S h in fie ld , R e a d in g , R G 2  9 A T

(.R eceived 1 2  October 1970)

S u m m a r y . ( 1 ). A  s t u d y  i s  r e p o r te d  o n  th e  e f fe c ts  o f  4  le v e ls  o f  c o c o n u t  o il, a d d e d  to  a  
b a s a l  d ie t  lo w  in  f a t ,  o n  th e  se c re t io n  in  c o w ’s  m ilk  o f  f a t  a n d  i t s  c o m p o n e n t  f a t t y  
a c id s .  ( 2 ) A  s ig n if ic a n t  r e d u c t io n  in  th e  y ie ld  o f  m ilk  f a t  o c c u r re d  a t  th e  h ig h e s t  le v e l o f  
su p p le m e n ta t io n . I n  t e r m s  o f  in d iv id u a l  f a t t y  a c id s  th e  y ie ld s  o f  la u r ic  a n d  m y r is t ie  
a c id s  in c re a se d  p r o g r e s s iv e ly  w ith  in c r e a se d  in ta k e , m a x im u m  y ie ld s  b e in g  o b ta in e d  
w ith  th e  7 %  le v e l o f  c o c o n u t o il. C o n v e rse ly  th e  y ie ld s  o f  c a p ro ic , c a p ry lic , c a p r ic  
a n d  p a lm it ic  a c id s  p r o g r e s s iv e ly  d e c r e a se d  w ith  in c re a se d  c o c o n u t o il in ta k e . T h e  
y ie ld s  o f  C 1 8  a c id s  w ere  u n c h a n g e d .

E a r l ie r  s t u d ie s  h a v e  sh o w n  t h a t  a d d it io n  o f  e ith e r  c o c o n u t, r e d  p a lm  o r  g r o u n d n u t  
o il t o  a  b a s a l  d ie t  low  in  f a t  in c re a se d  th e  se c re t io n  in  c o w ’s  m ilk  o f  b o th  t o t a l  f a t  a n d  
th e  m a jo r  f a t t y  a c id s  c h a r a c te r is t ic  o f  th e se  o ils  (S to r r y , R o o k  &  H a l l ,  19 6 7 ). I n  
fu r th e r  s t u d ie s  in  w h ic h  th e  b a s a l  d ie t  w a s  su p p le m e n te d  w ith  3 le v e ls  o f  r e d  p a lm  
o il, th e  y ie ld s  in  m ilk  o f  t o t a l  f a t  a n d  o f  th e  f a t t y  a c id s  c o n ta in e d  in  th e  o il s u p p le ­
m e n t  w ere  p o s i t iv e ly  c o r r e la te d  w ith  th e  d ie ta r y  in ta k e s ,  e x c e p t  fo r  l in o le ic  a c id  
w h ich  w a s  h y d r o g e n a te d  in  th e  ru m e n  b e fo re  i t s  a b so r p t io n  a n d  se c re t io n  in  m ilk  
(S to r r y , H a l l  & J o h n s o n , 1968 ). T h e  p r e s e n t  p a p e r  d e sc r ib e s  th e  e ffe c ts  o n  th e  
se c re t io n  o f  m ilk  f a t  o f  su p p le m e n tin g  a  low  f a t  d ie t  w ith  4 le v e ls  o f  c o c o n u t oil.

EXPERIMENTAL

A n im a ls  a n d  th eir m an agem en t. F iv e  F r ie s ia n  co w s in  th e  se c o n d  m o n th  o f  la c t a t io n  
w ere  f e d  a  d ie t  o f  m e a d o w  h a y  (5 k g ) , su g a r - b e e t  p u lp  (5 k g )  a n d  a  b a s a l  c o n c e n tr a te  
m ix tu r e . T h e  b a s a l  c o n c e n tr a te s  c o n s is te d  o f  b a r le y  ( 2 1 -8 % ), r ic e  (1 6 - 3 % ) , t a p io c a  
(1 6 - 3 % ) , d e c o r t ic a te d  g r o u n d n u t  m e a l (3 2 - 7 % ) , b lo o d  m e a l (1 0 - 9 % ) a n d  m in e ra ls  
( 2 -0 % ). T o  th e  b a s a l  c o n c e n tr a te s  c o c o n u t o il w a s  a d d e d  a t  a p p r o x im a t e ly  2 -0 ,
4-0 , 7-0 a n d  1 0 - 0  %  (w /w ) t o  g iv e  4  e x p e r im e n ta l  m ix tu r e s .  T h e  e th e r  e x t r a c t  v a lu e s  
fo r  th e  b a s a l  a n d  th e  4 o il- su p p le m e n te d  c o n c e n tr a te  m ix tu r e s  w ere  0-83, 2-34,
4-04, 6-90 a n d  1 0 - 3 0 %  r e sp e c t iv e ly  a n d  th e  c o rre sp o n d in g  g r o s s  e n e rg y  c o n te n ts , 
a s  d e te rm in e d  b y  b o m b  c a lo r im e try , w ere  3-92, 4-03, 4-20, 4-32 a n d  4-48 k c a l/g .  
E t h e r  e x t r a c t  v a lu e s  fo r  th e  h a y  a n d  su g a r - b e e t  p u lp  w ere  1-24 a n d  0 - 3 7 %  
re sp e c t iv e ly .

T h e  b a s a l  c o n c e n tr a te  m ix tu r e  w a s  f e d  a c c o rd in g  t o  y ie ld  a t  th e  r a t e  o f  0-4 k g /k g  
m ilk  a n d  th e  o il su p p le m e n te d  m ix t u r e s  a t  c o rre sp o n d in g  iso c a lo r ic  r a te s .
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P ro ce d u re . T h e  e x p e r im e n ta l  d e s ig n  w a s  a  5  x  5 L a t i n  sq u a r e  w ith  p e r io d s  o f  
2 2  d a y s .  T h e  e f fe c t s  o f  th e  o il su p p le m e n ts  o n  th e  c o n te n t  a n d  y ie ld  o f  t o t a l  m ilk  f a t  
d u r in g  t h e  f ir s t  1 0  a n d  l a s t  1 2  d a y s  o f  e a c h  p e r io d  a n d  o n  th e  y ie ld s  o f  in d iv id u a l  
f a t t y  a c id s  d u r in g  th e  l a s t  1 2  d a y s  o f  th e  fe e d in g  p e r io d s  w ere  a n a ly se d  b y  a n a ly s i s  o f  
v a r ia n c e  (S n e d e c o r , 1950).

T h e  c o n te n t  a n d  c o m p o sit io n  o f  m ilk  f a t  w ere  d e te rm in e d  a s  d e sc r ib e d  p r e v io u s ly  
(S t o r r y  et a l .  1967) a n d  th e  c o n te n t  a n d  c o m p o sit io n  o f  t o t a l  f a t t y  a c id s  in  th e  h a y , 
su g a r - b e e t  p u lp  a n d  c o n c e n tr a te  fo o d s  a s  d e sc r ib e d  b y  S u t to n ,  S t o r r y  &  N ic h o lso n
(1 9 7 0 ).

J .  E .  S t o r r y , A . J .  H a l l  a n d  V . W . J o h n s o n

RESULTS

Y ie ld s  o f  m ilk  a n d  m ilk  f a t .  T h e  e ffe c ts  o f  th e  c o co n u t-o il su p p le m e n ts  o n  th e  y ie ld  
o f  m ilk  a n d  o n  th e  p e r c e n ta g e  a n d  y ie ld  o f  m ilk  f a t  a r e  g iv e n  in  T a b le  1. D u r in g  th e  
f ir s t  1 0  d a y s  th e re  w a s  n o  s ig n if ic a n t  e ffe c t  o th e r  t h a n  a  fa l l  in  m ilk  y ie ld  a t  th e

T a b le  1. E ffect o f  d ie ta ry  su p p le m e n ts o f  coconut o il on the p ercen tage  a n d  y ie ld  
o f  m ilk  f a t  a n d  on  the y ie ld  o f  m ilk  by cow s

Oil
supplement, Milk yield,

Milk fat 
content,

Yield of 
milk fat.

0//o kg/day 0//o g/day

0

First 10 days of each period 
21-4 3-6 764

2 2 1 1 4-2 858
4 20-5 4-2 847
7 21-4 4-3 907

1 0 2 0 1 * 4-2 842

0

Last 12 days of each period 
20-4 4-0 805

2 20-5 4-2 847
4 2 0 - 1 41 811
7 20-3 4-0 806

1 0 19-7 3-6 701*

*  P  <  0-05.

h ig h e s t  le v e l o f  su p p le m e n ta t io n , a l th o u g h  th e  c o n te n ts  a n d  y ie ld s  o f  f a t  in  m ilk  
t e n d e d  t o  b e  h ig h e r  o n  a l l  th e  su p p le m e n te d  d ie t s  w h en  c o m p a r e d  w ith  th o s e  o n  th e  
b a s a l  d ie t . D u r in g  th e  l a s t  1 2  d a y s  th e re  w a s  l i t t le  e ffe c t  o f  th e  t r e a t m e n t s  o th e r  t h a n  
a  s ig n if ic a n t  fa l l  in  th e  y ie ld  o f  m ilk  f a t  a t  th e  1 0 %  le v e l  o f  su p p le m e n ta t io n .

S ecre tio n  o f  f a t ty  a c id s  in  m ilk . T h e  c o n te n t  a n d  c o m p o sit io n  o f  f a t t y  a c id s  in  th e  
h a y , su g a r - b e e t  p u lp  a n d  c o n c e n tr a te  fo o d s  a r e  g iv e n  in  T a b le  2  a n d  th e  m e a n  
d ie ta r y  in t a k e s  o f  f a t t y  a c id s  o n  e a c h  o f  th e  d ie t s  in  T a b le  3. T h e  co co n u t-o il s u p p le ­
m e n ts  r e su lte d  in  m a jo r  in c re a se s  in  th e  d ie ta r y  in ta k e  o f  la u r ic , m y r is t ic  a n d  
p a lm it ic  a c id s  a n d  s l ig h t  in c re a se s  in  th e  d ie ta r y  in ta k e s  o f  c a p r ic , s t e a r ic  a n d  o le ic  
a c id s .  T h e  y ie ld s  o f  f a t t y  a c id s  in  m ilk  d u r in g  th e  l a s t  1 2  d a y s  o f  e a c h  p e r io d  a r e  
g iv e n  in  T a b le  4 a n d  th e  r e sp o n s e s  in  y ie ld s  o f  in d iv id u a l  f a t t y  a c id s  d iffe re d  fro m  
o n e  a n o th e r . W ith  th e  e x c e p t io n  o f  th e  y ie ld  o f  b u ty r ic  a c id , w in ch  in c re a se d  w ith  th e  
lo w e r le v e ls  o f  c o c o n u t  o il, th e  y ie ld s  o f  o th e r  sh o r t-c h a in  a c id s ,  n a m e ly  c a p ro ic , 
c a p r v l ic  a n d  c a p r ic , d e c r e a se d  p r o g r e s s iv e ly  w ith  in c re a se d  lev e l o f  c o c o n u t o il. O n
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T a b le  2 . C ontent o f  total fa t ty  a c id s  (g jk g ) a n d  co m p o sitio n  (% )  o f  
m a jo r  fa t ty  a c id s  in  h ay , su gar-beet p u lp  a n d  concentrate fo o d s

Concentrate foods
Sugar-beet ,--------- ____ A____ ---------\

Constituent Hay pulp 0 % 2 % 4% 7% 1 0 %
Total fatty acid... 
Fatty  acidf

1 0 - 6 6 - 8 11-9 21-7 33-6 55-6 78-9

1 0 : 0 — — — 0 - 1 0 - 6 1-3 2 - 2

1 2 : 0 0-5 0-4 0-3 19-0 30-6 38-8 41-5
14:0 1-4 1 - 2 0-4 12-7 17-0 19-3 2 0 - 2

16:0 32-7 30-7 18-6 16-6 15-1 13-8 13-1
18:0 7-4 1-4 3-4 4-3 3-9 3-4 3-4
18:1 14-3 11-4 38-7 24-5 18-5 14-2 12-7
18:2 19-5 48-6 35-6 21-4 13-8 9-2 6 - 8

18:3 14-9 6 - 2 — — — — —

-j- Number of carbon atoms and number of double bonds (Farquhar, Insull, Rosen, Stoffel & Ahrens,
1959).

T a b le  3. M e a n  fa t ty  a c id  in ta k e  (g /d a y ) on  the b a sa l  a n d  4  coconut-oil
su p p lem en ted  d ie ts

Diet
/------------------------  i

Fatty  acid 0 % 2 % 4% 7% 1 0 %

1 0 : 0 — . 0 - 2 1-5 5-3 10-4
1 2 : 0 0-7 34-0 77-1 158-6 197-1
14:0 1-5 23-6 43-7 79-8 96-7
16:0 45-6 55-3 64-2 80-6 86-4
18:0 7-6 1 1 - 6 13-7 17-5 27-2
18:1 49-6 53-8 56-9 67-9 61-7
18:2 61-9 63-8 58-7 62-4 61-6
18:3 9-6 9 0 9-3 8-4 16-9

Total 176-5 251-3 325-1 480-5 558-0

T a b le  4. E ffect o f  d ie ta ry  su p p le m e n ts o f  coconut o il on  the y ie ld s {g /d ay ) 
o f  the m a jo r  fa t ty  a c id s  in  m ilk  o f  cow s

Level of coconut-oil supplement, %

Fatty  acid 0 2 4 7 1 0

4:0 2 2 - 8 31-3* 28-0 24-0 20-7
6 : 0 16-2 16-3 15-9 14-3 11-9
8 : 0 1 0 - 0 10-5 9-8 7-0* 6-7*

1 0 : 0 29-8 29-8 28-1 23-2* lg. i * * *
1 2 : 0 44-5 57-6 70-5** 91-3*** 89-5***
14:0 118-1 132-6 134-8 137-8* 129-4
16:0 319-0 336-9 308-5 267-2* 207-3***
18:0 20-7 23-2 2 1 - 1 24-0 20-4
18:1 99-1 93-9 97-6 94-1 94-0
18:2 5-6 3-7 4-3 3-6 2-9

* P  <  0-05; * *  p  < 0 -0 1 ; * * *  P <  0-001.
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th e  o th e r  h a n d , th e  y ie ld s  o f  la u r ic  a n d  m y r is t ic  a c id s ,  th e  m a jo r  c o n s t i tu e n t s  o f  
c o c o n u t o il, in c re a se d  p r o g r e s s iv e ly  w ith  th e  a m o u n t  o f  c o c o n u t o il fe d  a n d  th e  
re sp o n s e s  in  th e se  a c id s  a p p e a r e d  t o  re a c h  a  m a x im u m  a t  th e  7 %  le v e l  o f  s u p p le m e n ta ­
t io n . P a lm it ic  a c id  d e c r e a se d  in  y ie ld  a t  th e  h ig h e r  le v e ls  o f  c o c o n u t o il in ta k e , in  
s p i te  o f  th e  f a c t  t h a t  th e  d ie ta r y  in ta k e  o f  p a lm it ic  a c id  a lm o s t  d o u b le d . T h e  y ie ld s  
o f  C 1 8  a c id s  sh o w e d  n o  s ig n if ic a n t  c h a n g e s .

J .  E .  S t o r r y , A . J .  H a l l  a n d  V . W . J o h n s o n

DISCUSSION

A lth o u g h  th e  b a s a l  low  f a t  d ie t  in  th e  p r e s e n t  e x p e r im e n t  w a s  s im ila r  t o  t h a t  u se d  
in  o u r  p r e v io u s  s tu d ie s  (S to r r y  et a l .  1967) th e  p r e s e n t  e x p e r im e n t  d if fe r s  in  t h a t  th e  
o il su p p le m e n t  w a s  g iv e n  fo r  22  in s te a d  o f  14 d a y s  a n d  a t  v a r io u s  le v e ls  r a n g in g  fro m  
2  t o  1 0 %  o f  th e  c o n c e n tr a te  fo o d  in s te a d  o f  a t  th e  s in g le  le v e l o f  2 % . T h e se  
d iffe re n c e s  sh o u ld  b e  re m e m b e re d  w h en  c o m p a r in g  th e  r e s u lt s  o f  th e  2  e x p e r im e n ts ,  
e s p e c ia lly  a s  a n  e ffe c t  o f  t im e  o n  th e  r e sp o n s e  in  m ilk  f a t  y ie ld  to  d ie ta r y  f a t  s u p p le ­
m e n ts  h a s  p r e v io u s ly  b e e n  o b s e r v e d  (S te e le  & M o o re , 1 9 6 8 a .; S t o r r y  et a l .  1 9 6 8 ; 
R o h r  & O k u b o , 1968 ). T h e  in c re a se d  c o n te n t  a n d  y ie ld  o f  f a t  in  m ilk  d u r in g  th e  f ir s t  
1 0  d a y s  o f  fe e d in g  in  th e  p r e se n t  e x p e r im e n t, a l th o u g h  ju s t  fa il in g  to  r e a c h  s t a t i s t i c a l  
s ig n ific a n c e , t h u s  t e n d s  to  s u p p o r t  o u r  e a r lie r  f in d in g s  o f  a n  in c r e a se d  c o n te n t  a n d  
y ie ld  o f  m ilk  f a t  w h en  c o c o n u t  o il w a s  f e d  fo r  14 d a y s  a t  a  le v e l o f  2 % . H o w e v e r , 
d u r in g  th e  l a s t  1 2  d a y s  o f  th e  fe e d in g  p e r io d s  th e re  w a s  l i t t le  c h a n g e  in  th e  c o n te n t  
a n d  y ie ld  o f  m ilk  f a t  w ith  le v e ls  o f  c o c o n u t o il b e lo w  7 %  a n d  a  s ig n if ic a n t  f a l l  in  m ilk  
f a t  y ie ld  a t  th e  1 0 %  le v e l o f  su p p le m e n ta t io n . T h e se  f in d in g s  t h u s  s u p p o r t  th e  d e ­
c r e a se d  c o n te n t  a n d  y ie ld  o f  f a t  in  m ilk  o f  c o w s o b s e r v e d  b y  S te e le  & M o o re  (1 9 6 8 d ), 
w h o  fe d  1 0  %  m y r is t ic  a c id  o r  5 %  la u r ic  a c id  fo r  2 0  d a y s  a n a  b y  R o h r  &  O k u b o  (1 9 6 8 ) 
w h o  fe d  5 %  c o c o n u t o il fo r  3 6 - 4 5  d a y s .

T h e  re a so n  fo r  th e  la c k  o f  a  su s ta in e d  in c re a se  o r  fo r  th e  d e p re s s io n  in  y ie ld  o f  
t o t a l  m ilk  f a t  w ith  fe e d in g  o f  c o c o n u t o il i s  m o re  a p p a r e n t  w h en  th e  y ie ld s  o f  in d iv i­
d u a l  f a t t y  a c id s  a re  c o n s id e re d . T h e  in c r e a se d  y ie ld s  o f  la u r ic  a n d  m y r is t ic  a c id s  in  
a s s o c ia t io n  w ith  a n  in c re a se d  d ie ta r y  in ta k e  o f  th e se  a c id s  fu l ly  co n firm s p r e v io u s  
o b s e r v a t io n s  t h a t  th e  m a m m a r y  g la n d  c a n  u ti l iz e  th e se  in te r m e d ia te  c h a in  a c id s  
w h en  th e y  a r e  p r o v id e d  in  th e  d ie t  (S to r r y  et a l .  1 9 6 7 ; S te e le  & M o o re , 1 9 6 8 c ; 
S t o r r y ,  T u c k le y  &  H a l l ,  1969 ). A t  th e  s a m e  t im e , h o w e v e r , th e  in c r e a se d  y ie ld s  o f  
la u r ic  a n d  m y r is t ic  a c id s  w ere  o ffse t  b y  d e c r e a se d  y ie ld s  o f  c a p ro ic , c a p ry lic , c a p r ic  
a n d  p a r t ic u la r ly  o f  p a lm it ic  a c id s , so  t h a t  th e  y ie ld  o f  t o t a l  f a t t y  a c id s  in  m ilk  w o u ld  
d e p e n d  o n  th e  b a la n c e  o f  th e se  2  e f fe c ts . S im ila r  d e p r e s s io n s  in  th e  in t r a m a m m a r y  
s y n th e s is  o f  f a t t y  a c id s  w ith  th e  fe e d in g  o f  a  v a r ie t y  o f  f a t t y  a c id s  a n d  o ils  h a v e  b e e n  
o b s e r v e d  e lsew h ere  (S te e le  & M o o re , 19 6 8 a - d ;  S t o r r y  et a l .  1 9 6 8 ; N o b le , S te e le  & 
M o o re , 1969) a n d  th i s  e ffe c t  p r o b a b ly  r e s u lt s  fro m  c h a n g e s  in  th e  p ro d u c t io n  o f  
ru m e n  v o la t i le  f a t t y  a c id s  a n d  p o s s ib ly  a lso  fro m  in h ib ite d  de novo sy n th e s is  o f  f a t t y  
a c id s  w ith in  th e  a lv e o la r  ce ll (see  S t o r r y ,  1970 ). R u m e n  v o la t i le  f a t t y  a c id s  w ere  n o t  
d e te rm in e d  in  th e  p r e s e n t  e x p e r im e n ts , b u t  d e c re a se s  in  th e  p r o p o r t io n  o f  a c e t a t e  
a n d  in c re a se s  in  th e  p r o p o r t io n  o f  p r o p io n a te , w ith  v a r ia b le  r e sp o n se s  in  th e  p r o p o r ­
t io n s  o f  b u ty r a t e ,  h a v e  b e e n  r e p o r te d  b y  o th e r s  in  th e  ru m e n  o f  co w s fe d  m y r is t ic  
a n d  la u r ic  a c id s  (S te e le  & M o o re , 1 9 6 8 d ) o r  c o c o n u t o il (R o h r  & O k u b o , 1968 ).

A n  in te r e s t in g  f e a t u r e  o f  th e  p r e s e n t  e x p e r im e n ts  i s  t h a t  th e  y ie ld  o f  b u ty r ic  a c id
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w a s  in c r e a se d  o r  m a in ta in e d  a s  th e  d ie ta r y  in ta k e  o f  c o c o n u t  o il in c re a se d  in  c o n tr a s t  
to  th e  p r o g r e s s iv e  r e d u c t io n  in  th e  y ie ld s  o f  o th e r  sh o r t- c h a in  f a t t y  a c id s  sy n th e s iz e d  
w ith in  th e  m a m m a r y  g la n d . T h is  d if fe re n t ia l  re sp o n se  o f  b u ty r ic  a c id  h a s  b ee n  
o b s e r v e d  p r e v io u s ly  ( S to r r y  et a t . 1967 , 1 9 6 8 ; N o b le  et a l .  1969) a n d  m a y  re fle c t  
in c re a se d  s y n th e s is  o f  b u t y r a t e  b y  n o n -m a lo n y l p a t h w a y s  (see  S t o r r y ,  1970 ).

I t  m a y  b e  c o n c lu d e d  t h a t  a l th o u g h  fe e d in g  c o c o n u t o il t o  co w s in c re a se s  th e  y ie ld  
in  m ilk  o f  th e  m a jo r  f a t t y  a c id s  c o n ta in e d  in  th e  o il, th e  c o n c o m ita n t  d e p r e s se d  y ie ld s  
o f  o th e r  a c id s  w h ic h  a lso  o c c u r  m a k e s  i t  a n  u n s u ita b le  o il su p p le m e n t  fo r  in c re a s in g  
th e  c o n te n t  a n d  y ie ld  o f  t o t a l  m ilk  f a t .

W e a re  g r a t e fu l  to  M iss  P .  H a r v e y  fo r  sk il le d  te c h n ic a l  a s s i s t a n c e ,  a n d  to  P r ic e ’s  
C h e m ic a ls  L t d ,  W ir ra l, C h e sh ire  fo r  a  g i f t  o f  c o c o n u t  o il.

Effects of coconut oil on m ilk-fat secretion
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IN T R O D U C T IO N

T h e r e  is  a  v a s t  l i t e r a tu r e  o n  th ia m in e  d e fic ie n c y  in  m o n o g a s t r ic  a n im a ls  a n d  i t s  
b io c h e m is t ry , re v ie w e d  b y  W o lste n h o lm e  & O ’C o n n o r (1 9 6 7 ) a n d  b y  P e te r s  (1 9 6 3 ), 
b u t  r e la t iv e ly  l i t t le  h a s  b e e n  k n o w n  u n t il  r e c e n t ly  o f  th e  o c c u rre n c e  o f  th ia m in e  
d e fic ie n c y  in  th e  ru m in a n t . T h is  l i t e r a tu r e  i s  re v ie w e d  a n d  d is c u s se d  w ith  p a r t ic u la r  
re fe re n c e  t o  c e re b r o c o r t ic a l  n e c ro sis .

C E R E B R O C O R T IC A L  N E C R O S IS

T h e  n a m e  c e re b r o c o r t ic a l  n e c r o s is  (C C N ) w a s  s u g g e s t e d  b y  T e r le c k i  & M a r k so n
(1 9 5 9 ) fo r  a  d i s e a se  o f  sh e e p  a n d  c a t t le  in v o lv in g  th e  c e n tr a l  n e r v o u s  s y s te m . T h e  
c o n d it io n  w a s  re c o g n iz e d  a s  a  d i s t in c t  c lin ic o -p a th o lo g ic a l  e n t i t y  a f te r  th e y  h a d  
e x a m in e d  a  la r g e  n u m b e r  u f  c a s e s  o v e r  a  p e r io d  o f  y e a r s .

C lin ic a l  s ig n s

S h e ep . C lin ica l s ig n s  o f  th e  d is e a se  fo llo w e d  a  r e g u la r  p a t t e r n ,  b e g in n in g  w ith  
w a n d e r in g  a n d  c irc lin g , s t a g g e r in g  a n d  sw a y in g , o r  s t a n d in g  p r e c a r io u s ly  w ith  fe e t  
w id e  a p a r t  a n d  h e a d  d ra w n  b a c k  in  c o n v u ls iv e , e x te n s o r  s p a s m s .  T h e  a n im a ls
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a p p e a r e d  t o  b e  b lin d  a n d  th e y  e v e n tu a l ly  fe ll o v e r  w ith  le g s  e x te n d e d , k ic k in g  
in te r m it te n t ly  u n t il  e x h a u s te d .  H a n d lin g  u s u a l ly  r e su lte d  in  v io le n t  g a l lo p in g  
m o v e m e n ts  e n d in g  w ith  e x te n s o r  s p a s m s ,  o p is th o to n u s  a n d  n y s t a g m u s .  M o st  
u n t r e a te d  a n im a ls  d ie d  a f t e r  a n  illn e s s  la s t in g  fro m  a  fe w  h o u rs  to  s e v e r a l  d a y s  
(T e r le c k i & M a r k so n , 1 9 6 1 ; S p e n c e , S te v e n s ,  S a u n d e r s  & H a r r is ,  1961).

C attle . T h e  e a r ly  s ig n s  o f  c irc lin g  w ere  n o t  se e n  in  c a t t l e ;  th e  sy n d r o m e  b e g a n  
w ith  d u l ln e s s  a n d  a t a x ia ,  le a d in g  to  c o lla p se  a n d  c o n v u ls iv e  s tr u g g l in g . H y p e r -  
a e s th e s ia ,  o p is th o to n u s , a m a u r o s is ,  n y s t a g m u s ,  t r i s m u s  a n d  to n ic  e x te n s o r  s p a s m s  
w ere  p r o m in e n t  sy m p to m s  a s  in  sh e e p . D e a t h  u su a l ly  e n su e d  in  a  s t a t e  o f  c o m a  a f t e r  
a n  i lln e s s  la s t in g  2 - 6  d a y s  (T e r le c k i & M a rk so n , 1961).

P ath o lo gy

A t  p o st- m o r te m  e x a m in a t io n  th e  o n ly  c o n s is te n t  g r o s s  le s io n s  w ere  in  th e  b ra in , 
a n d  in  a  h ig h  p r o p o r t io n  o f  c a s e s  th e  le s io n s  w ere  v is ib le  to  th e  n a k e d  e y e , c o n s is t in g  
o f  a r e a s  o f  y e llo w ish  d is c o lo ra t io n  in  th e  c e re b r a l  c o r te x , w h ile  h is to lo g ic a l  e x a m i­
n a t io n  sh o w e d  c h a r a c te r is t ic  le s io n s  o f  n e u ro n a l n e c ro s is , a n d  m ic r o g lia l  p h a g o c y t ic  
re a c t io n  w ith  a  re c o g n iz a b le  p a t t e r n  o f  d is tr ib u t io n  w h ich  w a s  b i la t e r a l  th o u g h  n o t  
n e c e s sa r ily  sy m m e tr ic a l .  S o m e  g y r i  w ere  sw o llen . T h e  d is se m in a te d  n e c r o s is  o f  th e  
c e re b ra l c o r te x  w a s  th e  o n ly  c o n s ta n t  f in d in g  in  th e  d ise a se . F u r t h e r  s t u d y  a n d  
m o re  d e ta i le d  a n a ly s i s  o f  th e  c e re b ra l le s io n s  su g g e s te d  t h a t  th e  p a th o lo g ic a l  b a s i s  
w a s  c e llu la r  a n o x ia  (T e r le c k i & M a rk so n , 1961 , S p e n c e  et a l .  1961). C le g g  (1 9 6 6 ) 
r e p o r te d  h y p o k a la e m ia  in  a f fe c te d  a n im a ls  b u t  th e  s ig n ific a n c e  a n d  in te r p r e ta t io n  
o f  th i s  o b s e r v a t io n  is  u n c e r ta in .

D is tr ib u tio n

I n  th e  U n ite d  S t a t e s  a  d is e a se  c a lle d  p o lio e n c e p h a lo m a la c ia  (P E M ) w a s  d e sc r ib e d  
b y  J e n s e n ,  G r in e r  & A d a m s  (1 9 5 6 ). T h e  d ise a se , c h a ra c te r iz e d  b y  a  fo c a l  n e c ro s is  
d is se m in a te d  th r o u g h o u t  th e  c e re b ra l c o r te x , d iffe re d  fro m  C C N  o n ly  in  t h a t  th e  
m o r t a l i t y  r a t e  w a s  lo w er. I t  h a s  b e e n  r e p o r te d  to  o c c u r  b o th  in  fe e d lo t  a n d  g r a z in g  
c a t t le  a n d  sh e e p  a n d  i s  k n o w n  in  W y o m in g  a s  ‘ b l in d  s t a g g e r s ’ a n d  in  C o lo ra d o  a s  
‘ fo r a g e  p o is o n in g ’ .

P o s t -m o r te m  e x a m in a t io n  o f  a f fe c te d  a n im a ls  r e v e a le d  t h a t  th e  p r im a r y  s ig n if ic a n t  
le s io n s  w ere  l im ite d  to  th e  b ra in , w h ere  m u lt ip le  y e llo w ish  fo c i o f  n e c r o s is  w ere  
fo u n d  in  th e  c e re b ra l c o r te x . A  s im ila r  c o n d it io n  h a s  b e e n  d e sc r ib e d  b y  H a r t le y  & 
K a t e r  (1 9 5 9 ) in  la m b s  in  N e w  Z e a la n d . A s  P E M  a n d  C C N  a r e  s im ila r  in  so  m a n y  
r e sp e c t s ,  th e y  w ill b e  t r e a t e d  a s  sy n o n y m s  in  t h is  re v iew .

C C N  h a s  b e e n  r e p o r te d  to  o c c u r  in  A u s t r a l ia  (N ico l, 1 9 6 1 -2 ) , C a n a d a  (L o e w , 
R a d o s t i t s  & D u n lo p , 1969 ), S w itz e r la n d  (F a n k h a u se r ,  1962 ), G e rm a n y  (v o n  S a n d e r -  
s le b e n , 1966 ), S o u th  A fr ic a  (P ie n a a r  & T h o rn to n , 1964) a n d  F r a n c e  (T o u rn u t , 
L a b ie  & E s p in a s s e ,  1967 ). T h e  l a t t e r  a u t h o r s  d e sc r ib e  th e  in c id e n ce  in  F r a n c e ,  a n d  
h a v e  a lso  id e n tifie d  s im ila r  c o n d it io n s  in  g o a t s  a n d  in  th e  a n te lo p e .

In c id e n c e  a n d  c a u s a l  agen ts

S p e n c e  et a l .  (1 9 6 1 ) d e sc r ib e d  2 1  o u t b r e a k s  in  sh e e p  a n d  1 2  in  c a lv e s ,  c r it ic a l ly  
e x a m in in g  f a c t o r s  o f  in c id e n c e  su c h  a s  s e x ,  b re e d  a n d  m a n a g e m e n t , b u t  w e re



u n a b le  to  im p lic a te  a n y  p a r t ic u la r  f a c to r .  T h e  a g e  in c id e n c e  in  sh e e p  v a r ie d  fro m  
la m b s  o f  6  w e e k s  o f  a g e  to  ew es o f  7 y e a r s  o r  m o re , b u t  th e  m a jo r i ty  o f  c a s e s  w ere  
in  l a m b s  2 - 7  m o n th s  o ld . T h e  flo c k  m o r b id ity  r a t e  in  sh e e p  r a n g e d  fro m  1 - 6  %  a n d  
th e  m o r ta li ty  r a t e  w a s  u s u a l ly  1 0 0 % . I n  c a t t le ,  th e  a g e  in c id e n c e  r a n g e d  fro m  10 
w e e k s to  11 m o n th s  b u t  th e  d is e a se  w a s  m o s t  c o m m o n  in  c a lv e s  3 - 7  m o n th s  o f  a g e . 
In c id e n c e  v a r ie d  fro m  1  t o  n e a r ly  5 0 %  in  a  g r o u p  o f  c a lv e s ;  a  few  a n im a ls  
a p p e a r e d  t o  re c o v e r  b u t  th e  m a jo r i ty  d ie d .

V a r io u s  t r a n s m is s io n s  o f  t is s u e  fro m  a f fe c te d  a n im a ls  in to  a n im a ls  o f  th e  sa m e  
sp e c ie s  o r  in to  m ic e  f a i le d  to  p ro d u c e  th e  d is e a se  o r to  sh o w  th e  p re se n c e  o f  b a c t e r ia  
o r  v iru se s .

H a r t le y  (1 9 5 6 ) su g g e s te d  t h a t  c lo s t r id ia l  e n te r o to x in s  m ig h t  b e  im p lic a te d  in  
th e  p a th o g e n e s is  o f  P E M . T h is  p o s s ib i l i ty  w a s  c a re fu lly  e x a m in e d  b y  S p e n c e  el a l . 
(1 9 6 1 ) a n d  b y  T e r le c k i  & M a r k so n  (1 9 6 1 ), b u t  th e y  w ere  u n a b le  to  s u b s t a n t ia t e  i t .  
J e n s e n  et a l .  (1 9 5 6 ) c o n s id e re d  th e  p o s s ib i l i ty  o f  se le n iu m  a s  a  t o x ic  a g e n t  b u t  c o u ld  
n o t  f in d  a n y  e v id e n c e  fo r  i t .  T h is  w a s  a lso  th e  c o n c lu sio n  o f  H o w e ll (1 9 6 1 ). L e a d ,  
a r se n ic , m e r c u r y  a n d  p la n t  p o is o n s  h a v e  b e e n  c o n s id e re d  a s  c a u sa l  a g e n t s  b u t  h a v e  
n o t  b e e n  sh o w n  to  p ro d u c e  C O N  (H o w ell, 1 9 6 1 ; J e n s e n  et a l .  1956 ). V a r io u s  a s p e c t s  
o f  th e  a e t io lo g y  o f  C O N  h a v e  b e e n  re v ie w e d  b y  M a r k so n  & T e r le c k i  (1 9 6 8 ).

T h ia m in e  a n d  C C N

D a v ie s ,  P il l ,  C o llin g s, V e n n  & B r id g e s  (1 9 6 5 ) sh o w e d  th e  in v o lv e m e n t  o f  th ia m in e  
in  C C N  a f t e r  in v e s t ig a t in g  r e p o r t s  t h a t  m u lt iv i t a m in  p r e p a r a t io n s  w ere  b e n e fic ia l  
fo r  t r e a t m e n t  o f  C C N . T h is  w a s  co n firm e d  b y  H e n tsc h l, W a lto n  & M iller  (1 9 6 6 ), 
w h o  t r e a t e d  P E M  w ith  v i t a m in  B  c o m p le x . E x a m in a t io n  o f  t i s s u e s  fro m  a f fe c te d  
a n im a ls  sh o w e d  th e m  to  b e  lo w  in  th ia m in e . O th e r  k n o w n  b io c h e m ic a l a b e r r a t io n s  
o f  c la s s ic a l  th ia m in e  d e fic ie n c y , su c h  a s  r a i s e d  b lo o d  p y r u v a t e  a n d  la c t a t e  a n d  
lo w e re d  e r y th r o c y te  t r a n s k e t o la s e  a c t iv i ty ,  w ere  a lso  fo u n d  (P ill, 1 9 6 7 ; E d w in , 
1 9 7 0 ; L o e w , D u n lo p  & C h r is t ia n , 1970 ). P la s m a  p y r u v a t e  k in a se  le v e ls  h a v e  b e e n  
sh o w n  t o  r ise  c o n s id e ra b ly  (E d w in , 1970 ).

T rea tm en t o f  C C N

R e p o r t s  in d ic a te  t h a t  t r e a t m e n t  o f  a f fe c te d  a n im a ls ,  p a r t ic u la r ly  c a lv e s , w ith  
la r g e  d o se s  o f  th ia m in e  p r e p a r a t io n s  a d m in is te r e d  p a r e n te r a l ly  i s  e f fe c t iv e  i f  g iv e n  
b e fo re  w id e sp r e a d  n e u ro n a l d a m a g e  h a s  o c c u rre d .

D a v ie s  et a l . (1 9 6 5 ) t r e a t e d  a n  a f fe c te d  c a lf , in  th e  f in a l c o m a to se  p h a se , w ith  
1 0 0  m g  th ia m in e  in  a q u e o u s  so lu t io n  in t r a v e n o u s ly ;  1 2  h  la te r  th e  a n im a l  w a s  
s t a n d in g ,  b u t  r e la p s e d  a f t e r  72  h . A  r e sp o n s e  fo llo w e d  fu r th e r  in je c t io n s  o f  th ia m in e  
b u t  r e c o v e ry  w a s  n o t  c o m p le te . P i l l  (1 9 6 7 ) r e p o r te d  c o m p le te  r e c o v e r y  in  9 c a lv e s  
(3 - 6  m o n th s  o ld , A y r sh ire , F r ie s ia n  o r  H e r e fo r d  c ro ss )  t r e a t e d  w ith  20 0  m g  th ia m in e  
in t r a v e n o u s ly  p lu s  2 0 0  m g  in t r a m u sc u la r ly . H e n tsc h l  et a l . (1 9 6 6 ) su c c e s s fu l ly  
t r e a t e d  H o ls te in  s te e r s  o f  4 0 0  lb  liv e w e ig h t  b y  in t r a m u sc u la r  in je c t io n  o f  10 m l o f  
a  m u lt iv i t a m in  p r e p a r a t io n  c o n ta in in g  1 g  th ia m in e  h y d ro c h lo r id e . T h e y  r e p o r te d  
a n  im p r o v e m e n t  in  4  h ; th e  t r e a t m e n t  w a s  r e p e a te d  th e  n e x t  d a y .
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B I O C H E M IS T R Y  O F  T H IA M IN E  D E F I C I E N C Y

T h e  b io c h e m ic a l ro le  o f  th ia m in e  w a s  f ir s t  r e v e a le d  b y  th e  c la s s ic a l  s tu d ie s  o f  
P e t e r s  (1 9 3 6 ), w h o  d e m o n s t r a te d  i t s  im p lic a t io n  in  c a r b o h y d r a te  u t i l iz a t io n . A s  i t s  
p y r o p h o sp h a te  e s te r , c o c a r b o x y la se , th ia m in e  i s  k n o w n  to  a c t  a s  a  c o e n z y m e  in  
3  a r e a s  o f  c a r b o h y d r a te  m e ta b o lism . I n  th e  g ly c o ly t ic  p a th w a y  i t  c a t a ly s e s  th e  
d e c a r b o x y la t io n  o f  p y r u v a t e  to  a c e ty l  c o e n z y m e  A , a n d  o f  a - k e t o g lu t a r a t e  to  
su c c in y l co e n zy m e  A  in  th e  t r ic a r b o x y lic  a c id  c y c le . F u r th e r ,  i t  i s  a  c o e n z y m e  fo r  
th e  tr a n s lc e to la se  (E .C . 2 . 2 . 1 . 1 ) in  th e  p e n to se  p a th w a y  w h ich  m e d ia te s  in  th e  
fo r m a t io n  o f  se d o h e p tu lo se - 7 -p h o sp h a te  a n d  g ly c e ra ld e h y d e -3 - p h o sp h a te  fro m  
r ib o se - 5 -p h o sp h a te  a n d  x y lu lo s e - 5 - p h o sp h a te ; a n d  o f  f r u c to se - 6 - p h o sp h a te  a n d  
g ly c e ra ld e h y d e -3 - p h o sp h a te  fro m  x y lu lo se - 5 -p h o sp h a te  a n d  e r y th ro se - 4 -p h o sp h a te . 
B r in , S h o h e t  & D a v id s o n  (1 9 5 8 ) h a v e  d e m o n s t r a te d  t h a t  t r a n s k e t o la s e  a c t iv i t y  
a n d  th e  c o n c o m ita n t  r e s to r a t io n  o f  a c t iv i ty  b y  th e  in  v i t r o  a d d it io n  o f  th ia m in e  
p y r o p h o sp h a te  (T P P )  to  e r y th r o c y te  h a e m o ly sa te s  w o u ld  c o n s t i tu te  a n  e a r ly  a n d  
se n s it iv e  in d e x  o f  th ia m in e  d e fic ie n cy .

T P P  is  a  c o e n z y m e  in  o v e r  2 4  e n z y m e  s y s t e m s  (S a u b e r lic h , 1967).
A p a r t  fro m  i t s  c o e n z y m e  fu n c t io n  th ia m in e  h a s  b ee n  sh o w n  t o  h a v e  a n  in d e p e n d e n t  

ro le  in  n e rv e  c o n d u c tio n . V o n  M u ra lt  (1 9 6 2 ), w o rk in g  w ith  iso la te d  n e rv e  f ib re s , 
d e m o n s t r a te d  th e  r e le a se  o f  sm a ll  b u t  m e a su r a b le  q u a n t i t ie s  o f  th ia m in e  on  e x c ita t io n . 
F u r t h e r ,  I t o k a w a  & C o o p e r  (1 9 6 9 ) h a v e  d e m o n s t r a te d  th e  lo c a liz e d  p re se n c e  o f  
th ia m in e  t r ip h o s p h a te  in  n e u ro n a l m e m b ra n e , a n d  h a v e  s u g g e s te d  fo r  i t  a  ro le  in  
io n  t r a n s p o r t .  C o o p e r , I t o k a w a  & P in c u s  (1 9 6 9 ) h a v e  a lso  sh o w n  t h a t  th ia m in e  
t r ip h o s p h a te  i s  v i r t u a l ly  a b s e n t  fro m  th e  b r a in s  o f  p a t ie n t s  su ffe r in g  fro m  s u b a c u te  
n e c ro tiz in g  e n c e p h a lo m y e lo p a th y .

T h ia m in e  deficiency in  m o n o g astric  a n im a ls

T h e  e ffe c ts  o f  th ia m in e  d e fic ie n c y  o n  th e  c e n tra l  n e rv o u s  s y s te m  h a v e  b e e n  
re v ie w e d  b y  D r e y fu s  & V ic to r  (1 9 6 1 ). I n  m o n o g a s t r ic  a n im a ls  d ie ta r y  d e fic ie n c y  o f  
th ia m in e  is  fo llo w e d  b y  a  d e fin ite  se q u e n c e  o f  e v e n ts . B r in  (1 9 6 4 ) r e c o g n iz e s  5 s t a g e s  
o f  d e fic ie n c y , d e p e n d in g  u p o n  th e  r a t e  o f  in ta k e  o f  th ia m in e . I n  m a n , a  p r e l im in a r y  
s t a g e  i s  d isc e rn ib le  w ith in  5 d a y s  o n  a  th ia m in e - lo w  d ie t . T h is  i s  c h a ra c te r iz e d  b y  
re d u c e d  u r in a r y  e x c re t io n  o f  th ia m in e . S e c o n d ly , a  b io c h e m ic a l p h a se  i s  se e n  w ith in  
10 d a y s  w h en  e r y th r o c y te  t r a n s k e to la s e  a c t iv i ty  i s  d e p r e s se d  w ith  a  p o s i t iv e  T P P  
e ffe c t  o f  a b o u t  1 5 % . T h e  th ir d  i s  a  p h y s io lo g ic a l  p h a se  w h ich  i s  se e n  in  2 1 - 2 8  d a y s  
a n d  is  sh o w n  b y  a  fa l l  in  b o d y w e ig h t , lo s s  o f  a p p e t i t e ,  g e n e ra l  m a la ise , in so m n ia  
a n d  g e n e ra l  i r r i t a b i l i ty . U r in a ry  th ia m in e  d u r in g  th is  p h a se  f a l l s  to  0 - 2 5  jug d a i ly  
a n d  th e  T P P  e ffe c t  i s  r a is e d  to  30  % . T h is  i s  fo llo w e d  in  3 0 - 3 0 0  d a y s  b y  a  c lin ic a l 
p h a s e  w ith  in c re a se d  m a la is e , lo s s  o f  b o d y w e ig h t, p o ly n e u r it is , b r a d y c a r d ia ,  p e r i ­
p h e r a l  o e d e m a , c a r d ia c  e n la rg e m e n t  a n d  o p h th a lm o p le g ia . U r in a r y  th ia m in e  
e x c re t io n  is  n e g lig ib le  a n d  th e  T P P  e ffe c t  is  in  e x c e s s  o f  40  % . F in a l ly  a n  a n a to m ic a l  
p h a se  is  re c o g n iz e d . T h is  is  c h a ra c te r iz e d  b y  c a r d ia c  h y p e r tro p h y , d e g e n e r a t io n  
o f  th e  g r a n u la r  la y e r  o f  th e  c e re b e llu m , p e r iv a sc u la r  c e re b ra l h a e m o r r h a g e s  w ith  
d e g e n e r a t io n  o f  n e u ro n e s , sw e llin g  o f  m ic r o g lia  a n d  p ro life ra t io n  o f  a s t r o c y t e s .  T h e  
T P P  e ffe c t  is  in  e x c e s s  o f  5 0  % .

I n  e x p e r im e n ta l  th ia m in e  d e fic ie n c y  d e p le tio n  o f  th ia m in e  p ro c e e d s  a t  d if fe re n t



r a t e s  in  d if fe re n t  t is su e s .  L o w r y  (1 9 5 2 ) d e m o n s t r a te d  t h a t  r a t s  o n  a  th ia m in e -d e fic ie n t  
d ie t  sh o w e d  a  m a r k e d  fa l l  in  u r in a r y  th ia m in e , fo llo w e d  b y  re d u c e d  th ia m in e  le v e ls  
in  b lo o d , l iv e r , k id n e y , h e a r t  a n d  f in a lly  b ra in , in  t h a t  o rd e r . U s in g  3 5 S - la b e lle d  
th ia m in e  B a la g h i  & P e a r s o n  (1 966 ) fo u n d  t h a t  th e  r a t e  o f  d e c re a se  o f  th ia m in e  is  
h ig h e st  in  l iv e r  a n d  lo w e st  in  b ra in . T h u s , i t  is  e v id e n t  t h a t  b r a in  is  p a r t ic u la r ly  
r e s i s t a n t  to  d e p le tio n  o f  th ia m in e  a n d  th i s  m a y  b e  im p o r t a n t  in  c o n s id e r in g  th e  
p a th o g e n e s is  o f  C C N . T h e  c o n c e n tr a t io n  o f  th ia m in e  in  b ra in  d o e s  n o t  f lu c tu a te  
a  g r e a t  d e a l, a n d  on  d e p le tio n , n e r v o u s  s y m p to m s  o n ly  a p p e a r  w h en  i t  h a s  fa l le n  
to  2 0  %  o f  i t s  n o r m a l  v a lu e .

T h e  th ia m in e -d e p e n d e n t  m a m m a lia n  e n z y m e s  t r a n s k e to la s e ,  p y r u v a t e  a n d  
a - k e t o g lu t a r a t e  d e h y d ro g e n a se s  sh o w  d if fe re n t  d e g re e s  o f  s e n s it iv i ty  t o  th ia m in e  
d e fic ie n c y , a n d  th e  b io c h e m ic a l le s io n s  w o u ld  b e  m a n ife s t  w ith  d if fe re n t  d e g re e s  o f  
se v e r ity . T h e  r e s t r ic t io n  in  k e to - a c id  o x id a t io n  r e s u lt s  in  a  r ise  in  th e  c o n c e n tr a t io n  
o f  th e se  s u b s t a n c e s  in  th e  b lo o d  s t r e a m . T h is  i s  sh o w n  b y  th e  su d d e n  r ise  in  b lo o d  
p y r u v a t e  w h en  th ia m in e -d e fic ie n t  a n im a ls  a re  g iv e n  g lu c o se . B u e d in g , W o r t is  & S te r n
(1 9 4 2 ) t r e a t e d  h u m a n  s u b je c t s  sh o w in g  W e rn ic k e ’s  sy n d r o m e , a  th ia m in e -re sp o n s iv e  
c o n d it io n , w ith  g lu c o se  a t  th e  r a t e  o f  1 0  m m o ls /k g  b o d y w e ig h t, a n d  sh o w e d  t h a t  
b lo o d  k e to - a c id s  ro se  s h a r p ly . T h e  r ise  c o u ld  b e  so o n  r e v e r se d  b y  th e  a d m in is t r a t io n  
o f  th ia m in e . A p a r t  f ro m  p y r u v a te ,  le v e ls  o f  o th e r  k e to - a c id s  su c h  a s  a - k e t o g lu t a r a t e ,  
a ce to ac-e ta te , a n d  a lso  o f  g ly o x a la te  a r e  e le v a te d  in  th e  b lo o d  s t r e a m  a n d  u rin e .

A lth o u g h  th ia m in e  d e fic ie n c y  c a n  b e  p r o d u c e d  r e a d i ly  in  m o n o g a s t r ic  a n im a ls ,  
r u m in a n t s  h a v e  b e e n  sh o w n  to  sy n th e s iz e  m e m b e rs  o f  th e  B  g r o u p  o f  v i t a m in s  a t  
a n  a d e q u a te  r a t e ,  a n d  h e n c e  to  b e  in d e p e n d e n t  o f  a n  e x t r a n e o u s  su p p ly  in  th e  d ie t .

T h ia m in e  deficiency in  p re - ru m in a n t a n im a ls

T h ia m in e  d e fic ie n c y  h a s  b e e n  p r o d u c e d  in  th e  p re - ru m in a n t  a n im a l  b y  fe e d in g  
th ia m in e - lo w  d ie ts . Jo h n s o n , H a m ilto n , N e v e n s  &  B o le y  (1 9 4 8 ) fe d  su c h  a  d ie t  to  
n ew -b o rn  d a ir y  c a lv e s , a n d  d e m o n s t r a te d  th e  o n se t  o f  ch ro n ic  o r  a c u te  sy m p to m s , 
a c c o rd in g  to  th e  b o d y  s to r e s  o f  th ia m in e . T h e  u r in a r y  th ia m in e  e x c re t io n  fe ll to  
a  le v e l b e lo w  1 0  / ¿ g /d a y , a n d  b lo o d  a n d  u r in e  p y r u v a t e  le v e ls  w ere  a b o v e  n o rm a l. 
C lin ica l s ig n s  d e v e lo p e d , c h a ra c te r iz e d  b y  w e a k n e s s , in c o o rd in a t io n , c o n v u ls io n s  a n d  
h e a d  r e t r a c t io n s . T h e  c o n v u ls io n s  a n d  p o ly n e u r it ic  s y m p to m s  r e sp o n d e d  im m e d ia te ly  

to  th ia m in e  th e r a p y .
A  c o m b in a t io n  o f  p h y s io lo g ic a l , c lin ic a l a n d  e n z y m ic  c r ite r ia  w a s  u se d  b y  B e n e -  

v e n g a , B a ld w in  & R o n n in g  (1 9 6 6 ) to  c h a ra c te r iz e  th e  o n se t  o f  th ia m in e  d e fic ie n c y  
in  c a lv e s  f e d  a  se m i-p u r if ie d  d ie t . B lo o d  p y r u v a t e ,  l a c t a t e  le v e ls  a n d  u r in a r y  
p y r u v a t e  e x c re t io n  in c re a se d , a n d  liv e r  t r a n s k e t o la s e  a n d  th e  p y r u v a t e  d e h y d r o ­
g e n a se  s y s te m  d e c re a se d  s ig n if ic a n tly  c o n c o m ita n t ly  w ith  th e  a p p e a r a n c e  o f  o v e r t  

d e fic ie n c y  s y m p to m s .
D r a p e r  &  J o h n s o n  (1 9 5 1 ) s tu d ie d  th e  e ffe c t  o f  o m it t in g  th ia m in e  fro m  th e  d ie t  

o f  th e  la m b . H e r e  a lso  a  u n ifo rm  p a t t e r n  -was se e n , c h a ra c te r iz e d  b y  a n o r e x ia  in  
2 - 3  w e e k s  a n d  a  fa l l  in  g ro w th  r a t e  fo llo w e d  in  th e  fo u r th  to  f ifth  w e e k  b y  c o n v u ls io n s  
in c lu d in g  o p is th o to n u s . T h e se  t e t a n ic  s p a s m s  w ere  s im ila r  to  m a n ife s ta t io n s  o f  
th ia m in e  d e fic ie n c y  in  o th e r  sp e c ie s , a n d  d is a p p e a r e d  w h en  th ia m in e  w a s  g iv e n . 
I n  th e se  s tu d ie s ,  h o w e v e r , th e  b r a in s  w ere  n o t  e x a m in e d . L e w is , T e r le c k i, M a rk so n , 
A llc ro ft  & F o r d  (1 967 ) f e d  a  th ia m in e -d e fic ie n t  d ie t  t o  la m b s  fro m  48  h  o f  a g e . T h e
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a n im a ls  re a c h e d  a  c r is is  in  1 8 -3 0  d a y s  a n d  w ere  k il le d  in  ex trem is. A  f a l l  in  u r in e  
th ia m in e  a n d  r ise  in  b lo o d  p y r u v a t e  w a s  n o te d . T h e  b r a in  sh o w e d  n o  g r o s s  le s io n s , 
b u t  h is to lo g ic a l  e x a m in a t io n s  r e v e a le d  s l ig h t  c h a n g e s  in  th e  c o r te x  a n d  t h a la m u s  
re se m b lin g  th o se  fo u n d  in  fie ld  c a s e s  o f  C C N .

T h e  3 s tu d ie s  m e n tio n e d  h e re  h a v e  a ll  b e e n  c a rr ie d  o u t  o n  v e r y  y o u n g  
r u m in a n ts ,  a t  a  s t a g e  w h en  th e y  w ere  s t i l l  d e p e n d e n t  o n  a n  e x t r a n e o u s  so u rc e  fo r  
th e ir  th ia m in e  re q u ir e m e n t . I t  c a n  b e  a s s u m e d  t h a t  th i s  r e q u ir e m e n t  i s  h ig h  in  
a  r a p id ly  g ro w in g  a n im a l. I n  th e  ru m in a t in g  a n im a l, w ith  i t s  fu ll  c o m p le m e n t  o f  
th ia m in e -p ro d u c in g  sy m b io t ic  m ic r o -o rg a n ism s , i t  w o u ld  b e  d iff ic u lt  to  in d u c e  a  
s t a t e  o f  th ia m in e  d e fic ie n c y  b y  p u re ly  d ie ta r y  m e a n s .

8 4  E .  E .  E d w i n  a n d  G w y n e t h  L e w i s

T H IA M IN E  A N T A G O N IS T S

E ffe c ts  in  m o n o g astric  a n d  p re - ru m in a n t a n im a ls

T h ia m in e  d e fic ie n c y  c a n  b e  in d u c e d  in  m o n o g a s t r ic  a n im a ls  n o t  o n ly  b y  fe e d in g  
th ia m in e - lo w  d ie ts  b u t  b y  g iv in g  th ia m in e  a n ta g o n is t s .  T h e se  c o m p o u n d s  m a y  b e  
s t r u c t u r a l ly  s im ila r  to  th ia m in e  a n d  a c t  a s  t r u e  a n t im e ta b o li t e s  b y  c o m p e t in g  w ith  
th ia m in e  in  se v e r a l  o f  i t s  co -e n z y m e  fu n c t io n s . T h en ' m o d e  o f  a c t io n  is  re v ie w e d  b y  
S te y n - P a r v e  (1 9 6 7 ). P y r ith ia m in e , o x y th ia m in e  a n d  a m p ro liu m  a re  3 e x a m p le s  
w h ic h  h a v e  b e e n  s t u d ie d  e x te n s iv e ly . A d m in is tr a t io n  o f  th e se  c o m p o u n d s  to  e x p e r i­
m e n ta l  a n im a ls  su c h  a s  r a t s ,  m ice  o r p ig e o n s  is  fo llo w e d  b y  a  fa l l  in  g ro w th  r a t e  a n d  
th e  m a n ife s ta t io n  o f  a  n u m b e r  o f  e f fe c ts  w h ich  a re  a lso  se e n  in  n u tr i t io n a l  th ia m in e  
d e fic ie n c y . T h e se  a r e  t r u e  a n t im e ta b o li t e s  o f  th ia m in e  sin ce  th e  d e fic ie n c y  s y m p to m s  
c a n  b e  r e v e r se d  b y  th e  a d m in is t r a t io n  o f  th ia m in e .

T h e  v a r io u s  th ia m in e  a n t a g o n i s t s  h a v e  d iffe re n t  p o te n c ie s  a n d  m a y  in te r fe re  
w ith  th ia m in e  u t i l iz a t io n  a t  d iffe re n t  p o in t s  in  th e  m e ta b o lic  p a th w a y  a n d /o r  
c o m p e te  w ith  th ia m in e  a t  d iffe re n t  m e m b ra n e  s ite s .

P y r ith ia m in e . W h en  p y r ith ia m in e  i s  g iv e n  to  a n im a ls  T P P  is re d u c e d  in  th e  
t is su e s ,  e v e n  th o u g h  th e  d ie t  m a y  h a v e  c o n ta in e d  fre e  th ia m in e . T h e  r a t e  o f  d i s ­
a p p e a r a n c e  o f  T P P  w a s  g r e a te r  a n d  th e  s u r v iv a l  t im e  m a rk e d ly  sh o r te n e d  w h en  
th e  a n im a ls  (m ice , r a t s ,  p ig e o n s)  w ere  k e p t  o n  a  th ia m in e -d e fic ie n t  d ie t  (D e  C aro , 
R in d i ,  P e r r i  & F e r r a r i ,  1 9 5 8 ; K o e d a m , 1958 ). T h e  r a t e  o f  d is a p p e a r a n c e  o f  T P P  
d e p e n d s  o n  th e  p y r it h ia m in e : th ia m in e  r a t io  in  th e  d ie t  (D e  C a ro  et a l . 1 9 5 8 ; 
K o e d a m  & S te y n - P a r v e , 1959). T h e  n a tu r e  o f  th e  d ie t  w a s  a lso  sh o w n  to  h a v e  a  
p ro fo u n d  e ffe c t  o n  th e  r a t e  o f  T P P  d e p le tio n . A  h ig h  c a r b o h y d r a te  d ie t  w a s  s im ila r  
t o  a  th ia m in e -d e fic ie n t  d ie t  in  th is  r e sp e c t . T h e  d is a p p e a r a n c e  o f  T P P  fro m  t is s u e s  
w a s  a c c o m p a n ie d  b y  a n  in c re a se  in  u r in a r y  e x c re t io n  o f  th ia m in e . T h e  b e h a v io u r  
o f  th e  b ra in  i s  p a r t ic u la r ly  in te r e s t in g  in  p y r ith ia m in e - tr e a te d  a n im a ls .  A lth o u g h  
o n  a  th ia m in e -d e fic ie n t  d ie t  th e  b ra in  lo se s  i t s  th ia m in e  a t  a  s lo w e r r a t e  t h a n  o th e r  
t is su e s ,  th e  th ia m in e  lo s s  is  p a r t ic u la r ly  r a p id  fro m  th e  b ra in  in  a n im a ls  t r e a t e d  
w ith  p y r ith ia m in e  o r  p y r ith ia m in e  in  c o m b in a t io n  w ith  th ia m in e  (D e  C a ro  et a l .  
1 9 5 8 ; K o e d a m , 1958 ). I n  ro d e n t s  D e  C a ro  h a s  sh o w n  t h a t  a  s in g le  d o se  o f  p y r i ­
th ia m in e  h a s  a  la s t in g  e ffe c t . R in d i  & P e r r i  (1 9 6 1 ) fo u n d  t h a t  p y r ith ia m in e  a c c u ­
m u la te s  in  th e  r a t  b ra in . I n  in  v i t r o  e x p e r im e n ts  w ith  r a t  l iv e r , p y r ith ia m in e  h a s  
b e e n  sh o w n  to  in h ib it  th ia m in e  k in a se  (E .C . 2 . 7 . 6 . 2 ) ( c o c a r b o x y la s e  s y n th e ta s e )  
in  th e  fo r m a t io n  o f  T P P  (E ic h  & C ere ced o , 1 9 5 4 ; K o e d a m  & S te y n - P a r v e , 1960).



8 5

P y r ith ia m in e  h a s  a lso  b e e n  sh o w n  to  d is p la c e  th ia m in e  fro m  i s o la t e d  n e rv e  t is su e . 
C o o p er (1 9 6 8 ) a n d  I t o k a w a  & C o o p e r  (1 9 6 9 ) su g g e s te d  t h a t  th i s  a c t io n  m ig h t  r e su lt  
in  in te r fe re n c e  w ith  ion  t r a n s p o r t  a n d  c o n se q u e n tly  o f  n e rv e  c o n d u c tio n .

O xy th iam in e. T h e  a n t i- th ia m in e  p o te n c y  o f  o x y th ia m in e  is  n o t  a s  g r e a t  a s  t h a t  
o f  p y r ith ia m in e ; i t s  e f fe c ts  a r e  re v ie w e d  b y  S t e y n - P a r v e  (1 9 6 7 ).

U r in a r y  e x c re t io n  o f  th ia m in e  i s  n o t  in c re a se d  t o  th e  s a m e  e x t e n t  a s  w ith  p y r i ­
th ia m in e  t r e a t m e n t  a n d  th e  e ffe c t  o n  th e  b r a in  i s  n o t  so  p ro fo u n d . H o w e v e r , h ig h  
d o se s  o f  o x y th ia m in e  c a n  b e  to x ic .  A lth o u g h  o x y th ia m in e  d o e s  n o t  in h ib it  th ia m in e  
k in a se  a c t iv i t y  in  th e  r a t  l iv e r  (E ic h  &  C ere ced o , 19 5 4 ), i t  h a s  b e e n  sh o w n  t h a t  
o x y th ia m in e  p y r o p h o sp h a te  i s  a  p o w e rfu l a n t a g o n is t  in  t h is  re a c t io n . O x y th ia m in e  
p y r o p h o sp h a te  h a s  a  m u c h  g r e a te r  a f f in ity  fo r  h o lo tr a n s k e to la s e  t h a n  T P P  a n d  
c a n  d is p la c e  T P P  fro m  it.

Y o n e z a w a  & Iw a n a m i (1 9 6 6 ) h a v e  s t u d ie d  th ia m in e  d e fic ie n c y  in  n e r v o u s  t is s u e  
u s in g  t is s u e  c u ltu re  te c h n iq u e s . T h e  a p p l ic a t io n  o f  p y r ith ia m in e  o r  o x y th ia m in e  
p ro d u c e d  d e g e n e r a t iv e  c h a n g e s , e ith e r  a c u te  o r  ch ro n ic , d e p e n d in g  o n  th e  c o n ­
c e n tra t io n  o f  th e  a n t im e ta b o li t e s .

A m p ro liu m . A m p r o liu m  (M erck , S h a r p  a n d  D o h m e , H o d d e sd o n , H e r t s ) ,  a  coc- 
c id io s ta t ,  i s  a  m u c h  m ild e r  a n t a g o n is t  o f  th ia m in e  t h a n  p y r ith ia m in e  o r  o x y th ia m in e  
(R o g e r s , 1962 ). B r in  (1 9 6 4 ) h a s  sh o w n  t h a t  in  th e  n o rm a l r a t  a m p ro liu m  a t  a  d ie ta r y  
le v e l o f  1 0 0 0 0  p p m  d e p r e s se d  t r a n s k e t o la s e  a c t iv i t y  in  e r y th r o c y te  h a e m o ly sa te s .  
T h ia m in e -d e fic ie n t  r a t s  sh o w e d  a  s im ila r  b u t  m o re  se v e re  e ffe c t.

P ill, D a v ie s ,  C o llin g s  & V en n  (1 9 6 6 ) g a v e  p y r ith ia m in e  b y  tw ic e  d a i ly  in je c t io n s  
o f  10 m g  o v e r  a  p e r io d  o f  9 d a y s  to  a  p re - ru m in a n t  c a l f  fe d  o n  a  th ia m in e - lo w  
se m i-p u r if ie d  d ie t . A fte r  th i s  t r e a t m e n t  a m p ro liu m  w a s  g iv e n  o r a l ly  fo r  a  fu r th e r  
1 1  d a y s .  A  c o n d it io n  in d is t in g u ish a b le  f ro m  C C N  w a s  p ro d u c e d .

M a rk so n , T e r le c k i & L e w is  (1 9 6 6 ) p ro d u c e d  C C N  in  4 p re - ru m in a n t  c a lv e s  b y  
a d m in is te r in g  a m p ro liu m  in  a  d ie t  o f  c o w ’s  m ilk . T h e  e f fe c ts  o f  p y r ith ia m in e , 
o x y th ia m in e  a n d  a m p ro liu m  g iv e n  p a r e n te r a l ly  t o  p re - ru m in a n t  c a lv e s  h a v e  b e e n  
c o m p a r e d  b y  M a rk so n , L e w is , T e r le c k i & E d w in  (in  p re p a r a t io n ) .

E ffe c ts in  ru m in a n ts

T h e  u se  o f  th ia m in e  a n t a g o n i s t s  h a s  b e e n  s tu d ie d  b y  a  n u m b e r  o f  w o rk e rs . L e w is , 
T e r le c k i & F o r d  (1 9 6 7 , u n p u b lish e d )  f a i le d  t o  p ro d u c e  e v id e n c e  o f  th ia m in e  d e p le t io n  
o r  C C N  in  r u m in a t in g  la m b s  b y  a d m in is te r in g  o x y th ia m in e  o r  n e o p y r ith ia m in e  
o r a lly  fo r  5  m o n th s  a n d  su b se q u e n t ly  b y  in t r a m u sc u la r  in je c t io n  d a i ly  fo r  10 w e e k s . 
H o w e v e r , th e  6  a n im a ls  f e d  a m p ro liu m  a t  le v e ls  in c re a s in g  fro m  0 A  t o  1 - 5 %  o f  
th e  t o t a l  d r y - m a t te r  in ta k e  d e v e lo p e d  c h a r a c te r i s t ic  c lin ic a l a n d  h is to p a th o lo g ic a l  
s ig n s  o f  C C N , in d is t in g u ish a b le  fro m  th e  n a t u r a l ly  o c c u r r in g  c o n d it io n , a f t e r  b e tw e e n  
5 w e e k s  a n d  7 m o n th s  o n  e x p e r im e n t.

I n  th e  r u m in a n t  c a lf , M a rk so n , E d w in , L e w is  & R ic h a r d s o n  (in  p r e p a r a t io n )  
h a v e  in d u c e d  C C N  b y  g iv in g  a m p ro liu m  b y  ru m e n  f is tu la . T h e se  a n im a ls  d e v e lo p e d  
th e  t y p ic a l  s ig n s  o f  C C N  a n d  w ere  lu lle d  in  ex trem is. T h e  c h a r a c te r is t ic  le s io n s  o f  
th e  d is e a se  w ere  se e n  o n  h is to p a th o lo g ic a l  e x a m in a t io n  o f  th e  b ra in .

Thiam ine deficiency
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T H IA M IN A S E S

S o u rc e s

T h ia m in e - d e s tro y in g  f a c t o r s  o f  n a t u r a l  o c c u rre n c e  a r e  k n o w n  (fo r  a  re v ie w  se e  
M u r a ta , 1965 ). A n  e a r ly  e x a m p le  w a s  a s s o c ia te d  w ith  a  n e rv o u s  d is e a se  o f  s i lv e r  
fo x e s  c a lle d  ‘ C h a s t e k ’ p a r a ly s is .  T h e  a n im a ls  h a d  b e e n  fe d  a  d ie t  o f  r a w  c a r p  a n d  
w ere  sh o w n  to  b e  se v e re ly  th ia m in e -d e f ic ie n t ; th e  c o n d it io n  c o u ld  b e  r a p id ly  r e v e r se d  
b y  g iv in g  th ia m in e  (G ree n , C a r lso n  & E v a n s ,  1941 ). S im ila r  o u tb r e a k s  h a v e  b e e n  
d e sc r ib e d  in  N o r w a y  (E n d e r  & H e lg e b o s ta d , 1945). T h e  c a u se  o f  th e  th ia m in e  
d e s t r u c t io n  w a s  sh o w n  to  b e  a n  e n z y m e — th ia m in a se —  w h ich  w a s  p re se n t  in  th e  ra w  
c a r p  (W o o lley , 1941 , 1 9 5 2 ; S e a lo c k , L iv e r m o r e  & E v a n s ,  1943 ). T h ia m in a se s  h a v e  
s in c e  b e e n  sh o w n  t o  b e  p re se n t  in  m a n y  sp e c ie s  o f  fish , su c h  a s  g a r f i sh  a n d  id e . 
E n d e r  & H e lg e b o s ta d  (1 9 4 5 ) h a v e  sh o w n  t h a t  fe e d in g  th e se  fish  in  th e  r a w  s t a t e  t o  
fo x e s  o r r a t s  r e su lte d  in  a  c o n d it io n  s im ila r  to  b e r i  b e r i, w h ich  r e sp o n d e d  to  th ia m in e  
t r e a tm e n t .

G e ra c i  (1 9 6 9 ) re v ie w e d  th e  l i t e r a tu r e  o n  d ie t- in d u c e d  th ia m in e  d e fic ie n c y  in  
c a p t iv e  m a r in e  a n im a ls  a n d  re c e n t ly  W h ite  (1 9 7 0 ) h a s  r e p o r te d  th ia m in e  d e fic ie n c y  
in  a n  A t la n t ic  b o tt le - n o se d  d o lp h in  (T u r s io p s  tru n c atu s) o n  a  d ie t  o f  r a w  fish .

M a n y  sh e ll fish , su c h  a s  m u sse ls , c la m s  a n d  o y s te r s ,  a re  p o te n t  so u rc e s  o f  th ia m in a se  
( E u j i t a  & M a ts u k a w a , 1942). I t  h a s  a lso  b e e n  sh o w n  b y  J a p a n e s e  w o rk e rs  to  b e  
p r e s e n t  in  se v e r a l  sp e c ie s  o f  b a c te r ia ,  y e a s t s  a n d  fu n g i  (O z a w a , N a k a y a m a  & 
H a y a s h i ,  1957 ). I n  th e  p la n t  k in g d o m  b ra c k e n , e q u ise tu m , c e lo s ia  a n d  c e r ta in  
o il se e d s  h a v e  a lso  b e e n  sh o w n  t o  c o n ta in  i t  (O k a m o to , 1 9 5 0 ; E v a n s ,  J o n e s  & E v a n s ,  
1 9 5 0 ; B h a g v a t  & D e v i,  1 9 4 4 a , b).

C h em istry  o f  re ac tio n s ca ta ly sed  by th ia m in a se s

T w o  t y p e s  o f  th ia m in a se  d e s ig n a te d  I  a n d  I I  h a v e  b e e n  re c o g n iz e d  ( F u j i t a ,  N o se  
& K u r a t a n i ,  19 5 3 ). B y  p a p e r  c h ro m a to g ra p h ic  s e p a r a t io n  o f  re a c t io n  p r o d u c t s  th e  
m o d e  o f  a c t io n  o f  t h ia m in a se  I I  h a s  b e e n  fo u n d  t o  b e  a  s im p le  h y d r o ly t ic  f is s io n  
o f  th e  p y r im id in e  (P y r )  a n d  th ia z o le  (T h z ) m o ie tie s  o f  th ia m in e , a t  th e  m e th y le n e

T h ia m in a se  I  m e d ia te s  in  a  b a s e  e x c h a n g e  re a c t io n  a n d  re q u ir e s  a n  a m in e  a s  
a  c o - s u b s tr a te . I n  th e  p re se n c e  o f  a  s u ita b le  b a se , c le a v a g e  o f  th ia m in e  r e s u lt s  in  
fre e  th ia z o le  a n d  a  n ew  p r o d u c t  c o m p r is in g  th e  p y r im id in e  p a r t  o f  th ia m in e  a n d  th e  
a c t iv a t in g  a m in e  (S e a lo c k  & D a v is ,  1 9 4 9 ):

A  n u m b e r  o f  a r o m a t ic  a m in e s  a n d  h e te ro c y c lic  c o m p o u n d s  h a v e  b e e n  sh o w n  to  
a c t iv a t e  th ia m in a se  I  t o  v a r y in g  d e g re e s , d e p e n d in g  on  th e  a m in e  a n d  th e  so u rc e  
o f  th e  e n z y m e . B a r n h u r s t  & H e n n e ss y  (1 952 ) fo u n d  t h a t  fo r  fish  a n d  c la m  th ia m in a se , 
h y p o ta u r in e  w a s  a  sp e c if ic  a c t iv a t o r  a n d  th e y  i s o la te d  a n d  c h a ra c te r iz e d  ic th ia m in e .

b r id g e
P y r — C h 2— T h z  ->  P y r — C H 2— O H  +  T h z  +  H + .

P y r — C H 2— T h z  +  B a s e  ->  P y r — C H 2 b a s e  +  T h z  +  H + .

NH2
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T h ia m in a se  in  C C N

A fte r  e x a m in in g  th e  v a r io u s  f a c t o r s  in v o lv e d  in  th e  a e t io lo g y  o f  C C N  E d w in , 
L e w is  &  A llc r o ft  (1 9 6 8 ) su g g e s te d  t h a t  a  t h ia m in a se  o f  t y p e  I  m ig h t  b e  in v o lv e d . 
T h e y  sh o w e d  t h a t  a n  a n t i th ia m in e  c o m p o u n d  s im ila r  to  a m p ro liu m  m ig h t  b e  
fo rm e d  fro m  th ia m in e  a n d  a -p ic o lin e  (a  c o m p o u n d  k n o w n  to  b e  p re se n t  in  b ra c k e n )  
in  th e  a l im e n ta r y  t r a c t  o f  a f fe c te d  a n im a ls .

T h e  r u m in a l  c o n te n ts  o f  c a lv e s  a n d  sh e e p  a f fe c te d  w ith  C C N  h a v e  b e e n  e x a m in e d  
a n d  fo u n d  to  c o n ta in  s ig n if ic a n t  a m o u n ts  o f  a  th ia m in a s e  (E d w in , S p e n c e  & W o o d s,
1968 ). F u r t h e r  w o rk  co n firm e d  th e  p re se n c e  o f  th e  e n z y m e  in  e v e ry  c a se  o f  C C N  
e x a m in e d  in  th is  la b o r a to r y .  I t s  p re se n c e  w a s  a lso  d e m o n s t r a te d  in  in te s t in a l  c o n te n ts  
a n d  u n v o id e d  fa e c e s . F a e c a l  s a m p le s  fro m  so m e  in - c o n ta c t  a n im a ls  w ere  a lso  sh o w n  
t o  c o n ta in  t h ia m in a se  (E d w in  & L e w is , 1970 ). T h e  t h ia m in a se  w a s  sh o w n  t o  b e  
o f  t y p e  I  (E d w in  & J a c k m a n ,  1970) a n d  t o  n e e d  n ic o tin ic  a c id  o r  n ic o t in a m id e  a s  
a  sp e c if ic  a c t iv a t o r .  T h e  r e su lt in g  c o m p o u n d , A - (2 '-m e th y l-4 '- a m in o p y r im id y l-  
(5 ') -m e th y l- 3 -c a r b o x y -p y r id in iu m  ch lo rid e  h y d ro c h lo r id e , w a s  i so la te d  b y  in  v i t r o  
in c u b a t io n  o f  th ia m in e  a n d  c e n tr ifu g e d  ru m e n  liq u o r  fro m  C C N  c a se s .

Thiaminase
I

(CCN rumen 
liquor)

o ~ Q *
CH3 N COOH

A s s a y  o f  th ia m in a se s

T h ia m in a se s  h a v e  b e e n  a s s a y e d  b y  a  n u m b e r  o f  d iffe re n t  p ro c e d u re s . S e a lo c k  et a l .
(1 9 4 3 ) sh o w e d  t h a t  e n z y m ic  c le a v a g e  o f  th ia m in e  b y  th e  C h a s te k  p a r a ly s i s  f a c t o r  
w a s  a  h y d r o ly t ic  r e a c t io n  in  w h ich  a  h y d ro g e n  io n  w a s  re le a se d

R 'C H 2N R 3  +  H 20  - »  R 'C H 2O H  +  N R 3  +  H + .

I n  b ic a r b o n a te  b u ffe r  th e  h y d ro g e n  io n  a n d  t h u s  th e  c o n c e n tr a t io n  o f  e n z y m e  w a s  
m e a su r a b le  b y  th e  y ie ld  o f  c a rb o n  d io x id e .

W a tk in , T h o m a s  & E v a n s  (1 9 5 3 ) e m p lo y e d  e s se n t ia l ly  th e  sa m e  m e th o d  fo r  
s t u d y in g  th e  n a tu r e  o f  th e  t h ia m in a se  fro m  b r a c k e n  a n d  fo u n d  t h a t  D L -pro lin e a n d  
L -h y d ro x y p ro lin e  w ere  a c t iv e  a s  c o fa c to r s  in  th e ir  in  v i t r o  sy s te m .

F u j i t a  (1 9 5 4 ) e s t im a t e d  t h ia m in a se  a c t iv i t y  b y  in c u b a t in g  k n o w n  a m o u n ts  o f  
th ia m in e  w ith  th e  e n z y m e  u n d e r  sp e c if ie d  c o n d it io n s  a n d  m e a su r in g  th e  r a t e  o f  
d e c o m p o sitio n . I n  c e r ta in  s a m p le s— e s p e c ia lly  b a c te r ia l  su sp e n s io n s— a n  a p p a r e n t  
d e c o m p o sit io n  d u e  to  p h o s p h o r y la t io n  o f  a d d e d  th ia m in e  w a s  a lso  m e a su re d , b y
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t r e a t in g  th e  in c u b a t io n  m ix tu r e s  w ith  d ia s t a s e .  A  h e a t- in a c t iv a te d  p r e p a r a t io n  w a s  
in c lu d e d  a s  a  c o n tro l. T h ia m in e  w a s  m e a su r e d  b y  th e  th io c h ro m e  m e th o d .

G n a e d in g e r  (1 9 6 5 ) d e v ise d  a n  im p r o v e d  p ro c e d u re  fo r  d e te rm in in g  th ia m in a se  

a c t iv i t y  in  w h ite  fish .
K e n t e n  (1 9 5 7 ) m e a su r e d  th ia m in a se  a c t iv i ty  b y  sp e c tro p h o to m e tr ic  d e te rm in a t io n  

o f  h e te r o p y r ith ia m in e  fo rm e d  b y  th e  a c t io n  o f  th ia m in a se  on  th ia m in e  u s in g  
p y r id in e  a s  a  c o fa c to r . H e  u t i l iz e d  th is  p ro c e d u re  fo r  th e  m e a su re m e n t  o f  th ia m in a se  
in  b ra c k e n . M u r a t a  & E b a t a  (1 959 ) s tu d ie d  th is  m e th o d  a n d  fo u n d  t h a t  th e  a m o u n t  
o f  h e te ro p y r ith ia m in e  p r o d u c e d  w a s  d ire c t ly  p r o p o r t io n a l  to  th e  a m o u n t  o f  t h ia m i­

n a s e  I  o v e r  a  w id e  r a n g e .
D o u th it  & A ir t h  (1 9 6 6 ) s t u d ie d  th e  th ia m in a se  fro m  B a c i l lu s  th ia m in o ly tic u s b y  

s p e c t r o p h o to m e tr ic  d e te r m in a t io n  o f  th e  r a t e  o f  fo rm a tio n  o f  a n ilo th ia m in e .
E d w in  & J a c k m a n  (1 9 7 0 ) a s s a y e d  t h ia m in a se  a c t iv i t y  b y  in c u b a t in g  1 4 C -th iazo le-  

la b e l le d  th ia m in e  w ith  th e  e n z y m e  a n d  m e a su r in g  th e  a m o u n t  o f  fre e  r a d io a c t iv e  
th ia z o le  fo rm e d , b y  sc in t il la t io n  co u n tin g .

T H I A M I N E - R E S P O N S I V E  N E R V O U S  D I S O R D E R S

A  n e rv o u s  d iso rd e r  in  fa r m  d o g s , p o s s ib ly  a s s o c ia t e d  w ith  th ia m in e  d e fic ie n c y , 
w a s  r e p o r te d  b y  M a y h e w  & S t e w a r t  (1 9 6 9 ). T h e  d o g s  w ere  fe d  a  p r e p a r e d  d o g  fo o d  
w ith  a  v e r y  h ig h  f a t  c o n te n t . F o u r  a n im a ls  d ie d ;  a  f ifth  a f fe c te d  d o g  w a s  t r e a t e d  
w ith  th ia m in e  in t r a m u sc u la r ly  a n d  re c o v e re d . S im ila r  c a s e s  w ere  r e p o r te d  b y  
S t ir l in g  (1 9 6 9 ) w h o  a lso  n o te d  a  re sp o n se  t o  th ia m in e , g iv e n  in  a  m u lt iv i ta m in  
su p p le m e n t.

N e w m a n  (1 9 7 0 ) r e p o r te d  a  n e r v o u s  sy n d r o m e  in  d o g s  a n d  h u m a n s  a f te r  e a t in g  
a  fish , a  la r g e  r e d  sn a p p e r , L u t ja n u s  bohar. A ll re c o v e re d  a f te r  p a r e n te r a l  a d m in i­
s t r a t io n  o f  th ia m in e .

L o e w , M a r tin , D u n lo p , M a p le to f t  & S m ith  (1 9 7 0 ) re c o r d e d  5 c lin ic a l c a s e s  o f  
th ia m in e  d e fic ie n c y  in  c a t s  f e d  a  c o m m e rc ia l c a t  fo o d  o f  low  th ia m in e  c o n te n t . T h e  
s ig n s  o f  a t a x ia ,  su b n o r m a l  r ig h t in g  re f le x e s  a n d  a n o r e x ia  d is a p p e a r e d  r a p id ly  a f te r  
a d m in is t r a t io n  o f  m u lt ip le  B  v i t a m in  p r e p a r a t io n s .

A  n e r v o u s  d iso rd e r  in  p ig s  a s s o c ia te d  w ith  s u sp e c te d  th ia m in e  d e fic ie n c y  h a s  
b e e n  d e sc r ib e d  b y  N e w m a n  (1 9 6 9 ) ; i t  w a s  c o n n e c te d  w ith  m o v e m e n t  b e tw e e n  fa r m s  
a n d  c h a n g e  o f  d ie t . A n im a ls  r e sp o n d e d  to  p a r e n te r a l  th ia m in e  th e r a p y . N e w m a n  
s u g g e s t e d  t h a t  t h e  c lin ic a l s ig n s  a n d  h is to lo g ic a l  a p p e a r a n c e  o f  n e r v o u s  t is s u e  fro m  
a  s in g le  c a se  w e re  p r o b a b ly  s im ila r  to  th o se  o f  C C N  in  r u m in a n ts .

D iffe re n tia l  d ia g n o s is

T h e  d if fe re n t ia l  d ia g n o s is  o f  C C N  fro m  o th e r  n e r v o u s  d iso rd e r s  in  w h ic h  s im ila r  
c lin ic a l s ig n s  a re  e x h ib ite d  m u s t  b e  b y  b a c te r io lo g ic a l, h is to p a th o lo g ic a l  a n d  b io ­
c h e m ic a l  e x a m in a t io n .

S p e n c e  et a l .  (1 9 6 1 ) in c lu d e d  a  c a s e  o f  l is te r io s is  in  th e ir  se r ie s  o f  a n im a ls  w ith  
su s p e c te d  C C N , a n d  H o w e ll (1 961 ) a lso  r e p o r te d  a n  in s ta n c e  o f  l is te r io s is  p r e s e n te d  
t o  h im  a s  a  c a s e  o f  P E M .

O th e r  c a s e s  o f  su s p e c te d  C C N  h a v e  b e e n  co n firm e d  a t  p o st- m o r te m  e x a m in a t io n  
a n d  b y  b io c h e m ic a l  a n a ly s i s  o r  h is to p a th o lo g ic a l  e x a m in a t io n  to  b e  c a s e s  o f  le a d  
p o iso n in g  o r  c e re b r a l  c o e n u ro sis . H o w e v e r , t o  d a te ,  in  th e  p r e se n t  a u t h o r s ’ l a b o r a ­



to r y , a b n o r m a lly  h ig h  le v e ls  o f  t h ia m in a se  a c t iv i t y  h a v e  o n ly  b e e n  fo u n d  in  th e  
ru m e n  c o n te n ts  fro m  a n im a ls  in  w h ic h  C C N  h a s  b e e n  co n firm e d  b y  h is to p a th o lo g ic a l  
e x a m in a t io n  (E d w in  & L e w is , u n p u b lish e d ) .
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C O N C L U S I O N S

I t  i s  n o w  e v id e n t  t h a t  C C N  m u s t  b e  r e g a r d e d  a s  a  p a r t ic u la r  fo rm  o f  th ia m in e  
d e fic ie n c y , in  w h ich  th e  r u m in a l  s u p p ly  o f  th ia m in e  i s  c u t  o f f  b y  th e  a c t io n  o f  
a  t h ia m in a s e ;  th e  c o m p o u n d  p r o d u c e d  fro m  th e  p y r im id in e  p a r t  o f  th e  th ia m in e  
m o le cu le  a n d  th e  a c t iv a t in g  a m in e  m a y  i t s e l f  h a v e  p o te n t  a n t i- th ia m in e  a c t iv i ty  
w h ich  w o u ld  e x a c e r b a t e  th e  co n d it io n . T h is  i s  p r o b a b ly  th e  re a so n  fo r  th e  e a r ly  
in v o lv e m e n t  o f  c e re b r a l  fu n c t io n s  in  th e  d ise a se , w h ic h  d o e s  n o t  o c c u r  in  f r a n k  t h i a ­
m in e  d e fic ie n c y .

I t  i s  a lso  c le a r  t h a t  C C N  m u s t  b e  c la s s e d  w ith  o th e r  d i s e a se s  w h ich  a re  c a u se d  
b y  th ia m in a se s ,  su c h  a s  C h a s te k  p a r a ly s i s — th e  n e r v o u s  d is e a se  o f  a n im a ls  fe d  ra w  
fish , a n d  th e  t h ia m in a se  d is e a se  o f  m a n  w h ich  i s  e n d e m ic  in  E a s t e r n  c o u n tr ie s .

T o  d a te ,  th e  so u rc e  o f  th e  h ig h  c o n c e n tr a t io n  o f  th ia m in a se  in  th e  ru m e n  o f  
a f fe c te d  a n im a ls  i s  n o t  k n o w n , a l th o u g h  th e re  is  in c re a s in g  e v id e n c e  t h a t  th i s  i s  o f  
m ic r o b ia l  o r ig in .

T h e se  f in d in g s  m a y  h a v e  fa r - re a c h in g  r a m if ic a t io n s  in  th e  fie ld  o f  a n im a l  p ro d u c t io n , 
p a r t ic u la r ly  in  th e  g r e a t e r  n e e d  fo r  th ia m in e  w h en  a n im a ls  a re  f a t te n e d  o n  d ie ts  
o f  h ig h  c a r b o h y d r a te  c o n te n t . T h e  y o u n g  a n im a l  i s  p a r t ic u la r ly  v u ln e ra b le  a n d  i t s  
th ia m in e  re se r v e s  a re  l ik e ly  to  b e  lo w e r a n d  m o re  r a p id ly  d e p le te d  t h a n  a r e  th o s e  
o f  o ld e r  a n im a ls .

T h e  f a c t  t h a t  t h ia m in a se  h a s  b e e n  d e te c te d  in  th e  fa e c e s  o f  in - c o n ta c t  a n im a ls  
s u g g e s t s  t h a t  th e re  m a y  b e  m a n y  su b c lin ic a l  c a s e s  o f  C C N  w h ich  p a s s  u n n o t ic e d , 
a n d  fro m  w h ich  th e  a n im a ls  r e c o v e r  sp o n ta n e o u s ly . H o w e v e r , th i s  m a y  w ell c a u se  
a n  in te r r u p t io n  in  th e ir  w e ig h t  g a in  c u rv e .

T h is  c o n c e p t  o f  th ia m in e  d e fic ie n c y  h a s  w id e  im p lic a t io n s  o f  e c o n o m ic  im p o r ta n c e  
in  r e g a r d  to  r u m in a n t  sp e c ie s  a n d  re q u ir e s  fu r th e r  in v e s t ig a t io n .
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IN T R O D U C T IO N

B e c a u s e  m ilk  i s  a  s u i ta b le  m e d iu m  fo r  th e  g ro w th  o f  m a n y  b a c te r ia l  sp e c ie s  
in c lu d in g  p a th o g e n s  a n d  b e c a u s e  th e se  m a y  c o n ta m in a te  i t  e ith e r  d ir e c t ly  f r o m  th e  
co w  o r  f ro m  th e  m ilk  h a n d le r , o c c a s io n a l  o u t b r e a k s  o f  d is e a se  t r a c e a b le  t o  d a ir y  
p r o d u c t s  d o  s t i l l  o c c u r  in  s p i te  o f  a d v a n c e s  in  d a ir y  m a n u fa c tu r in g  p ro c e sse s .

T h e  iso la t io n  o f  p a th o g e n s  fro m  fo o d s  i s  o f te n  a  m o re  c o m p le x  p ro b le m  t h a n  
iso la t io n  fro m  m e d ic a l  m a t e r ia l s  b e c a u s e  th e  o r g a n ism s  a r e  f r e q u e n t ly  n o t  e v e n ly  
d i s t r ib u t e d  th r o u g h o u t  th e  p r o d u c t ,  a re  o fte n  lo w  in  n u m b e r  a n d  a r e  s lo w  t o  r e v iv e  
a f t e r  th e y  h a v e  b e e n  e x p o s e d  t o  d e b i l i t a t in g  f a c t o r s  d u r in g  p ro c e s s in g  a n d  s to r a g e . 
I n  r e c e n t  y e a r s  th e re  h a v e  b e e n  s ig n if ic a n t  a d v a n c e s  in  th e  b a c te r io lo g ic a l  a n a ly s i s  
o f  fo o d , a n d  r e se a r c h  in  t h is  fie ld  c o n t in u e s  th r o u g h o u t  th e  w o rld .

A . S O U R C E  A N D  IN C I D E N C E  

C heese

E v e n  t o d a y  m o s t  ch ee se  i s  m a d e  b y  t r a d i t io n a l  m e th o d s , f r e q u e n t ly  fro m  r a w  
m ilk , a n d  i s  m u c h  h a n d le d  b y  th e  c h e e se m a k e r  a n d  o th e r  f a c t o r y  p e rso n n e l. R e l ia n c e  
o n  th e  e f fe c ts  o f  s t a r t e r  c o m p e t it io n  a n d  o f  lo w  p H  t o  e l im in a te  p a th o g e n s  o fte n  
le a d s  t o  c a re le s s  p r a c t ic e s .  L o w  p H  is  n o t  c o m p le te ly  e ffe c t iv e  in  d e s t r o y in g  p a t h o ­
g e n s , a n d  in  a d d it io n  th e re  i s  n o  c e r ta in ty  t h a t  a l l  th e  ch ee se  re a c h in g  th e  m a r k e t  
h a s  d e v e lo p e d  th e  p H  le v e l  c h a r a c te r is t ic  o f  th e  v a r ie t y .  S o m e  m a y  n e v e r  re a c h  
th e  low  p H  r e q u ir e d  b e c a u s e  th e  ch ee se  s t a r t e r  h a s  fa i le d  a n d  th e  fe r m e n ta t iv e  
p r o c e s s e s  r e sp o n s ib le  fo r  th e  d r o p  in  p H  w e re  n o t  c o m p le te d . F u r th e r m o r e , in  th e  
m o u ld -r ip e n e d  o r  m o u ld - in fe c te d  ch ee se , a n d  in  ch ee se  w ith  su r fa c e  b a c te r ia l  sm e a r , 
th e re  a r e  p o c k e t s  o r  l a y e r s  in  o r  o n  th e  ch ee se  w h ere  th e  p H  te n d s  t o  b e  n e u tr a l  o r  
a lk a lin e . S im ila r  p o c k e t s  m ig h t  a lso  r e s u lt  fro m  th e  in c id e n ta l  p re se n c e  o f  b a c t e r ia
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w h ic h  p ro d u c e  a lk a l in e  c o n d it io n s . F o r  th e se  re a so n s  i t  w o u ld  b e  u n s a fe  to  re ly  
o n  t h e  p H  o f  t h e  ch ee se  g e n e ra lly  a s  a  f a c t o r  e lim in a t in g  th e  s u r v iv a l  o f  e ith e r  
v i r u s e s  o r  b a c t e r ia .  S h a r p e , N e a v e  &  R e i te r  (1962 ) a n d  R e ite r ,  F e w in s , F r y e r  & 
S h a r p e  (1 964 ) sh o w e d  t h a t  p a th o g e n ic  s ta p h y lo c o c c i  m u lt ip lie d  r a p id ly  in  ch ee se  in  th e  
m a n u fa c tu r e  o f  w h ich  th e  s t a r t e r  h a d  b e e n  p h a g e d . T h e  p re se n c e  o f  a n t ib io t ic  r e s id u e s  
a n d  th e  c o n ta m in a t io n  o f  m ilk  w ith  a n t ib io t ic - r e s is t a n t  s ta p h y lo c o c c i  c a n  le a d  to  
m a s s iv e  p o p u la t io n s  o f  p a th o g e n ic  s ta p h y lo c o c c i  in  ch ee se  d u e  to  s e le c t iv e  m u lt ip li­
c a t io n  o f  s ta p h y lo c o c c i  a n d  th e  in h ib it io n  o f  s t a r t e r  c u ltu re s  (T h a tc h e r  & R o s s ,  1960 ).

A s  in  m o s t  b io lo g ic a l  p ro c e s se s , th e re  a r e  a  n u m b e r  o f  in te rw o v e n  fa c t o r s  w h ich  
w ill in flu e n c e  th e  s u r v iv a l  o f  p a th o g e n s  in  ch eese . E a c h  sp e c ie s  o f  p a th o g e n  m a y  
v a r y  fro m  s t r a in  t o  s t r a in  in  i t s  s e n s it iv i ty  t o  th o s e  p ro p e r t ie s  o f  ch ee se  w h ich  a r e  
t h o u g h t  t o  b r in g  a b o u t  i t s  d e s t ru c t io n . M a n y  o f  th e  in v e s t ig a t io n s  in to  th e  s u r v iv a l  
o f  p a th o g e n s  in  ch ee se  h a v e  b e e n  c a r r ie d  o u t  u s in g  ch ee se  m ilk  a r t i f ic ia l ly  in o c u la te d  
w ith  p a th o g e n s . S u c h  in v e s t ig a t io n s  a r e  v a lu a b le  b u t  m u s t  b e  in te r p r e te d  w ith  
c a u t io n . W a lk e r , H a r m o n  & S t in e  (1 9 6 1 ) sh o w e d  t h a t  p a th o g e n ic  s ta p h y lo c o c c i  
n a t u r a l ly  o c c u r r in g  in  m ilk  w ere  b e t t e r  a d a p t e d  t o  w ith s ta n d  th e  c h e e se -m a k in g  
a n d  c u r in g  p r o c e s s e s  t h a n  a r e  la b o r a t o r y  c u ltu re s . B e s id e s ,  i t  i s  d iff ic u lt  to  p r e d ic t  th e  
d e g re e  o f  c o n ta m in a t io n  w h ich  m ig h t  o c c u r  n a t u r a l ly  a n d  to  s im u la te  th i s  b y  a r t if ic ia l  
c o n ta m in a t io n . T h e  e ffe c t  o f  e n v iro n m e n t  d u r in g  s to r a g e  o n  th e  re sp o n se  o f  th e  
o r g a n ism  t o  i so la t io n  p r o c e d u re s  sh o u ld  n o t  b e  o v e r lo o k e d .

M a n y  sp e c ie s  o f  p a th o g e n s , b o th  b a c te r ia l  a n d  v ir a l ,  c a n  fin d  th e ir  w a y  in to  m ilk  
a n d  h e n c e  in to  ch eese . F a b i a n  (1 9 4 7 ) t a b u la t e s  o u t b r e a k s  o f  d ise a se  t r a c e d  t o  th e  
c o n su m p t io n  o f  in fe c te d  ch ee se  o f  m a n y  v a r ie t ie s .  P a th o g e n ic  s ta p h y lo c o c c i , S a lm o ­
n e lla  ty p h i, S .  ty p h im u riu m , v a r io u s  o th e r  S a lm o n e lla  sp e c ie s  a n d  B r u c e lla  w ere  th e  
m o s t  c o m m o n  p a t h o g e n s  re sp o n s ib le . M y co b acter iu m  tu b ercu lo sis  i s  a lso  k n o w n  to  
su r v iv e  fo r  lo n g  p e r io d s  in  ch ee se  (H a m m e r  & B a b e l ,  1957 ). W h ile  r ic k e t t s ia l  a n d  
v ir u s  in fe c t io n s  a r e  k n o w n  t o  b e  s p r e a d  b y  m ilk  a n d  m ilk  h a s  a  s ta b i liz in g  e ffe c t  
o n  th e m  (O liver, 1 9 6 9 ), th e ir  d is se m in a t io n  b y  ch ee se  h a s  n o t  b e e n  re p o r te d .

P a th o g e n ic  stap h y lococci

I n  r e c e n t  y e a r s  o u t b r e a k s  o f  s t a p h y lo c o c c a l  fo o d  p o iso n in g  d u e  to  ch ee se  in  
C a n a d a , U n ite d  S t a t e s  a n d  B r i t a in  h a v e  re su lte d  in  a  n u m b e r  o f  su r v e y s  b e in g  m a d e  
t o  in v e s t ig a t e  th e  p ro b le m  th r o u g h o u t  th e  w o rld  (T a k a h a sh i  & J o h n s ,  1959  ; T h a tc h e r , 
C o m to is , R o s s  & E r d m a n , 1 9 5 9 ; K e o g h  & H a n s e n , 1 9 6 3 ; M u rra y , 1 9 6 3 ; D o n n e lly , 
B l a c k  &  L e w is , 1 9 6 4 ; S h a r p e , F e w in s , R e i te r  & C u th b e r t , 1965). T h e  in c id e n ce  o f  
p a th o g e n ic  s ta p h y lo c o c c i ,  p a r t ic u la r ly  in  ra w  m ilk  ch ee se , is  w id e sp re a d .

T h e  in c r e a se d  in c id e n c e  o f  s t a p h y lo c o c c a l  m a s t i t i s  in  d a ir y  h e rd s  s in c e  th e  a d v e n t  
o f  a n t ib io t ic s  (M u n c h -P e te r se n , 1960) h a s  m a d e  th e  p re se n c e  o f  p a th o g e n ic  s t a p h y lo ­
co cc i in  ch ee se  m o re  l ik e ly  (T h a tc h e r , 1958 ). A d d e d  to  th is ,  w h en  o n e  c o n s id e r s  th e  
h ig h  r a t e  o f  n a s a l  c a r r ie r s  o f  p a th o g e n ic  s ta p h y lo c o c c i  in  th e  n o rm a l c o m m u n ity  
( 3 0 - 5 0 %  o f  h e a lth y  in d iv id u a ls  (W illia m s , 1 9 6 3 )) , o n e  re a liz e s  th e  o p p o r tu n it ie s  fo r  
p o s t  p a s te u r iz a t io n  c o n ta m in a t io n  o f  a  p r o d u c t  s t i l l  b e in g  p ro c e s se d  la r g e ly  b y  h a n d . 
T h e  n a s a l  c a r r ie r  r a t e  in  h o sp it a ls ,  a m o n g  s t a f f  a n d  p a t ie n t s ,  i s  6 0 - 8 0  %  (A n g e lo t t i ,
19 6 9 ). A  s im ila r ly  h ig h  r a t e  a m o n g  d a ir y  f a c t o r y  p e rso n n e l in  c o n s ta n t  c o n ta c t  w ith  
in fe c te d  m ilk  m ig h t  b e  e x p e c te d . N o  d a t a  o n  th e  c a rr ie r  r a t e  a m o n g  d a ir y  f a c t o r y  
p e r so n n e l a re  a v a i la b le .  T h e  p o s s ib i l i ty  o f  c o n ta m in a t io n  o f  fo o d s  b y  p e r s o n s



su ffe r in g  fro m  b o ils , c a rb u n c le s , s a l t  so r e s  a n d  o th e r  s u p p u r a t iv e  le s io n s  i s  o fte n  
ig n o re d . T h a tc h e r , S im o n  & W a lte r s  (1 9 5 6 ) i s o la te d  p a th o g e n ic  s ta p h y lo c o c c i  fro m  
a  la r g e  p ro p o r t io n  o f  c h e e se s  m a d e  fro m  p a s te u r iz e d  m ilk , a n d  Z eh ren  & Z eh ren  
(1 9 6 8 6 ) fo u n d  ch ee se  m a d e  fro m  p a s te u r iz e d  m ilk  in  a  p a r t ic u la r  f a c t o r y  in  th e  
U n ite d  S t a t e s  to  b e  c o n ta m in a te d  w ith  e n te ro to x in . T h e  so u rc e  o f  c o n ta m in a t io n  
b y  s ta p h y lo c o c c i  w a s  th o u g h t  t o  b e  d ir t y  e q u ip m e n t , in d ic a t in g  t h a t  p o o r  s a n it a t io n  
c a n  b e  a  c o n tr ib u t in g  f a c t o r  t o  th e  in c id e n c e  o f  p a th o g e n ic  s ta p h y lo c o c c i  in  ch ee se . 
T h e  f r e q u e n t  in tro d u c t io n  o f  su c h  s ta p h y lo c o c c i  in to  m ilk  fa c to r ie s  th ro u g h  r a w  
m ilk  p r o b a b ly  le a d s  to  a  h ig h  in c id e n c e  o f  e n v iro n m e n ta l  c o n ta m in a t io n . T h e re  i s  
n o  d o u b t  t h a t  p a th o g e n ic  s ta p h y lo c o c c i  fin d  th e ir  w a y  in to  ch eese , a n d  w h ile  th e ir  
n u m b e r s  d e c lin e  d u r in g  m a tu r in g  o f  c h e e se s , su c h  a s  C o lb y  a n d  C h e d d a r , w h en  th e  
m a n u fa c tu r in g  p r o c e s s e s  h a v e  p ro c e e d e d  n o r m a lly  (M a tt ic k , N e a v e  &  C h a p m a n , 
1959  ; R o u g h le y  & M c L e o d , 1961 ; R e i te r  et a l .  19 6 4 ), th e re  a re  c a s e s  w h ere  p a th o g e n ic  
s ta p h y lo c o c c i  s u r v iv e d  m a n y  m o n th s  (H e n d r ic k s , B e lk n a p  & H a u s le r ,  1 9 5 9 ; 
M cC leo d , R o u g h le y  & R ic h a r d s ,  1 9 6 2 ; K e o g h  & H a n s e n , 1963).

W h ile  c o n su m p tio n  o f  ch ee se  c o n ta in in g  l iv in g  p a th o g e n ic  s ta p h y lo c o c c i  h e lp s  
to  d is se m in a te  m a n y  s t r a in s  o f  th e  o r g a n ism  in  th e  c o m m u n ity  a n d  c o n ta m in a te d  
ch ee se  m a y  le a d  t o  c o n ta m in a t io n  o f  o th e r  fo o d s , th e  a c t u a l  p re se n c e  o f  th e se  
o r g a n ism s  in  ch ee se  i s  p e r h a p s  n o t  o f  su c h  im p o r ta n c e  in  re la t io n  t o  h e a lth  a s  th e  
p re se n c e  o f  th e ir  e n te ro to x in s . I f  e n te r o to x in  i s  fo rm e d  a t  a n y  s t a g e  e ith e r  in  th e  
m ilk  o r  d u r in g  m a n u fa c tu r e  i t  m a y  re m a in  m a n y  m o n th s  in  m a tu r in g  c h e e se  o f  
low  p H  (M in e tt , 1 9 3 8 ; K r é ja k o v ic - M il jk o v ic ,  1960 ). C h eese  sh o u ld  b e  e x a m in e d  
w ith in  3 w e e k s  o f  m a n u fa c tu r e  fo r  th e  p re se n c e  o f  p a th o g e n ic  s ta p h y lo c o c c i  in  
o r d e r  t o  r e d u c e  th e  r i s k  t h a t  th e  d e c lin e  in  n u m b e r s  m a y  p ro c e e d  to  e x t in c t io n  
b e fo re  t e s t in g  a n d  y e t  th e  e n te r o to x in  m a y  re m a in . Z eh ren  & Z eh ren  (1 9 6 8 a , b) 
e x a m in e d  2 1 1 2  v a t s  o f  ch ee se  a n d  fo u n d  59  v a t s  to  c o n ta in  e n te ro to x in . T h e y  p o in te d  
o u t  t h a t  th e  d e g re e  o f  a c id i t y  a t  e a r ly  s t a g e s  o f  m a n u fa c tu r e  w a s  m o re  im p o r ta n t  
fo r  th e  p r e v e n t io n  o f  s t a p h y lo c o c c a l  m u lt ip lic a t io n  a n d  e n te ro to x in  p r o d u c t io n  th a n  
w a s  th e  p H  in  th e  f in a l ch ee se . J e z e s k i ,  T a t in i ,  O lso n  & C a sm a n  (1 9 6 9 ) e x a m in e d  
e n te ro to x in  p r o d u c t io n  in  e x p e r im e n ta l ly  c o n ta m in a te d  ch ee se  a n d  fo u n d  t h a t  w h en  
s t a r t e r  fa ilu r e  h a d  o c c u rre d , e v e n  w ith  lo w  in it ia l  c o n ta m in a t io n , e x te n s iv e  g ro w th  
o f  s ta p h y lo c o c c i  a n d  p ro d u c t io n  o f  e n te r o to x in  r e su lte d . E n t e r o t o x in  w a s  fo u n d  in  
C o lb y  a n d  C h e d d a r  e v e n  w ith  n o r m a l s t a r t e r  a c t iv i ty .  T h a tc h e r  et a l . (1 9 5 9 ) 
d e m o n s t r a te d  e n te r o to x in  in  8  o f  149 ch ee se  s a m p le s  3 0 - 6 0  d a y s  o ld . V e r y  l i t t le  
in fo r m a t io n  i s  a v a i la b le  c o n c e rn in g  th e  a c t iv i t y  o f  e n te ro to x in  in  ch ee se  a p a r t  
fro m  in d ir e c t  e v id e n c e  t h a t  ch ee se  m a n y  m o n th s  o ld  h a s  b e e n  k n o w n  to  c a u se  fo o d  
p o iso n in g . I t  i s  o n ly  r e c e n t ly  t h a t  se ro lo g ic a l  m e th o d s  h a v e  b e e n  d e v ise d  fo r  th e  
d e te c t io n  o f  e n te r o to x in  (A n g e lo tt i, 19 6 9 ), t h u s  p e r m it t in g  m o re  re lia b le  s tu d ie s .

W h ile  m o s t  e x p e r im e n ta l  w o rk  a n d  s u r v e y s  o f  p a th o g e n ic  s ta p h y lo c o c c i  in  ch ee se  
h a v e  b e e n  c a r r ie d  o u t  fo r  C h e d d a r  a n d  C o lb y , o th e r  t y p e s  h a v e  b e e n  in v e s t ig a te d  a n d  
th e  p re se n c e  o f  p a th o g e n ic  s ta p h y lo c o c c i  in  th e m  h a s  b e e n  r e p o r te d  (L e g le r , 
B u r k h a r d t  & W e n d rich , 1 9 5 7 ; M ick e lsen , F o l tz ,  M a r tin  & H u n te r , 1963 ). T h a tc h e r  
et a l . (1 9 5 9 ) e x a m in e d  a  n u m b e r  o f  c h e e se s  o f  d if fe re n t  t y p e s  im p o r te d  in to  C a n a d a . 
M o st  o f  th e m  w ere  m a d e  fro m  p a s te u r iz e d  m ilk  a n d  n o  s ta p h y lo c o c c i  w ere  fo u n d . 
M ick e lsen , F o l tz ,  M a r tin  & H u n te r  (1 9 6 1 ) s u r v e y e d  th e  in c id e n c e  o f  p a th o g e n ic  
s ta p h y lo c o c c i  in  m a n y  v a r ie t ie s  o f  ch ee se  a v a i la b le  in  th e  U n ite d  S t a t e s  a n d  fo u n d
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t h a t  7 - 2 %  c o n ta in e d  e o a g u la se - p o s it iv e  s ta p h y lo c o c c i .  T h e y  r e p o r te d  a  r e la t io n sh ip  
b e tw e e n  th e  p re se n c e  o f  c o lifo rm s a n d  S tap h y lo co ccu s a u r e u s  in  ch eese .

S a lm o n e lla

T h e  l i t e r a tu r e  o n  th e  o c c u rre n c e  o f  S a lm o n e lla  in  d a ir y  c a t t le  h a s  b e e n  re v ie w e d  
b y  B o w m e r  (1 9 6 5 ), G ib so n  (1 9 6 5 ) a n d  S c h ro e d e r  (1 9 6 7 ) a n d  le a v e s  n o  d o u b t  t h a t  
sa lm o n e llo s is  i s  q u ite  p r e v a le n t  in  d a i r y  h e rd s . W h ile  sa lm o n e lla e  a re  r a r e ly , i f  e v e r , 
e x c r e te d  in  th e  m ilk , th e y  c o n ta m in a te  th e  m ilk  d u r in g  m ilk in g  a n d  su b se q u e n t  
h a n d lin g . S a lm o n e lla e , h o w e v e r , a r e  r e a d i ly  d e s t r o y e d  b y  p a s te u r iz a t io n  so  t h a t  
a n y  o c c u rre n c e  o f  th e se  o r g a n ism s  in  p a s te u r iz e d  d a ir y  p r o d u c t s  w o u ld  b e  fro m  
e x te r n a l  so u rc e s  su c h  a s  w a te r , flie s, d u s t ,  b ir d s ,  ro d e n ts ,  h u m a n s  a n d  th e  r a w  
m a t e r ia l s  a d d e d  t o  th e  m ilk . R e v ie w e r s  h a v e  p o in te d  o u t  t h a t  in  r e c e n t  y e a r s ,  w h ile  
th e r e  h a s  b e e n  a  d e c re a se  in  th e  in c id e n c e  o f  S .  ty p h i in fe c t io n s , th e r e  h a s  b e e n  
a  m a r k e d  in c re a se  in  sa lm o n e llo s is  (B o w m e r , 1 9 6 5 ; M a r th , 19 6 9 ). C o n tr ib u t in g  to  
t h i s  in c re a se  a re  th e  c h a n g in g  e a t in g  h a b i t s  o f  th e  g e n e ra l  p o p u la t io n  w ith  th e  
in tro d u c t io n  o f  p re -c o o k e d  a n d  p a r t ia l ly  h e a t- t r e a te d  fro z e n  fo o d s , a n d  a  h ig h e r  
in c id e n c e  o f  h u m a n  c a r r ie r s  a m o n g  fo o d  h a n d le r s  c o m p a r e d  w ith  t h e  g e n e ra l  
p o p u la t io n  (G a lto n  & S te e le , 1 9 6 1 ; L a n g ,  1968). T h e  d e c re a se  in  th e  in c id e n c e  o f  
t y p h o id  fe v e r  t r a c e d  t o  fo o d  h a s  p o s s ib ly  r e s u lt e d  fro m  b e t te r  p u b l ic  h e a lth  m e a su r e s  
in  i s o la t in g  th e  o r g a n ism s  a n d  t r a c in g  c a rr ie r s  a s  w e ll a s  im p r o v e d  h y g ie n e  a n d  th e  
p a s te u r iz a t io n  o f  m ilk . F a b i a n  (1 9 4 7 ) a n d  M a r th  (1 9 6 9 ) r e p o r t  t h e  o c c u rre n c e  o f  
S .  ty p h i in fe c t io n  a t t r ib u t e d  to  ch ee se  p r io r  t o  1947  a n d  s in c e  t h a t  t im e  re fe re n c e  
t o  i t s  o c c u rre n c e  d u e  t o  ch ee se  h a s  b e e n  ra r e . O n e m u s t  n o t  b e c o m e  to o  co n fid e n t  
h o w e v e r , b e c a u se , u n lik e  m o s t  o th e r  sa lm o n e lla e , th e  in fe c t iv e  d o se  o f  S .  ty p h i i s  
e x tr e m e ly  sm a ll  a n d  th e  o r g a n ism  d o e s  n o t  n e e d  t o  m u lt ip ly  in  th e  m ilk  p r o d u c t  
t o  r e a c h  su ffic ie n t n u m b e r s  to  in it ia te  th e  d ise a se .

T h e  m a n y  v a r ie t ie s  o f  ch ee se  w h ich  h a v e  b e e n  in v o lv e d  in  g a s t r o e n te r i t is  o u t b r e a k s  
d u e  to  sa lm o n e lla e  a n d  th e  s u r v iv a l  o f  sa lm o n e lla e  in  th e se  t y p e s  o f  ch ee se  h a v e  b e e n  
re v ie w e d  b y  M a r th  (1 9 6 9 ). B e c a u s e  m a n y  o f  th e  s o f t  c h e e se s  a re  c o n su m e d  a f t e r  
sh o r t  p e r io d s  o f  m a tu r in g , so m e t im e s  o n ly  d a y s ,  th e  p o ss ib le  s u r v iv a l  o f  th e se  
o r g a n ism s  fo r  e v e n  a  sh o r t  t im e  sh o u ld  b e  r e g a r d e d  w ith  co n ce rn . M c D o n o u g h , 
H a r g r o v e  & T i t t s le r  (1 9 6 7 ) sh o w e d  t h a t  sa lm o n e lla e  p r e s e n t  in  c o t t a g e  ch ee se  
o u t liv e  th e  sh e lf  l ife  o f  th e  p r o d u c t .  R e c e n t ly , in  ch ee se s m a d e  fro m  a r t i f ic ia l ly  
c o n ta m in a te d  m ilk , sa lm o n e lla e  w ere  fo u n d  t o  su r v iv e  fo r  9 m o n th s  (H a r g r o v e , 
M c D o n o u g h  &  M a tt in g ly , 1969 ). G o e p fe r t , O lso n  & M a r th  (1 9 6 8 ) fo u n d  t h a t  fo r  
a  1 0 0 0 0 - fo ld  d e c re a se  in  n u m b e r s  o f  sa lm o n e lla e  in  C h e d d a r  ch ee se  a t  13 °C  a  p e r io d  
o f  1 0 - 1 2  w e e k s  w a s  r e q u ir e d , a n d  a t  7-5 °C  a  p e r io d  o f  1 4 -1 6  w e e k s. M o c q u o t , 
L a f o n t  &  V a s s a l  (1 9 6 3 ) in  e x p e r im e n ts  w ith  b lu e -v e in e d  ch ee se  r e p o r te d  t h a t  th e  
p e r c e n ta g e  s u r v iv a l  o f  S a lm o n e lla  in  a  6 -d a y -o ld  ch ee se  w a s  0-01.

H a r g r o v e , M c D o n o u g h  & M a t t in g le y  (1 9 6 9 ) m a n u fa c tu r e d  65 lo t s  o f  C h e d d a r  ch ee se  
a n d  7 lo t s  o f  C o lb y  c h e e se  w ith  a r t i f ic ia l ly  c o n ta m in a te d  m ilk . T h e  t e s t  o r g a n ism s  
u se d  w ere  S a lm o n e lla  seftenberg, S .  ty p h im u riu m , S .  new brunsw iclc a n d  S .  n ew port. 
I n v e s t ig a t in g  th e  f a c t o r s  a f fe c t in g  th e  s u r v iv a l  o f  sa lm o n e lla e  in  C h e d d a r  c h e e se  a n d  
C o lb y  ch ee se , th e y  c a m e  to  th e  c o n c lu sio n  t h a t  w h ile  th e  p H  o f  th e  ch ee se  a n d  th e  
s t a r t e r  h a d  th e  g r e a t e s t  in flu e n ce , th e ir  s t u d y  r e v e a le d  n o  sin g le  v a r ia b le  w h ic h  
c o u ld  e n su re  t h a t  th e se  t y p e s  o f  ch ee se  c o u ld  n o t  b e  a  so u rc e  o f  sa lm o n e llo s is .



S a lm o n e lla e  a re  k n o w n  t o  su r v iv e  h ig h  s a l t  c o n c e n tr a t io n s . H a r g r o v e , M c D o n o u g h  & 
M a tt in g le y  (1 9 6 9 ) fo u n d  t h a t  s a l t  c o n c e n tr a t io n s  o f  1 ■ 80-2- 63 %  in  ch ee se  h a d  n o  e ffe c t  
o n  th e  s u r v iv a l  o f  th e se  o r g a n ism s . T h e  g ro w th  o f  sa lm o n e lla e  in  v a r io u s  c o n c e n tr a ­
t io n s  o f  s a l t  a t  d if fe re n t  t e m p e r a tu r e s  w a s  in v e s t ig a t e d  b y  M a tc h e s  & L i s t o n  (1969 ) 
w h o  fo u n d  t h a t  sa lm o n e lla e  w o u ld  g ro w  a t  s a l t  c o n c e n tr a t io n s  o f  8  %  a t  37 °C . A t  
te m p e r a tu r e s  b e lo w  37 °C  th e y  fo u n d  3 %  X a C l  to  b e  s l ig h t ly  s t im u la to r y . G o e p fe r t  
et a l . (1 9 6 8 ) r e p o r te d  t h a t  th e  a d d it io n  o f  3 %  X a C l  a t  a  p H  o f  4-9 h a d  n o  d e tr im e n ta l  
e ffe c t  o n  th e  m u lt ip lic a t io n  o f  S .  ty p h im u riu m  o th e r  t h a n  to  le n g th e n  th e  la g  p h a se  
a n d  4 - 5 %  X a C l  a t  th e  s a m e  p H  d id  in d u c e  th e  d e a th  o f  th e  o r g a n ism . P a r k ,  M a r th  
& O lso n  (1 9 6 9 ) s tu d ie d  th e  b e h a v io u r  o f  S .  ty p h im u riu m  in  lo w -a c id  ch ee se  a n d  
o b s e r v e d  t h a t  i t  g re w  r a p id ly  d u r in g  m a n u fa c tu r e  a n d  a d d it io n a l  g ro w th  o c c u rre d  
d u r in g  th e  f ir s t  2  w e e k s  o f  m a tu r in g  a t  13 °C , a f t e r  w h ic h  th e  n u m b e r s  d e c lin e d  b u t  
v ia b le  o r g a n ism s  s u r v iv e d  3 m o n th s  r e g a r d le s s  o f  th e  r ip e n in g  te m p e r a tu r e  (7 o r 
13 °C ) a n d  in  o n e  c a se  m o re  t h a n  4 m o n th s . W h ite  & C u s te r  (1 9 6 9 ) a r t i f ic ia l ly  
c o n ta m in a te d  52 v a t s  w ith  S a lm o n e lla  s t r a in s .  T h re e  t e s t  s t r a in s ,  S .  viewport, S .  
n ew brun sw ick  a n d  S .  in fa n t is ,  w ere  u se d . P r e l im in a r y  r e s u lt s  in d ic a te d  t h a t  th e  
m a jo r i ty  o f  c h e e se s  c o n ta m in a te d  w ith  S .  viewport a n d  S .  n ew brun sw ick  y ie ld e d  
v ia b le  sa lm o n e lla e  fo r  a  p e r io d  e x c e e d in g  1 2 0  d a y s .  X o  m e n tio n  w a s  m a d e  o f  a n y  
a b n o r m a l ity  in  m a n u fa c tu r e . S .  ty p h im u riu m  h a s  b e e n  sh o w n  b y  G o e p fe r t  et a l .
(1 9 6 8 ) t o  m u lt ip ly  r a p id ly  d u r in g  m a n u fa c tu r e  o f  C h e d d a r  ch ee se  u n t il  th e  c u rd  
w a s  s a l t e d . T h e se  a u th o r s  a lso  p o in te d  o u t  t h a t  i t  i s  h a z a r d o u s  to  a s s u m e  t h a t  th e  
sa lm o n e lla  p ro b le m  d o e s  n o t  a r ise  w h en  th e  fo o d  is  r e la t iv e ly  a c id ic  in  n a tu r e .

T h e  a n ta g o n is t ic  e f fe c ts  o f  sh o r t- c h a in  f a t t y  a c id s  on  sa lm o n e lla e  in  m e a t  w a s  
r e p o r te d  b y  K h a n  & K a t a m a y  (1 9 6 9 ). E v id e n c e  t h a t  th e  p r o d u c t io n  o f  v o la t i le  
f a t t y  a c id s  in  c u rd  m a y  b e  r e sp o n s ib le  fo r  th e  d e c lin e  in  n u m b e r s  o f  sa lm o n e lla e  
in  ch ee se  w a s  r e p o r te d  b y  G o e p fe r t  et a l .  (1 9 6 8 ). A  d e c lin e  in  n u m b e r s  o f  sa lm o n e lla e  
w a s  o b s e r v e d  w ith  0 T  %  a c e tic  a c id , to g e th e r  w ith  4 - 5 %  X a C l  a t  p H  4-9 in  s te r ile  
m ilk ; i t  w a s  m o re  r a p id  t h a n  t h a t  o b s e r v e d  u n d e r  th e  sa m e  c o n d it io n s  w ith o u t  
a c e t ic  a c id . S o r r e lls  & S p e c k  (1 9 7 0 ) r e p o r te d  th e  in h ib it io n  o f  S .  g a ll in a ru m  b y  
a c e t ic  a c id  p ro d u c e d  b y  L eu con o stoc  c itrovoru m . O n  th e  o th e r  h a n d  H a r g r o v e , 
M c D o n o u g h  & M a t t in g le y  (1 9 6 9 ) r e p o r t  f in d in g  n o  in h ib ito ry  e ffe c t  o f  a c e t ic  a c id  
o n  sa lm o n e lla e . V o la t ile  f a t t y  a c id s ,  h o w e v e r , m a y  c o n tr ib u te  t o  th e  m o re  r a p id  
d e c lin e  o f  sa lm o n e lla e  in  b lu e -v e in e d  ch ee se  (M o c q u o t et a l . 1963).

S h ig e lla

T h e re  a r e  few  r e p o r t s  o f  th e  p re se n c e  o f  S h ig e lla  sp e c ie s  in  d a ir y  p r o d u c t s  a n d  
fo o d s  in  g e n e ra l  c o m p a r e d  w ith  th e  o c c u rre n c e  o f  sa lm o n e lla e . T h e y  o c c u r  le s s  
c o m m o n ly  in  th e  c o m m u n ity  t h a n  d o  sa lm o n e lla e  a n d  a re  n o t  in v o lv e d  in  c a t t le  
in fe c t io n s . A  fe w  o u tb r e a k s  h a v e  b e e n  a t t r ib u t e d  t o  m ilk  a n d  r e p o r t s  o f  th e se  c a s e s  
h a v e  b e e n  re v ie w e d  b y  B r y a n  (1 9 6 9 ). A  c a s e  o f  S h ig e lla  so n n e i in fe c t io n  fro m  S a in t  
M a rce lin  ch ee se  le d  R u b in s te n  (1 9 6 4 ) t o  in v e s t ig a te  th e  s u r v iv a l  o f  th i s  o r g a n ism  in  
S a in t  M a rc e lin  ch ee se  k e p t  u n d e r  r e fr ig e ra t io n . S h . so n n ei w a s  i s o la te d  a f t e r  6  d a y s  

s to r a g e  b u t  n o t  a f t e r  7, 10 o r  14 d a y s .
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B r u c e lla

I t  h a s  b ee n  sh o w n  t h a t  B r u c e lla  ab o rtu s s u r v iv e s  o r d in a r y  c h e e se -m a k in g  p ro c e s se s , 
a n d  th e  lo n g  s u r v iv a l  o f  B r u c e lla  s t r a in s  in  v a r io u s  t y p e s  o f  ch ee se  i s  w e ll k n o w n  
(H a r r is ,  1 9 5 0 ; G ilm a n  & M a r q u a r d t ,  1 9 5 1 ; H a m m e r  & B a b e l ,  1957 ). T h e  s u r v iv a l  
o f  B r .  ab o rtu s in  ch ee se  fo r  6  m o n th s  w a s  r e p o r te d  b y  G ilm a n , D a h lb e r g  & M a r q u a r d t  
(1 9 4 6 ). R a m m e l  (1 9 6 7 ) r e v ie w s  th e  m o re  re c e n t  p u b lish e d  w o rk  on  th e  s u r v iv a l  
o f  B r .  ab o rtu s a n d  B r .  m e liten sis  in  c h e e se s o f  m a n y  v a r ie t ie s .  B r .  m e liten sis  w a s  
i s o la te d  a f t e r  p e r io d s  o f  4 - 1 6  d a y s  in  F e t a  a n d  u p  to  90  d a y s  in  P e c o r in o .

I n  sp ite  o f  th e  lo n g  s u r v iv a l  o f  B r .  ab o rtu s in  C h e d d a r  ch eese , u n t i l  1947  (G ilm a n  
et a l .  1 9 4 6 ; F a b ia n ,  1947) th e re  h a d  b e e n  n o  p ro v e n  c a s e s  o f  u n d u la n t  fe v e r  t r a c e d  
t o  th is  p r o d u c t ,  a n d  s in c e  t h a t  t im e  n o  c a s e s  a t t r ib u t a b le  to  ch ee se  h a v e  b e e n  r e p o r te d  
in  th e  l ite r a tu r e . B r .  ab o rtu s d o e s  o c c u r  in  ch ee se  w h ich  re a c h e s  th e  c o n su m e r , a s  
sh o w n  b y  T h a tc h e r  et a l .  (1 9 5 6 ) w h o d e m o n s tr a te d  i t s  p re se n c e  in  4 o f  6  s a m p le s  
t e s te d .  T h e  i s o la te s  w ere  fro m  L im b u r g e r , R o m a d u r  a n d  “ f r o m a g e - e n - g r a in ”  
(p a c k e d  C h e d d a r  c u rd ). U n lik e  e n te ro to x ig e n ic  d is o r d e r s  a n d  g a s t r o -e n te r ic  d is e a se s ,  
th e  o n se t  o f  w h ich  is  r a p id , th e  o n se t  o f  u n d u la n t  fe v e r  d u e  to  B r .  m e liten sis  a n d  
B r .  ab o rtu s c a n  v a r y  fro m  o n e w e e k  to  se v e r a l  m o n th s , so  t h a t  ch ee se  a s  a  so u rc e  
c o u ld  e sc a p e  d e te c t io n . E p id e m io lo g ic a l  s tu d ie s  c ite d  b y  S p in k  (1 9 5 6 ) in d ic a te d  
t h a t  th e re  w a s  a  h ig h  in c id e n ce  o f  B r .  ab o rtu s in  b o v in e  d ise a se , a n d  a c c o rd in g  to  
se ro lo g ic a l  e v id e n c e  a  h ig h  n u m b e r  o f  p e o p le  h a v e  b e e n  in fe c te d , y e t  th e re  w a s  a  
v e r y  sm a ll  n u m b e r  o f  c a s e s  o f  c lin ic a l illn e ss . T h e  p o te n t ia l  d a n g e r s  a s s o c ia t e d  w ith  B r .  
m e liten sis  in  g o a t ’s  m ilk  h o w ev er  a re  g r e a te r ,  a s  th i s  o r g a n ism  is  th e  m o s t  in fe c t iv e  
fo r  m a n  o f  th e  3 sp e c ie s , B r .  ab o rtu s, B r .  s u i s ,  B r .  m e liten sis , w h ile  B r .  ab o rtu s i s  th e  
le a s t .  F r e s h  ch ee se  m a d e  fro m  g o a t ’s  m ilk  h a s  u n d o u b te d ly  p la y e d  so m e  p a r t  in  h u m a n  
in fe c t io n  w ith  B r .  m e liten sis . F r e s h ly  p r e p a r e d  ch e e se s p ro d u c e d  fro m  u n h e a te d  
m ilk  a r e  c o n su m e d  in  m a n y  p a r t s  o f  th e  w o rld  a n d  c o n s t i tu te  a n  im p o r t a n t  so u rc e  o f  
in fe c t io n  o f  th e  p o p u la t io n s  co n ce rn e d  (H a rr is , 1950 , D a ir y  m p le -C h a m p n e y s , 1960). 
F o r t u n a t e ly ,  B r u c e lla  s t r a in s  a re  r e a d i ly  d e s t r o y e d  b y  p a s te u r iz a t io n .

M y co b acter iu m  tu b ercu lo sis

Im p r o v e d  c o n tro l m e a su re s , w h ich  h a v e  a lm o s t  e r a d ic a te d  tu b e r c u lo s is  in  c a t t le  
in  so m e  c o u n tr ie s , a n d  th e  p a s te u r iz a t io n  o f  m ilk  h a v e  re d u c e d  th e  im p o r ta n c e  o f  
m ilk  a s  a  c a rr ie r  o f  b o v in e  t u b e r c u lo s is  t o  th e  h u m a n . I n  th o se  c o u n tr ie s  w h ere  
tu b e r c u lo s is  o f  c a t t le  r e m a in s  a  p ro b le m  th e re  s t i l l  e x i s t s  th e  d a n g e r  o f  t r a n s m is s io n  
o f  M . tu b ercu lo sis  b y  u n p a s te u r iz e d  m ilk  a n d  d a ir y  p ro d u c ts .

U n le s s  a n t ib io t ic s  p ro d u c e d  in  ch ee se  b y  so m e  o f  th e  r ip e n in g  o r g a n ism s  o r  m o u ld s  
(M ey er, T o u illie r  & M a lg r a s , 1 9 5 2 ; G re c z , 1964) p la y  a  p a r t ,  th e  lo n g  s u r v iv a l  o f  
M . tu b ercu lo sis  c a n  b e  e x p e c te d . T h e  o r g a n ism , w h ich  is  a s  h e a t- se n s it iv e  a s  m o st  
n o n -sp o re -fo rm in g  b a c te r ia ,  i s  h o w e v e r  v e r y  r e s i s t a n t  t o  c h e m ic a l d is in fe c ta n ts ,  
in c lu d in g  a c id s  a n d  a lk a l is ,  a n d  w o u ld  th e re fo re  b e  p e r h a p s  le s s  l ik e ly  t h a n  o th e r  
p a th o g e n s  to  b e  a f fe c te d  b y  th e  p H  o f  th e  ch eese .

H a m m e r  & B a b e l  (1 9 5 7 ) re v ie w e d  th e  r e p o r te d  s u r v iv a l  o f  M . tu b ercu lo sis  in  
a  n u m b e r  o f  v a r ie t ie s  o f  ch ee se  a n d  c a m e  to  th e  co n c lu sio n  t h a t  th e  t y p e  o f  c h e e se  
w a s  a  fa c t o r  w h ich  in flu e n c e d  su r v iv a l .  C h eese  c o n ta m in a te d  w ith  M . tu b ercu lo sis  
h a s  b e e n  sh o w n  to  b e  in fe c t iv e  a f t e r  22 0  d a y s  (C h e d d a r ) , 305  d a y s  (T ils it )  a n d
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3 m o n th s  (C a m e m b e rt) . E r a h m  (1 9 5 9 ) a lso  r e p o r te d  t h a t  th e  v ia b i l i t y  o f  M .  tubercu ­
lo s is  v a r ie s  g r e a t ly  w ith  d if fe re n t  c h e e se s . V iru le n t  o r g a n ism s  w e re  p r e s e n t  in  
C a m e m b e r t  a n d  E d a m  a f t e r  2  m o n th s  a n d  m o re . I n  E m m e n t a l  th e re  w a s  a  d e c lin e  
in  n u m b e r s  o f  tu b e r c le  b a c i l l i  a f t e r  h e a t in g  th e  c u rd  t o  55  °C . H a h n  (1 9 5 9 ) e x a m in e d  
6  E m m e n t a l  c h e e se s  m a d e  f r o m  a r t i f ic ia l ly  in fe c te d  m ilk , o n e  o f  w h ic h  p r o d u c e d  
tu b e r c u lo u s  le s io n s  in  o n e  o f  8  g u in e a - p ig s  in je c te d  w ith  i t  a f t e r  3 m o n th s  o f  m a t u r a ­
t io n  o f  th e  ch ee se . Q u a r g  in fe c te d  w ith  v e r y  lo w  n u m b e r s  o f  tu b e r c le  b a c il l i  p r o d u c e d  
th e  d is e a se  w h en  fe d  t o  g u in e a - p ig s . l o t o v  &  T o d o r o v  (1 9 5 9 ) fo u n d  v ir u le n t  tu b e r c le  
b a c il l i  in  B u lg a r ia n  w h ite  ch ee se , m a d e  fro m  a r t i f ic ia l ly  in fe c te d  m ilk , a f t e r  120  d a y s  
s to r a g e . M e y e r , T o u illie r  &  M a lg r a s  (1 9 5 2 ) in v e s t ig a t in g  th e  d e c lin e  in  n u m b e r s  o f  
tu b e r c le  b a c i l l i  in  th e  f ir s t  4  w e e k s  o f  m a tu r in g  o f  E m m e n t a l  a n d  G r u y è r e  ch ee se  
r e p o r te d  t h a t  r a p id ly  g ro w in g  p ro p io n ic  a c id  b a c t e r ia  p r o d u c e d  a  b a c te r ic id a l  
su b s ta n c e  a c t iv e  o n  tu b e r c le  b a c illi .

A ll th i s  e v id e n c e  p o in t s  t o  th e  n e e d  t o  p a s te u r iz e  m ilk  fo r  ch e e se , a n d  th e r e b y  t o  
d e s t r o y  a l l  p a th o g e n s , i f  o u t b r e a k s  o f  c h e e se -b o rn e  d is e a se  a r e  t o  b e  a v o id e d ;  
o th e r  p ro c e d u re s  a llo w e d  a t  p r e s e n t  in  so m e  c o u n tr ie s , e .g . m in im u m  m a tu r in g  
p e r io d s  o f  60 , 90  o r  120  d a y s  b e fo re  s a le ,  se e m  u n ju s t i f ia b le  in  th e  l ig h t  o f  p r e s e n t  
k n o w le d g e . I t  c a n n o t  b e  a s s u m e d  t h a t  su c h  s t o r a g e  e l im in a te s  th e  r i s k  in  a l l  
c h e e se s  fo r  th e  c o n su m e r  a s  th e re  i s  su ffic ie n t  e v id e n c e  t h a t  p a t h o g e n s  a n d  
e n te r o to x in  c a n  su r v iv e  fo r  e v e n  lo n g e r  p e r io d s .  W a lk e r  et a l .  (1 9 6 1 ) h a v e  p o in te d  
o u t  t h a t  th e  re d u c t io n  in  n u m b e r s  o f  s ta p h y lo c o c c i  t h a t  o c c u r s  d u r in g  s t o r a g e  fo r  
60  d a y s  (th e  p e r io d  u s u a l ly  p e r m it te d  a s  a n  a l te r n a t iv e  t o  p a s te u r iz a t io n )  m a y  n o t  
m a k e  th e  ch ee se  le s s  d a n g e r o u s  b e c a u s e  o f  th e  p o s s ib le  s u r v iv a l  o f  th e  e n te ro to x in , 
a n d  s im ila r ly , H a m m e r  & B a b e l  (1 9 5 7 ) h a v e  c a u t io n e d  a g a in s t  th e  h o ld in g  o f  ch ee se  
m a d e  fro m  r a w  m ilk  fo r  a  g iv e n  p e r io d  a s  a  r e l ia b le  s a f e t y  m e a su r e . O th e r  p o s s ib i l i t ie s  
su c h  a s  h e a t- t r e a tm e n t  a t  a  t e m p e r a tu r e  lo w e r t h a n  p a s t e u r iz a t io n  m a y  s lo w  d o w n  
th e  m u lt ip lic a t io n  o f  p a th o g e n s  d u r in g  m a n u fa c tu r e , b u t  m a y  n o t  d e s t r o y  th e m  
n o r  n e c e s s a r ily  in c re a se  th e ir  s e n s it iv i t y  t o  th o s e  f a c t o r s  w h ic h  c a n  c o n tr ib u te  to  
th e ir  in a c t iv a t io n . T h e  H 2 0 2- c a t a l a s e  t r e a t m e n t  o f  m ilk  fo r  ch ee se  m a n u fa c tu r e , 
p o p u la r  in  th e  U n it e d  S t a t e s ,  d o e s  n o t  e n su re  th e  d e s t r u c t io n  o f  p a th o g e n s  
(K e o g h , 19 6 4 ). T h u s , p ro c e d u re s  o th e r  t h a n  p a s te u r iz a t io n  m a y  re d u c e  th e  r i s k  o f  
ch ee se-b o rn e  o u t b r e a k s  o f  d is e a se  b u t  w ill n o t  e l im in a te  i t .  N o  p ro c e d u re  w ill d e s t r o y  
e n te r o to x in s  fo r m e d  in  t h e  m ilk  b e fo re  c h e e se -m a k in g , a n d  p a s te u r iz a t io n  w ill n o t  
d e s t r o y  th e  o r g a n ism s  w h ic h  m a y  c o n ta m in a te  th e  ch ee se  d u r in g  m a n u fa c tu r e . A s  f a r  
b a c k  a s  1 912 , S a m m is  & B r u h n  s t r o n g ly  re c o m m e n d e d  p a s te u r iz a t io n  o f  m ilk  fo r  
c h e e se  m a n u fa c tu r e  a n d  th i s  h a s  s in c e  b e e n  r e it e r a te d  b y  m a n y  o th e r s  (H a r r is ,  
1 9 5 0 ; H a m m e r  &  B a b e l ,  1 9 5 7 ; T h a tc h e r  et a l .  1 9 5 9 ; S h a r p e  et a l .  1 9 6 2 ; K e o g h  & 
H a n s e n , 1 9 6 3 ; C z u la k , 19 6 5 ).

T h e  s u r v iv a l  o f  a l l  p o t e n t ia l ly  p a th o g e n ic  c o n ta m in a n t s  m u s t  b e  c o n s id e re d . 
I t  w o u ld  b e  u n w ise  t o  a c c e p t  r e c o m m e n d a t io n s  b a s e d  o n  t e s t s  c o n c e rn in g  th e  s u r v iv a l  
o f  a n y  o n e  b a c t e r ia l  sp e c ie s  o r  s t r a in .

T h e  f a c t  t h a t  ch ee se  o f  m o re  u n ifo rm  q u a l i t y  c a n  b e  m a d e  fro m  p a s t e u r iz e d  m ilk  
(C z u la k , 1965) i s  su r e ly  co n firm e d  b y  th e  p r a c t ic e  in  th o s e  c o u n tr ie s  w h ere  p a s t e u r i ­
z a t io n  o f  m ilk  fo r  c h e e se  m a n u fa c tu r in g  i s  n o w  e ith e r  c o m p u lso r y  o r  w id e ly  u se d . 
T h e re  i s  th e re fo r e  n o  v a l id  r e a so n  fo r  n o t  u s in g  p a s te u r iz a t io n  a s  a n  e ffe c t iv e  

p re v e n t iv e  t r e a tm e n t .

Su rv iva l of 'pathogens in  cheese and m ilk  powder

7 -2
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M ilk  p ow d er

M o d e rn  p ro c e s s in g  m e th o d s  fo r  t h e  m a n u fa c tu r e  o f  m ilk  p o w d e r  a r e  d e s ig n e d  to  
re n d e r  th e  p r o d u c t  m o re  a c c e p ta b le  in  f la v o u r  a n d  so lu b ility , a n d  b e c a u s e  o f  th e m  
th e  p r o d u c t  h a s  b e c o m e  m o re  v u ln e ra b le  t o  c o n ta m in a t io n  a n d  t o  th e  g ro w th  o f  
c o n ta m in a n t s  d u r in g  m a n u fa c tu r e . T h e  m ild e r  h e a t  t r e a t m e n t s  d u r in g  s p r a y - d r y in g  
c o m p a r e d  w ith  th o s e  u se d  in  ro lle r -d ry in g  a ffo rd  l i t t le  p ro te c t io n  a g a in s t  th e  s u r v iv a l  
o f  p a th o g e n s . T h e  in s ta n t iz a t io n  p r o c e s s  in  w h ic h  th e  p o w d e r  i s  w e t te d  a n d  re -d r ie d  
in t r o d u c e s  a  n ew  lo o p h o le  fo r  c o n ta m in a t io n . M o d e rn  p a c k a g in g  te c h n iq u e s , d e s ig n e d  
to  p r e v e n t  c h e m ic a l d e te r io r a t io n , a llo w  lo n g e r  s u r v iv a l  o f  m ic r o -o rg a n ism s . 
U n fo r tu n a te ly ,  m o d e rn  p ro c e s s in g  te c h n iq u e s  a re  n o t  a lw a y s  c o u p le d  w ith  im p r o v e d  
h y g ie n ic  p r a c t ic e s .

T o d a y ,  m ilk  p o w d e r  i s  u se d  a s  a n  a d d it iv e  to  o th e r  fo o d s  a n d  in  th e  m a n u fa c tu r e  
o f  r e c o m b in e d  p r o d u c t s  su c h  a s  sw e e te n e d  c o n d e n se d  m ilk  a n d  e v a p o r a t e d  m ilk  
(M u ller , 1 9 6 5 ; M u lle r  & K ie se k e r , 19 6 5 ). F o r  th e se  p u r p o s e s  so m e  p u r c h a se r s  r e q u ir e  
m ilk  p o w d e r  m a d e  fro m  m ilk  w h ich  h a s  r e c e iv e d  a  m ild  h e a t- t r e a tm e n t  (so m e tim e s  
o n ly  m a r g in a l  H .T .S .T .  p a s te u r iz a t io n )  t o  fu lf i l  th e  sp e c if ic a t io n  fo r  w h ey  p ro te in  
n itro g e n  v a lu e s .  A t  th e  sa m e  t im e , h o w e v e r , p o w d e rs  w ith  lo w  b a c te r ia l  c o u n ts  a re  
sp e c ifie d . T h is  d o e s  n o t  n e c e s s a r i ly  e n su re  th e  a b se n c e  o f  p a th o g e n s  s in c e  th e y  c a n  
b e  p r e s e n t  in  lo w -c o u n t m ilk s  o r  c a n  o c c u r  a s  a  r e s u lt  o f  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 . S u c h  p o w d e r s  a r e  in te n d e d  fo r  p r o d u c t s  w h ich  re c e iv e  fu r th e r  h e a t-  
t r e a t m e n t  d u r in g  m a n u fa c tu r e , a n d  th e y  sh o u ld  n o t  b e  u se d  fo r  o th e r  p u rp o se s , n o r  
sh o u ld  th e y  b e  u se d  i f  th e  t im e  e la p s in g  b e tw e e n  r e c o n s t i tu t io n  a n d  h e a t- t r e a tm e n t  
i s  su ff ic ie n t ly  lo n g  t o  a llo w  b a c te r ia l  m u lt ip lic a t io n . T h e  d a n g e r  e x i s t s ,  h o w e v e r , 
t h a t  c o n ta m in a te d  p o w d e r  in  a  f a c t o r y  m a y  c a u se  th e  in fe c t io n  o f  o th e r  p o w d e rs  o r 
fo o d s  p r e p a r e d  th e re .

T h e  s t a g e s  d u r in g  p ro c e s s in g  a n d  th e  m e a n s  b y  w h ic h  m ilk  p o w d e r  m a y  b e  
c o n ta m in a te d  a n d  c o n ta m in a n t s  m a y  m u lt ip ly  a n d  p ro d u c e  t o x in s  h a v e  b e e n  
d e sc r ib e d  b y  C ro ss le y  & Jo h n s o n  (1 9 4 2 ), C ro ss le y  (1 9 4 5 ), A n d e rso n  & S to n e  (1 9 5 5 ), 
H a w le y  &  B e n ja m in  (1 9 5 5 ), C ro ss le y  &  C a m p lin g  (1 9 5 7 ), K e o g h  (1 9 6 6 ), S c h ro e d e r  
(1 9 6 7 ), G a le s lo o t  & S t a d h o u d e r s  (1 9 6 8 ). C o n ta m in a t io n  c a n  o c c u r  a t  a  n u m b e r  o f  
s t a g e s  a f t e r  th e  p r e h e a t in g  o f  t h e  m ilk . I t  m a y  b e  fro m  th e  m ilk  h a n d le r , d ir ty  
e q u ip m e n t , w a te r , d u s t ,  ro d e n t s ,  b ir d s ,  v e rm in  a n d  fro m  in fe c te d  p o w d e r  c a r r ie d  
in  a ir  c u r re n ts . H e ld m a n , H a l l  & H e d r ic k  (1 9 6 8 ) h a v e  i l lu s t r a t e d  d ia g r a m m a t ic a l ly  
th e  s t a g e s  in  p ro c e s s in g  o f  m ilk  p o w d e r  w h ere  th e  p r o d u c t  i s  in  c o n ta c t  w ith  a ir . 
I n  th e  p r o d u c t io n  o f  in s ta n t iz e d  p o w d e r  th e  p r o c e s s  e n ta il s  su c h  c o n ta c t  a t  9 s t a g e s .  
A ir  f i l t r a t io n  a t  a l l  s t a g e s  w o u ld  b e  a  s a fe g u a r d  p r o v id e d  th e  f il te r s  a r e  e ffic ien t. 
C o llin s et a l .  (1 9 6 8 ), fo llo w in g  a n  in te r - s t a te  o u tb r e a k  o f  S .n ew b ru n sw ic lc , r e p o r te d  
t h a t  r e s u lt s  o f  a  su r v e y  c a r r ie d  o u t  in  a  f a c t o r y ,  w h o se  m ilk  w a s  im p lic a te d , p o in te d  
to  th e  in s ta n t iz in g  p r o c e s s  a s  th e  so u rc e  o f  c o n ta m in a t io n .

M c D o n o u g h  & H a r g r o v e  (1 9 6 8 ) s tu d ie d  th e  h e a t  r e s is ta n c e  o f  S a lm o n e lla e  a n d  th e  
e f fe c ts  o f  s to r a g e  o n  s u r v iv a l  in  d r ie d  m ilk . T h e ir  s t u d y  sh o w e d  t h a t  w h ile  c e r ta in  
h e a t  a n d  m o is tu r e  c o m b in a t io n s  w ill a id  in  le s se n in g  th e  c h a n c e s  o f  S a lm o n e lla e  
s u r v iv in g  d u r in g  th e  d r y in g  o p e ra t io n , th e y  c a n n o t  b e  re lie d  u p o n  fo r  c o m p le te  
c o n tro l. I t  w a s  a lso  sh o w n  t h a t  w h ile  p a s te u r iz a t io n  d e s t r o y s  sa lm o n e lla e  in  l iq u id  
m ilk , h ig h e r  t e m p e r a tu r e s  a r e  r e q u ir e d  t o  k ill  th e m  in  c o n c e n tr a te s . T h is  i s  a n



im p o r ta n t  p o in t  to  c o n s id e r  s in ce  i t  i s  th e  p r a c t ic e  in  so m e  a r e a s  t o  in te r sh ip  
c o n c e n tr a te s  a m o n g  p la n t s  fo r  fu r th e r  p ro c e ss in g .

L iC a r i  & P o t t e r  (1 9 7 0 6 ) sh o w e d  t h a t ,  w h ile  s p r a y - d r y in g  a t  t e m p e r a tu r e s  u s u a l ly  
e m p lo y e d  c o m m e rc ia lly  k il le d  s u b s t a n t ia l  n u m b e r s  o f  S a lm o n e lla  in  sk im -m ilk , in  
n o  c a se  in  th e ir  in v e s t ig a t io n s  d id  i t  re n d e r  th e  m ilk  p o w d e r  c o m p le te ly  fre e  fro m  
S a lm o n e lla . I n  fu r th e r  w o rk  w ith  a g g lo m e r a t io n  a n d  r e d ry in g  o f  th e  c o n ta m in a te d  
p o w d e r , s ig n if ic a n t  r e d u c t io n  in  S a lm o n e lla e  w a s  n o t  a c h ie v e d  b y  th e  h e a t  o f  r e d ry in g .

S t o r a g e  a t  d if fe re n t  t e m p e r a tu r e s  o f  m ilk  p o w d e r  c o n ta m in a te d  w ith  sa lm o n e lla e  
sh o w e d  l it t le  r e d u c t io n  in  th e  n u m b e r s  o f  v ia b le  sa lm o n e lla e  in  15 w e ek s. T h e  h ig h  
s t o r a g e  t e m p e r a tu r e s  w h ic h  b r in g  a b o u t  d e s t r u c t io n  o f  th e  sa lm o n e lla e  in  p o w d e r  
w o u ld  b e  e x p e c te d  to  a f fe c t  a d v e r s e ly  th e  f la v o u r  o f  th e  p r o d u c t  (M cD o n o u g h  & 
H a r g r o v e , 1968 ). T h is  w a s  co n firm e d  b y  L iC a r i  & P o t t e r  (1 9 7 0 c ).

T h a t  p a t h o g e n s  a n d  th e ir  t o x in s  su r v iv e  in  m ilk  p o w d e r  i s  e v id e n c e d  b y  th e  
o u tb r e a k s  o f  s t a p h y lo c o c c a l  fo o d  p o iso n in g  in  B r i t a in  in  1953  (A n d e r so n  & S to n e , 
1 9 5 5 ; C ro ss le y  & C a m p lin g , 1957) a n d  in  P u e r to  R ic o  in  1956  (A rm ijo , H e n d e r so n , 
T im o th é e  &  R o b in so n , 1957) a n d  o f  g a s t r o - e n te r i t i s  d u e  to  S a lm o n e lla  in  B r i t a in  in  
1950 , B u lg a r i a  in  1 9 4 5 -1 9 5 0 , in  th e  U n it e d  S t a t e s  in  1966  a n d  1967  (M a rth , 1969) 
a n d  in  N e w fo u n d la n d  in  1968  ( J u ls e t h  & D e ib e l, 1969 ). S c h ro e d e r  (1 9 6 7 ) r e p o r te d  
t h a t  a  s u r v e y  c a r r ie d  o u t  in  th e  U n ite d  S t a t e s  o f  A m e r ic a , in  w h ich  33 1 5  s a m p le s  
o f  d r ie d  m ilk  fro m  2 0 0  f a c to r ie s  in  19 S t a t e s  w ere  e x a m in e d  b y  h e a lth  a u th o r it ie s ,  
r e v e a le d  t h a t  1  %  o f  th e se  w ere  c o n ta m in a te d  w ith  sa lm o n e lla e  a n d  t h a t  8 - 2  %  o f  
1475  e n v iro n m e n ta l  s a m p le s  c o n ta in e d  sa lm o n e lla e . T w e n ty -o n e  d if fe re n t  s e r o ty p e s  
w ere  i so la te d . R e la t iv e ly  sm a ll  n u m b e r s  o f  s a lm o n e lla e  in  a  fo o d  p r o d u c t  w h ic h  is  
n o t  h e a t- t r e a te d  b e fo re  c o n su m p tio n  c a n  b e  s ig n if ic a n t . L o w  n u m b e r s  in  m ilk  
p o w d e r  g ro w  r a p id ly  u p o n  r e h y d r a t io n  a n d  in c u b a t io n  ( J u ls e t h  & D e ib e l , 1969 ).

I t  i s  c le a r  t h a t  p e r so n n e l in v o lv e d  a t  a n y  s t a g e  in  th e  p ro d u c t io n  o f  m ilk  p o w d e r  
m u s t  b e  a le r t  t o  a l l  th e  b a c te r io lo g ic a l  h a z a r d s  a n d  b e  v ig i la n t  a b o u t  h y g ie n e  i f  
fo o d  p o iso n in g  c a u se d  b y  c o n ta m in a te d  m ilk  p o w d e r  i s  t o  b e  e r a d ic a te d .

B .  B a c t e r i o l o g i c a l  a n a l y s i s  

S tap h y lo co cc i

I n  th e  l a s t  d e c a d e  m a n y  n ew  m e d ia  h a v e  b e e n  d e v e lo p e d  fo r  th e  i so la t io n  o f  
p a th o g e n ic  s ta p h y lo c o c c i  f ro m  c lin ic a l so u rc e s  a n d  fro m  fo o d s  (C a r te r , 1 9 6 0 ; In n é s , 
1 9 6 0 ; V o g e l  &  Jo h n s o n , 1 9 6 0 ; F in e g o ld  &  S w e e n e y , 1 9 6 1 ; H o p to n , 1 9 6 1 ; B a ir d -  
P a r k e r ,  1 9 6 2 a ;  D e n e k e  &  B lo b e l ,  1 9 6 2 ; C a r a n to n is  & S p in k , 1 9 6 3 ; C r is le y , 
A n g e lo t t i  &  F o t e r ,  1 9 6 4 ; B la i r ,  E m e r s o n  & T u ll , 1 9 6 7 ; E l l io t ,  1 9 6 8 ; H o b b s , K e n d a l l  
& G ilb e r t ,  1 9 6 8 ; H o lb ro o k , A n d e r so n  & B a ir d - P a r k e r ,  1969  a n d  o th e rs ) . T h e se  
m e d ia  a re  se le c t iv e  b e c a u s e  o f  th e ir  s a l t  c o n c e n tr a t io n s  r a n g in g  fro m  6-5 t o  1 0 %  
o r  b e c a u s e  th e y  in c o rp o ra te  o th e r  s u b s t a n c e s  su c h  a s  p o t a s s iu m  te llu r ite , g ly c in e , 
l ith iu m  ch lo rid e , so d iu m  a z id e  o r  a n t ib io t ic s .  V a r io u s  d if fe re n t ia l  a g e n t s  su c h  a s  
m a n n ito l , p h e n o lp h th a le in  p h o s p h a te , a n d  e g g  y o lk  a re  so m e t im e s  in c lu d e d . M o st  
o f  th e  m e d ia  a re  m o d ifie d  v e r s io n s  a im e d  a t  e n su r in g  le s s  in h ib it io n  o f  p a th o g e n ic  
s ta p h y lo c o c c i  o r  b e t t e r  d if fe re n t ia t io n  b e tw e e n  c o a g u la se -p o s i t iv e  a n d  c o a g u la se -  
n e g a t iv e  s t r a in s  t h a n  th e  o r ig in a l m e d ia . M a n y  h a v e  b e e n  fo u n d  s a t i s f a c t o r y  fo r  
th e  i so la t io n  o f  p a th o g e n ic  s ta p h y lo c o c c i  fro m  c lin ic a l so u rc e s  b u t  le s s  so  fo r  th e
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i so la t io n  o f  p a th o g e n ic  s ta p h y lo c o c c i  fro m  fo o d s . H o b b s  et a l .  (1 9 6 8 ) l i s t  8  d if fe re n t  
se le c t iv e  m e d ia  fo r  c o a g u la se -p o s it iv e  s ta p h y lo c o c c i  a n d  th e  c o u n tr ie s  in  w h ic h  th e y  
a r e  w id e ly  u se d . T h e re  is  a  la c k  o f  c o m p a r a t iv e  d a t a  o n  th e  iso la t io n  o f  p a th o g e n ic  
s ta p h y lo c o c c i  fro m  d a ir y  p r o d u c ts ,  e s p e c ia lly  ch ee se  a n d  m ilk  p o w d e r , w h ic h  a r e  
th e  p r o d u c t s  m o st  fr e q u e n t ly  im p lic a te d  in  fo o d  p o iso n in g  o u tb r e a k s  in  r e c e n t  y e a r s .  
M a n y  o f  th e  c o m p a r a t iv e  t e s t s  h a v e  b e e n  m a d e  o n  c u ltu re d  i so la te s  fro m  th e se  
p r o d u c t s  r a th e r  t h a n  u s in g  c o n ta m in a te d  p r o d u c t s  th e m se lv e s . S u c h  c o m p a r is o n s  
a r e  v a lu a b le  b u t  su ffe r  fro m  th e  d i s a d v a n t a g e  t h a t  th e y  d o  n o t  re f le c t  th e  e f fe c t s  o f  
th e  in it ia l  n u m b e r s  o f  o r g a n ism s  p r e se n t  a n d  th e  e ffe c ts  o f  th e  d e b i l i t a t in g  in flu e n c e  
o f  p ro c e s s in g  a n d  e n v iro n m e n t  o n  p a r t ic u la r  s t r a in s  o f  th e  c o n ta m in a n t s  a n d  th e ir  
s u b s e q u e n t  g ro w th  o n  th e  v a r io u s  s e le c t iv e  m e d ia . T h e  p r e v io u s  c u lt iv a t io n  h is to r y  
o f  th e  o r g a n ism  in flu e n c e s i t s  g ro w th  o n  se le c t iv e  m e d ia  (M c D iv it t  &  T o p p , 1 9 6 4 ; 
O rd a l, 1970). D ry in g , h e a t- t r e a tm e n t , p H , s a l t  c o n te n t  a n d  o x y g e n  te n s io n  o f  th e  
fo o d  c o u ld  a l l  a f fe c t  th e  r e c o v e r a b i l i ty  o f  th e se  o r g a n ism s . S o m e  o f  th e se  f a c t o r s  
h a v e  b e e n  sh o w n  to  h a v e  th is  e ffe c t  (B a ir d - P a r k e r  & D a v e n p o r t ,  19 6 5 ). I a n d o lo  & 
O rd a l (1 9 6 6 ) fo u n d  t h a t  a f t e r  su b le th a l  h e a t- t r e a tm e n t  a t  55  °C  fo r  15 m in , 9 9 %  
o f  th e  v ia b le  p o p u la t io n  o f  S ta p h , a u r e u s  w ere  u n a b le  to  r e p ro d u c e  o n  m e d ia  
c o n ta in in g  7 - 5 %  so d iu m  ch lo rid e . A lso , th e  c o n ta m in a te d  p r o d u c t  i t s e l f  a n d  th e  
o th e r  t y p e s  o f  c o n ta m in a n t s  m a y  h a v e  so m e  e ffe c t  o n  th e  se le c t iv i ty  o f  th e  p a r t ic u la r  
m e d iu m  ( J o s h i ,  B la c k w o o d  &  D a le , 1 9 6 3 ; J a y ,  1 9 6 3 ; C r is le y , P e e le r  & A n g e lo t t i ,  
1965 ).

T a b le  1 sh o w s th e  r e s u lt s  o f  so m e  o f  th e  c o m p a r a t iv e  t e s t s  w ith  v a r io u s  m e d ia  
fo r  th e  i so la t io n  o f  p a th o g e n ic  s ta p h y lo c o c c i  f ro m  fo o d s . I t  c o u ld  w ell b e  t h a t  le s s  
c o m p le x  a n d  p o s s ib ly  a  le s s  in h ib ito ry  m e d iu m  su c h  a s  sh e e p  b lo o d  a g a r  c o n ta in in g
7 - 5 %  s a l t  (K e o g h  &  H a n s e n , 1963) m ig h t  b e  m o re  re lia b le  a lth o u g h , p e r h a p s , le s s  
s e le c t iv e . T h is  m e d iu m  h a s  n o t  b e e n  c o m p a r e d  w ith  so m e  o f  th e  m o re  c o m p le x  
o n es . S h e e p  b lo o d  ce lls  a r e  n o t  ly se d  b y  th e  p re se n c e  o f  7-5 %  so d iu m  ch lo rid e . 
R e i te r  et a l .  (1 9 6 4 ) a n d  B a ir d - P a r k e r  & D a v e n p o r t  (1 9 6 5 ) sh o w e d  t h a t  th e  r e c o v e ry  
o f  h e a t- sh o c k e d  ce lls  o f  S ta p h , a u r e u s  w a s  b e t te r  o n  b lo o d  a g a r  t h a n  o n  B a ir d -  
P a r k e r ’s  m e d iu m . R a m m e l  & H o w ic k  (1 9 6 7 ) u se d  b lo o d  a g a r  fo r  th e  i so la t io n  o f  
c o a g u la se -p o s it iv e  s ta p h y lo c o c c i  fro m  ch eese . B a ir d - P a r k e r  & D a v e n p o r t  (1 9 6 5 ) 
fo u n d  t h a t  m e d ia  su c h  a s  S i  1 0  m e d iu m  a n d  p h e n o lp h th a le in  p h o s p h a te  a g a r  (B a r b e r  
& K u p e r ,  1951 ), w h ich  a r e  p o o r  fo r  th e  iso la t io n  o f  S ta p h , a u r e u s  ce lls  t h a t  h a v e  
b e e n  s u b je c t e d  to  h e a t  o r  d r y in g  ( B u s t a  & J e z e s k i ,  1 9 6 1 ; S h a r p e  et a l .  1 9 6 2 ; 
M ick e lsen e iaZ . 1 9 6 3 ; B a ir d - P a r k e r  & D a v e n p o r t ,  1965 ), c a n  b e  im p r o v e d  b y  th e  a d d it io n  
o f  p y r u v a t e .  T h e y  s u g g e s t  t h a t  b lo o d  a n d  p y r u v a t e  h a v e  in  c o m m o n  th e  a b i l i t y  t o  
b r e a k  d o w n  h y d ro g e n  p e ro x id e , w h ich  m a y  a c c o u n t  fo r  th e  f a c t  t h a t  m e d ia  c o n ta in in g  
th e se  s u b s t a n c e s  a re  b e s t  fo r  th e  re c o v e r y  o f  a ir -d r ie d , fre e z e -d r ie d  a n d  h e a t-  
sh o c k e d  ce lls  o f  S ta p h , a u re u s .

B a i r d - P a r k e r ’s  m e d iu m  (1962  a )  h a s  b e e n  f a v o u r e d  b y  a  n u m b e r  o f  a u th o r s  a n d  
h a s  b e e n  th o r o u g h ly  in v e s t ig a t e d  u s in g  fo o d s  in  g e n e ra l  a n d  p u re  c u ltu r e s  (T a b le  1 ). 
H o w e v e r , th is  m e d iu m  is  r a th e r  u n s ta b le  a n d  f a i l s  to  in h ib it  P r o te u s  w h ic h  g iv e s  
a  r e a c t io n  s im ila r  to  t h a t  o f  c o a g u la se -p o s it iv e  s ta p h y lo c o c c i . R e c e n t ly , a  m o re  
s t a b le  v e r s io n  o f  th i s  m e d iu m  h a s  b e e n  d e v e lo p e d  a n d  su lp h a m e z a th in e  h a s  b e e n  
a d d e d  to  in h ib it  P r o te u s  (H o lb r o o k  et a l .  1969 ). S u c h  c o m p re h e n s iv e  c o m p a r a t iv e  
s t u d ie s  fo r  th e  u se  o f  B a i r d - P a r k e r 's  m e d iu m — o r  in d e e d  a n y  o th e r  m e d ia  fo r  th e
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iso la t io n  o f  p a th o g e n ic  s ta p h y lo c o c c i  fro m  m ilk -p o w d e r  a n d  ch ee se— h a v e  n o t  b ee n  
r e p o r te d  b u t  o n  th e  l i t t le  e v id e n c e  a v a i la b le  B a i r d - P a r k e r ’s  a p p e a r s  t o  b e  th e  
m e d iu m  o f  ch o ice . T h e re  h a s  b e e n  so m e  u n c e r ta in ty  a s  to  th e  re la t io n sh ip  b e tw een  
th e  e g g -y o lk  r e a c t io n  a n d  c o a g u la se  p ro d u c t io n . K o s k i t a lo  & M illin g  (1 9 6 9 ) u se d  
C a r te r ’s  (1 9 6 0 ) m e d iu m  in  w h ich  e g g -y o lk  w a s  a d d e d  to  S i  1 0  m e d iu m  a n d  fo u n d  
t h a t  th e  e g g - 3 -olk re a c t io n  fa ile d  to  d if fe re n t ia te  b e tw e e n  c o a g u la se - n e g a t iv e  a n d  
c o a g u la se - p o s it iv e  s ta p h y lo c o c c i  fro m  C h e d d a r  ch ee se . G a re  (1 9 6 9 ) fo u n d  t h a t  o f  
1 0 0 0  c o a g u la se - p o s i t iv e  s ta p h y lo c o c c i  i s o la te d  fro m  n a s a l  sw a b s  a n d  c lin ic a l sm e a r s  
2 1 -8 %  w e re  e g g -y o lk  n e g a t iv e , a n d  la te r  G a re  (1 9 7 0 ) o b se rv e d  d iffe re n c e s  b e tw e e n  
p h a g e  g r o u p s  w ith  e g g -y o lk  re a c t io n . T h e  v a l id i ty  o f  th e  e g g -y o lk  r e a c t io n  fo r  th e  
re c o g n itio n  o f  c o a g u la se -p o s i t iv e  s ta p h y lo c o c c i  h a s  b e e n  q u e s t io n e d  a lso  b y  .J a y , 1966. 
B a ir d - P a r k e r  (1 9 6 2 ) c o m m e n te d  o n  th e  in te r fe re n c e  o f  fe r m e n ta b le  c a r b o h y d r a te , 
in c lu d in g  m a n n ito l , w ith  th e  t y p ic a l  e g g -y o lk  re a c t io n .

E n r ic h m e n t  m e th o d s  a r e  p r o b a b ly  n o t  a lw a y s  n e c e s s a r y  fo r  th e  i so la t io n  o f  
s ta p h y lo c o c c i  fro m  fo o d s  w h ic h  a r e  su sp e c te d  a s  b e in g  a g e n t s  in  fo o d  p o iso n in g , 
b e c a u s e  th e se  o r g a n ism s  m a y  b e  p r e se n t  in  la r g e  n u m b e r s . O n th e  o th e r  h a n d , th e  
n u m b e r s  m a y  h a v e  d e c lin e d  a n d  b e a r  n o  r e la t io n sh ip  to  th e  p re se n c e  o f  e n te ro to x in . 
E n r ic h m e n t  m e th o d s  a re  im p o r t a n t  in  q u a l i t y  c o n tro l t e s t s  fo r  c o a g u la se -p o s i t iv e  
s ta p h y lo c o c c i  in  fo o d s  s in c e  e v e n  lo w  n u m b e r s  m a y  b e  o f  u lt im a te  s ig n if ic a n c e  
a n d  th o se  t h a t  a re  p r e s e n t  m a y  n o t  b e  e a s i ly  r e v iv e d . T h e  l i t e r a tu r e  is  la c k in g  in  
c o m p a r a t iv e  d a t a  fo r  e n r ic h m e n t m e th o d s  fo r  d a ir y  p r o d u c ts .  T h e  m o st  c o m m o n ly  
u se d  e n r ic h m e n t m e d ia  a r e  l is t e d  in  T a b le  2.

G io l i t t i  & C a n to n i (1 9 6 6 ) d e v e lo p e d  a n  a n a e r o b ic  g ly c in e - te llu r i te - b r o th  m e d iu m  
w h ich  th e y  c o m p a r e d  w ith  C h a p m a n ’s  (1 9 4 5 , 1946) m a n n ito l  s a l t  a g a r ,  B u t t i a u x  & 
B r o g n ia r t ’s  (1 9 4 7 ) m e d iu m  a n d  b lo o d  a g a r  fo r  th e  iso la t io n  o f  c o a g u la se -p o s i t iv e  
s ta p h y lo c o c c i  fro m  fo o d s , in c lu d in g  m ilk  p r o d u c t s .  T h e y  c la im e d  t h a t  i t  w a s  su p e r io r  
t o  th e se  m e d ia , i t s  s e le c t iv i ty  b e in g  d u e  to  th e  p re se n c e  o f  l ith iu m  ch lo rid e  a n d  
te l lu r ite  to g e th e r  w ith  g ly c in e . T h e  in h ib it io n  o f  m ic ro co c c i is  b a la n c e d  a g a in s t  th e  
e n h a n c e m e n t  o f  s ta p h y lo c o c c i  b y  th e  c re a t io n  o f  a n a e ro b ic  c o n d it io n s . A  fu r th e r  
a d v a n t a g e  o f  th e  m e d iu m  w a s  t h a t  it  w a s  p o s s ib le  to  in o c u la te  i t  w ith  la r g e r  s a m p le s  
th a n  is  u s u a l  i f  o th e r  m e d ia  a r e  u se d .

C h o u  & M a r th  (1 9 6 9 ) h a v e  c o m p a r e d  d ire c t  p la t in g  a n d  e n r ic h m e n t m e th o d s  fo r  
th e  iso la t io n  o f  c o a g u la se -p o s i t iv e  s ta p h y lo c o c c i  fro m  fro z e n  fo o d s . G r e a te r  r e c o v e ry  
u s in g  e n r ic h m e n t p r o c e d u re s  w a s  o b s e r v e d . R e s u l t s  o f  th e  c o m p a r a t iv e  t e s t s  w ere  
g r e a t ly  in flu e n c e d  b y  th e  ty p e  o f  a g a r  m e d iu m  u se d  to  re c o v e r  th e  s ta p h y lo c o c c i  
fro m  th e  e n r ic h m e n t m e d iu m  a n d  a lso  b y  th e  t im e  o f  in c u b a t io n .

C a r te r  (1 9 6 0 ) r e p o r te d  t h a t  d ire c t  p la t in g  o f  fro z e n  fo o d s  w a s  e s se n t ia l ly  a s  e ffic ien t 
a s  s e le c t iv e  e n r ic h m e n t p r io r  t o  p la t in g  b u t  G ild e n , B a e r  & F r a n k l in  (1 9 6 6 ) fo u n d  
b e t t e r  r e c o v e r y  w h en  p r io r  e n r ic h m e n t w a s  u se d  fo r  th e  re c o v e ry  o f  s ta p h y lo c o c c i  
fro m  fro z e n  fo o d s .

I n  in s ta n c e s  w h ere  fo o d s  h a v e  b e e n  fro z e n  o r  th e  s ta p h y lo c o c c i  h a v e  b e e n  s u b je c t e d  
t o  low  h e a t- t r e a tm e n t  o r  d r y in g , e n r ic h m e n t m e d ia  m ig h t  b e  e x p e c te d  to  g iv e  
b e t te r  r e c o v e r y  o f  th e se  o r g a n ism s . H o w e v e r , fo r  p u r p o s e s  o f  e s t im a t in g  n u m b e r s  
b y  th e  e n r ic h m e n t m e th o d  i t  i s  n e c e s s a r y  t o  u se  th e  ‘ M o st  P r o b a b le  N u m b e r ’ 
te c h n iq u e  o f  e s t im a t io n .

T h e  m o d e  o f  in fe c t io n  o f  a  p r o d u c t  su c h  a s  ch ee se  w ill in flu e n c e  th e  d is tr ib u t io n
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T a b le  1. S y n o p t ic  co m p a r iso n  o f  m e d ia  f o r  the iso la tio n  o f  
co ag u la se -p o sitiv e  staph ylococci

Authors Media compared Product Remarks

Baird-Parker
(1962a)

A. Egg-tellurite-glycine- 
pyruvate agar (ETGPA) (1)

B . Phenolphthalein-phosphate 
agar (2 )

C. Tellurite-glycine agar (11)
D. Tellurite-glycine agar (9)
E. Tellurite egg-yolk agar (7)

Meat
Fish

ETGPA favoured

Baird-Parker
(19626)

A. ETGPA  (1)
F. Peptone yeast extract 

glucose agar
G. Blood agar

Pure cultures ETGPA was better than 
peptone yeast extract 
glucose agar but gave 
slightly lower counts than 
on blood agar. Author 
tabulates comments from 
other laboratories for 
testing various foods

Sharpe et al. 
(1962)

H. Modified mannitol salt agar, 
with only 6-5 % NaCI, and 
mannitol omitted (4)

B. Phenolphthalein-phosphate 
agar (2 )

A. ETGPA  (1)

Milk and cheese ETGPA favoured

Ja y  (1963) J .  S 110 + egg-yolk
K . Mannitol salt agar (3)
C. Tellurite-glycine agar (11)
L. Polymyxin agar (6 )
M. Vogel-Johnson’s medium (10)
N. Mannitol sorbic acid broth (8 )

Meat S 1 1 0  + egg-yolk most 
effective

Marshall, C. Tellurite-glycine agar (11) Dry milk and pure Tellurite-glycine agar and
Neighbors & 
Edmondson 
(1965)

M. Vogel-Johnson’s medium (10) 
K . Mannitol salt agar (3)
O. S 110 medium (4)
P. Tellurite polymyxin egg-yolk 

agar (TPEY) (5)

cultures Vogel-Johnson’s medium 
too inhibitory for 
enumerating small numbers. 
Favoured TPEY  Mannitol 
salt agar allows bacilli to 
grow

Crisley et al. 
(1965)

P. T P E Y  (5)
A. ETGPA (1)
E . Tellurite-egg-yolk agar (7) 
O. SI 10 medium (4)
Q. Trypticase soy agar 

(as control)

Staphylococci 
isolated from 
various foods

T P EY  favoured

Thieulin et al. 
(1966)

K . Mannitol salt agar (3) 
A. ETGPA  (1)

Milk and fresh 
cheese

ETGPA favoured

De Waart, 
Mossel, ten 
Broeke & Van 
de Moosdijk 
(1968)

A. ETGPA  (1)
R. Horse blood agar
K . Mannitol salt agar (3)
S. Mannitol salt agar + sodium 

azide

Staphylococci 
isolated from 
various foods

ETGPA favoured

Holbrook et al. T. Modified ETGPA Meat and pure Modified medium was more
(1969) A. ETGPA  (1) cultures stable and eliminated 

Proteus

Munch-Petersen
(1970)

U. Ox blood agar
V. Neave’s medium 
A. ETGPA (1)
O. S 110 medium (4)

Milk Ox blood agar and 
ETGPA favoured



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

T a b le  1 ( c o n t . )
Authors Media compared Product Remarks

Chou & Marth 
(1969)

K . Mannitol salt agar (3)
O. S 110 medium (4)
P. T P E Y  (5)
M. Vogel-Johnson’s medium (10) 
C. Tellurite-glycine agar (1 1 )

Frozen feeds of 
animal origin

Mannitol salt agar and 
S 1 1 0  recovered more 
coagulase-positive 
staphylococci than the 
other media

References: (1) Baird-Parker, 1962a, 6 ; (2) Barber & Kuper, 1951; (3) Chapman, 1945; (4) Chapman 
(1946); (5) Crisley et al. 1964; (6 ) Finegold & Sweeney, 1961; (7) Innes, 1960; (8 ) R aj & Liston, 1961; 
(9) Sevel & Plommet, 1960; (10) Vogel & Johnson, 1960; (11) Zebovitz, Evans & Niven, 1955.

o f  s ta p h y lo c o c c i  w ith in  a  ch ee se  a n d  w ith in  th e  c h e e se s  f ro m  a  v a t .  I t  is  p o s s ib le  
t h a t  i f  n o  s t a t i s t ic a l  b a s i s  o f  s a m p lin g  i s  a d o p t e d  (w h ich  is  o f te n  th e  c a se ) , h ig h  
c o u n ts  o b ta in e d  b y  in c lu d in g  a  s in g le  c o lo n y  b y  c h a n c e  in  a  s a m p le  o f  ch ee se  m a y  
le a d  to  e r ro n e o u s  in te r p r e ta t io n  o f  th e  in c id e n c e  o f  s ta p h y lo c o c c i ,  fo r  th e  o n e  c h e e se  
o r  fo r  c h e e se s fro m  a  v a t .  A lte r n a t iv e ly , a b se n c e  o f  s ta p h y lo c o c c i  in  a  s a m p le  m a y  
a lso  le a d  t o  e r ro n e o u s  in te r p r e ta t io n s . R a m m e l  & H o w ic k  (1 9 6 7 ) sh o w e d  a  s ig n if ic a n t  
d iffe re n c e  in  th e  v a r ia n c e  b e tw e e n  e a c h  o f  5 ch e e se s  fro m  a  g iv e n  v a t  in  7 o f  13 v a t s  
e x a m in e d . E n t e r o t o x in  a lso  c o u ld  b e  in  lo c a liz e d  re g io n s . T h is  w a s  t a k e n  in to  
a c c o u n t  b y  Z eh ren  & Z eh ren  (1 9 6 8 a ) .

T h e  r e lia b i l i ty  o f  c o a g u la se  p r o d u c t io n  a s  a  c r ite r io n  o f  p a th o g e n ic i ty  a n d  to x i-  
g e n ic ity  h a s  b e e n  q u e s t io n e d . T h a tc h e r  &  S im o n  (1 9 5 6 ) r e p o r te d  t h a t  so m e  e n te r o ­
to x ig e n ic  s ta p h y lo c o c c i  fo u n d  to  b e  c o a g u la se - n e g a t iv e  o n  f ir s t  iso la t io n  b e c a m e  
c o a g u la se -p o s it iv e  la te r ,  a f t e r  s u b c u ltu r in g  fo r  5  m o n th s , a n d  w ere  sh o w n  t o  b e lo n g  
t o  p h a g e  G r o u p  I I I .  S i lv e r m a n  et a l .  (1 9 6 1 ) a lso  q u e s t io n e d  th e  c o r re la t io n  b e tw e e n  
c o a g u la se  p ro d u c t io n  a n d  e n te r o to x ig e n ic ity . T h e  o c c u rre n c e  o f  c o a g u la se - n e g a t iv e  
s ta p h y lo c o c c i  a s  a  c a u s a t iv e  a g e n t  in  d is e a se  h a s  a lso  b e e n  r e p o r te d  (S m ith  & 
F a r k a s - H im s le y ,  1969).

T a b le  2 . L i s t  o f  enrichm ent m e d ia  f o r  the detection  o f  p ath o g en ic  stap h y lococci

Medium Reference

Cooked meat medium +  10 % NaCl 
Trypticase soy broth +  10 % NaCl 
Anaerobic glyeine tellurite broth 
Lactose salt broth 
Brain heart mannitol salt broth 
Sorbic acid mannitol broth

Maitland & Martyn (1948) 
Baer (1966)
Giolitti & Cantoni (1966) 
Buttiaux & Brogniart (1947) 
Wilson, Foter & Lewis (1959) 
R aj & Liston (1961)

G r o ssg e b a u e r , S c h m id t  & L a n g m a a c k  (1 9 6 8 ) s u g g e s t  t h a t  ly so z y m e  i s  a  b e t t e r  
in d ic a to r  o f  p a th o g e n ic i ty  th a n  c o a g u la se , e s p e c ia l ly  in  s t r a in s  o f  a n im a l  o r ig in  a n d  
t h a t  i t  c o u ld  b e  u se d  to  d if fe re n t ia te  b e tw e e n  p a th o g e n ic  a n d  n o n - p a th o g e n ic  
c o a g u la se -n e g a t iv e  s ta p h y lo c o c c i . V ic to r , L a c h ic a ,  W e iss  &  D e ib e l (1 9 6 9 ) fo u n d  a  
g o o d  c o rre la t io n  b e tw e e n  th e  p re se n c e  o f  h e a t- s t a b le  d e o x y r ib o n u c le a se  a n d  e n te r o ­
t o x in  p ro d u c t io n . T h e  u se  o f  th e  D N - a s e  t e s t  ( Je f f r ie s ,  H o ltm a n  & G u se , 1957) 
a lo n e  o r to g e th e r  w ith  c o a g u la se  t o  d if fe re n t ia te  b e tw e e n  p a th o g e n ic  a n d  n o n - 
p a th o g e n ic  s t r a in s  o f  s ta p h y lo c o c c i  h a s  g a in e d  so m e  p o p u la r i t y  in  re c e n t  y e a r s  
(D iS a lv o , 1 9 5 8 ; J a c o b s ,  W illis  & G o o d b u rn , 1963 , 1 9 6 4 ; T h ie u lin  et a l .  1 9 6 6 ; B la i r  
et a l .  1967 ).
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S o m e  en tero toxin  co n sid era tio n s

A d v a n c e m e n t  in  k n o w le d g e  o f  s t a p h y lo c o c c a l  e n te ro to x in  h a s  b e e n  c o n s id e ra b le  
in  th e  p a s t  d e c a d e . M e th o d s  h a v e  b e e n  d e v e lo p e d  fo r  se ro lo g ic a l d e te c t io n  a n d  
id e n t i f ic a t io n  o f  e n te r o to x in  in  fo o d s  a n d  c u ltu re  f i l t r a te s .  T h e  e x t r a c t io n , c o n ­
c e n tr a t io n  a n d  se ro lo g ic a l  t e s t in g  o f  fo o d s  a n d  c u ltu re  f i l t r a te s  fo r  e n te ro to x in  h a s  
b e e n  re v ie w e d  b y  A n g e lo t t i  (1 9 6 9 ). T h e  se ro lo g ic a l  m e th o d s  fo r  th e  d e te c t io n  a n d  
id e n t if ic a t io n  o f  e n te r o to x in  in c lu d e  g e l d if fu s io n , p r e c ip ita t io n , im m u n o -flu o re sce n ce  
a n d  h a e m a g g lu t in a t io n  te c h n iq u e s , a n d , in  a d d it io n , a  f lo ta t io n  a n t ig e n - a n t ib o d y  
s y s t e m  h a s  b e e n  d e sc r ib e d  (H o p p e r , 19 6 3 ). B e fo r e  g e l d iffu s io n  te c h n iq u e s  a re  u se d  
th e  e n te r o to x in  m u s t  b e  e x t r a c t e d  a n d  c o n c e n tr a te d . C a s m a n  (1 9 6 7 ) d e sc r ib e s  a  
te c h n iq u e  fo r  th e  e x t r a c t io n  a n d  c o n c e n tr a t io n  o f  e n te ro to x in  fro m  h ig h  p ro te in  
fo o d s  in c lu d in g  ch ee se . Z e h re n  &  Z eh ren  (1 9 6 8 a )  a lso  d e sc r ib e  th e  te c h n iq u e  fo r  th e  
e x t r a c t io n  a n d  c o n c e n tr a t io n  o f  e n te ro to x in  fro m  ch ee se  a n d  i t s  d e te c t io n  b y  m icro- 
s l id e  p r e c ip it a t io n  d iffu s io n .

F r ie d m a n  &  W h ite  (1 9 6 5 ) d e m o n s t r a te d  c e ll- a s so c ia te d  e n te ro to x in . G e n ig e o rg is  
&  S a d le r  (1 9 6 6 a , 6 ) d e sc r ib e d  a n  im m u n o -flu o re sc e n c e  te c h n iq u e  fo r  th e  d e te c t io n  
o f  e n te r o to x in s  w h ic h  co n firm s th i s  o b s e r v a t io n . T h e  d e m o n str a t io n  o f  e n te ro to x in  
w a s  b a s e d  o n  th e  p re se n c e  o f  m o rp h o lo g ic a lly  sp e c ific  f lu o re sc e n t  p r e c ip it a te s  a r o u n d  
t h e  b a c te r ia l  ce lls  a n d  n o t  o n  th e  p re se n c e  o f  f lu o re sc e n t  ce lls  a lo n e . A  s im ila r  
im m u n o -flu o re sc e n c e  te c h n iq u e  h a s  b e e n  d e sc r ib e d  b y  S t a r k  &  M id d a u g h  (1 9 6 9 ), w h o 
c la im  t h a t  th e  te c h n iq u e , b e c a u s e  o f  i t s  s e n s it iv i ty ,  e l im in a te s  th e  n e c e s s ity  fo r  
e x t r a c t io n  a n d  c o n c e n tr a t io n  o f  th e  e n te ro to x in . G e n ig e o rg is  & S a d le r  (1 969 ) r e p o r te d  
th e  e l im in a t io n  o f  n o n -sp e c ific  s t a in in g  in  im m u n o -flu o re sce n ce  m e th o d s  b y  n e u t r a ­
liz in g  th e  ce ll r e a c t iv e  s i t e s  u s in g  n o rm a l r a b b i t  se ru m .

S i lv e r m a n , K n o t t  & H o w a r d  (1 9 6 8 ) d e sc r ib e d  ‘ re v e r se  p a s s iv e  h a e m a g g lu t in a t io n ’ 
fo r  t h e  d e te c t io n  o f  e n te r o to x in  B .  B e c a u s e  o f  th e  s e n s it iv i ty  o f  th e  t e s t  n o  c o n ­
c e n tr a t io n  o f  th e  e n te r o to x in  in  e x t r a c t s  a n d  c u ltu re  f i l t r a te  is  r e q u ire d . R e s u l t s  o f  
th e  t e s t  a re  a v a i la b le  w ith in  a  few  h o u rs .

I t  i s  n o w  k n o w n  t h a t  th e re  a r e  a t  l e a s t  4  se ro lo g ic a lly  d is t in c t  s ta p h y lo c o c c a l  
e n te r o to x in s  (A , B ,  C , D )  a n d  th e re  i s  a t  le a s t  o n e  u n c la s s if ie d  (B e rg d o ll , 1969).

T h e  e ffe c ts  o f  g ro w th  c o n d it io n s  o n  th e  p ro d u c t io n  o f  e n te ro to x in  h a v e  b ee n  
in v e s t ig a t e d  b y  a  n u m b e r  o f  -workers. I t  w a s  sh o w n  t h a t  e n te ro to x in  w a s  p ro d u c e d  
in  th e  l a t t e r  p a r t  o f  th e  e x p o n e n t ia l  p h a se  o f  g ro w th  a n d  c o u ld  b e  p r o d u c e d  b y  
n o n - re p lic a t in g  c e lls  (M a rk u s  & S ilv e r m a n , 1968). L a t e r  i t  w a s  r e p o r te d  b y  o th e r  
w o rk e rs  (M orse , M a h  &  D o b ro g o sz , 1969) t h a t  e n te ro to x in  p ro d u c t io n  o c c u rre d  in  
th e  t r a n s i t io n  p e r io d  fro m  th e  e x p o n e n t ia l  to  th e  s t a t io n a r y  p h a se . A e ra t io n  o f  th e  
c u ltu re  a p p e a r s  t o  b e  a  p a r t  o f  m a n y  m e th o d s  fo r  th e  p ro d u c t io n  o f  e n te ro to x in  
a n d  h a s  b e e n  sh o w n  to  in c re a se  e n te ro to x in  p ro d u c t io n  ( S t a r k  & M id d a u g h , 1969). 
G e n ig e o rg is  & S a d le r  (1 9 6 6 6 ) , in v e s t ig a t in g  e n te ro to x in  p ro d u c t io n  in  a  m e d iu m  
u s in g  a  r a n g e  o f  so d iu m  c h lo r id e  c o n c e n tr a t io n s  fro m  2  to  1 6 %  a n d  w ith  th e  in it ia l  
p H  o f  th e  m e d iu m  v a r y in g  fro m  5-1 t o  6-9, fo u n d  t h a t  g ro w th  o f  a  S ta p h , a u r e u s  s t r a in  
a n d  i t s  e n te r o to x in  p r o d u c t io n  w a s  b e t t e r  w h en  th e  p H  w a s  in c re a se d  a n d  th e  s a l t  
c o n c e n tr a t io n  d e c re a se d . T h e r e  w a s  a n  in te r a c t io n  o f  th e se  2  f a c to r s .  S im i la r  
o b s e r v a t io n s  o n  th e  e f fe c ts  o f  so d iu m  ch lo rid e  a n d  p H  w ere  m a d e  b y  R e ise r  & W e iss
(1 9 6 9 ). D r y e  & M a h  (1 9 6 9 ) in v e s t ig a t e d  th e  e ffe c ts  o f  c a se in  h y d r o ly s a te s  on



e n t e r o t o x in  B  p r o d u c t io n .  O f  4  d i f f e r e n t  c a s e in  h y d r o l y s a t e s  t e s t e d ,  p r o t e in  h y d r o ­

l y s a t e  p o w d e r  p r o d u c e d  t h e  h ig h e s t  d i f f e r e n t ia l  r a t e  o f  e n t e r o t o x in  t o  t o t a l  p r o te in  

s y n t h e s i s  b y  t h e  s t a p h y lo c o c c i .  T h e  c o m p o n e n t  r e s p o n s ib le  f o r  t h e  s t i m u l a t i o n  w a s  

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

M e t h o d s  f o r  t h e  p r o d u c t io n  o f  e n t e r o t o x in  b y  s t a p h y lo c o c c i  h a v e  b e e n  r e v ie w e d  

b y  A n g e l o t t i  (1 9 6 9 ) .  F o r  t h e  p r o d u c t io n  o f  e n t e r o t o x in  A ,  B ,  a n d  C , J a r v i s  &  

L a w r e n c e  (1 9 7 0 )  u s e d  o n  t h e  o n e  h a n d  t h e  c e l lo p h a n e - o v e r - a g a r  t e c h n iq u e  o f  

H a l l a n d e r  (1 9 6 5 )  w it h  b r a in  h e a r t  in fu s io n  a g a r  a n d  w it h  c a s e in  h y d r o l y s a t e  a g a r ,  

a n d  o n  t h e  o t h e r  h a n d  a e r a t e d  c u l t u r e s  u s in g  b r a in  h e a r t  in fu s io n  a n d  c a s e in  h y d r o ­

l y s a t e .  T h e  e f f e c t s  o f  t h e  2  m e d ia  w e r e  m a r g i n a l  b u t  t h e  c o n c e n t r a t io n  o f  e n t e r o t o x in  

w a s  4 - 8  t im e s  g r e a t e r  u s in g  t h e  c e l lo p h a n e  t e c h n iq u e  t h a n  in  a e r a t e d  c u l tu r e s .

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

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

e n t e r o t o x ig e n ic i t y .  A t  p r e s e n t  n o  s in g le  m e d iu m  s e e m s  t o  b e  c o m p le t e ly  r e l i a b le  

f o r  t h e  i s o l a t io n  a n d  id e n t i f i c a t io n  o f  e n t e r o t o x ig e n ic  s t a p h y lo c o c c i  w i t h o u t  c o n ­

f i r m a t io n  b y  s o m e  o t h e r  t e s t .  H o w e v e r ,  in  t h e  l i g h t  o f  p r e s e n t  p r o g r e s s  in  t h i s  f ie ld  

i t  m a y  n o t  b e  lo n g  b e fo r e  s u c h  a  s in g le  s e l e c t iv e  m e d iu m  b e c o m e s  a v a i l a b l e .
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S a lm o n e l la

I t  i s  n o w  e s t a b l i s h e d  t h a t  f o o d s  h a v e  a  m a r k e d  e f fe c t  o n  t h e  s e l e c t i v i t y  o f  m e d ia  

f o r  t h e  i s o l a t io n  o f  S a lm o n e l l a  ( H u r le y  &  A y r e s ,  1 9 5 3 ;  S i l l ik e r  &  T a y l o r ,  1 9 5 8 ) . T h i s  

e f f e c t  v a r i e s  in  e x t e n t  w it h  d i f f e r e n t  f o o d s  a n d  i s  t h o u g h t  t o  b e  d u e  t o  t h e  w a t e r -  

s o lu b le  c o m p o n e n t s  o f  t h e  f o o d .  T h e  n e e d  t o  d e t e r m in e  t h e  o p t im u m  s e le c t iv e  

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

T h e  p r o b l e m s  a s s o c i a t e d  w it h  t h e  d e t e c t io n  o f  S a lm o n e l la  in  f o o d s  h a v e  b e e n  

d i s c u s s e d  b y  S i l l ik e r  &  G r e e n b e r g  (1 9 6 9 )  a n d  e a r l ie r  l i t e r a t u r e  w a s  r e v ie w e d  b y  

M c C o y  (1 9 6 2 ) .  T h e  r e l i a b i l i t y  o f  m e d ia  f o r  t h e  i s o l a t io n  o f  S a lm o n e l la  i s  a s s e s s e d  

n o t  o n ly  b y  t h e  n u m b e r  o f  p o s i t iv e  i s o l a t io n s  m a d e  b u t  a l s o  b y  t h e  n u m b e r  o f  

S a lm o n e l la  s e r o t y p e s  i s o l a t e d ,  b e c a u s e  s o m e  s e le c t iv e  m e d ia  d o  n o t  p e r m i t  t h e  

i s o l a t io n  o f  a l l  t y p e s  ( B a n w a r t  &  A y r e s ,  1 9 5 3 ) . I t  i s  u s u a l  p r a c t ic e  t o  e m p lo y  a t  

l e a s t  2  s e l e c t iv e  e n r ic h m e n t  m e d ia  a n d  s e v e r a l  s e l e c t iv e  s o l id  m e d ia  f o r  t h e  i s o l a t io n  

o f  s a lm o n e l l a e  f o r  b o t h  c l in ic a l  a n d  f o o d  in v e s t i g a t i o n s .  B e c a u s e  o f  t h e  d e b i l i t a t e d  

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

a  p r e - e n r ic h m e n t  m e t h o d  t o  r e ju v e n a t e  t h e  o r g a n i s m s  b e fo r e  s u b je c t in g  t h e m  t o  

s e l e c t iv e  m e d ia ,  a n d  t h i s  h a s  p r o v e d  e f f e c t iv e  ( N o r t h ,  1 9 6 1 ;  T a y l o r  &  S i l l ik e r ,  1 9 6 1 ;  

T a y l o r ,  1 9 6 1 ) . T h e  e f f ic ie n c y  o f  t h e  p r e - e n r ic h m e n t  m e d iu m  w ill  b e  in f lu e n c e d  

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

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

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

m a y  b e  u s e d  a s  a  p r e - e n r ic h m e n t  m e d iu m  (M c C o y , 1 9 6 2 ) . P o e lm a ,  W ils o n ,  R o m e r o  &  

P a d r o n  (1 9 6 9 )  r e p o r t e d  t h e  r e s u l t s  o f  c o l l a b o r a t iv e  s t u d i e s  o n  a r t i f i c i a l l y  c o n t a m i n a t e d  

m i lk  p o w d e r  s a m p l e s .  T h e  s a m p l e s  w e r e  r e c o n s t i t u t e d  w it h  d i s t i l l e d  w a t e r  (1 0 0  g/1) 

a n d  2  m l  o f  1 %  a q u e o u s  b r i l l i a n t  g r e e n  s o lu t io n  w a s  a d d e d .  T h e  m i x t u r e  w a s  

in c u b a t e d  a t  3 5  °C  f o r  2 4  h , s u b c u l t u r e d  in t o  s e le n i t e  c y s t in e  b r o t h ,  i n c u b a t e d  a n d  

s t r e a k e d  o n  s e le c t iv e  a g a r  p l a t e s .  G o o d  a g r e e m e n t  b e tw e e n  c o l l a b o r a t iv e  r e s u l t s  w a s



o b t a in e d .  I n  e x p e r im e n t s  in v o lv in g  s p r a y - d r i e d  m i lk  p o w d e r ,  L i C a r i  &  P o t t e r  

( 1 9 7 0 a )  f o u n d  t h e  u s e  o f  l a c t o s e  b r o t h  ( N o r th ,  1 9 0 1 )  a s  a  p r e - e n r ic h m e n t  m e d iu m  

t o  h a v e  n o  a d v a n t a g e  o v e r  t h e  m e t h o d  o f  d i s s o l v i n g  m i lk  p o w d e r  in  s t e r i l e  d i s t i l l e d  

w a t e r  c o n t a in in g  0 -0 0 2 %  b r i l l i a n t  g r e e n  d y e  a n d  i n c u b a t in g  f o r  1 8 - 2 4  h  a t  3 7  °C .  

T h e y  f o u n d  t e t r a t h i o n a t e  b r o t h  w it h  0 -0 0 1  %  b r i l l i a n t  g r e e n  d y e  a n d  1-25  p p m  

s o d iu m  s u lp h a t h ia z o le  ( t o  in h ib i t  P r o t e u s )  a s  t h e  e n r ic h m e n t  m e d iu m  a n d  b i s m u t h  

s u l p h i t e  a g a r  a s  t h e  s e l e c t iv e  s o l id  m e d iu m  t o  b e  s a t i s f a c t o r y .  T h e y  c l a im e d  t h a t  b y  

a p p l y in g  a  M P N  t e c h n iq u e  t o  t h i s  m e t h o d  o f  i s o la t io n  t h e y  w e r e  a b l e  t o  r e c o v e r  

k n o w n  le v e l s  o f  S a lm o n e lla  q u a n t i t a t i v e l y  f r o m  s p r a y - d r i e d  m ilk  p o w d e r .

D if f e r e n t  p e r io d s  o f  in c u b a t i o n  o f  t h e  p r e - e n r ic h m e n t  a n d  e n r ic h m e n t  t e s t s  h a v e  

b e e n  a d v o c a t e d .  A  t e m p e r a t u r e  o f  3 7  ° C  i s  m o s t  c o m m o n ly  u s e d .  H a r v e y  &  T h o m s o n

(1 9 5 3 )  s u g g e s t e d  a  t e m p e r a t u r e  o f  4 3  °C  a s  b e in g  m o r e  s e le c t iv e  b u t  t h e  a d v a n t a g e  

o f  t h e  h ig h e r  t e m p e r a t u r e  o f  i n c u b a t io n  i s  in  d o u b t  ( H o b b s ,  1 9 6 2 ) . N o r t h  (1 9 6 1 )  

a d v i s e d  i n c u b a t io n  o f  l a c t o s e  b r o t h  p r e - e n r ic h m e n t  c u l t u r e s  f o r  2 4  h  a t  3 7  °C  w h ile  

M o n t f o r d  &  T h a t c h e r  (1 9 6 1 )  r e c o m m e n d e d  a  5 -h  in c u b a t io n  a t  t h i s  t e m p e r a t u r e .  

I t  i s  a d v i s a b le  t h a t  m o s t  s e le c t iv e  e n r ic h m e n t  m e d ia  a r e  s u b c u l t u r e d  o n  s o l id  

m e d ia  a f t e r  b o t h  2 4  a n d  4 8  h  i n c u b a t io n  t o  c o v e r  t h e  p o s s i b i l i t i e s  o f  s lo w  g r o w th  

o f  t h e  s a lm o n e l l a e  o r  o v e r g r o w t h  b y  c o n t a m i n a n t s  in  t h e  s e le c t iv e  e n r ic h m e n t .  

T a y l o r  &  S i l l ik e r  (1 9 6 1 )  c o m p a r e d  m e t h o d s  o f  e n r ic h m e n t  f o r  t h e  i s o l a t io n  o f  

S a lm o n e l la  f r o m  f o o d s .  P r e - e n r ic h m e n t  in  l a c t o s e  b r o t h  w a s  s u p e r io r  t o  r e c o n s t i t u t io n  

o f  e g g  a lb u m in  in  w a t e r ,  fo l lo w e d  b y  in o c u la t io n  in to  b o t h  s e le n i t e  a n d  t e t r a t h i o n a t e  

b r o t h s .  T h e  e f fe c t  o f  t h e r m a l  in ju r y  o n  t h e  r e c o v e r y  o f  S .  ty p h im u r iu m  w a s  i n v e s t i ­

g a t e d  b y  C la r k  &  O r d a l  (1 9 6 9 ) .  W h e n  in ju r e d  c e l l s  w e r e  p l a c e d  in  t r y p t i c a s e  s o y  

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

g r e w  a t  a  r a t e  e q u a l  t o  t h a t  o f  n o r m a l  c e l l s .  R e c o v e r y  o f  in ju r e d  c e l ls  o c c u r r e d  

in  t e t r a t h i o n a t e  b r o t h  a n d  s e le n i t e  F  b r o t h  b u t  t h e s e  w e r e  n o t  q u i t e  s a t i s f a c t o r y  

g r o w th  m e d ia  f o r  t h e  o r g a n i s m .

I m p r o v e d  i s o l a t io n  o f  S a lm o n e l la  f r o m  f o o d s  w it h o u t  u s in g  l a c t o s e  b r o t h  e n r ic h m e n t  

i s  c l a im e d  b y  A l f o r d  &  K n i g h t  (1 9 6 9 ) .  S h a k in g  t h e  s a m p l e  in  a  b a s a l  m e d iu m  f o r  

4  h  a t  37  °C  b e fo r e  a d d i n g  s e le n i t e  a n d  c y s t in e ,  a n d  t h e n  in c u b a t i n g  f o r  2 4  h  r e s u l t e d  

in  a  t im e - s a v in g  o f  2 4  h  a n d  t h e  u s e  o f  o n e  l e s s  m e d iu m .

I n  a d d i t i o n  t o  t h e  l e n g t h y  a n d  e x p e n s iv e  p r o c e d u r e s  e n t a i l e d  in  t h e  d e t e c t io n  

o f  S a lm o n e lla  a n d  t h e  b io c h e m ic a l  a n d  s e r o lo g ic a l  id e n t i f ic a t io n  o f  t h e  o r g a n i s m ,  

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

u n e v e n  d i s t r ib u t i o n  o f  t h e  s a lm o n e l l a e  w h ic h  m a y  b e  p r e s e n t  in  v e r y  lo w  n u m b e r s .  

S in c e  t h e  r e c o v e r y  o f  S a lm o n e l la  f r o m  m ilk  p o w d e r  in  t h e  U n i t e d  S t a t e s  in  1 9 6 6  a n d  

1 9 6 7 , a  d e m a n d  f o r  s a lm o n e l la - f r e e  m i lk  p o w d e r  a n d  d a i r y  p r o d u c t s  o f  o t h e r  t y p e s  

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

t h e  d e t e c t io n  o f  S a lm o n e l la  w h e n  a p p l i e d  t o  d a i r y  p r o d u c t s  a n d  i d e a l ly  o f  d e v e lo p in g  

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

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

p r o d u c t s .  I t  w o u ld  s e e m  t h a t  t h e  r e l i a b i l i t y  o f  s u c h  m e t h o d s  f o r  i n d iv id u a l  d a i r y  
p r o d u c t s  h a s  n o t  b e e n  t h o r o u g h ly  i n v e s t i g a t e d .

R e a d  &  R e y e s  (1 9 6 7 )  c o m p a r e d  8 e n r ic h m e n t  p r o c e d u r e s  f o r  t h e  i s o l a t io n  o f  

S a lm o n e l la  f r o m  m ilk .  T h e y  r e p o r t e d  t h a t  t e t r a t h i o n a t e  b r o t h  w it h  io d in e  a n d  

t e t r a t h i o n a t e  b r o t h  w it h  io d in e  a n d  b r i l l i a n t  g r e e n  in c u b a t e d  a t  4 1 -5  °C  f o r  2 4  h  w e r e

1 0 6  B a r b a r a  P .  K e o g h
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m o s t  e f fe c t iv e .  L a n g  (1 9 6 8 )  c o m p a r e d  t h e  e f f ic ie n c y  o f  p o t a s s i u m  t e t r a t h i o n a t e  

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

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

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

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

p r o d u c t s  w it h  t h e  h e lp  o f  s o d iu m  c i t r a t e .  T h e r e  a p p e a r  t o  b e  n o  d a t a  a v a i l a b l e  a s  t o  

t h e  e f fe c t  o f  t h i s  s t e p  o n  t h e  s u b s e q u e n t  c o n c e n t r a t io n  o f  t h e  o r g a n i s m s  b y  e n r ic h m e n t  
m e d ia .

I t  i s  n o t  in t e n d e d  h e r e  t o  l i s t  t h e  s e l e c t iv e  e n r ic h m e n t  o r  t h e  s e l e c t iv e  s o l id  m e d i a  

c u r r e n t ly  u s e d .  T h e s e  h a v e  b e e n  r e v ie w e d  a n d  d i s c u s s e d  b y  S i l l ik e r  &  G r e e n b e r g  (1 9 6 9 )  

a n d  t h e  m e d ia  a r e  l i s t e d  in  s t a n d a r d  t e x t s .

T h e  n e e d  t o  e s t a b l i s h  m o r e  r a p i d  a n d  l e s s  e x p e n s i v e  r o u t in e  m e t h o d s  f o r  t h e  

d e t e c t io n  o f  S a lm o n e l la  in  f o o d s  h a s  b e e n  w e ll  r e c o g n iz e d  b y  s o m e  r e s e a r c h e r s  a n d  

w o r k  i s  p r o g r e s s in g .  S i l l ik e r  &  G r e e n b e r g  (1 9 6 9 )  h a v e  e x p r e s s e d  t h e  v ie w  t h a t  f o r  

r o u t in e  c o n t r o l  p u r p o s e s  ‘ a  s in g le  s e l e c t iv e  m e d iu m  m a y  p r o d u c e  m o r e  “ t o t a l  

p o s i t i v e s ”  a n d  t h e r e f o r e  m a y  e f fe c t  b e t t e r  “ t o t a l  c o n t r o l ” . ’ W h e th e r  p r e - e n r ic h m e n t  

i s  p r a c t i c e d  a n d  w h ic h  s e le c t iv e  m e d iu m  i s  c h o se n  w o u ld  b e  d i c t a t e d  b y  t h e  n a t u r e  

o f  t h e  f o o d  a n d  p r e v io u s  e x p e r ie n c e .

S o m e  n e w  m e t h o d s  f o r  t h e  i s o l a t io n  o f  S a lm o n e l la  f r o m  f o o d s ,  a l t h o u g h  n o t  a s  

y e t  a p p l i e d  t o  d a i r y  p r o d u c t s ,  w ill  b e  m e n t io n e d  h e r e .  S o m e  o f  t h e m  n e e d  m o r e  

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

b e  a s s e s s e d  f o r  u s e  o n  t h e  i n d i v i d u a l  d a i r y  p r o d u c t s .  S i l l ik e r  &  T a y l o r  (1 9 5 8 )  h a v e  

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

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

A  p o s s ib le  f u t u r e  s o lu t io n  m a y  b e  in  im m u n o - f lu o r e s c e n c e  t e c h n iq u e s  w h ic h  a t  t h i s  

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

h a v e  b e e n  r e v ie w e d  b y  G o e p fe r t  &  I n s a l a t a  (1 9 6 9 ) .  I m m u n o - f lu o r e s c e n c e  t e c h n iq u e s  

s t i l l  r e q u ir e  c o n c e n t r a t io n  o f  t h e  c e l ls  b y  p r e - e n r ic h m e n t  o r  s e l e c t iv e  e n r ic h m e n t .  

R e a m e r ,  H a r g r o v e  &  M c D o n o u g h  (1 9 6 9 )  r e p o r t e d  t h a t  in c lu s io n  o f  t r y p s i n  in  t h e  

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

a n d  a n  im m u n o - f lu o r e s c e n c e  m e t h o d  f o r  t h e  d e t e c t io n  o f  S a lm o n e l la  in  n o n - f a t  d r ie d  

m ilk .  P r e l im in a r y  e x p e r im e n t s  i n d i c a t e d  t h a t  c o l i fo r m s  w e r e  a f f e c t e d  b y  t h e  t r y p s i n  

b u t  t h e r e  w a s  n o  a d v e r s e  e f fe c t  o n  S a lm o n e lla .

H a r g r o v e ,  M c D o n o u g h  &  R e a m e r  (1 9 6 9 )  h a v e  d e v e lo p e d  a  m e d iu m  w h ic h  t h e y  

c la im  p e r m i t s  t h e  p r e - e n r ic h m e n t  s t e p  t o  b e  o m i t t e d .  I t  i s  s u f f i c ie n t ly  s e l e c t iv e  t o  

in h ib i t  t h e  g r o w t h  o f  c o n t a m in a t in g  o r g a n i s m s .  T h e  m e d iu m  is  b a s e d  o n  t h e  a b i l i t y  

o f  S a lm o n e l la  t o  d e c a r b o x y la t e  ly s in e  o r  p r o d u c e  H 2S  o r  b o t h .  N o v o b io c in  i s  in c lu d e d  

t o  in h ib i t  G r a m - p o s i t iv e  c o n t a m i n a n t s ,  a n d  t r y p s i n  t o  d i g e s t  c a s e in .  D a i r y  p r o d u c t s ,  

w h e n  a d d e d  t o  s e l e c t iv e  m e d ia ,  m a y  b e c o m e  c l o t t e d  a n d  t h e r e  i s  o f t e n  d i f f i c u l t y  in  
a t t a i n i n g  c o m p le t e  e m u ls i f i c a t io n  o f  s o m e  o f  t h e m ,  e .g .  y o u n g  c h e e s e ,  s o  t h a t  

S a lm o n e l la  t r a p p e d  w ith in  t h e  c lo t  o r  lu m p  m ig h t  b e  m is s e d .  T h e  a d d i t i o n  o f  t r y p s i n  

w o u ld  r e d u c e  t h i s  r i s k .  T h e  m e d iu m  h a s  b e e n  u s e d  s u c c e s s f u l l y  f o r  t h e  i s o l a t io n  o f  

S a lm o n e lla  f r o m  a r t i f i c i a l ly  c o n t a m i n a t e d  r a w  m ilk ,  s k im - m i lk  p o w d e r ,  c o t t a g e  

c h e e s e  a n d  C h e d d a r  c h e e se .

D u lc it o l - s e le n i t e  b r o t h  in  a  m o t i l i t y  f l a s k  w a s  u s e d  f o r  t h e  d e t e c t i o n  o f  S a lm o n e l l a  

f r o m  fo o d .  A  d r o p  in  p H  in  t h e  e n r ic h m e n t  b r o t h  i n d i c a t e d  t h e  p r e s e n c e  o f  S a lm o n e l l a

Surviva l of pathogens in  cheese and m ilk  powder



1 0 8 B a r b a r a  P .  K e o g h

w h ic h  w a s  c o n f ir m e d  b y  a  f lu o r e s c e n t  s t a i n i n g  m e t h o d  ( A b r a h a m s s o n ,  P a t t e r s o n  &  

R i e m a n n ,  1 9 6 8 ) . T h e  a u t h o r s  c l a im e d  t h a t  t h e  t e c h n iq u e  p e r m it t e d  t h e  d e t e c t io n  

o f  e v e n  s m a l l  n u m b e r s  o f  S a lm o n e l la  in  1 - 2  d a y s .

B a n w a r t  &  K r e i t z e r  (1 9 6 9 )  a l s o  e m p lo y e d  a  g l a s s  a p p a r a t u s  f o r  t h e  d e t e c t io n  o f  

S a lm o n e l la  f r o m  e g g  n o o d le s ,  c a k e  m i x e s  a n d  c a n d ie s .  T h e  s y s t e m  in c lu d e d  m o t i l i t y ,  

b io c h e m ic a l ,  a n d  s e r o lo g ic a l  t e s t s  a n d  t h e  a u t h o r s  c l a im e d  t h a t  o n e  S a lm o n e l l a  c e ll  

in o c u l a t e d  in t o  t h e  s a m p l e  c o u ld  b e  d e t e c t e d  in  4 8  h .

A n  a c c e l e r a t e d  p r o c e d u r e  f o r  t h e  d e t e c t io n  o f  S a lm o n e l la  in  d r ie d  f o o d s  a n d  f e e d s  

w a s  d e s c r ib e d  b y  S p e r b e r  &  D e ib e l  (1 9 6 9 ) .  T h i s  m e t h o d  s t i l l  r e q u ir e d  t h e  u s e  o f  

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

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

T h e y  c l a im e d  t h e  p r o c e d u r e  t o  b e  r a p i d  a n d  a c c u r a t e  in  c o m p a r i s o n  w it h  t r a d i t i o n a l  

m e t h o d s  ( F a n t a s i a ,  S p e r b e r  &  D e ib e l  (1 9 6 9 ) .

I t  w o u ld  s e e m  t h a t  in  t h e  p r e s e n t  s t a t e  o f  k n o w le d g e  r e l a t i n g  t o  t h e  r o u t in e  

t e s t i n g  o f  d a i r y  p r o d u c t s  f o r  S a lm o n e l la  i t  w o u ld  b e  u n w is e  t o  p l a c e  t o o  m u c h  

r e l i a n c e  o n  t h e  m e t h o d s  u s e d  f o r  t h e  t e s t i n g  o f  o t h e r  f o o d s .  M o r e  w o r k  n e e d s  t o  b e  

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

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

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