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INTRODUCTION 

L i v e s t o c k  f o r m s  a n  i n t e g r a l  p a r t  o f  o u r  

a g r i c u l t u r a l  economy. 1 n d i a  i s  a reservoir o f  vas t  a n d  

v a r i e d  t y p e s  o f  a n i m a l  g e n e t i c  r e s o u r c e s .  I n  terms 

of g e n e t i c  d i v e r s i t y  t h e r e  are 2 7  breeds o f  

c a t t l e ,  8 breeds o f  b u f f a l o e s ,  4 2  breeds o f  s h e e p ,  

2 2  breeds o f  g o a t s ,  8 breeds o f  camels, 6 b r e e d s  o f  

h o r s e s  a n d  1 7  breeds o f  p o u l t r y .  Thus  1 n d i a  i s  t h e  

r e p o s i t o r y  o f  1 / 9 t h  g e r m p l a s m  o f  c a t t l e  breeds o f  t h e  

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

The farm a n i m a l s  o f  ~ n d i a  h a v e  u n i q u e  c h a r a c t e r i s t i c s  o f  

a d a p t a t i o n s  t o  w i t h s t a n d  h o s t i l e  c l imate ,  common 

e p i d e r m i c  p e s t s  a n d  diseases o f  t r o p i c s .  They c a n  

s u r v i v e  o n  i n a d e q u a t e  q u a n t i t i e s  of f e e d ,  f o d d e r  a n d  

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

a n d  n a t u r a l  s e l e c t i o n ,  i n  i so la ted  p o p u l a t i o n  o f  a n i m a l s  

led t o  t h e  e v o l u t i o n  o f  d i f f e r e n t  breeds w h i c h  w e r e  

g i v e n  d i f f e r e n t  names based o n  p l a c e  o f  o r i g i n  a n d  on 

some w e l l  marked  s p e c i f i c  p h e n o t y p i c  c h a r a c t e r s .  The 

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

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

~ n d i a ,  c r o s s b r e e d i n g  w a s  u s e d  as a t o o l  t o  i n c r e a s e  m i l k  

p r o d u c t i o n  by i n t r o d u c i n g  e x o t i c  ge rmplasm.  However t h e  

p r o c e s s  h a d  o t h e r  side e f f e c t s ,  v i z .  l o o s i n g  t h e  

d i s t i n c t i o n s  o f  many breeds a n d  o v e r  a l l  r e d u c t i o n  o f  
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g e n e t i c  v a r i a t i o n  i n  t h e  species. It: s i m u l t a n e o u s l y  

p l a c e d  some o f  t h e  breeds w i t h  lower p r o d u c t i v i t y  a t  

r i s k .  I n  t h i s  way some o f  n a t i v e  breeds e v e n t u a l l y  faced 

e x t i n c t i o n  p r i o r  t o  t h e  t h o r o u g h  e v a l u a t i o n  o f  t h e i r  

g e n e t i c  p o t e n t i a l .  

The n a t i v e  c a t t l e  o f  Kerala h a v e  b e e n  e v o l v e d  

t h r o u g h  several  g e n e r a t i o n s  o f  n a t u r a l  s e l e c t i o n  a g a i n s t  

h i g h  h u m i d i t y ,  h e a v y  r a i n f a l l  a n d  h o t  climate.   hey 

h a v e  b e e n  c o n s i d e r e d  as n o n - d e s c r i p t  a n i m a l s ,  b u t  t h e r e  

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

o t h e r s  a n d  known as " V e c h u r  C a t t l e " .  The Vechur  c a t t l e  

h a d  t h e i r  o r i g i n  i n  V e c h u r ,  a smal l  p l a c e  by t h e  s i d e  o f  

Vembanad l a k e  n e a r  ~ a i k o m  i n  K o t t a y a m  d i s t r i c t  o f  

K e r a l a .  They w e r e  v e r y  p o p u l a r  f o u r  decades b a c k .  They 

h a d  r e l a t i v e l y  h i g h e r  m i l k  p r o d u c t i o n  compared  t o  o t h e r  

l o c a l  cows ( V e l u  ~ i l l a i ,  1 9 4 0 ) .  The e x t r e m e l y  smal l  

s i z e  o f  t h e  cow, low f e e d  r e q u i r e m e n t ,  good  a d a p t a t i o n  

a n d  h i g h  disease r e s i s t a n c e  are t h e  t r a i t s  v e r y  much 

f a v o u r e d  by t h e  f a r m e r s .  F a r m e r s  p r e f e r r e d  Vechur  

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

s i z e  a n d  w e i g h t .  Kerala A g r i c u l t u r a l  U n i v e r s i t y  h a s  

s u c c e e d e d  i n  c o n s e r v i n g  t h i s  u n i q u e  g e n e t i c  r e s o u r c e  

w i t h  t h e  f i n a n c i a l  a i d  f r o m  I n d i a n  c o u n c i l  o f  

~ g r i c u l t u r a l  R e s e a r c h .  G e n e t i c  c h a r a c t e r i s a t i o n  b i n  

p r o g r e s s .  



The p r e s 5 n t  s t u d y  h a s  been  t a k e n  u p  w i t h  t h e  

f o l l o w i n g  o b j e c t i v e s :  

1.  I d e n t i f i c a t i o n  of c e r t a i n  g e n e t i c  m a r k e r s  i n  Vechur  

c a t t l e  

2 .  To s t u d y  t h e  m i l k  components  l i k e  f a t ,  t o t a l  s o l i d s ,  

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

breed 

3 .  To s t u d y  t h e  f a t  g l o b u l e  s i z e ,  d i s t r i b u t i o n  and  

I o d i n e  v a l u e  o f  m i l k  f a t  

The s t u d i e s  on m i l k  p r o t e i n  po lymorphism p l a y  an  

i m p o r t a n t  role i n  u n d e r s t a n d i n g  t h e  g e n e t i c  c h a r a c t e r i -  

s t i c s  o f  Vechur  breed. The e s t i m a t i o n  o f  m i l k  components  

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

e f f e c t  o f  c r o s s b r e e d i n g  on f a t  and  s o l i d s  n o t  f a t  (SNF)  

c o n t e n t  of m i l k  which  fo rm t h e  b a s i s  f o r  t h e  p r e s e n t  

p r i c i n g  s y s t e m  i n  d a i r y  i n d u s t r y .  The s i z e  o f  f a t  

g l o b u l e s  i s  c o n s i d e r e d  t o  be a breed c h a r a c t e r i s t i c  and  

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

i n  t h e  m i l k  f a t .  



T h e r e  i s  a b e l i e f  t h a t  t h e  Vechur  cow m i l k  h a s  h i g h  

t h i c k n e s s  a n d  m e d i c i n a l  v a l u e ,  s o  it was u s e d  t o  p r e p a r e  

medicated o i l s  and  a y u r v e d i c  m e d i c i n e s .   his b e l i e f  c a n  

not be set as ide  as baseless. The p r e s e n t  s t u d i e s  p l a y  

a v i t a l  role t o  c h a r a c t e r i s e  t h e  Vechur  c a t t l e  a n d  h e l p  

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

wh ich  w e r e  n u r t u r e d  by t h e  l o c a l  p e o p l e  f o r  s e v e r a l  

g e n e r a t  i o n .  





REVIEW OF LITERATURE 

2.1 Milk protein polymorphism 

2.1.1 Casein 

Cow's m i l k  c o n t a i n s  a p p r o x i m a t e l y  3 .5  p e r  c e n t  

p r o t e i n  a n d  d i s t r i b u t e d  as 2.9 p e r  c e n t  c a s e i n  and  0 . 6  

per c e n t  whey p r o t e i n s .  The c a s e i n  i n  m i l k  e x i s t s  i n  t h e  

fo rm o f  a complex  o r  micelle c o n s i s t i n g  o f  c a l c i u m  

c a s e i n a t e  p l u s  p h o s p h a t e ,  magnesium a n d  c i t ra te .  The 

p r i n c i p a l  m i l k  p r o t e i n  c a s e i n  c o m p r i s i n g  o f  a - ,  P- and  

k - c a s e i n  w i t h  n o t a b l e  d i f f e r e n c e  i n  t h e  m o b i l i t y  i n  an  

e l ec t r i c  f i e l d  which  e n a b l e s  t h e  i d e n t i f i c a t i o n  o f  t h e s e  

p r o t e i n s  by a n  e l e c t r o p h o r e t i c  p r o c e d u r e .  

2.1.1.1 a,, - Casein 

Kiddy e t  al . (1964  ) o b s e r v e d  s i x  c a s e i n  p h e n o t y p e s  

among 1378  c o w s .  The d i s t r i b u t i o n  o f  p h e n o t y p e s  w e r e  98 

~ y r s h i r e s  ( a l l  BB),  203 Brown S w i s s  (192BB and  l l B C ) ,  

400 Gue rnseys  ( 1 8 8  BB, 32 CC and  4 4  B C ) ,  542 H o l s t e i n s  

( 2  CC,  410 BB, 5 AC and  125BC),  68 J e r s e y s  ( 4 4  BB, 2  CC 

and  21 B C )  and  68 c r o s s b r e d  ( 6 7  BC a n d  1 B C ) .  The r e a s o n  

f o r  p r edominan t  o f  B was  n o t  a p p a r e n t .  
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A s c h a f f e n b u r g  ( 1  9 6 8 )  r e p o r t e d  t h a t  t h e  A v a r i a n t  o f  

a , - c a s e i n  was  v e r y  rare a n d  a p p e a r e d  t o  be c o n f i n e d  t o  

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

o f  M i c h i g a n .  "B" v a r i a n t  o f  a , , - c a s e i n  p r e d o m i n a t e d  i n  

W e s t e r n  breeds o f  c a t t l e  a n d  f r e q u e n c y  was  l o w e r  i n  some 

o f  t h e  ~ f r i c a n  zebu  breeds. The g e n e  f r e q u e n c y  o f  

a , ; - c a s e i n  B v a r i a n t  was  e x c e e d i n g  0 .90 i n  many breeds 

a n d  r e a c h e d  1 . 0 0  i n  some breeds l i k e  ~ y r s h i r e .  

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

f r a c t i o n s  o f  ~ n d i a n  c a t t l e  was  f i rs t  d e m o n s t r a t e d  by 

Aschaf  f e n b u r g  ( 1 9 6 8  ) . M i l k  s a m p l e s  f r o m  f i v e  breeds v i z .  

H a r i a n a ,  D e s i ,  S a h i w a l ,  T h a r p a r k a r  a n d  R e d  ~ i n d h i  w e r e  

tested. Most o f  t h e  v a r i a n t s  w e r e  i d e n t i c a l  t o  t h o s e  o f  

W e s t e r n  breeds. Zebu breeds h a d  v e r y  h i g h  g e n e  f r e q u e n c y  

o f  a , ! - c a s e i n  C u n l i k e  p r e d o m i n a n c e  o f  B v a r i a n t  i n  

W e s t e r n  breeds .  

~ u n e j a  a n d  Chaudhary  ( 1 9 7 3  ) o b s e r v e d  t h a t  t h e  g e n e  

f r e q u e n c y  o f  a , . - c a s e i n  C was  0.9 i ,n  ~ a h i w a l  a n d  R a t h i  

breeds. 

~ u s s a i n  ( 1 9 7 4 )  r e p o r t e d  t h a t  t h e  a , , - c a s e i n  B a l l e le  

p r e d o m i n a t e d  i n  a l l  E u r o p e a n  breeds o f  ca t t l e .  ~ f r i c a n  

breeds l i k e  B o r a n  ( 0 . 3 9 )  a n d  A n k o l i  ( 0 . 4 0 )  h a d  

m o d e r a t e l y  h i g h  f r e q u e n c i e s  a n d  some o t h e r  A f r i c a n  
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b r e e d s  l i k e  ~ e g u n i ( 0 . 8 6 )  a n d  ~ e d i  ( 0 . 9 2 )  h a d  much h i g h e r  

f r e q u e n c y  o f  B a l l e l e  t h a n  t h a t  i n  I n d i a n  c a t t l e .  

 aira am a n d  N a i r  ( 1 9 8 3 a )  i d e n t i f i e d  t h r e e  t y p e s  

o f  a , ; - c a s e i n  BB, CC a n d  BC. The g e n e  f r e q u e n c y  o f  B 

a l l e l e  o f  a , . - c a s e i n  was  0.09 i n  S a h i w a l ,  0.09 i n  

T h a r p a r k a r ,  0 . 0 3  i n  Red ~ i n d h i  a n d  0 .51  i n  Brown s w i s s  

x S a h i w a l  c r o s s .  

~ g - K w a i - ~ a n g  e t  d l .  ( 1 9 8 4 )  p h e n o t y p e d  c a s e i n  f o r  

2045 ~ o l s t e i n  cows by p o l y  a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s .  Gene f  r e q u e r i c i e s  o b s e r v e d  w e r e  

a , . - c a s e i n  A 0 .003 ,  B 0 .970 a n d  C 0 .027 .  94 p e r c e n t a g e  

o f  a n i m a l s  w e r e  homozygous f o r  a , , - c a s e i n  B v a r i a n t .  The 

A a n 4  C v a r i a n t s  w e r e  rare a n d  a p p e a r e d  o n l y  as 

h e t e r o z y g o u s  AB a n d  BC. 

Mclean  e t  al. ( 1 9 8 4 )  r e p o r t e d  g e n e t i c  v a r i a n t s  a t  

t h e  a s , - c a s e i n  l o c u s  i n  J e r s e y  a n d  H o l s t e i n  b r e e d s .  The 

g e n e  f r e q u e n c y  f o r  a , , - c a s e i n  was  0 .628 f o r  B a n d  0 .372 

f o r  C i n  J e r s e y  cows a n d  0 . 9 6 3  a n d  0 .037  f o r  B a n d  C 

v a r i a n t  i n  ~ r i e s i a n  cows. 

L i n  e t  al. ( 1 9 8 6 )  a n d  Eenemaan e t  al. ( 1 9 9 1 )  

r e p o r t e d  t h a t  t h e  l o c u s  a s , - c a s e i n  was  d c m i n a t e d  by 

a l l e l e  B ( 9 5 . 5  p e r c e n t a g e )  i n  ~ o l s t e i n  ~ r i e s i a n ,  

A y r s h i r e  a n d  ~ o l s t e i n  ~ r i e s i a n / A y r s h i r e  c r o s s b r e d  l i n e s .  
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Madhavan ( 1995  ) o b s e r v e d  t h a t  a , , - c a s e i n  l o c u s  

c o n s i s t e d  t h r e e  p h e n o t y p e s  w i t h  two a l le les  B  a n d  C.  The 

BC a n d  BB p h e n o t y p e s  w e r e  h i g h e r  i n  J e r s e y  c r o s s b r e d .  

The B a l l e l e  h a d  t h e  h i g h e s t  f r e q u e n c y  i n  a l l  t h r e e  

g e n e t i c  g r o u p s  v i z .  J e r s e y  c r o s s b r e d  ( 0 . 6 3  ) , Brown s w i s s  

c r o s s b r e d  ( 0 . 6 1 )  and  H o l s t e i n  F r i e s i a n  c r o s s b r e d  ( 0 . 6 3 ) .  

~ e n e t i c  v a r i a n t s  o f  p - c a s e i n  was f i r s t  r e p o r t e d  by 

A s c h a f f e n b u r g  ( 1 9 6 1 )  by u s i n g  p a p e r  e l e c t r o p h o r e s i s .  

The t h r e e  v a r i a n t s  p - c a s e i n  A, B and  C w i t h  d i f f e r e n t  

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

b r e e d s  e i t h e r  s i n g l y  ( A ,  B o r  C )  o r  i n  p a i r s  (AB,  BC 

and  AC ) . 

Thompson and  P e p p e r  ( 1 9 6 4 )  r e p o r t e d  t h a t  t h e  

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

p - c a s e i n  A ,  B a l l e l e  o c c u r  i n  J e r s e y  and  H o l s t e i n ,  A ,  

B and  C a l l e l e  i n  Gue rnsey  a n d  Brown S w i s s  b r e e d s  and  

o n l y  A a l l e l e  i n  ~ y r s h i r e  b r e e d .  

A s c h a f f e n b u r g  ( 1 9 6 8 )  r e p o r t e d  a rare p - c a s e i n  D 

v a r i a n t  i n  1 n d i a n  d e s i  and  ~ f r i c a n  Boran  cows i n d i c a t i n g  

l i n k  be tween  I n d i a n  and  A f r i c a n  zebu  c a t t l e .  The p- 

c a s e i n  B v a r i a n t  i n  ~ n d i a n  c a t t l e  d i f f e r s  i n  i t . ~  amino 



a c i d  c o m p o s i t i o n  f rom Western b r e e d s .  The f u r t h e r  

e l e c t r o p h o r e s i s  of  A v a r i a n t  of  p - c a s e i n  r e s o l v e d  i n t o  

A l ,  A2 and  A3. A3 a l l e l e  was f o u n d  t o  be rare i n  

~ o l s t e i n  ~ r i e s i a n  and  Normande b r e e d s .  Frequency  of A2 

was found  t o  be h i g h e r  i n  A y r s h i r e s  and  Guernseys  and 

a l s o  i n  c e r t a i n  ~ n d i a n  b r e e d s  l i k e  S a h i w a l ,  T h a r p a r k a r ,  

H a r i a n a ,  R e d  S i n d h i  and  D e s i .  The f r e q u e n c y  B v a r i a n t  of 

p - c a s e i n  was v e r y  low i n  m a j o r i t y  o f  t h e  b r e e d s .  C 

v a r i a n t  of  p - c a s e i n  was n o t  found  i n  J e r s e y s  b u t  

o b s e r v e d  i n  Guernsey .  C a l l e l e  was found  t o  be 

c h a r a c t e r i s t i c  of  Brown S w i s s  and  o t h e r  mounta in  breeds 

of  c a t t l e .  The C v a r i a n t  was v e r y  low i n  H o l s t e i n  

F r i e s i a n  cows. 

S i n g h  and  Khanna ( 1972 ) r e p o r t e d  p - c a s e i n  v a r i a n t s  

i n  two H a r i a n a  p o p u l a t i o n s  m a i n t a i n e d  a t  I z a t n a g a r  and  

H a r i n g h a t t a .  They o b s e r v e d  f i v e  pheno types  v i z .  A l A 1 ,  

A2A2, BB, AlA2, A1B and A2B c o n t r o l l e d  by t h r e e  a l leles  

p - c a s e i n  A l ,  A2 and  B.  The pheno type  A2A2 was 

predominant  i n  b o t h  p o p u l a t i o n s .  A1B w a s  o b s e r v e d  o n l y  

i n  I z a t n a g a r  p o p u l a t i o n  and  t h e  f r e q u e n c y  o f  p - c a s e i n  

A l ,  A2 and  B w e r e  0 .051,  0.838 and  0.11 i n  I z a t n a g a r  and  

t h a t  f o r  H a r i n g h a t t a  a n i m a l s  w e r e  0 .040 ,  0.804 and 0.156 

r e s p e c t i v e l y .  
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~ u n e j a  a n d  C h a u d h a r y  ( 1 9 7 3 )  o b s e r v e d  t w o  

p h e n o t y p e s  a t  p - c a s e i n  l o c u s  i n  s a h i w a l ,   ath hi a n d  

~ e r s e ~  X S a h i w a l  v i z .  AA, AB. The p r e d o m i n a n t  p h e n o t y p e  

w a s  AA, t h o u g h  t h e  f r e q u e n c y  o f  h e t e r o z y g o t e s  AB was  

h i g h e r  i n  J e r s e y  X s a h i w a l  c r o s s b r e d .  The f r e q u e n c y  o f  

p - c a s e i n  A a l l e l e  was  0.94 i n  s a h i w a l ,  0 .95  i n   ath hi a n d  

C.81 i n  J e r s e y  X S a h i w a l .  A new rare p h e n o t y p e  p - c a s e i n  

AD w e r e  o b s e r v e d  i n  o n e  o f  t h e  R a t h i  cows.  The c a s e i n  D 

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

F r e q u e n c y  o f  B a l l e le  of p - c a s e i n  was  r e p o r t e d  t o  b e  

low i n  I n d i a n  zebu  c a t t l e   airam am a n d  N a i r ,  1983  b )  . The 

h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  g e n e  

f r e q u e n c i e s  i n  z e b u  c a t t l e  ( 0 . 0 4 -  0 . 0 7 )  a n d  Brown s w i s s  

X ~ a h i w a l  ( 0 .16  ) i n d i c a t e d  t h a t  g e n e  f r e q u e n c y  i n  exo t i c  

breed m i g h t  be q u i t e  d i f f e r e n t  f r o m  t h a t  i n  1 n d i a n  

c a t t l e .  

Ng-Kwai-Hang e t  d l .  ( 1 9 8 4 )  o b s e r v e d  t h a t  t h e  g e n e  

f r e q u e n c y  o f  p - c a s e i n  A 1  0 . 5 6 1 ,  A2 0 .421 ,  A3 0 .011 a n d  

p - c a s e i n  B 0 . 0 0 7  i n  H o l s t e i n  cows.  T h e  rare B g e n e  was  

o n l y  i n  h e t e r o z y g o u s  c o - n b i n a t i o n  w i t h  A l ,  A2 a n d  A3. 

Mclean e t  d l .  ( 1 9 8 4  ) o b s e r v e d  g e n e  f r e q u e n c y  o f  

0 .074 ,  0 .564  a n d  0 .362 r e s p e c t i v e l y  f o r  p - c a s e i n  A, A2 

a n d  B i n  J e r s e y  cows a n d  0 . 0 7 4 ,  0 .564 a n d  0.362 f o r  p- 

c a s e i n  A l ,  A2 a n d  B r e s p e c t i v e l y  i n  F r i e s i a n  cows.  



 in e t  a l .  ( 1 9 8 6 1  o b s e r v e d  a g e n e  f r e q u e n c y  o f  

0 .440 0 .450 ,  0 . 0 7  a n d  0 . 0 4  f o r  A l ,  A 2 ,  A3 a n d  B a l l e l e  

i n  ~ y r s h i r e  c a t t l e .  

Madhavan ( 1 9 9 5 )  o b s e r v e d  t h r e e  p h e n o t y p e s  v i z .  AA, 

AB a n d  BB a t  p - c a s e i n  l o c u s .  The f r e q u e n c y  o f  A a l l e l e  

was  0 . 8 1  i n  Brown S w i s s  c r o s s b r e d ,  0 .75 i n  J e r s e y  

c r o s s b r e d  a n d  0 .71  i n  ~ o l s t e i n  c r o s s b r e d .  f r e q u e n c y  o f  

AA p h e n o t y p e  was  h i g h e s t  i n  Brown S w i s s  c r o s s b r e d  ( 0 . 6 7 )  

a n d  AB was h i g h e s t  i n  J e r s e y  c r o s s b r e d .  

2.1.1.3 k-casein 

A s c h a f f e n b u r g  ( 1 9 6 8 )  o b s e r v e d  t w o  v a r i a n t s  o f  

k - c a s e i n  A a n d  B .  The A a l l e l e  p r e d o m i n a t e d  i n  m a j o r i t y  

o f  c a t t l e  b r e e d s  e x c e p t  J e r s e y ,  Normande a n d  some 

A f r i c a n  zebu  c a t t l e .  

Two p h e n o t y p e s  k - c a s e i n  AA a n d  AB w e r e  r e p o r t e d  by 

Majumder a n d  ~ a n g u l i  ( 1 9 7 0 ) .  The g e n e  f r e q u e n c y  o f  

k - c a s e i n  A was  0 . 6 3 ,  0 . 7 8  a n d  0.62 i n  T h a r p a r k a r ,  

s a h i w a l  a n d  Red S i n d h i  r e s p e c t i v e l y .  A l l  t h e  zebu  b r e e d s  

w e r e  p r e d o m i n a n t l y  of AA p h e n o t y p e .  
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~ u n e  j a a n d  C h a u d h a r y  ( 1 9 7 3  ) r e p o r t e d  t w o  p h e n o t y p e s  

AA a n d  AB i n  zebu  a n d  t h r e e  p h e n o t y p e s  AA, AB a n d  BB i n  

c r o s s b r e d .  The f r e q u e n c y  o f  k . -case in  A was  0.92 i n  

S a h i w a l ,  0 . 8 3  i n   ath hi a n d  0.54 i n  J e r s e y  X ~ a h i w a l .  

J a l r a m  a n d    air (198333) o b s e r v e d  t h a t  t h e  

s i g n i f i c a n t l y  h i g h e r  g e n e  f r e q u e n c y  of 0.69 f o r  B al le le  

i n  c r o s s b r e d  cows w h i l e  it was 0 .26  i n  S a h i w a l  a n d  Red 

~ i n d h i  a n d  0 .13 i n  T h a r p a r k a r  breed. 

~ g - K w a i - H a n g  et al. ( 1 9 8 4 )  r e p o r t e d  t h a t  t h e  g e n e  

f r e q u e n c y  o f  k - c a s e i n  A a n d  B w e r e  0 . 7 4 4  a n d  0.256 i n  

H o l s t e i n  cows w i t h  53  p e r c e n t ,  f o u r  p e r c e n t  homozygous 

f o r  A, B a n d  43 p e r c e n t  h e t e r o z y g o u s  f o r  AB. 

 in et a1 . ( 1 9 8 6 )  f o u n d  t h r e e  g e n o t y p e s  o f  k - c a s e i n  

AA, AB a n d  BB i n  H o l s t e i n  ~ r i e s i a n  a n d  H o l s t e i n  ~ r i e s i a n  

X ~ y r s h i r e  l i n e s .  k - c a s e i n  l o c u s  was  d o m i n a t e d  by a l l e l e  

A ( 6 5 . 6 % ) .  

Madhavan ( 1 9 9 5  3 o b s e r v e d  t w o  a l le les  A a n d  B a n d  

t h r e e  p h e n o t y p e s  vi.z. AA, AB, BB a t  k-casein locus. The 

f r e q u e n c y  o f  AA w a s  h i g h e s t  i n  J e r s e y  c r o s s b r e d  ( 0 . 5 2  ) 

a n d  AB p h e n o t y p e  i n  Brown s w i s s  crossbred ( 0.51 ) . A l l e l e  

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



2.1.2 Whey proteins 

The p r o t e i n s  r e m a i n i n g  a f t e r  c a s e i n  i n  t h e  s k i m  m i l k  

is known as whey p r o t e i n  w h i c h  c o n s i s t s  o f  m a i n l y  

a l p h a - l a c t a l b u m i n  a n d  p - l a c t o g l o b u l i n .  

2.1.2.1 a-lactal bumin 

B h a t t a c h a r y a  et  a 1  . ( 1 9 6 3  ) f o u n d  t h e  f r e q u e n c y  o f  

a - l a c t a l b u m i n  A  a l l e l e  v a r y i n g  f r o m  0.20 i n  c r o s s b r e d  t o  

0 . 3 7  i n  S a h i w a l  cows .  

Mawal ( 1 9 6 7 )  r e p o r t e d  low f r e q u e n c y  o f  A  a l l e l e  as 

9 . 3 8  i n  G i r  a n d  0 .40 i n  G a v a t h i  cows.  

A s c h a f f e n b u r g  ( 1 9 6 8 )  o b s e r v e d  low g e n e  f r e q u e n c y  i n  

some o f  t h e  A f r i . c a n  b r e e d s  l i k e  B o r a n  a n d  A n k o l e ,  b u t  

o t h e r  showed s imi la r  f r e q u e n c y  as i n  R u s s i a n  b r e e d s .  

J a i r a m  a n d  Nair  ( 1 9 8 3 b )  r e p o r t e d  t h e  f r e q u e n c y  o f  

A a l l e l e  i n  S a h i w a l ,  T h a r p a r k a r ,  Red S i n d h i  a n d  Brown 

S w i s s  x S a h i w a l  c r o s s b r e d  cows as 0 .18 ,  0 .17 ,  0 .16 a n d  

0 . 0 8  r e s p e c t i v e l y .  



2.1.2.2 P- lactoglobulin 

A s c h a f f e n b u r g  a n d  Drewry ( 1 9 5 5 )  o b s e r v e d  P- 

l a c t o g l o b u l i n  A a n d  B v a r i a n t s  i n  s h o r t  h o r n ,  ~ r i e s i a n ,  

~ y r s h i r e  a n d  G u e r n s e y  breeds. 

A s c h a f f e n b u r g  ( 1 9 6 8 )  r e p o r t e d  t h a t  t h e  z e b u  breeds 

h a d  v e r y  low f r e q u e n c y  o f  A v a r i a n t  compared  t o  W e s t e r n  

breeds. B a l l e le  was  p r e d o m i n a n t  i n  m o s t  cases a n d  C 

v a r i a n t  was  f o u n d  o n l y  i n  S o u t h  ~ f  r i c a n  N e g u n i  c a t t l e  i n  

h e t e r o z y g o u s  f o r m .  

s i n g h  a n d  Khanna ( 1972  ) o b s e r v e d  p - l a c t o g l o b u l i n  A, 

E a n d  C v a r i a n t s  i n  H a r i a n a  c a t t l e .  The g e n e  f r e q u e n c y  

o f  B v a r i a n t  was  r e p o r t e d  t o  be 0 .831  a n d  0 .921  f o r  

I z a t n a g a r  a n d  ~ a r i n g h a t t a  p o p u l a t i o n .  

~ u n e j a  a n d  Chaudhary  ( 1 9 7 3 )  r e p o r t e d  t h r e e  

p h e n o t y p e s  v i z .  AA, AF a n d  BB a t  p - l a c t o g l o b u l i n  l o c u s  

i n  s a h i w a l ,    at hi a n d  J e r s e y  X S a h i w a l  c a t t l e .  The 

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

The f r e q u e n c y  o f  p - l a c t o g l o b u l i n  A w a s  0 . 1 8 ,  0 .21  a n d  

0.32 i n  ~ a h i w a l ,  R a t h i  a n d  J e r s e y  X s a h i w a l  c r o s s b r e d .  

~ i n g h  a n d  B h a t  ( 1 9 8 0 )  p h e n o t y p e d  m i l k  s a m p l e s  f o r  

p - l a c t o g l o b u l i n  l o c u s  f r o m  cows o f  H a r i a n a ,  s a h i w a l ,  
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~ a n k r e j ,  O n g o l e ,  Red ~ i n d h i ,  Kangayam, ~ i r ,  T h a r p a r k a r ,  

~ o l s t e i n  ~ r i e s i a n ,  c r o s s b r e d  o f  ~ o l s t e i n  ~ r i e s i a n  w i t h  

H a r i a n a  a n d  S a h i w a l .  H o l s t e i n  cows e x h i b i t e d  A a n d  B 

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

a l l e l e s  Lq -A,  Lg-B a n d  Lg-C. Lg-B w a s  t h e  m o s t  common 

a l l e l e  among i n d i g e n o u s  b r e e d s  ( 0 . 4 4  t o  0 . 9 4 ) ,  Lg-A h a d  

r e l a t i v e l y  h i g h  f r e q u e n c y  among H o l s t e i n s  ( 0 . 5  7 ) . 

  air am a n d    air ( 1 9 8 3  b )  r e p o r t e d  s i g n i f i c a n t  

d i f f e r e n c e s  b e t w e e n  T h a r p a r k a r  a n d  S a h i w a l  o r  Red ~ i n d h i  

i n  t h e  p-Lg. A g e n e  f r e q u e n c i e s .  The g e n e  f r e q u e n c y  o f  

A a l l e l e  i n  s a h i w a l ,  T h a r p a r k a r ,  Red ~ i n d h i  a n d  Brown 

s w i s s  x S a h i w a l  c r o s s b r e d  cows w e r e  0 . 2 3 ,  0 . 1 3 ,  0.23 a n d  

0 .31  r e s p e c t i v e l y .  

Ng-Kwai-Hang e t  dl. ( 1 9 8 4 )  o b s e r v e d  g e n e  f r e q u e n c y  

o f  p - l a c t o g l o b u l i n  A 0 . 3 8 7  a n d  p-Lg B 0 .613 i n  H o l s t e i n  

cows.  The p h e n o t y p i c  f r e q u e n c i e s  w e r e  0 .135 ,  0 .505 a n d  

0 .360  f o r  AA, AB a n d  BB. 

 in e t  al. ( 1 9 8 6 )  o b s e r v e d  AA, AB o r  BB v a r i a n t  i n  

p-Lq l o c u s  w a s  d o m i n a t e d  by  a l l e le  B ( 78.4 p e r  c e n t  ) . 
Madhavan ( 1 9 9 5 )  o b s e r v e d  A a n d  B a l l e le  a t  /3-Lg l o c u s .  

The f r e q u e n c y  o f  A al le le  w a s  0.46 i n  ~ o l s t e i n  ~ r i e s i a n  

c r o s s b r e d ,  0 . 4 0  i n  Brown S w i s s  c r o s s b r e d  a n d  0 .43 i n  

J e r s e y  c r o s s b r e d .  



2.2 Milk composition 

The m i l k  y i e l d  and  m i l k  c o m p o s i t i o n  i n  t h e  cow are 

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

 his may v a r y  be tween  i n d i v i d u a l s ,  h e r d s  and  breeds. 

1 n d i a n  b r e e d s  o f  c a t t l e  i n  c o n t r a s t  t o  e x o t i c  d a i r y  

breeds y i e l d  l ower  q u a n t i t y  o f  m i l k ,  b u t  w i t h  h i g h e r  

p e r c e n t a g e  of f a t  and  s o l i d s  n o t  f a t .  ( ~ i n g h  e t  a 1 , 1 9 6 1 )  . 

2.2.1 Milk fat percentage 

2.2.1.1 Effect ot species 

The e f f e c t  d u e  t o  species on  m i l k  f a t  p e r c e n t a g e  

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

a u t h o r s ,  Byron e t  a l .  ( 1 9 7 2 ) ;  S i n g h  e t  a l .  1961;  

Ba lwant  R a i  P u r i  e t  a1 . 1961  ; Ghosh a n d  A n a n t a k r i s h n a n  

( 1 9 6 3 ) .  

2.2.1.2 Effect ot breed 

S e v e r a l  b r e e d s  o f  c a t t l e ,  as a r e s u l t  o f  l o n g  

c o n t i n u e d  s e g r e g a t i o n  a n d  i n b r e e d i n g  h a d  c h a r a c t e r i s t i c  

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

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

t h e i r  c r o s s e s  r e p o r t e d  by s e v e r a l  w o r k e r s  g i v e n  i n  

T a b l e  2 . 1 .  



Table 2 . 1  Average milk fat percentage of recognised 

Indian breeds of cattle and their crosses 

Breeds of 
cattle 

Annual Report NDRI Sindhi 
( 1 9 4 8 )  

Gir 

Tharparkar 

Sahiwal 

Balwant Rai Puri et al. Fed Sindhi 
( 1 9 6 1 )  

Tharparkar 

Kohli ~t al. ( 1 9 6 1 )  Hariana 

Singh et al. ( 1 9 6 1 )  Sahiwal 

Harian; 

Local 

Ghosh and Sindhi 
Ananthakrishnan ( 1 9 6 3 )  

Gir 

Crossbred 

Arora and Gupta ( 1 9 6 9 )  Nimari 

Tilakaratne et al. Jersey x 
( 1975 ) Sindhi 

Babu Rao and Brown Swiss x 
Jayaramakrishna ( 1 9 8 3 )  Ongole 

HF x Ongole 

Ongole 

Naikare et al. ( 1 9 9 2 )  Friesian x Gir 

Jersey x Gir 

Brown Swiss x 
Gir 

Iype et al. ( 1 9 9 4 )  Crossbred 
. -. 

Fat 
percentage 

4 .90  



Among e x o t i c  c a t t l e  J e r s e y  w a s  f o u n d  t o  be h a v i n g  

a h i g h  f a t  p e r c e n t a g e  ( 5 . 0 5 )  compared t o  Brown s w i s s ,  

H o l s t e i n  ~ r i e s i a n ,  Gue rnsey ,  A y r s h i r e  and  ~ i m m e n t a l  

breeds o f  c a t t l e  (Byron  e t  a l . ,  1972;  B e l y a e v  and  

K i s l e w a ,  1966;  ' I ' i l a k a r a t n e  et a1 ., 1975). Meat breeds 

l i k e  Angus,  H e r e f o r d  and  C h a r o l a i s  had  m i l k  f a t  

p e r c e n t a g e  o f  less t h a n  t h r e e  ( M e l t o n  et a l . ,  1 9 6 7 ) .  

2.2.1.3 Effect of stage of lactation 

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

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

c o w  m i l k .   h he m a j o r  c o n s t i t u e n t s  t e n d e d  t o  d e c l i n e  

n e a r l y  i n  t h e  f o u r t h  week o f  l a c t a t i o n  a f t e r  which  t h e r e  

w a s  a s i g n i f i c a n t  i n c r e a s e  as l a c t a t i o n  advanced  

(Bayoumi,  1 9 5 9 ;  S i n g h  et a l . ,  1961;  Ghosh and  

A n a n t a k r i s h n a n ,  1 9 6 4 ;  A r o r a  and  Gupta ,  1 9 6 9 ;  Sadana  et 

dl., 1 9 7 8 ) .  

I y p e  et al. (199&) o b s e r v e d  a s i g n i f i c a n t  

d i f f e r e n c e  i n  f a t  p e r c e n t a g e  o f  e a r l y ,  middle and  l a t e  

l a c t a t i o n  i n  c r o s s b r e d  c o w s  o f  Kerala. 



2.2.1.4 Season 

Bayoumi ( 1959,) ; Ghosh a n d  ~ n a n t h a k r i s h n a n  ( 1 9 6 3 )  ; 

Sommerfe ld t  e t  d l .  ( 1 9 8 5 ) ;  Mohran and  Fahmy ( 1 9 9 2 )  

o b s e r v e d  a s i g n i f i c a n t  e f f e c t  o f  s e a s o n  on  f a t  

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

monsoon s e a s o n s .  

A r o r a  and  Gupta  ( 1 9 6 9 )  r e v e a l e d  t h a t  t h e  f a t  

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

e x p l a i n e d  t h a t  t h e  s l i g h t  c h a n g e s  w a s  due t o  

a v a i l a b i l i t y  o f  f o d d e r  and  h i g h  t e m p e r a t u r e  stress i n  

summer months .  

2.2.1.5 Parity 

Though c h a n g e s  were e r r a t i c  t h e  e f f e c t  o f  l a c t a t i o n  

number was s i g n i f  i c a n t  on  f a t  p e r c e n t a g e  ( S a d a n a  et al . , 
1978;  N a i k a r e  e t  a l . ,  1 9 9 2 ) .  

2.2.1.6 Pregnancy 

Parekh  and  Ganywar ( 1 9 6 8 )  o b s e r v e d  a n  i n c r e a s e  and  

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

p r e g n a n c y .  Sharma e t  a1 . ( 1 9 9 0  ) n o t i c e d  s i g n i f i c a n t  

v a r i a t i o n  i n  m i l k  c o n s t i t u e n t  d u e  t o  s t a g e  o f  p r egnancy .  



2.2.1.7 Ration 

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

r a t i o n  on f a t  p e r c e n t a g e  o f  cows ( ~ a p a r i a ,  1969;  

S a t h i a n ,  1 9 9 2 ) .  

2.2.2 Total solids percentage 

2.2.2.1 Species 

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

upon t h e  s p e c i e s .  S i n g h  et al. ( 1 9 6 1 ) ;  Ghosh and  

A n a n t a k r i s h n a n  ( 1 9 6 3 ) ;  Mohran and  Fahmy ( 1 9 9 2 )  

o b s e r v e d  a s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  s o l i d s  

c o n t e n t  o f  cow and  b u f f a l o  m i l k .  

. 
2.2.2.2 Breed 

The v a r i a t i o n  i n  t o t a l  s o l i d s  c o n t e n t  o f  m i l k  d u e  t o  

b r e e d s  was s i g n i f i c a n t .  The b r e e d  w i s e  t o t a l  s o l i d s  

c o n t e n t  r e p o r t e d  by v a r i o u s  a u t h o r s  i s  g i v e n  i n  T a b l e  

2 . 2 .  E x o t i c  b r e e d s  showed t h e  t r e n d  o f  t o t a l  s o l i d s  

same as t h a t  o f  f a t  p e r c e n t a g e .  Guernsey  and  J e r s e y  had  

t o t a l  s o l i d s  p e r c e n t a g e  o f  above  14 compared t o  o t h e r  

b r e e d s  l i k e  Brown S w i s s ,  A y r s h i r e ,  H o l s t e i n  F r i e s i a n ,  

S h o r t  h o r n ,  Red Dan i sh  and  Simrnental .  



T a b l e  2 .2  Average  t o t a l  s o i l d s  p e r c e n t a g e  o f  m i l k  i n  

r e c o g n i s e d  1 n d i a n  b r e e d s  o f  c a t t l e  a n d  t h e i r  

crosses 

--- 

B r e e d s  o f  T o t a l  
A u t h o r ( s )  c a t t l e  s o l i d s  

p e r c e n t  age 
-- - -- 
Annual  R e p o r t  NDRI s i n d h i  13 .93  
( 1 9 4 8 )  

G i r  13 .56  

T h a r p a r k a r  13.42 

S a h i w a l  13 .58  

Ba lwant  R a i  ~ u r i  e t  dl. Red S i n d h i  13.11 
(1961  ) 

T h a r p a r k a r  13.00 

A r o r a  and  Gup ta  ( 1 9 6 9 )  N i m a r i  13 .69 

T i l a k a r a t n e  e t  a l .  J e r sey  x 
( 1 9 7 5 )  S i n d h i  

Babu Rao and  Ongole  14 .51  
J a y a r a m a k r i s h n a  (1983  ) 

Ongole  x Brown 13 .29  
S w i s s  

Ongole  x H F  12.26 

Johnson  ( 1 9 9 5 )  C r o s s b r e d  12 .99  

2.2.2.3 Stage ot lactation 

D a r s h a n l a l  and  Narayanan  ( 1 9 9 1 )  r e p o r t e d  t h a t  t h e  

t o t a l  s o l i d s  c o n t e n t  o f  t h e  m i l k  w a s  s i g n i f i c a n t l y  

a f f e c t e d  by t h e  s t a g e s  of l a c t a t i o n ,  ( Bayoumi, 1959;  

~ M o h r a n  and  Fahmy, 1992 ) b u t  n o t  by t h e  l a c t a t i o n  numbers 
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i n  cows. But  i n  b u f f a l o e s  b o t h  number a n d  l a c t a t i o n  

s t a g e  h a d  s i g n i f i c a n t  e f fec t  o n  total sol ids  c o n t e n t .  

Ghosh and  ~ n a n t a k r i s h n a n  ( 1 9 6 3 )  o b s e r v e d  a p e r i o d  of 

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

cows a n d  s e v e n t h  week i n  b u f f a l o e s '  ( P a r e k h  and  Gangwar 

1 9 6 8 )  a f t e r  wh ich  t h e r e  was a s i g n i f i c a n t  rise as 

l a c t a t i o n  advanced .  

2.2.2.4 Season 

Ghosh and  ~ n a n t a k r i s h n a n  ( 1 9 6 3 )  as w e l l  as  

Sommerfe ld t  ( 1 9 8 5 )  o b s e r v e d  s i g n i f i c a n t  e f f e c t  o f  

s e a s o n  on t o t a l  s o l i d s  c o n t e n t  o f  m i l k .  

. 
Barbano  a n d  Del laval le  ( 1 9 8 5 )  s t u d i e d  b i w e e k l y  

v a r i a t i o n  o f  t o t a l  s o l i d s  c o n t e n t  o f  p o o l e d  cow m i l k  

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

s e a s o n .  

2.2.2.5 Pregnancy 

P a r e k h  and  Gangwar ( 1 9 6 8 )  r e p o r t e d  a n  i n c r e a s e  and  

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

l a t e  s t a g e  o f  p r e g n a n c y  i n  cow. 



Sharma e t  al. ( 1 9 9 0 )  r e p o r t e d  t h a t  t h e  s t a g e  o f  

p r egnancy  a c c o u n t e d  f o r  a s i g n i f i c a n t  e f f e c t  on t o t a l  

s o l i d s  c o n t e n t  o f  m i l k .  

2.2.3 Solids Not Fat percentage 

2.2.3.1 Species 

The s o l i d s  n o t  f a t  c o n t e n t  d i f f e r e d  s i g n i f i c a n t l y  

d u e  t o  s p e c i e s .  Ghosh a n d  A n a n t a k r i s h n a n  ( 1 9 6 4 ) :  Mohran 

and  Fahmy ( 1 9 9 2 )  f o u n d  s i g n i f i c a n t  d i f f e r e n c e  i n  s o l i d s  

n o t  f a t  c o n t e n t  o f  cow and  b u f f a l o  m i l k .  

2.2.3.2 Breed 

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

b r e e d  i s  g i v e n  i n  T a b l e  2 . 3 .  

S o l i d s  n o t  f a t  p e r c e n t a g e  o f  e x o t i c  b r e e d s  o f  

c a t t l e  showed lesser v a r i a t i o n  compared t o  f a t  and  t o t a l  

s o l i d s  p e r c e n t a g e .  Byron e t  a l .  ( 1 9 7 2 )  r e p o r t e d  s o l i d s  

n o t  f a t  c o n t e n t  o f  above  n i n e  p e r c e n t  i n  Guernsey ,  

J e r s e y ,  Brown S w i s s ,  A y r s h i r e  b r e e d s  o f  c a t t l e .  



T a b l e  2 . 3  A v e r a g e  s o i l d s  n o t  f a t  p e r c e n t a g e  of m i l k  

i n  r e c o g n i s e d  1 n d i a n  breeds o f  c a t t l e  a n d  

t h e i r  crosses 

s o l i d s  n o t  
A u t h o r  ( s ) B r e e d s  o f  c a t t l e  f a t  

p e r c e n t  a g e  
_ -- .- -- I_____ - _ _ . _ _ _ I _ _ ~  ---- --- 

Annual  R e p o r t  s i n d h i  9 .03  
NDRI ( 1 9 4 8 )  

G i r  8 .83  

T h a r p a r k a r  

Ghosh a n d  ~ i n d h i  
~ n a n t h a k r i s h n a n  
( 1 9 6 3 )  G i r  

C r o s s b r e d  

A r o r a  a n d  G u p t a  N imar i 
( 1 9 6 9 )  

Babu Rao a n d  O n g o l e  9 .30  
J a y a r a m a k r i s h n a  
( 1 9 8 3 )  O n g o l e  x Brown - 9 . 0 9  

S w i s s  

O n g o l e  x H F  

2.2.3.3 Stage of lactation 

The s t a g e  o f  l a c t a t i o n  a n d  a g e  o f  t h e  cow h a d  a 

s i g n i f i c a n t  e f f e c t  on s o l i d s  n o t  f a t  c o n t e n t  o f  t h e  m i l k  

(Bayoumi,  1 9 5 9 ) ;  S i n g h  e t  a l . ,  1 9 6 1 )  
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Ghosh a n d  ~ n a n t a k r i s h n a n  ( 1 9 6 4 ) ;  h o r a  a n d  G u p t a  

( 1969 ) o b s e r v e d  n o  d e f i n i t e  t r e n d  a n d  c o n c l u d e d  t h a t  t h e  

s t a g e  o f  l a c t a t i o n  was  n o t  h a v i n g  s i g n i f i c a n t  e f f e c t  o n  

SNF c o n t e n t  o f  t h e  m i l k  i n  cows.  

2.2.3.4 Season 

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

e f f e c t  .of  s e a s o n  o n  t h e  SNF c o n t e n t  o f  t h e  m i l k  o f  

c a t t l e  (Ghosh a n d  A n a n t a k r i s h n a n ,  1 9 6 4 ;  A r o r a  a n d  G u p t a ,  

1 9 6 9 ;  ~ o m m e r f e l d t  et a l . ,  1 9 8 5 ;  Mohran a n d  Fahmy, 1 9 9 2 ) .  

2.2.4 Correlation among constituents 

N o n - s i g n i f  i c a n t  c o r r e l a t i o n s  b e t w e e n  f a t  a n d  SNF 

p e r c e n t a g e s  w e r e  r e p o r t e d  by Bayoumi 1 1 9 5 9 ) ;  A r o r a  a n d  

G u p t a  ( 1 9 7 2 ) .  Babu Rao a n d  J a y a r a m a k r i s h n a  ( 1 9 8 3 )  f o u n d  

s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  f a t  a n d  SNF p e r c e n t a g e s  

i n  O n g o l e  a n d  t h e i r  c r o s s e s  a n d  ' ~ o m m e r f e l d t  et a l .  

( 1 9 8 5 )  o b s e r v e d  p o s i t i v e  s i g n i f i c a n t  c o r r e l a t i o n .  

S i g n i f i c a n t  c o r r e l a t i o n  v a l u e s  (Babu Rao a n d  

J a y a r a m a k r i s h n a ,  1 9 8 3 )  w e r e  o b t a i n e d  b e t w e e n  f a t  a n d  

t o t a l  s o l i d s  p e r c e n t a g e s  among O n g o l e  a n d  t h e i r  

c r o s s b r e d  cows a n d  by B e l y a e v  a n d  Kiseleva ( 1 9 6 6 )  i n  

B l a c k  P i e d  a n d  S i m m e n t a l  cows.  



Babu Rao and  ~ a y a r a m a k r i s h n a  ( 1 9 8 3 )  r e p o r t e d  

s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  be tween  SNF a n d  T o t a l  

s o l i d s  p e r c e n t a g e s  i n  Ongo le  a n d  t h e i r  c r o s s b r e d  cows. 

2.3 Fat globule 

The l i p i d s  e x i s t  i n  m i l k  i n  t h e  f o r m  o f  s p h e r i c a l  

d r o p l e t s  o r  g l o b u l e s  ( J e n n e s s  a n d  P a t t o n  1959 ) . They are 

v e r y  s m a l l ,  b u t  v a r y  c o n s i d e r a b l y  i n  s i z e  ( 2  t o  2 0 L L ) .  

The m i l k  p h o s p h o l i p i d s  are p r e s e n t  i n  t h e  f a t  g l o b u l e  

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

deve lopment  o f  b r a i n  and  n e r v o u s  t i s s u e s  and  a lso  p a l y  

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

i t s  e m u l s i f y i n g  a c t i o n  (Norman, 1 9 7 8 ) .  An i n c r e a s e  i n  

t h e  number o f  smaller s i z e  of  f a t  g l o b u l e  i s  a l w a y s  

associated w i t h  g r e a t e r  s u r f a c e  area and  h i g h e r  

p h o s p h o l i p i d  c o n t e n t  (Kuchroo  a n d  Narayanan ,  1977a  & b ) .  

The s m a l l  s i z e  f a t  g l o b u l e s  are d i g e s t e d  m o r e  r e a d i l y  by 

l i p a s e s  b e c a u s e  o f  t h e  g r e a t e r  s u r f  ace e x p o s e d  ( J e n n e s s ,  

1 9 8 0 ) .  The s i z e  o f  f a t  g l o b u l e  i n f l u e n c e d  by s p e c i e s ,  

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

e n v i r o n m e n t a l  f a c t o r s  s u c h  as f e e d ,  climate w e r e  less 

d e f i n i t i v e  ( J e n n e s s  and  P a t t o n ,  1 9 5 9 ) .  



2.3.1 Effect of species 

� ah mi e t  al. ( 1 9 5 6 )  r e p o r t e d  t h a t  t h e  a v e r a g e  s i z e  

o f  f a t  g l o b u l e s  w e r e  3 . 3 0 ~ ~  3 . 4 9 ~ ~  4 . 5 5 ~  a n d  5 . 9 2 ~  f o r  

s h e e p ,  g o a t ,  cow and  b u f f a l o  m i l k .  

.Balwant  R a i  ~ u r i  e t  dl. ( 1 9 6 1 )  o b s e r v e d  a r a n g e  i n  

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

cow and  b u f f a l o  m i l k  as 2 .06  t o  3 . 5 3 ~ ~  3 . 2 6  t o  3 . 9 9 ~  

and  3 .68  t o  5 . 0 5 ~  r e s p e c t i v e l y .  

Kuchroo a n d  Narayanan  ( 1 9 7 7 b )  r e p o r t e d  t h e  a v e r a g e  

s i z e  o f  f a t  g l o b u l e  i n  c o w  and  b u f f a l o  m i l k  were 3 .5p ,  

4 . 6 ~ .  

George ( 1 9 8 1 )  s t u d i e d  s i z e  o f  f a t  g l o b u l e s  

i n  ~ l p i n e  X ~ a i a b a r i  and  Saanan  X ~ a l a b a r i  c r o s s b r e d  

g o a t s  as 2 . 5 6 ~  and  2 . 7 0 ~  r e s p e c t i v e l y .  The s i z e  w a s  

f o u n d  t o  be d e c r e a s i n g  w i t h  t h e  advancement  of  

l a c t a t i o n .  

2.3.2 Effect ot Breed 

The d i s t r i b u t i o n  o f  f a t  g l o b u l e  s i z e  was  i n f l u e n c e d  

by b r e e d ,  t h e  cows o f  Channe l  I s l a n d  b r e e d s  p r o d u c e  

m i l k  c o n t a i n i n g  more o f  l a r g e r  g l o b u l e s  t h a n  t h o s e  of  



o t h e r  breeds. The f a t  g l o b u l e  s i z e  d i s t r i b u t i o n  f o r  f o u r  

breeds of c a t t l e  ( J e n n e s s  a n d  P a t t o n ,  1 9 5 9 )  i s  g i v e n  i n  

Table 2 . 4 .  

T a b l e  2 . 4  P e r  c e n t  d i s t r i b u t i o n  a n d  mean s i z e  o f  f a t  

g l o b u l e s  i n  m i l k  o f  F o u r  b r e e d s  of ca t t l e  

Breed Range i n  m i c r o n s  

0-2.4 2.4-4.8 4.8-7.2 7.2-9.6 9.6-12 12-14.4 Mean 

.................................................................. 

J e r s e y  8.1 38.3 32.1 18.1 5.3 1.1 5.48 

Gurnsey 6.5 38.9 35.0 14.4 4.4 0.7 5.36 

A y r s h i r e  14.6 54 - 0  23.4 6.2 1.6 0.2 4.24 

H o l s t e i n  14.5 54.6 24.5 5.1 1.1 0.2 4.18 

2.3.3 Effect of stage of lactation 

The s i z e  o f  f a t  g l o b u l e s  was a f f e c t e d  by s t a g e  of  
+-- 

l a c t a t i o n .  I t  w a s  r e p o r t e d  by Upadhyaya et  a 1  . (1973  ) i n  

b u f f a l o e s :  ~ a t i y a r  et dl. ( 1 9 7 3 )  i n  s a h i w a l  cows. 

Kuchroo and  Narayanan  ( 1 9 7 7 b )  o b s e r v e d  a n  i n c r e a s e  i n  

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

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

p r o g r e s s e d .  



2.3.4 Effect of milking interval 

The relative size of fat globules in the morning 

and evening milk were not similar (Byron et al., 1972) 

unless the milking intervals were equal. 

2.3.5 Effect ot tractional milking 

Whittlestone (1958) observed no difference in size 

of fat globules between middle milk and strippings. 

Kuchroo and Narayanan (1977a) reported that the size of 

fat globules have a negative trend towards the 

termination of milking corresponding to increase in the 

fat content of milk. 

2.3.6 Correlation .coefficient between fat globule size and fat 

percentage 

Kuchroo and Narayanan reported (1977a) significant 

negative correlation of fat globule size with fat 

percentage as -0.7056 ip buffalo and -0.8648 in cow 

milk. The correlation coefficient for early, middle and 

late lactation was - 0.0963, - 0.1606 and + 0.4033 in 

buffalo and - 0.4236, -0.0984 and - 0.1373 in cow's milk 

respectively. 
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Kuchroo a n d  Narayanan  ( 1 9 7 7 b )  o b s e r v e d  s i g n i f i c a n t  

n e g a t i v e  c o r r e l a t i o n  c o e f f i c i e n t  be tween  f a t  g l o b u l e  

s i z e  and  p h o s p h o l i p i d  c o n t e n t  i n  f o r e  m i l k  and  

s t r i p p i n g s  o f  cow and  b u f f a l o .  

2.4 Iodine Value 

1 o d i n e  v a l u e  g i v e s  a m e a s u r e  o f  t h e  u n s a t u r a t e d  

f a t t y  acids p r e s e n t  i n  t h e  f a t  ( J e n n e s s  a n d  P a t t o n ,  

1 9 5 9 ) .  The s a t u r a t e d  f a t t y  acids are d i g e s t e d  e a s i l y  

by p - o x i d a t i o n  t h a n  u n s a t u r a t e d  f a t t y  acids and  f o u n d  t o  

be v e r y  u s e f u l  i n  m a l a b s o p t i o n  syndromes  (Vasudevan  and  

S r e e k u m a r i , l 9 9 5 ) .  

Basu ( 1 9 6 2 )  r e p o r t e d  t h a t  t h e  i o d i n e  v a l u e  f o r  

m i l k  f a t  f r om d i f f e r e n t  breeds o f  g o a t s  a n d  cows v a r i e d  

f rom 32 .8  t o  33 .9 ,  w h i l e  b u f f a l o  m i l k  f a t  showed a lower  

v a l u e  o f  2 9 . 4 .  

 ahm mi and  Fahmy ( 1 9 7 2 )  f o u n d  t h a t  w i t h  a d v a n c i n g  

s t a g e  o f  l a c t a t i o n  i o d i n e  v a l u e  o f  b o t h  cows and  

b u f f a l o e s  t e n d e d  t o  decrease. 1 o d i n e  v a l u e  a t  t h e  

b e g i n n i n g  o f  l a c t a t i o n  and  t h e  r e l a t i v e  rates o f  

i n c r e a s e  d u r i n g  t h e  l a c t a t i o n  period w e r e  h i g h e r  i n  cows 

t h a n  i n  b u f f a l o e s .  They r e p o r t e d  t h a t  i o d i n e  v a l u e  were 

n o t  a f f e c t e d  by c h a n g e  i n  r a t i o n .  



Ramarnurthy e t  dl. ( 1 9 7 8 )  r e p o r t e d  v a r i a t i o n  i n  

i o d i n e  number f r o m  2 1 . 6  t o  31 .6  i n  c o w ' s  m i l k  f a t .  

G e o r g e  ( 1 9 8 1 )  r e p o r t e d  i o d i n e  number  f o r  t h e  m i l k  

f a t  o f  ~ l p i n e  x ~ a l a b a r i  a n d  S a a n e n  x ~ a l a b a r i  g o a t s  as 

24 .95 ,  2 5 . 0 9  r e s p e c t i v e l y  a n d  f o u n d  t h a t  it was 

i n c r e a s e d  w i t h  t h e  advancement  o f  l a c t a t i o n  i n  c r o s s b r e d  

g o a t s .  / H e n r y  a n d  N e w l a n d e r  ( 1 9 8 7 )  r e p o r t e d  a r a n g e  i n  

t h e  i o d i n e  number o f  cow m i l k  f a t  as  30 t o  3 4 .  They 

o b s e r v e d  a s h a r p  i n c r e a s e  d u r i n g  p a s t u r e  s e a s o n  a n d  when 

o i l y  f e e d s  w e r e  f e d .  I t  a l s o  i n c r e a s e d  d u r i n g  l a s t  few 

weeks  o f  l a c t a t i o n  p e r i o d  a n d  t o  some e x t e n t  d u r i n g  

f a s t i n g .  





F o u r t e e n  Vechur  cows m a i n t a i n e d  u n d e r  ICAR Scheme 

on " c o n s e r v a t i o n  o f  Germplasm o f  Vechur  c a t t l e  o f  t h e  

c o a s t a l  area and  o t h e r  dwarf  c a t t l e  o f  h i g h  r a n g e s  o f  

Kerala" were u s e d  f o r  t h i s  s t u d y  ( F i g .  1 ) .  

Collection of milk samples 

Milk  s a m p l e s  o f  50  m l  f r o m  i n d i v i d u a l  cows w e r e  

c o l l e c t e d  m i x i n g  a t  week ly  i n t e r v a l s  i n  t h e  morn ing  and  

e v e n i n g  f o r  o n e  l a c t a t i o n .  Samples  w e r e  a n a l y s e d  f o r  

p e r c e n t a g e  o f  f a t ,  t o t a l  s o l i d s ,  so l id s  n o t  f a t  a n d  f a t  

g l o b g l e  s i z e .  The s amp le  f o r  m i l k  p r o t e i n  po lymorphism 

w e r e  c o l l e c t e d  i n  a s ter i le  p l a s t i c  t u b e  d i r e c t l y  f rom 

t h e  t e a t s .  Hal f  l i t r e  o f  m i l k  was u s e d  f o r  t h e  

e s t i m a t i o n  o f  i o d i n e  number a t  f o r t n i g h t l y  i n t e r v a l s  f o r  

f o u r  months .  

Management of cows in the farm 

The cows i n  m i l k  i n  t h e  f a r m  were f e d  w i t h  

a d l i b i t u m  r o u g h a g e  and  o n e  kg.  o f  c o n c e n t r a t e  m i x t u r e  

h a v i n g  f o l l o w i n g  c o m p o s i t i o n .  



Fig. 1 Vechur cattle of Ketala 



Y e l l o w  m a i z e  2 0  p a r t s  

Ground n u t  o i l  c a k e  2 8  p a r t s  

Wheat b r a n  1 7  p a r t s  

 ice p o l i s h  32 p a r t s  

~ i n e r a l  m i x t u r e  1 . 5  p a r t s  

S a l t  1 . 5  p a r t s  

The a n i m a l s  w e r e  v a c c i n a t e d  a g a i n s t  f o o t  a n d  mouth 

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

Weaning i s  n o t  p r a c t i s e d  a n d  l e t t i n g  down o f  m i l k  i s  

d o n e  by s u c k l i n g  o f  c a l v e s .  S a m p l e s  w e r e  c o l l e c t e d  

f r o m  i n d i v i d u a l  cows i n  t h e  m o r n i n g  a n d  e v e n i n g .  

The t r a i t s  s t u d i e d  w e r e :  

1 .   ilk p r o t e i n  po lymorph i sm:  

2 .  P e r c e n t a g e  o f  f a t ,  t o t a l  s o l i d s  a n d  s o l i d s  n o t  

f a t  i n  m i l k  

3 .  F a t  g l o b u l e s  s i z e  a n d  d i s t r i b u t i o n  

4 .  I o d i n e  v a l u e  



3.1 Milk protein polymorphism 

3.1.1 Procedure of Separation of casein 

F r a c t i o n a t i o n  of c a s e i n  was  s ta r ted  w i t h i n  a n  h o u r  

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

Thompson a n d  Kiddy ( 1 9 6 4  ) w i t h  s l i g h t  m o d i f i c a t i o n .  

F i v e  m l  o f  m i l k  s a m p l e  w a s  c e n t r i f u g e d  f o r  15  

m i n u t e s  a t  3000 rpm. The s k i m  m i l k  u n d e r  t h e  f a t  l a y e r  

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

t o  f r e s h  c e n t r i f u g e  t u b e s .  1N h y d r o c h l o r i c  a c i d  w e r e  

a d d e d  t o  t h e  s k i m  m i l k  s a m p l e s  till t h e  pH was  a d j u s t e d  

t o  4 . 6 .  The s a m p l e s  w e r e  a g a i n  c e n t r i f u g e d  a t  3000 rpm 

f o r  1 5  m i n u t e s  a n d  t h e  whey p o r t i o n  was  removed.  The 

c a s e i n  o b t a i n e d  i n  t h e  t u b e s  w e r e  washed  f o r  f o u r  t o  

f i v e  t i m e s  w i t h  d i s t i l l e d  w a t e r .  

3.1.2 Separation of Genetic variants of Casein 

The v a r i a n t s  o f  c a s e i n  w e r e  s e p a r a t e d  by p o l y  

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

w e r e  i d e n t i f i e d  by  t h e i r  e l e c t r o p h o r e t i c  m o b i l i t y  as p e r  

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

c o w ' s  m i l k  e s t a b l i s h e d  by %igel  e t  al. ( 1 9 8 4 ) .  



3.1.3 Buffers and solutions: Electrophoretic buffer 

~ r i s  - 1 2  g 

~ l y c e r i n e  - 5 7 . 6  g 

 ist tilled water - 2 . 0 . 1  

PH - 8 . 3  

~ c r y l a m i d e  s tock  s o l u t i o n  (A) 

  cry lamide ( ~ i s c o  ) - 32 g 

N ,  N ,  M e t h y l e n e  ~ i s a c r y l a m i d e  - 0 . 8  g  

The t w o  r e a g e n t s  w e r e  d i s s o l v e d  i n  1 0 0  m l  d i s t i l l e d  

w a t e r  a n d  f i l t e r e d .  

G e l  buffer ( B )  

T r i s  9  g 

U r e a  24.4 g  

c i t r i c  a c i d  0.9 g  

 ist tilled water 1 0 0  m l  

B e t a  M e r c a p t o  E t h a n o l  : 4  d r o p s  

Ammonium persulphate ( C )  

50  mg o f  ammonium p e r s u l p h a t e  was  f r e s h l y  

d i s s o l v e d  i n  5 0  m l  d i s t i l l e d  water a n d  u s e d .  



working gel solution 

composition for the 8 % acrylamide gel 

~ c r y l a m i d e  ( A )  6 .25  m l  

G e l  b u f f e r  ( B )  8 m l  

 ist tilled w a t e r  2 .75  m l  

TEMED 0.03 m l  

Ammonium p e r s u l p h a t e  ( C )  : 8 m l  

Staining solution 

Amido b l a c k  1 0  B 

 ist tilled w a t e r  

A c e t i c  a c i d  

Destaining solution 

M e t h a n o l  

Glac ia l  ace t ic  acid 

D i s t i l l e d  w a t e r  

Preserving solution 

~ c e t i c  a c i d  

D i s t i l l e d  w a t e r  



3.1.4 Procedure 

3.1.4.1 Preparation of gel 

A c o n t i n u o u s  b u f f e r  s y s t e m  o f  8 p e r  c e n t  a c r y l a m i d e  

s o l u t i o n  a t  pH 8 .3  was u s e d .  

Two p l a t e s  o f  e q u a l  s i z e ,  o n e  made u p  o f  a c r y l i c  

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

p r e p a r a t i o n  o f  g e l .  The a c r y l i c  s h e e t  w a s  h a v i n g  1 .5  mm 

h i g h  f r a m e  o n  t h r e e  sides w h i c h  f o r m e d  t h e  t h i c k n e s s  o f  

t h e  g e l .  On t h e  f r e e  s ide  w i t h o u t  t h e  f r a m e  t h e  a c r y l i c  

s h e e t  was  h a v i n g  p r o j e c t i o n  t o  f o r m  w e l l  o n  t h e  g e l .  The 

g l a s s  p l a t e  was  k e p t  i n  o p p o s i t i o n  by a n  a p p l i c a t i o n  o f  

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

a l l  s i d e s .  F r e s h l y  p r e p a r e d  w o r k i n g  g e l  s o l u t i o n  was  

f i l l e d  i n t o  t h e  g a p  b e t w e e n  t h e  p l a t e s .  Care w a s  t a k e n  

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

P o l y m e r i s a t i o n  was  c o m p l e t e d  w i t h i n  2 0  m i n u t e s .  

Preparation of casein sample for electrophoresis 

The c a s e i n  w a s  d i s s o l v e d  i n  6 M  u r e a  s o l u t i o n  f o r  t h e  

a p p l i c a t i o n  of t h e  s a m p l e s  f o r  e l e c t r o p h o r e s i s .  



3.1.4 2 Electrophoresis 

~ c r y l i c  s h e e t  was  c a r e f u l l y  removed a n d  g e l  w i t h  

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

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

p a p e r  No.1 w a s  u s e d  as  t h e  w i c k  f o r  t h e  c o m p l e t i o n  o f  

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

numbers o f  f i l t e r  p a p e r s  o f  e q u a l  s i z e s  a n d  same l e v e l  

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

The w i c k s  w e r e  we t ted  w e l l  and  p l a c e d  g e n t l y  on e i t h e r  

s ide  o f  t h e  g e l .  

Twenty m i c r o l i t r e s  o f  c a s e i n  s a m p l e  d i s s o l v e d  i n  

6 M u r e a  s o l u t i o n  was c h a r g e d  i n t o  t h e  w e l l s .  

Bromophenol b l u e  was u s e d  as  m a r k e r  on  two  w e l l s  as 

i n d i c a t o r .  An i n i t i a l  c u r r e n t  o f  200 V a t  10  MA f o r  10  

m i n u t e s  f o l l o w e d  by 200 V a t  25 MA f o r  5 Hours  w a s  

a p p l i e d .  

3.1.4.3 Staining, destaining and preservation 

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

d e s t a i n i n g  s o l u t i o n  f o r  2 h o u r s .  E x c e s s  s t a i n  w a s  

removed by k e e p i n g  t h e  g e l  i n  d e s t a i n i n g  s o l u t i o n  f o r  1 2  

h o u r s .  Then it w a s  p r e s e r v e d  i n  t h e  p r e s e r v i n g  s o l u t i o n .  
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The genetic variants were identified by their relative 

mobili ty on the gel. 

3.1.2 Whey proteins 

Whey protein variants was separated by the method 

of Ng-Kwai-Hang et al. (1984). The same method for 

casein with the following modifications was applied for 

whey proteins. Gel buffer (B) devoid of urea with same 

composition was used. Crystaline urea 0.4 g/ml was 

added to the supernatant left after casein 

precipitation, twenty microlitres of the samples were 

applied to the wells. Twelve percentage acrylamide gel 

was used. 

3.1.3 Analysis of data 

The gene frequencies at different !oci were 

calculated by the direct counting method and expressed 

in percentage. 

3.2 Milk composition 

3.2.1 Fat percentage 

Fat percentage of milk was estimated by Gerber's 

method as per the procedure described in IS : 1224 

Part I (1977). 



3.2.2 Total solids percentage 

Tota l .  s o : l i d s  p e r c e n t a g e  o f  m i l k  was e s t i m a t e d  by 

g r a v i m e t r i c  method ( I S  : 1 4 7 9  - P a r t  I1 1 9 6 1 ) .  

3.2.3 Solids not fat percentage 

S o l l d s  n o t  f a t  (SNF) c o n t e n t  of m i l k  w a s  d e t e r m i n e d  

by f i n d i n g  t h e  d i f f e r e n c e  be tween  t o t a l  sclids c o n t e n t  

and  f a t  c o n t e n t  o f  m i l k .  

3.2.4 Statistical Analysis 

Mean, S t a n d a r d  e r r o r  and c o e f  f i c iec t  o f  v a r i a t i o n  

w e r e  e s t i - m a t e d  f o r  e a c h  pa rme te r .  C o r r e l a t i o n  be tween  

t r a i t s  w a s  e s t i m a t e d  by t h e  method d e s c r i b e d  by ~ n e d e c o r  

and  C o c h r a  ( 1 9 6 7 ) .  

The i.nf l u e n c e  o f  s t a g e  o f  l a c t a t i o n  ie  weeks 1 - 4 4  

and  t i m e  of a i l k r n g  w e r e  worked  o u t  u s i n g  least s q u a r e s  

a n a l y s i s  of v a r i a n c e  as d e s c r n b e d  by Harvey ( 1 9 8 6 )  f o r  

non o r t h o g o n a l  d a t a .  Model x e d  w a s :  



~ i j k  = u  + T i  +. S] + e i j k  

where, 

~ i j k  = kt" o b s e r v a t i o n  o f  1'-' week ( s t a g e )  o f  

t h e  it-" t i m e  m i l k i n g  

u  = G e n e r a l  mean 

~i - E f f e c t  o f  i t ? i m e  o f  m i l k i n g  

( t  = 1 -2 ) 

sj - E f f e c t  o f  j"" s t a g e  o f  l a c t a t i o n  

( S  = 1 - 4 4 )  

e i j k  = Random e r r o r  

3.3 Fat globule 

3.3.1 Measuring the size of fat globules 

/' 
The t e c h n i q u e  o f  Rangappa  ( 1964 ) w i t h  m o d i f i c a t i o n s  

i n  dilution of m i l k  was  u s e d  t o  estimate t h e  s i z e  o f  f a t  

g l o b u l e s .  One? m l  o f  m i l k  s a m p l e  was  made u p  t o  1 0  m l  

w i t h  water. T h e  m i c r o s c o p i c  e x a m i n a t i o n  was  c a r r i e d  o u t  

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

w h i c h  a c o v e r  s l i p  w a s  p l a c e d .  The diameter o f  t h e  f a t  

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

f i t t i n g  a n  e y e  p i e c e  m i c r o m e t e r  t o  t h e  e y e  p i e c e  o f  t h e  

m i c r o s c o p e ,  t h e  scale  o f  w h i c h  b e i n g  p r e v i o u s l y  

d e t e r m i n e d  by 1/100 s t a g e  micrometer. 



ÿ ilk s a m p 1 . e ~  w e r e  t a k e n  f r o m  cows i n d i v i d u a l l y .  The 

s i z e  o f  a t leas t  1 0 0  f a t  g l o b u l e s  w e r e  m e a s u r e d  i n  e a c h  

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

f i e l d  w e r e  recorded, t h e  m i c r o s c o p i c  f i e l d  was  d i v i d e d  

i n t o  s e c t i o n s  by  f u l l  r o t a t i o n  o f  t h e  e y e  piece. The 

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

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

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

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

3.3.2 Method of analysis 

F a t  g l o b u l e  s i z e  was  d e t e r m i n e d  by t h e  method  o f  

Kuchroo  a n d  N a r a y a n a n  ( 1 9 7 7 a ) .  To estimate t h e  a v e r a g e  

diameter, t h e  f a t  g l o b u l e s  m e a s u r e d  w e r e  g r o u p e d  

a c c o r d i n g  t o  t h e i r  d i a m e t e r .  The a v e r a g e  diameter was  

t h e n  o b t a i n e d  by  m u l t i p l y i n g  t h e  number o f  g l o b u l e s  i n  

e a c h  g r o u p  by i t s  a v e r a g e  diameter, summing t h e  p r o d u c t s  

a n d  d i v i d i n g  i t  by t h e  t o t a l  number o f  g l o b u l e s  i n  a l l  

g r o u p s .  P o o l e d  s a m p l e s  o f  m i l k  f r o m  g o a t s ,  c r o s s b r e d  

c a t t l e  a n d  b u f f a l o e s  w e r e  t a k e n  as c o n t r o l s  a n d  a l s o  f o r  

c o m p a r i s o n  as a g a i n s t  i n d i v i d u a l  s a m p l e s  f r o m  Vechur  

a n i m a l s .  



3.4 Iodine value 

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

a b s o r b e d  by 1 0 0  g o f  o i l  or f a t .  The  s o f t n e s s  o f  f a t  i s  

d i r e c t l y  related t o  i o d i n e  number .  i o d i n e  number was  

estimated by ~ r j i ' s  m e t h o d  ( I S  : 3508-1966 p a r t  I 1 9 8 0 )  

3.4.1 Procedure 

Weighed a c c u r a t e l y  0 .40 - 0 .45g  o f  t h e  c l e a n  g h e e  

f r o m  i n d i v i d u a l  cows i n  a d r y  i o d i n e  v a l u e  f l a s k .  The 

f a t  was  d i s s o l v e d  i n  1 5  m l  o f  c a r b o n  t e t r a c h l o r i d e  a n d  

by  means of a b u r e t t e  e x a c t l y  25 m l  o f  W i j i s  r e a g e n t s  

( I o d i n e  mono c n l o r i d e  5ml; Glacial acet ic  a c i d  500 m l )  

was  a d d e d .  The f l a s k  was  c l o s e d  w e l l  a n d  mixed  c a r e f u l l y  

a n d  l e f t  f o r  o n e  h o u r  i n  t h e  d a r k .  Then 2 0  m l  o f  1 0  

p e r c e n t a g e  p o t a s s i u m  i o d i d e  s o l u t i o n  a n d  a p p r o x i m a t e l y  

1 5 0  m l  o f  d i s t i l l e d  w a t e r  w e r e  a d d e d  a n d  mixed  w e l l .  The 

c o n t e n t s  w e r e  t i t r a t e d  w i t h  0 .1  N s o d i u m  t h i o s u l p h a t e  

s o l u t i o n  s w i r l i n g  t h e  l i q u i d  c o n s t a n t l y .  S h o r t l y  

b e f o r e  t h e  e n d  o f  t h e  t i t r a t i o n  2 m l  o f  t h e  s t a r c h  

s o l u t i o n  was  a d d e d  a n d  t h e  c o n t e n t s  w e r e  s h a k e n  

v i g o r o u s l y .  A b l a n k  t e s t  was  c a r r i e d  o u t  by u s i n g  t h e  

same q u m t i t y  o f  t h e  r e a g e n t s .  Then number was  

c a l c u l a t e d  as f o l l o w s .  



~ o d i n e  v a l u e  = 

Where 

B - Volume i n  m l  o f  s t a n d a r d  s o d i u m  

t h i o s u l p h a t e  r e q u i r e d  f o r  t h e  b l a n k  

S - Volume i n  m l  o f  s t a n d a r d  s o d i u m  

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

N - N o r m a l i t y  o f  t h e  s t a n d a r d  s o d i u m  

t h i o s u l p h a t e  s o l u t i o n  

w - w e i g h t  i n  g ram o f  t h e  mater ia l  t a k e n  f o r  

t h e  test 

The i o d i n e  v a l u e  i s  e x p r e s s e d  as a number.  





RESULTS 

4.1 Milk protein polymorphism 

F o u r t e e n  a n i m a l s  w e r e  t y p e d  f o r  m i l k  p r o t e i n  

v a r i a n t s  s u c h  as a , , - ca se in ,  p - c a s e i n ,  K - c a s e i n  a n d  whey 

p r o t e i n s  a - l a c t a l b u m i n  and  P - l a c t o g l o b u l i n .  The 

pheno type  and  g e n e  f r e q u e n c y  a r e  p r e s e n t e d  i n  T a b l e  4 . l .  

4.1.1 Casein 

4.1 .I .I as,-casein 

T h r e e  p h e n o t y p e s  ( F i g .  2 ) were o b s e r v e d  i n  a , , - ca se in  

l o c u s  v i z . ,  BB, BC and  CC w i t h  a l leles  B and  C. The 

Pheno type  BB w a s  f a s t  moving and  CC s l o w  moving. The 

d i a g r a m m a t i c  : r e p r e s e n t a t i o n  i s  g i v e n  i n  F i g .  3 .  

Two p h e n o t y p e s  AA and  AB w i t h  t w o  a l l e l e s  A and  B 

w e r e  o b s e r v e d  a t  p - c a s e i n  l o c u s  ( F i g .  2 ) .  The 

d i a g r a m m a t i c  r e p r e s e n t a t i o n  i s  g i v e n  i n  F i g .  3 .  



T a b l e  4.1 Pheno1:ype and  g e n e  f r e q u e n c y  of r,,-, P and  
k - c a s e i n s ,  a -Lac ta lbumin  and  p - l a c t o g l o b u l i n  
t y p e s  i n  Vechur  c a t t l e .  

V a r i a n t  Pheno type  f r e q u e n c i e s  Gene f r e q u e n c y  

a - c a s e i n  

,t3-casein 

k -case in  

a - l a c t a l b u m i n  

* Numbers i n  ~ a r e n t h e s i s  d e n o t e s  number of o b s e r v a t i o n  



4.1 .I .3  casein 

TWCY p h e n o t y p e s  ( ~ i g . 2 )  AA, AB w e r e  o b s e r v e d  i n  

k - c a s e i n  l o c u s .  The d i a g r a m m a t i c  r e p r e s e n t a t i o n  is 

g i v e n  i n  r i g . 3 .  The pheno type  AA w a s  f a s t  moving i n  

p - c a s e i n  and  k - c a s e i n .  

4.1.2 Whey proteins 

4.1.2.1 a-Lactalbumin 

Two pheno types  AA ( F i g .  4 )  and  AB w i t h  two a l l e l e  A 

and  B w e r e  o b s e r v e d  a t  a -Lac ta lbumin  l o c u s .  The AA w a s  

f a s t  moving. The d i a g r a m m a t i c  r e p r e s e n t a t  i o n  i s  g i v e n  

i n  F i g .  5 .  

P - L a c t o g l o b u l i n  had t h r e e  p h e n o t y p e s  v i z . ,  AA, AB 

and BB. The AA was t h e  f a s t  moving ( F i g . 4 ) .  The 

d i ag rammat i c  r e p r e s e n t a t i o n  is shown i n  F i g .  5 .  

4.2 Milk Composition 

4.2.1 Milk fat percentage 

The m i l k  f a t  p e r c e n t a g e  of  t h e  morning and e v e n i n g  

m i l k  s amples  was e s t i m a t e d  a t  weekly  i n t e r v a l s .  The 

mean f a t  p e r c e n t a g e  w i t h  s t a n d a r d  e r r o r  and  c o e f f i c i e n t  



K - casein AA AB AB WB AB 
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Fig. 5 Diagrammatic representation of d -1aetalbuin 

and p-lactoglobulin phenotypes 



of v a r i a t i o n  are g i v e n  i n  Table 4 . 2 .  T h e  average o f  

m i l k  f a t  p e r c e n t a g e  f r o m  w e e k s  1 t o  44 w a s  5 . 9 5  2 0.12 

a n d  6 .62 2 0 . 1 3  f o r  m o r n i n g  a n d  e v e n i n g  m i l k .  The 

average o f  m o r n i n g  a n d  e v e n i n g  f a t  p e r c e n t a g e  w a s  6 . 2 3 .  

The mean f a t  p e r c e n t a g e  a t  f i r s t  week w a s  4.05 !: 0.19,  

4 . 6 5  + 0 .17  a n d  by 20'" week o f  l a c t a t i o n  5 .92  + 0 .08 ,  

6 .55 f 0.05 i n  t h e  m o r n i n g  a n d  e v e n i n g  m i l k  

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

The e f f e c t  o f  s t a g e  o f  l a c t a t i o n  i s  g i v e n  i n  ~ i g . 6 .  

L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  showed t h a t  

d i f f e r e n c e s  ( T a b l e  4 . 3 )  i n  f a t  p e r c e n t a g e  f o r  d i f f e r e n t  

w e e k s  f r o m  1 t o  44 w e r e  h i g h l y  s i g n i f i c a n t .  so a l s o  t h e  

d i f f e r e n c e  b e t w e e n  m o r n i n g  a n d  e v e n i n g  m i l k .  The 

least  s q u a r e  mean f o r  1 t o  44 w e e k s  ( T a b l e  4 . 4 )  

v a r i e d  f r o m  4 . 4 3  + 0.12 t o  7.52 f 0 .20 .  The o v e r a l l  

mean w a s  6 . 1 3  f 0.04 a n d  f o r  m o r n i n g  a n d  e v e n i n g  

5 .99 + 0 .03  a n d  6 .62 2 0 . 0 3  r e s p e c t i v e l y .  

4.2.2 Total solids percentage 

The t o t a l  s o l i d s  i n  t h e  m o r n i n g  a n d  e v e n i n g  

estimated by g r a v i m e t r i c  method  a t  w e e k l y  i n t e r v a l s .  

The mean t o t a l  s o l i d s  p e r c e n t a g e  w i t h  s t a n d a r d  e r r o r  a n d  

c o e f f i c i e n t  o f  v a r i a t i o n  are p r e s e n t e d  i n  T a b l e  4 . 5 .  

The  a v e r a g e  t o t . a l  s o l i d s  p e r c e n t a g e  was  1 4 . 7 9  2 0 .13  i n  

t h e  m o r n i n g  a n d  1 5 . 5 3  f 0 . 1 2  i n  t h e  e v e n i n g  f o r  1 - 44 



T a b l e  4 . 2  Averaye f a t  p e r c e n t a g e  of  m i l k  a t  weekly 

i n t e r v a l s  i n  Vechur c a t t l e  

- 
. -" -. 

Weeks 
Mean CV% Mean CV% 

Contd. . . . 



Table 4 . 2  coiitd. . 

C o n t d .  . . . 



/70-77? 
Table 4 . 2  contd .  . . 

Contd.. . . 



T a b l e  4 .2  c i ~ n t d .  . . 

* Numbers i n  , ; a r e n t h e s i s  d e n o t e s  number o f  o b s e r v a t i o n  



F i c . 6  BPFECT OF SUOH OF LACTATION ON FAT. 
TO'IXL SOLIDS A N D  SOLIDS NOT FAT 

PBRCBN'IXOB OF MILK 
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T a b l e  4 . 3  L e a s t - s q u a r e s  a n a l y s i s  o f  v a r i a n c e  o f  m i l k  f a t  

p e r c e n t a g e  i n  V e c h u r  c a t t l e  

S o u r c e  I). F. Sum of Mean F v a l u e  

s q u a r e s  squares 

T o t a l  550 

T o t a l  45  

r e d u c t  i o n  

MU-YM 1 

S t a g e  4 3 

Time 1 

Remainder  505  

Mean = 6 . 1 3  E r r o r  s t a n d a r d  d e v i a t i o n  = 0.49 

CV(%) = 8 . 0 1  R s q u a r e d  = 0.729 R = 0.854 

* *  S i g n i f i c a n t  a t  2 p e r  c e n t  l e v e l  



Table 4.4 L e a s t  s q u a r e s  means  a n d  s t a n d a r d  e r r o r s  f o r  f a t  
a n d  t o t a l  s o l i d s  p e r c e n t a g e  of m i l k  a t  w e e k l y  
i n t e r v a l s  i n  Vechur  c a t t l e  

L e a s t  s q u a r e s  means  ( % )  
Weeks 

F a t  __ Tota l  s o l i d s  

1 4 .43k0 .12  13 .0720 .19  

C o n t d  ... . 



Table 4 . 4  c o n t d . . . .  

2  7 

2 8 

2 9  

3  0 

3 1  

3 2  

3 3  

0 4  

3 5 

3 6 

3 7 

3 8  

3  9 

4 0 

4  1 

4 2  

4 3  

4 4  

Morning 

Evening 

O v e r a i l  



T a b l e  4 . 5  Average  t o t a l  s o l i d s  p e r c e n t a g e  i n  m i l k  a t  week ly  
i n t e r v a l s  i n  Vechur  c a t t l e  

Week -- 

Mean CV% Mean CV% 

- - - - - - ----A- 

Contd .  . . . 



Table 4 . 5  contd .... 

C o n t d .  .... 



Table  4.5 contd . . . .  
-- 

C o n t d .  . . . 



Table 4 . 5  c o n t  :l. . . . 

* Numbers i n  p a r e n t h e s i s  d e n o t e s  number o f  o b s e r v a t i o n  



weeks of l a c t a + . i o n .  The a v e r a g e  o f  morning and e v e n i n g  

w a s  15.16 p e r c e n t .  The mean t o t a l  s o l i d s  p e r c e n t a g e  a t  

f i r s t  week w a s  12.64 t 0.17 and  13.57 2 0.19 i n  t h e  

morning and  e v e n i n g  m i l k  and  it s t e a d i l y  i n c r e a s e d  t o  

14.75 + 0.13 and  15.31 + 0.18 i n  t h e  morning a n d  e v e n i n g  

m i l k  by 20%' week o f  l a c t a t i o n .  The e f f e c t  o f  s t a g e  of  

l a c t a t i o n  a n  t o t a l  s o l i d s  p e r c e n t a g e  is  g i v e n  i n  ~ig.6. 

Least s q u a r e s  a n a l y s i s  o f  v a r i a n c e  ( T a b l e  4.6) showed 

t h a t  d i f f e r e 3 c e s  I n  t o t a l  so l ids  p e r c e n t a g e  f o r  

d i f f e r e n t  weeks fram I t o  44 w e r e  h i g h l y  s i g n i f i c a n t .  

So a l s o  t h e  d i f f e r e n c e s  between morning and  e v e n i n g  

m i l k .  The l e a s t  s q u a r e s  means f o r  1 t o  44 weeks 

( T a b l e  4.4) v a r i e d  f rom 13.07 + 0.19 t o  16.61 + 0.31. 

The o v e r a l l  mean w a s  15.02 t 0.05 p e r  c e n t  and  f o r  

morning ar,d e v e n i n g  was 14.85 t 0.05 and  15.55 f 0.05 

p e r  c e n t  r e s p e c t i v e l y .  

4.2.3 Solids not fat percentage 

The a v e r a g e  s o l i d s  n o t  f a t  p e r c e n t a g e  f o r  1 t o  44 

weeks of  l ac ' 6 t i on  i n  t h e  morning and  e v e n i n g  m i l k  i s  

p r e s e n t e d  i n  ':able 4.7. The a v e r a g e  s o l i d s  n o t  f a t  

p e r c e n t a g e  was 8.84 k 0.12 i n  t h e  morning  and  8.92 k 

0.14 i n  t h e  e v e n i n g  f rom 1 t o  44 weeks .  The a v e r a g e  of  

morning and e v e n i n g  was 8.88 + 0.13 and  l e a s t  s q u a r e s  

mean was 8 . 9 0  t 0 . 1 2  p e r  c e n t .  T h e  mean s o l i d s  n o t  f a t  



Table 4 . 6  L e a s t - s q u a r e s  a n a l y s i s  o f  v a r i a n c e  o f  t o t a l  

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

S o u r c e  D.F .  Sum o f  Mean F v a l u e  

s q u a r e s  s q u a r e s  

T o t a l  

T o t a l  

r e d u c t  i o n  

MU-YM 

S t  a g e  

Time 

Remainder  5 0 5  2 8 2 . 4 4  0 .56  

Mean = 15 .02  E r r o r  s t a n d a r d  d e v i a t i o n  = 0 .75  

CV(%) = 4 .98  R s q u a r e d  = 0.571 R = 0.755 

**  S i g n i f i c a n t  a t  2 p e r  c e n t  level 



T a b l e  4 . 7  Average  s o l i d s  n o t  f a t  p e r c e n t a g e  of m i l k  a t  
week ly  i n t e r v a l s  i n  Vechur  c a t t l e  

Weeks ~ o s n i n g  E v e n i n g  - A 

Mean CV% Mean CV% 

C o n t d .  . . . 



Table 4 . 7  contd.... 

Contd.. . . 



Table 4.7  contd .  ... 

C o n t d  ..... 



Table 4.7 contd.. . . 

* Numbers in parenthesis denotes number of observation 



p e r c e n t a u e  a t  f i r s t  week w a s  8 .60  f: 0 .24  a n d  8 . 9 3  f 0.22 

i n  t h e  m o r n i n g  a n d  e v e n i n g  m i l k .  I t  was 8 . 8 3  + 0 . 1 1  a n d  

8 .76  -+ 0.15 a t  20 th  week o f  l a c t a t i o n  i n  t h e  m o r n i n g  a n d  

e v e n i n g  m i l k  r e s p e c t i v e l y .  The  t o t a l  so l id s  p e r c e n t a g e  

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

as s e e n  ~ i g . 6 .  

L e a s t  s q u a r e  a n a l y s i s  o f  v a r i a n c e  ( T a b l e  4 . 8  ) showed 

t h a t  s t a g e  o f  l a c t a t i o n  as w e l l  as t i m e  o f  m i l k i n g  d i d  

n o t  e x h i b i t  s i g n i f i c a n t  e f f e c t  o n  t h e  c h a r a c t e r .  

4.2.4 Inter-relationship among constituents 

The c o r r e l a t i o n  c o e f f i c i e n t  v a l u e s  b e t w e e n  f a t  

p e r c e n t a q e ,  t o t a l  s o l i d s  p e r c e n t a g e  a n d  s o l i d s  n o t  f a t  

p e r c e n t a g e  a t  x h i r d ,  13 '  a n d  23" weeks  o f  l a c t a t i o n  are 

p r e s e n t e d  i n  Table 4 . 9 .  p o s i t i v e  c o r r e l a t i o n  was  

o b s e r v e d  b e t w e e n  f a t  a n d  t o t a l  s o l i d s  c o n t e n t ,  as w e l l  

as t o t a l  s o l i d s  a n d  s o l i d s  n o t  f a t  c o n t e n t  b u t  m o s t l y  

n o n - s i g n i f i c a n t .  N e g a t i v e  c o r r e l a t i o n  v a l u e s  w e r e  

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

t h i r d ,  1 3  a n d  23" week o f  l a c t a t i o n  b u t  m o s t l y  

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

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



T a b l e  4.8 L e a s t - s q u a r e s  a n a l y s i s  o f  v a r i a n c e  o f  s o l i d s  

n o t  fat p e r c e n t a g e  o f  m i l k  i n  Vechur  c a t t l e  

S o u r c e  D . F .  Sum o f  Mean F v a l u e  

s q u a r e s  s q u a r e s  

T o t a l  5 5 0  294.54  

T o t a l  45 8 .96  0.20 0.35 

r e d u c t  i o n  

MU-YM 1 0.04 0 .04  0.06 

S t  a g e  4 3  7.70 0.18 0. 32N' 

Time 1 1.23 1 .26  2. 23N' 

Remainder  505  285 .58  0 .57  

Mean = 8.90  E r r o r  s t a n d a r d  d e v i a t i o n  = 0.75 

C V ( % ;  = 8.45 R s q u a r e d  = 0 .030  R = 0.174 

N S  - Not s i g n i f i c a n t  



T a b l e  4.9 C o r r e l a t i o n  c o e f f e c i e n t  v a l u e s  between f a t ,  

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

d i f f e r e n t  s t a g e s  of l a c t a t i o n  i n  Vechur c a t t l e  

S t a g e s  of F a t  and TS F a t  and SEJF TS and  SNF 

l a c t a t i o n  Morning Evening Morning Evening Morning Evening 

3rd week 0.148 0.397 - 0.791' -0.376 0.482 0.693 

13th week 0.587 0.540 -0.456 -0.412 0.902' 0.890' 

23rd week 0.435 0.531 -0.792+ -0.623 0.205 0.332 

-- 

* S i g n i f i c a n t  a t  5 p e r  c e n t  level  



a n d  so l id s  no?; fat p e r c e n t a g e  i n  t h e  morning milk at 

t h i r d  a n d  23'" week o f  l a c t a t i o n .  The  t o t a l  s o l i d s  a n d  

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

c o e f f i c i e n t  v a l u e s  i n  t h e  m o r n i n g  m i l k  a t  13th week a n d  

i n  t h e  e v e n i n g  m i l k  a t  t h i r d  a n d  23rd week  o f  l a c t a t i o n .  

4.3.4 Fat globule size 

The  p e r  c e n t  d i s t r i b u t i o n  o f  number o f  f a t  

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

e v e n i n g  m i l k  is  g i v e n  i n  T a b l e  4 .10  a n d  ~ i g . 7 ,  8. The 

f a t  g l o b u l e s  :S ize  varied f r o m  1 t o  1 2  1,. The mean 

d i a m e t e r  o f  fat g l o b u l e s  i s  3.02 1 i n  t h e  m o r n i n g  a n d  

3 .40  ,, i n  t h e  e v e n i n g  a n d  t h e  a v e r a g e  o f  m o r n i n g  a n d  

e v e n i n g  i s  3 .21  u. The  a v e r a g e  s i z e  o f  f a t  g l o b u l e s  i n  

t h e  m o r n i n g  a n d  e v e n i n g  m i l k  are p r e s e n t e d  i n  

Table 4  . l l  a n d  F i g . 9 .  The a v e r a g e  f a t  g l o b u l e s  s i z e  

r a n g e d  f r o m  2 . 5 4  t o  3 . 7 3  1, i n  t h e  morn ing '  a n d  2 .75 t o  

4 .07 i i n  t h e  e v e n i n g  m i l k .  A c o m p a r i s o n  o f  t h e  f a t  

g l o b u l e  s i z e  o f  Vechur  cow w i t h  t h e  crossbred cow o f  

Kerala, g o a t s  a n d  Murrah  b u f f a l o e s  was  d o n e .  I n  t h e  

case o f  c r o s s b r e d ,  g o a t s  a n d  b u f f a l o e s  p o o l e d  samples 

w e r e  t a k e n  a n d  t h e  r e s u l t s  are based o n  f o u r  p o o l e d  

s a m p l e s .  The pl;oled s a m p l e s  w e r e  f r o m  6 0  c r o s s b r e d  cows ,  

1 0  g o a t s  a n d  12 b u f f a l o e s .  The r e s u l t s  are g i v e n  i n  

T a b l e  4 .12 .  



Table 4 . 1 0  P e r  c e n t  d i s t r i b u t i o n  of  f a t  g l o b u l e s  i n  t h e  
mornirig a n d  e v e n i n g  m i l k  a t  weekly  i n t e r v a l s  i n  
Vechur c a t t l e  

week Morning Evening 

Contd.. . . . 



Table 4.10 contd .... 



F i g . 7  PERCENT DISTRIBUTION OF PAT GLOBULES 
AT D I F F E R E N T  SICAGES OF LACZU'ION I N  

THE MORNING MILK 

I 6 11 16 11 16 11 

St*. of L u t a t i o n  (Weeks)  



F i  g.8 PBRCBNT DISTRIBUTION OF FAT GLOBULES AT 
D I F F E R E N T  S'IXOBS OF LACTATION I N  

T H E  EVENING MILK 

1 4 11 16 1 1  16 3 1 

9t-e of Lactation (Weeks) 

-+ • - s - + s -  p + & r - . r  - S ~ - i a y  

(Ranges i n  micron) 



Table 4 . 1 1  Mean s i z e  o f  f a t  g l o b u l e  i n  t h e  morning and  
e v e n i n g  m i l k  a t  weekly  i n t e r v a l s  i n  Vechur 
c a t t l e  

Week Number o f  Morning Evening 
o b s e r v a t i o n  

1 9 3 . 7 3  4 .07  

Contd . . . . . . . 



Table 4 . 1 1  con td . . . .  
. . - - - - -. - - . - - - -. -- - - -. - .- 

2  7 

2 8  

2 9  

3  0 

3 1 

3 2  

3 3  

34 

3 5  

3 6 

3 7 

3  8  

3 9  

4  0 

Overall 



~ 1 3 . 9  EFFECT OF smaa OF L A ~ I O N  ON 
S I Z E  OF FAT GLOBULBS I N  MILK 

_L_L__Ur_L-L A+ 1.l 

1 6 P I  16 2 1 1s 3 1 s 6 

Stago of Lactation (Weeke) 



Table 4.12 The average s i z e  of milk f a t  globules  i n  

goat ,  Vechur c a t t l e ,  crossbred c a t t l e  and 

spec ies  0 -3 3-6 6-9 9-i2 12-15 Tota l  s i z e  
,uG 1 ( c.1 (u) ( w )  (u) ( L4 ) 

Goat 
(Malabari 
and t h e i r  
c r o s s e s )  

Vechur 
c a t t l e  

Crossbred 
c a t t l e  

Murrah 
buff a l o  



4.3.1 Correlation coefficient between fat globule size and milk fat 

percentage at 3rd, 13Ih and 23" week of lactation 

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

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

a t  3 r d  week of l a c t a t i o n .  T h e  i n t e r - r e l a t i o n s h i p  b e t w e e n  

f a t  g l o b u l e s  : ; i z e  a n d  f a t  p e r c e n t a g e  a t  v a r i o u s  s t a g e s  

o f  l a c t a t i o n  are g i v e n  i n  T a b l e  4 . 1 3 .  

4.4 Iodine value 

I o d i n e  number  w a s  e s t i m a t e d  f r o m  m i l k  o f  1 5  V e c h u r  

cows .  T h e  mean i o d i n e  v a l u e  w a s  2 9 . 6 0  + 2 . 2 0 .  I t  r a n g e d  

f r o m  2 8 . 6 1  t o  3 0 . 2 6 .  T h e  a v e r a g e  i o d i n e  number  f o r  n i n e  

f o r t n i g h t s  are p r e s e n t e d  i n  t h e  T a b l e  4 . 1 4 .  



T a b l e  4 . 1 3  C o r r e l a t i o n  c o e f f i c i e n t  v a l u e s  b e t w e e n  m i l k  f a t  

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

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

S t a g e  o f  l a c t a t i o n  Morning E v e n i n g  

T h i r d  week 

T h i r t e e n t h  week 

T w e n t y t h i r d  week 

* S i g n i f i c a n t  a t  5 per c e n t  l e v e l  



T a b l e  4 .14 Mean i o d i n e  v a l u e  a t  f o r t n i g h t l y  i n t e r v a l s  

i n  V e c h u r  c a t t l e  

F o r t n i g h t s  Mean cv ( % )  

-. - - - -- - - - . 

* Numbers i n  the p a r e n t h e s i s  d e n o t e s  niiinbei- o f  ohtiel-vat ion 





DISCUSSION 

5.1 Milk Protein polymorphism 

5.1.1 Casein 

5.1.1.1 a,-casein 

T h r e e  p h e n o t y p e s  v i z . ,  BB, BC a n d  CC ( T a b l e  4 . 1  

a n d  F i g .  2 )  were o b s e r v e d  a t  a , , - c a s e i n  l o c u s ,  w i t h  

f r e q u e n c y  o f  0 .14 ,  0.22 a n d  0.64 r e s p e c t i v e l y .  The g e n e  

f r e q u e n c y  w a s  0 .25 a n d  0 .75  f o r  B a n d  C  al lele.  S e v e r a l  

a u t h o r s  ( K i d d y  e t  a l . ,  1 9 6 4 ;  J u n e j a  a n d  Chaudhary ,  

1973 ;  J a i r a ~  a n d  Nair ,  1983  b ;  Mclean e t  a l l  1984 ;  

Madhavan, 1 9 3 5 )  r e p o r t e d  o n l y  B a n d  C  a l l e l e  a t  

a , . - c a s e i n  l o c u s .  B u t  A s c h a f f e n b u r g  ( 1 9 6 8 ) ;  Ng-Kwai-Hang 

e t  a l .  ( 1 9 8 4 )  r e p o r t e d  t h r e e  a l le les  A, B a n d  C  a t  

a 5 : - c a s e i n  locus  i n  H o l s t e i n  p o p u l a t i o n .  ~ i d d y  et a l .  

( 1 9 6 4 )  A s c h a f f e n b u r g  ( 1 9 6 8 ) ;  ~ u s s a i n ,  4 J 9 7 4 1 ;  Mclean  et 

a l .  ( 1 9 8 4 ) ;  L i n e t  a l .  ( 1 9 8 6 ) ;  Eenemaan ( 1 9 9 1 )  r e p o r t e d  

/L v e r y  h i g h  ger;e f r e q u e n c y  o f  a , , - c a s e l n  B  v a r i a n t  i n  

w e s t e r n  b r e e d s  ( A y r s h i r e ,  H o l s t e i n  F r i e s i a n  Brown S w i s s ,  

G u e r n s e y ) .  h s z h a f f e n b u r g  ( 1 9 6 8 ) ;  f i n e j a  a n d  Chaudhary  

( 1 9 7 3 ) ;  J a i r a m  a n d  N a i r  ( 1 9 8 3 b )  r e p o r t e d  t h e  

p r e d o m i n a n c e  of C v a r i a n t  ( 0 . 9 0 )  i n  I n d i a n  b r e e d s  

l i k e  H a r i a n i t ,  S a h i w a l ,  T h a r p a r k a r ,  Red S i n d h i  a n d  

D e s i  cows, I ' r e q u e n c y  of B a l l e l e  r e p o r t e d  t o  be 0.59 



i n  J e r s e y  X S a b i w a l  ( J u n e j a  a n d  Choudhary 1 9 7 3  ) and  0 . 5 1  

i n  Brown S w i s s  X S a h i w a l  c r o s s e s   airam am a n d   air, 

1 9 8 3 b ) .  .Madhavan ( 1 9 9 5 )  r e p o r t e d  t h a t  t h e  f r e q u e n c y  of 

C a l l e l e  as 0.63, 0 . 6 1  a n d  0.63 i n  J e r s e y ,  Brown s w i s s  

and  H o l s t e i n  crossbred c a t t l e  o f  Kerala. I n  t h e  p r e s e n t  

s t u d y  t h e  f r e q . l e n c y  o f  C a l l e l e  w a s  0 .75 wh ich  p r o b a b l y  

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

l i n e  o f  i n h e r i t a n c e .  

Two v a r i a n t s  A  a n d  B w i t h  p h e n o t y p i c  c o m b i n a t i o n s  

AA AB and  BB were o b s e r v e d  (Table  .4.1 a n d  ~ i g .  2 ) .  The 

f r e q u e n c y  o f  hB p h e n o t y p e  was t h e  h i g h e s t  ( 0 . 5 7 )  and  

t h e  f r e q u e n c y  o f  A  and  B a l l e le  w e r e  0.58 and  0.42 

r e s p e c t i v e l y .  Though s e v e r a l  p - c a s e i n  v a r i a n t s  v i z . ,  A1 , 
-1'' 

A2, A3, B ,  C, D and  E w e r e  r e p o r t e d  i n  c a t t l e  ( ~ i g e l  e t  

a l . ,  1 9 8 4 1 ~  '#?ly A and  B c o u l d  be o b s e r v e d  i n  t h e  

p r e s e n t  s t u d y .  The f r e q u e n c y  o f  B a l l e l e  w a s  r e p o r t e d  

t o  be v e r y  low i n  ~ n d i a n  breeds. A s c h a f f e n b u r g  ( 1 9 6 8 )  

r e p o r t e d  t h a t  t h e  f r e q u e n c y  o f  B a l l e l e  i n  ~ a h i w a l ,  

T h a r p a r k a r  and  R e d  ~ i n d h i  as 0.05,  0  - 0 7  a n d  0.10 .  J u n e j a  

and  Chaudhary ( 1 9 7 0 ) ;  J a i r a m  and    air ( 1 9 8 3 b )  a l s o  

r e p o r t e d  a VP-ry low f r e q u e n c y  o f  B a l l e l e  f o r  1 n d i a n  

breeds a t  p - c a s e i n  l o c u s :  ~ g - ~ w a i - ~ a n g  e t  a 1  . ( 1984 ) 



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

p o p u l a t i o n .  Ms.dhavan ( 199  5 ) r e p o r t e d  a h i g h  f r e q u e n c y  o f  

A a l l e l e  as 0 . 8 1 ,  0 .75 a n d  0.71 i n  Brown s w i s s ,  J e r s e y  

a n d  ~ o l s t e i n  ~ r i e s i a n s  crossbreds.  his a g a i n  s u p p o r t  

t h e  p r o b a b i l i t y  t h a t  t h e  Vechur  c a t t l e  h a s  a p r o b a b l y  

d i f f e r e n t  B a l l e le  f r e q u e n c y  a t  p - c a s e i n  l o c u s  compared  

t o  t h e  o t h e r  1 n d i a n  c a t t l e .  C r o s s b r e d s  f o r m e d  a? a 

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

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

al le le .  

5.1 . I  .3 k-casein 

Two p h e n o t y p e s  AA ( 0 . 1 7 )  a n d  AB ( 0 . 8 3 )  c o n t r o l l e d  by 

t w o  a l le les  A a n d  B w e r e  o b s e r v e d  a t  k - c a s e i n  l o c u s  

( T a b l e  4 . 1  a n d  ~ i g . 2 ) .  The f r e q u e n c y  o f  A w a s  0.59 a n d  

B 0 .41 .  S e v e r a l  a u t h o r s  A s c h a f f e n b u r g  ( 1 9 6 8 ) ;  5 u n e j a  

a n d  Choudhary  ( 1 9 7 3 ) ;  Jairam . a n d    air ( 1 9 8 3 b ) ;  

~ g - ~ w a i - ~ a n g  e t  a l .  ( 1 9 8 4 )  h a v e  r e p o r t e d  o n l y  t w o  

a l l e l e  i n  t h e  k - c a s e i n  l o c u s .  Aschaf  f e n b u r g  ( 1 9 6 8 )  

o b s e r v e d  low f r e q u e n c y  o f  B a l l e l e  i n  s a h i w a l  ( 0 . 3 0  ) , 

T h a r p a r k a r  ( 0 . 2 6 )  a n d  Red ~ i n d h i  ( 0 . 3 0 )  b r e e d s .  Aajumdar  

a n d  Ganguly  ( 1 9 7 0 ) ;  J u n e j a  a n d  Choudhary  ( 1 9 7 0 ) ;   aira am 

a n d    air ( 1 9 8 3 b )  a l s o  r e p o r t e d  v e r y  l o w  f r e q u e n c y  o f  B 

a l l e l e  .ir! ~ n d i a n  b r e e d s .  Jairam a n d  N a i r  ( 1 9 8 3 b ) ;  
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Madhavan ( 1 9 9 5 )  r e p o r t e d  a s i g n i f i c a n t l y  h i g h e r  

f r e q u e n c y  o f  B a l l e l e  i n  c r o s s b r e d  cows o f  I n d i a .  I t  

a p p e a r s  t h a t  i n  Vechur  c a t t l e  o f  Kerala, t h e  i n d i c a t i o n  

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

n o t  be drawn d u e  t c  t h e  low number o f  o b s e r v a t i o n s .  

5.1.2. Whey proteins 

5.1.2.1 a-lactalbumin 

Two P h e n o t y p e s  AA a n d  AB w e r e  o b s e r v e d  a t  a- 

l a c t a l b u m i n  I.3cus w i t h  t h e  f r e q u e n c y  o f  0 . 5 7  a n d  0 .43 

( T a b l e  4 . 1  a n d  F i g .  4 ) . The f r e q u e n c y  o f  A a l l e l e  w a s  

0 .78 a n d  B a l l e l e  0 . 2 2 .  & a t t a c h a r y a  et  al. ( 1 9 6 3 )  

o b s e r v e d  a f r e q u e n c y  o f  A  a l l e le  as 0 .20  i n  c r o s s b r e d s  

a n d  0 .37 i r , .  S a h i w a l  cows .  M a w a l  ( 1 9 6 7 )  r e p o r t e d  

f r e q u e n c y  o f  F a l l e l e  as 0 . 3 8  i n  G i r  a n d  0 .40 i n  G a v a t h i  

cows.  A s c h a f f e n b u r g  ( 1 9 6 8 )  r e p o r t e d  t h e  f r e q u e n c y  o f  A  

a l l e l e  as 0 . 4 0  i n  D e s i  cows a n d  0 . 0 5  i n  A f r i c a n  b r e e d s  

l i k e  A n k o l e  a n d  B o r a n .  Jairam a n d  N a i r  ( 1 9 8 3 b )  r e p o r t e d  

a  low f r e q u e n c y  o f  A a l l e l e  as 0 .16  i n  Red S i n d h i ,  

0 .17  i n  T h a r p a r k a r ,  0 . 1 8  i n  S a h i w a l  a n d  0 .06  i n  Brown 

S w i s s  X Sahiwt i l  c r o s s b r e d .  The  f r e q u e n c y  o f  A a l le le  i n  

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

on  o t h e r  zebc; b r e e d s  p r o b a b l y  i n d i c a t i v e  o f  s e p a r a t e  

l i n e  o f  i n h e r i t a n c e .  



T h r e e  p h e n o t y p e s  o f  P - l a c t o g l o b u l i n  v i z . ,  AA, AB 

a n d  BB w i t h  t h e  f r e q u e n c y  o f  0 . 5 7 ,  0 .29  a n d  0 .14  w e r e  

o b s e r v e d  ( T a b l e  4 . 1  a n d  ~ i g . 4 ) .  The f r e q u e n c y  o f  A 

a l l e l e  w a s  0 . 7 1  a n d  B  a l l e l e  0 .29 .  ' ~ s c h a f f e n b u r g  a n d  

Drewry ( 1 9 5 5 )  o b s e r v e d  t w o  alleles A a n d  B  a t  

p - 1 a c t a g l o b u l L n  l o c u s .  s i n g h  a n d  Khanna ( 1972  ) observed 

t h r e e  a l l e l e s  A,  B a n d  C i n  ~ a r i a n a  c a t t l e .  Several 

a u t h o r s  B h a t t a c h a r y a  e t  a1 . ( 1 9 6 3  ) ; Aschaf  f e n b u r g  

( 1 9 6 8 ) ;  ~ u n e j ?  a n d  Choudhary  ( 1 9 7 0 )  r e p o r t e d  t h e  low 

f r e q u e n c y  of B a l l e l e  ( 0 . 0 5  - 0 .21  ) i n  I n d i a n  b r e e d s  

l i k e  s a h i w a l ,  ~ i r  a n d  D e s i  cows .  ~ i n g h  a n d  B h a t  ( 1 9 8 0 )  

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

a l l e l e  among i n d i g e n o u s  b r e e d s .  p - l a c t o g l o b u l i n  ' A '  h a d  

h i g h e s t  f r e q u e n c y  i n  c r o s s b r e d  H o l s t e i n  ~ r i e s i a n  c a t t l e .  

l air am a n d  Y a i r  ( 1 9 8 3 b )  r e p o r t e d  very low ( 0 . 2 3 )  

f r e q u e n c y  o f  A a l l e l e  i n  s a h i w a l ,  T h a r p a r k a r  a n d  Red 

~ i n d h i  b r e e d s .  Madhavan ( 1 9 9 5 )  r e p o r t e d  t h e  p r e s e n c e  o f  

A a n d  B  a l l e l e  a n d  t h e  f r e q u e n c y  o f  A a l l e le  as 0.46 i n  

H o l s t e i n ,  0 . 4 3  i n  J e r s e y  a n d  0 .40 i n  Brown S w i s s  

c r o s s b r e d s ,  w h i c h  comes t o  a b o u t  h a l f  o f  t h a t  o f  Vechur  

c a t t l e .  The r e s u l t s  are i n d i c a t i v e  o f  a separate l i n e  o f  

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

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

f r e q u e n c y  o f  A a l l e l e .  



The s t u d y  was based o n  s a m p l e s  ccllected f r o m  14 

a n i m a l s  o n l y .  The number o f  o b s e r v a t i o n s  are s m a l l  b u t  

t h e s e  c a n  b e  c o n s i d e r e d  i n d i c a t i v e  o f  t h e  t r e n d  o f  

Vechur  b r e e d .  

5.2 Milk Composition 

5.2.1 Milk fat percentage 

The m i l k  f a t  p e r c e n t a g e  f r o m  w e e k s  1 - 44 r a n g e d  

f r o m  4  - 0 5  t o  7 .03  a n d  4 . 6 5  t o  7 .87  i n  t h e  m o r n i n g  a n d  

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

e v e n i n g  m i l k .  The mean m i l k  f a t  p e r c e n t a g e  a t  mid 

l a c t a t i o n  i e  2 0 t h  week o f  l a c t a t i o n  w a s  5 . 9 2  + 0.08 i n  

t h e  m o r n i n g  a n d  6 .55 + 0 .07  i n  t h e  e v e n i n g .  The a v e r a g e  

f o r  m i l k  f a t  p e r c e n t  f r o m  w e e k s  1 - 44 was  5 . 9 5  + 0.12 

a n d  6 .62 + 0 . 1 3  f o r  m o r n i n g  a n d  e v e n i n g  w h i c h  was  q u i t e  

c o m p a r a b l e  t c r  t h e  m i d - l a c t a t i o n  f a t  p e r c e n t a g e .  The 

a v e r a g e  m o r n i n g  a n d  e v e n i n g  t o g e t h e r  i s  6 .18  p e r c e n t .  

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

e x o t i c  b r e e d s  l i k e  A y r s h i r e ,  Brown S w i s s ,  G u e r n s e y ,  

H o l s t e i n  F r i e s i a n  a n d  J e r s e y  as r e p o r t e d  by Byron  et  a l .  

( 1 9 7 2 )  a n d  I n d i a n  b r e e d s  l i k e  G i r ,  O n g o l e ,  S a h i w a l ,  

~ i n d h i ,  T h a r p a r k a r  a n d  t h e i r  c r o s s b r e d s  (Ghosh a n d  

A n a n t a k r i s h n a n ,  1 9 6 3 ) .  
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F a t  c o n t e n t  o f  t h e  m i l k  i n c r e a s e d  u n i f o r m l y  as t h e  

l a c t a t i o n  advanced  as c a n  be s e e n  f rom t h e  r e s u l t s  g i v e n  

i n  T a b l e  4 .2  s!nd ~ i q . 6 .  These  f i n d i n g s  c o n c u r  w i t h  t h e  

r e s u l t s  of  %youmi (19593;  ~ i n g h  et  al. ( 1 9 6 1 ) ;  Gosh 

and  A n a n t a k r i s h n a n  ( 1 9 6 4 ) ;  ~ 6 r a  and  Gupta  ( 1 9 6 9 ) ;  

Sadana  e t  al. ( 1 9 7 8 ) ;  I y p e  &t a l .  ( 1 9 9 4 ) .  The e v e n i n g  

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

s t a g e s  o f  l a c t a t i o n  t h a n  morning  m i l k  f a t  p e r c e n t a g e .  

'This f i n d i n g  w a s  i n  c l o s e  aqreement  w i t h  t h e  r e p o r t s  

made by I y p e  et al. (199kf'$ i n  crossbred ca t t l e  of  

K e r a l a .  T h i s  h i g h e r  m i l k  f a t  i n  e v e n i n g  m i l k  i s  

p r o b a b l y  d u e  t o  lesser m i l k i n g  i n t e r v a l  ie .  o n l y  

n i n e  and  h a l f  h o u r s  between morning  and  e v e n i n g  

m i l k i n g .  L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  showed 

h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  be tween  morning and  

e v e n i n g  m i l k  (Table  4.3  ) . L e a s t  s q u a r e s  mean was 

5.99 + 0.03 and  6.62 + 0.03 f o r  morning and  e v e n i n g  

r e s p e c t i v e l y  w i t h  a d i f f e r e n c e  o f  0.63. and  t h e  o v e r a l l  

mean was 6 .13  + 0 .04 .  

I n c r e a s e  :-n f a t  p e r c e n t a g e  between weeks w a s  more i n  

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

i n c r e a s e  a t  a  lesser ra te  between s u b s e q u e n t  weeks u p t o  

44 weeks o f  l a c t a t i o n .  The i n c r e a s e  i n  f a t  p e r c e n t a g e  

was 1 . 3 9 %  i n  t h e  morning and  1 . 3 %  i n  t h e  e v e n i n g  from 

f i r s t  t o  1 0 t h  week of l a c t a t i o n .  Then t h e  rate  of  



i n c r e a s e  i n  f a t  p e r c e n t a g e  was f o u n d  t o  be almost 

c o n s i s t e n t  b o t h  i n  t h e  morn ing  ( 0 . 3 9 % ,  0.49% & 0 . 3 3 % )  

and  e v e n i n g  (0 .528 ,  0 .65% & 0 . 5 2 % )  m i l k  f r o m  11 t o  20 

weeks ,  2 1  t o  30 weeks  a n d  31 t o  40 weeks  o f  l a c t a t i o n .  

The i n c r e a s e  f-n f a t  p e r c e n t a g e  f r o m  o n e  t o  s e v e n  month 

o f  l a c t a t i o n  was more t h a n  2% as  a g a i n s t  1 .49% 

p e r c e n t a g e  r e p o r t e d  by &bra a n d  Gup ta  ( 1 9 6 9 ) .  The 

c o e f f i c i e n t  o f  v a r i a t i o n  ( T a b l e  4.2 ) o f  w e e k l y  m i l k  f a t  

p e r c e n t a g e  w a s  a r o u n d  8 p e r c e n t .  L e a s t  s q u a r e s  a n a l y s i s  

o f  v a r i a n c e  ( T a b l e  4 . 3 )  r e v e a l e d  h i g h l y  s i g n i f i c a n t  

d i f f e r e n c e s  be tween  f a t  p e r c e n t a g e  a t  week ly  i n t e r v a l s .  

The least sqmres means ( T a b l e  4 . 4 )  wh ich  r a n g e d  f rom 

4 .43  + 0.12 t o  7 .52 + 0.20 showed a g r a d u a l  i n c r e a s e  i n  

p e r c e n t a g e  f r o m  t h e  b e g i n n i n g  till t h e  e n d  o f  t h e  

l a c t a t i o n .  T h e s e  f i n d i n g s  were i n  ag reemen t  w i t h  t h e  
, 

r e p o r t s  o f  ~ k . 3 s h  a n d  A n a n t a k r i s h n a n  ( 1 9 6 4 )  ; Arora and  

Gupta  ( 1 9 6 9 )  3nd Sadana  e t  a l .  ( 1 9 7 8 ) .  

5.2.2 Total solids percentage 

The t o t a l  s o l i d s  p e r c e n t a g e  f o r  weeks  1 - 4 4  

r a n g e d  f r o m  12 .64  t o  1 6 . 0 9  and  13 .57  t o  17.14 i n  t h e  

morn ing  and  e v e n i n g  m i l k  r e s p e c t i v e l y  a n d  t h e  r a n g e  was 

h i g h e r  f o r  ? v e n i n g  m i l k .  The mean t o t a l  s o l i d s  

p e r c e n t a g e  a t  m i d  l a c t a t i o n  i e  2 0 t h  week o f  l a c t a t i o n  

w a s  14 .75  + 0 . 1 3  i n  t h e  morn ing  and  15.31 2 0.12 i n  t h e  
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e v e n i n g .  The a v e r a g e  f o r  t o t a l  so l ids  p e r  c e n t  f r o m  

weeks  1 - 44 was  1 4 . 7 9  f 0 .13  a n d  1 5 . 5 3  f  0 .12 f o r  

m o r n i n g  a n d  e v e n i n g  w h i c h  i s  q u i t e  comparable t o  t h e  

m i d - l a c t a t i o n  t o t a l  so l ids  p e r c e n t a g e .  The  average 

m o r n i n g  a n d  e v e n i n g  t o t a l  s o l i d s  w a s  15 .16  f  0 .05 p e r  

c e n t .  The l e ~ s t  s q u a r e s  means f o r  1 - 4 4  ( T a b l e  4 . 4 )  

w e e k s  v a r i e d  f r o m  1 3 . 0 7  f 0.19 t o  1 6 . 6 1  f  0 .31  a n d  t h e  

o v e r a l l  mean was  1 5 . 0 2  + 0 .05  p e r . c e n t .  L e a s t  s q u a r e s  

means f o r  m o r n i n g  ( 1 4 . 8 5  f 0 . 0 5 )  a n d  e v e n i n g  ( 1 5 . 5 6  + 
0 . 0 5 )  showed a d i f f e r e n c e  o f  0 .70 w h i c h  was  s imi la r  t o  

t h a t  o f  f a t  p e r c e n t a g e .  The  t o t a l  s o l i d s  c o n t e n t  was  

f o u n d  t o  be k i g h e r  t h a n  t h e  o t h e r  I n d i a n  b r e e d s  ( ~ i r ,  

O n g o l e ,  T h a r p a r k a r  , S a h i w a l ,  S i n d h i  a n d  t h e i r  

c r o s s b r e d s )  r e p o r t e d  i n  A n n u a l  R e p o r t  ~ a t i o n a l    airy 

R e s e a r c h  I n s t i t u t e  ( 1 9 4 8 ) ,  by  B a l w a n t  R a i  P u r i  e t  a l .  
, ' 

( 1 9 6 3 ) ;  ~ i l a k a r a t n a e  e t  dl. ( 1 9 7 5 ) ;  Babu R a o  a n d  

~ a y a r a m a k r i s h n a  ( 1983  ) a n d  e x o t i c  b r e e d s  ( J e r s e y ,  

G u e r n s e y ,  Brown S w i s s ,  ~ y r s h i r e ,  S h o r t  h o r n  a n d  H o l s t e i n  

E ' r i e s i a n )  o f  : a t t l e  r e p o r t e d  by   iron e t  a l .  ( 1 9 7 2 ) .  

The t o t a l  s o l i d s  p e r c e n t a g e  showed a n  i n c r e a s i n g  

t r e n d  (Table  4 . 5  a n d  ~ i g .  6 )  w i t h  t h e  p r o g r e s s  o f  

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

a r e  i n  r - l o s e  agqeement  w i t h  r e p o r t s  made earlier by 

~ a y o u m i  (19.59 ) ; Gosh a n d  A n a n t a k r i s h n a n  ( 1 9 6 3 ) ;  P a r e k h  
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and  Gangwar ( 1 9 6 8 )  ; D a r s h a n l a l  a n d  Narayanan  (1991  ) ; 

Mohran and  Fahmy ( 1 9 9 2 ) .  Bu t  t h e r e  was n o  d e c l i n e  i n  

t o t a l  s o l i d s  c o n t e n t  a t  f o u r t h  week o f  l a c t a t i o n  as 

r e p o r t e d  by Ghosh and '  A n a n t a k r i s h n a n  (1963  ) ; P a r e k h  and  

Gangwar ( 1 9 6 8 )  i n  S i n d h i ,  G i r  a n d  c r o s s b r e d .  The t o t a l  

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

t h a n  morn ing  m i l k ,  which  may b e  d u e  t o  lesser m i l k i n g  

i n t e r v a l .  The maximum i n c r e a s e  w a s  n o t i c e d  f r o m  f i r s t  t o  

s e c o n d  week o f  l a c t a t i o n  ( 0 . 4 4 %  i n  morn ing  a n d  0 . 3 3 %  i n  

e v e n i n g ) .  Then t h e r e  w a s  a c o n s t a n t  i n c r e a s e  o f  a b o u t  

0 .1% o r  lesser be tween  s u b s e q u e n t  weeks  o f  l a c t a t i o n .  

L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  ( T a b l e  4 . 6 )  r e v e a l e d  

h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  be tween  morn ing  and  

e v e n i n g  m i l k .  

The r a t e  of i n c r e a s e  w a s  h i g h  i n  t h e  morn ing  ( 1 . 5 % ,  

0 . 5 2 % )  t h a n  i n  t h e  e v e n i n g  m i l k  ( 1 . 2 6 %  & 0 . 4 5 % )  f r o m  1 

t o  1 0  a n d  10  t o  20 weeks  o f  l a c t a t i o n .  From 20 t o  30 

weeks  and  30 % o  40 weeks  t h e  ra te  o f  i n c r e a s e  was h i g h  

i n  t h e  e v e n l n g  m i l k  ( 0 . 6 9 %  & 0 . 5 3 % )  as compared t o  

morn ing  m i l k  ( 0 . 4 6 %  & 0 . 1 2 % ) .  The c o e f f i c i e n t  of  

v a r i a t i o n  was a r o u n d  5 p e r  c e n t .  T h e s e  f i n d i n g s  w e r e  i n  
,,- 

ag reemen t  w i t h  t h e  r e p o r t s  Q* .Bayoumi ( 1 9 5 9 ) ;  Ghosh and  

~ n a n t a k r i s h n a n  ( 1 9 6 4 )  and  P a r e k n  and  Gangwar ( 1 9 6 8 ) .  
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From t h i s  s t u d y  it c a n  be c o n c l u d e d  t h a t  i n  Vechur 

c a t t l e  t h e  i ~ c r e a s i n g  t r e n d  w i t h  a d v a n c i n g  s t a g e  o f  

l a c t a t i o n  i n  'he t o t a l  s o l i d s  p e r c e n t a g e  f o l l o w e d  t h a t  

o f  t h e  m i l k  f a t  p e r c e n t a g e .  L e a s t  s q u a r e s  a n a l y s i s  of  

v a r i a n c e  showed h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  between 

weekly  t o t a l  s o l i d s  p e r c e n t a g e  ( T a b l e  4 . 6 ) .  

5.2.3 Solids not fat percentage 

The s o l i d s  n o t  f a t  p e r c e n t a g e  f rom weeks 1 - 44 

r a n g e d  f rom 8.60  t o  9.17 and  8.71 t o  9.27  i n  t h e  morning 

and e v e n i n g  m i l k  r e s p e c t i v e l y  and  t h e  r a n g e  w a s  h i g h e r  

f o r  morning m i l k .  The mean s o l i d s  n o t  f a t  p e r c e n t a g e  a t  

mid l a c t a t i o n  ie .  2 0 t h  week o f  l a c t a t i o n  w a s  8.83 t 0 .11  

i n  t h e  inorni-#g and  8.76  + 0.15 i n  t h e  e v e n i n g .  The 

a v e r a g e  f o r  s c l i d s  n o t  f a t  p e r c e n t a g e  f rom weeks 1 - 4 4  

w a s  8.84 + 0.03 and 8.92 + 0.04 f o r  morning  and e v e n i n g  

m i l k  r e s p e c t i v e l y .  The a v e r a g e  of  morning  and  e v e n i n g  

i s  8.88  p e r  c e n t  and  least  s q u a r e s  mean w a s  8.90 k0 .04 .  

 his w a s  founci t o  be s imilar  t o  t h e  o t h e r  ~ n d i a n  breeds 

l i k e  ~ i n d h i ,  G i r ,  T h a r p a r k a r ,  ~ a h i w a l ,  Ongole  and  

c r o s s b r e d  c a t t l e  r e p o r t e d  by ~ h o s h  and  ~ n a n t a k r i s h n a n  

( 1 9 6 3 ) ;  Babu Rao and J a y a r a m a k r i s h n a  ( 1 9 8 3 )  and some 

b r e e d s  l i k e  A y r s h i r e ,  brown S w i s s ,  Guernsey and  J e r s e y  

a s  r e p o r t e d  by Byron e t  a l .  ( 1 9 7 2 ) .  
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From t h e  T a b l e  4.7 and  ~ i g .  6, it c a n  b e  s e e n  t h a t  

no  d e f i n i t e  t r e n d  was v i s i b l e  i n  t h e  s o l i d s  n o t  f a t  

p e r c e n t a g e  i n  r e l a t i o n  t o  s t a g e  o f  l a c t a t i o n .  The 

d i f f e r e n c e s  :.n s o l i d s  n o t  f a t  p e r c e n t a g e  was n o t  

s i g n i f i c a n t  fcqr s t a g e  ( w e e k l y )  as i n  t h e  case o f  t i m e  of  

m i l k i n g .  T h i s  r e s u l t s  w a s  i n  close agreement  w i t h  t h e  

f i n d i n g s  made earl ier  by Ghosh a n d  ~ n a n t a k r i s h n a n  

( 1 9 6 4 ) ;  Pa reuh  and  Gangwar ( 1 9 6 8 ) ;  A r o r a  and  Gupta  

( 1369 ) . But i t  was i n  d i s a g r e e m e n t  w i t h  t h e  r e p o r t s  made 

by ~ a y o u m i  (1959)); Singh  e t  al. ( 1 9 6 1 )  a s  t h e y  o b s e r v e d  

an i n c r e a s i n g  t r e n d  i n  t h e  s o l i d s  n o t  f a t  c o n t e n t  w i t h  

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

( T a b l e  4 . 7 )  was a round  9 p e r  c e n t .  The least  s q u a r e s  

a n a l y s i s  o f  v a r i a n c e  (Tab l e  4 . 8  ) showed no  s i g n i f i c a n t  

d i f f e r e n c e s  between t h e  morning  and  e v e n i n g  s o l i d s  n o t  

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

p e r c e n t a g e  i n c r e a s e d  o r  decreased more o r  less i n  

s i m i l a r  p a t t e r n  a t  e v e r y  s t a g e  o f  l a c t a t i o n  as w e l l  as 

i n  t h e  morning and  e v e n i n g  m i l k .  

5.2.4 Inter-relati#mship among constituents 

No s i g n i f i c a n t  c o r r e l a t i o n  w a s  o b s e r v e d  between 

(Table  4 . 9 )  f a t  and  t o t a l  s o l i d s  p e r c e n t a g e  b o t h  i n  t h e  

morning and e v e n i n g  m i l k  a t  3 r d ,  1 3  t h  and  2 3  rd weeks 

of  l a c t a t i o n .  T o t a l  s o l i d s  p e r c e n t a g e  had  p o s i t i v e  
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c o r r e l a t i o n  w i t h  s o l i d s  n o t  f a t  p e r c e n t a g e  a n d  

s i g n i f i c a n t  a t  1 3  t h  week of l a c t a t i o n .  G e n e r a l l y  

n e g a t i v e  c o r r e l a t i o n  c o e f f i c i e n t  was  n o t i c e d  b e t w e e n  f a t  

a n d  s o l i d s  no-< f a t  p e r c e n t a g e .  

5.3 Fat globule size 

The  f a t  g l o b u l e s  s i z e  v a r i e d  f r o m  1 t o  1 2 p .  The 

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

d i f f e r e n t  classes o f  0-3p,  3-6p,  6-9p a n d  9-12p revealed 

t h a t  5 0  - 70 p e r  c e n t  o f  g l o b u l e s  w e r e  i n  t h e  0-3p 

class i n  t h e  m o r n i n g  m i l k  (Table  4 . 1 0 )  a n d  3 8  - 59 p e r  

c e n t  i n  t h e  e v e n i n g  m i l k  a t  d i f f e r e n t  w e e k l y  i n t e r v a l s .  

The  o v e r a l . 1  a v e r a g e  s i z e  i r r e s p e c t i v e  o f  s t a g e  o f  

l a c t a t i o n  a n d  t i m e  o f  m i l k i n g  w a s  f o u n d  t o  be 3 .21  + 

0.  l o p .  The mean diameter o f  f a t  g l o b u l e s  ( T a b l e  4 .11  ) 

i r r e s p e c t i v e  o f  stage o f  l a c t a t i o n  w a s  3 .02 + 0 . 0 5 ~  a n d  

3 . 4 0 + 0 . 0 5 ~  i n  % h e  m o r n i n g  a n d  e v e n i n g  m i l k  r e s p e c t i v e l y .  

A s t u d y  made ? o r  c o m p a r i s o n  of Vechur  m i l k  f a t  g l a b u l e s  

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

g l o b u l e s .  The  a v e r a g e  s i z e  o f  f a t  g l o b u l e  (Table 4 . 1 2 )  

w e r e  f o u n d  t o  be 2  . 6 0 p ,  4 . 8 7 ~  a n d  5 . 8 5 ~  i n  g o a t  

( ~ a l a b a r i  a n d  t h e i r  crosses),  Crossbred cow a n d  b u f f a l o  

(Murrah  ) r e s p e c t i v e l y .  The  a v e r a g e  s i z e  f o r  Vechur  cows 

w a s  f o u n d  t o  be h i g h e r  t h a n  t h a t  o f  g o a t  b u t  much l o w e r  
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than crossbred cow and buffalo. The fat globule size 

in this study tended towards that of the size of fat 

globules of goat. The average of 3.216 for Vechur cow 

in this study was lower than the average size of 

buffalo, cow, gcat and sheep fat globules reported by 

Fahmi et a l .  (1956) and 0.296 and 1.396 lower than the 

report made by Kuchroo and Narayanan (1977b) in cow 

and buffalos milk. The size was found to be higher 

than the fat globules in goat reported by Balwant Rai 

Puri et a l .  (1960); George (1981). 

The average size was uniformly higher in the 

evening milk from 1 to 40 .leeks of lactation than in the 

morning. It rrldy be due to lesser milking interval as 

reported by Byron et al. (1972). A general decreasing 

trend was observed in fat globule size (Table 4.11 and 

Fig. 9) as lactation advanced. This finding was in close 

agreement with the earlier leports made by Upadhyaya 

et al. (1973) in buffalos; Katiyar et al. (1973) in 

Sahiwal cows; Kuchroo and Narayanan (1977b) in cows and 

buffalos and George (1981) in goats. 

The average fat globule size ranged from 2.54 to 

3.736 in the morning and 2.75 to 4.076 in the evening 

milk for different weeks. The evening milk had higher 

range (1.266) than morning (1.196) milk. The average 
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size was attained by mid lactation in morning and 

evening milk. From Table 4 . ' 0  and Fig. 7,8 it was 

clear that the fat globules below 3tl in diameter 

showed an increasing trend and decreased trend was 

observed in the proportion of larger size fat 

globules. The morning milk uniformly had higher 

proportion of smaller size fat globules compared to 

the evening milk. The proportion of smaller size fat 

globules increased at accelerated rate during 30 to 40 

weeks of lactation. The finding of this study was in 

close agreement with the reports made zarlier by 

Upadhyaya e t  al. (1973) in buffaloes; Katiyar e t  a l .  

(1973) in Sahiwal cows; Kuchroo and Narayanan (1977b) 

in cows and buffalos and George (1981) in goats. The 

proportion of small size fat globules was found to be 

higher than the exotic breeds like Jersey, Guernsey, 

Ayrshire and Holstein as reported by Jenness and 

Patton (1959). 

The lower size of fat globules in the milk is 

associated with greater surface area and higher 

phospholipid content (Kuchroo and Narayanan, 1977b). 

The smaller size fat globules are easily digested due to 

greater surface area exposed to lipases action (Jenness, 

1980). Phospholipids are an important factor in the 



deve lopmen t  cif b r a i n  a n d  n e r v o u s  t i s s u e s  a n d  p l a y  a 

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

(Norman, 19.74).  I n  g e n e r a l  it was s e e n  t h a t  t h e  f a t  

g l o b u l e  s i z e  i n  Vechur  cow was much lower  t h a n  o t h e r  

I n d i a n  breeds and  e x o t i c  b r e e d s  o f  c a t t l e  a n d  b u f f a l o e s ,  

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

i n  pe rcen t . age  o f  smaller s i z e  f a t  g l o b u l e s  a n d  d e c r e a s e  

i n  p e r c e n t a g e  o f  l a r g e r  s i z e  o f  f a t  g l o b u l e s  i n  Vechur  

cow m i l k  was s i m i l a r  t o  o t h e r  breeds o f  ca t t l e ,  

b u f f a l o e s  and  g o a t s .  The l o w e r  s i z e  o f  f a t  g l o b u l e s  i n  

m i l k  p r o b a b l y  i n d i c a t e s  a better d i g e s t i b i l i t y  and  

h i g h e r  p h o s p h o l i p i d  c o n t e n t .  

5.3.1 Correlation coefficient between fat globule size and fat 

percentage at different stages of lactation 

A s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  (0 .702  ) was 

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

i n  t h e  morn ing  m i l k  a t  3 r d  week o f  l a c t a t i o n .  

c o r r e l a t i o n  a t  13 t h  and  2 3  r d  week were n o t  

s i g n i f i c a n t  . Milk  f a t  p e r c e n t a g e  and  f a t  g l o b u l e  

s i z e  d i d  n o t  show a p o s i t i v e  a s s o c i a t i o n  i n  g e n e r a l  

( T a b l e  4 . 1 3  ) . T h i s  f i n d i n g s  w a s  i n  ag reemen t  w i t h  t h e  
i 

r e p o r t s  made e a r l i e r  by Kuchroo and  Narayanan  ( 1 9 7 7 a & b ) .  



5.4 Iodine value 

The a v e r a g e  i o d i n e  v a l u e  was 29.60 + 2.20 and  it 

v a r i e d  f r o m  28 .61  t o  30.29 ( T a b l e  4 . 1 4 ) .  The f i n d i n g s  

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

Ramamurthy e t  dl. ( 1 9 7 8 )  i n  cow m i l k  f a t ,  it was l o w e r  

t h a n  32.8  t o  33.9 r e p o r t e d  by Basu ( 1 9 6 2 )  a n d  30 t o  34 

r e p o r t e d  by Henry a n d  ~ e w l a n b e r  ( 1 9 8 7 ) .  I t  w a s  h i g h e r  

t h a n  t h e  v a l u e  o f  24.95 a n d  25.05 r e p o r t e d  i n  t h e  m i l k  

o f  A l p i n e  ~ a l a b a r i  a n d  Saanen  M a l a b a r i  c r o s s b r e d  g o a t  by 

George  ( 1 9 8 1 )  and  s i m i l a r  t o  t h a t  i n  b u f f a l o  m i l k  

( 2 9 . 4 0 )  r e p o r t e d  by Basu .  A s  t h e  i o d i n e  v a l u e  i n d i c a t e s  

t h e  d e g r e e  of  u n s a t u r a t i o n ,  a lower i o d i n e  v a l u e  f o r  

m i l k  f a t  f r om Vechur cow would  b e  p r o b a b l y  i n d i c a t i v e  o f  

more s a t u r a t e d  f a t t y  acids. The s a t u r a t e d  f a t t y  acids 

are d i g e s t e d  e a s i l y  by p - o x i d a t i o n  t h a n  u n s a t u r a t e d  

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

m a l a b s o r p t i o n  syndromes  (Vasudevan and  ~ r e e k u m a r i ,  

1 9 9 5 ) .  The i o d i n e  number d i d  n o t  show any  i n c r e a s i n g  o r  

d e c r e a s i n g  t r e n d  i n  r e l a t i o n  t o  s t a g e  o f  l a c t a t i o n .  
', ' 

,/ 

S i m i l a r  t r e n d  r e p o r t e d  by Basu  (1962') ;  George  ( 1 9 8 1 ) ;  
/ 

 ahm mi and  Fahmy ( 1 9  72 ) . 



Conclusion 

I n  t h e  case o f  c a s e i n  t h e  f r e q u e n c y  of C a l l e l e  a t  

a S l - c a s e i n  l o c u s ,  A a l le le  a t  P- and  k - c a s e i n  l o c u s  were 

lower t h a n  o t h e r  1 n d i a n  breeds l i k e  S a h i w a l ,  T h a r p a r k a r  , 
R e d  ~ i n d h i  and    at hi. Rut  i n  t h e  case o f  whey p r o t e i n s  

a t  a - l a c t a l b u m i n  and  p - l a c t o g l o b u l i n  l o c u s  Vechur  c a t t l e  

h a d  much h i g h e r  f r e q u e n c y  f o r  A v a r i a n t .  

Compared YO t h e  r e s u l t s  r e p o r t e d  by   ad ha van ( 1 9 9 5  ) 

i n  c r o s s b r e d  c a t t l e  o f  Kerala, Vechur  cows had  

h i g h e r  f r e q u e n c y  o f  C a l l e l e  a t  a , , - c a se in  l o c u s  and  

l ower  f r e q u e n c y  o f  A a l l e l e  a t  p- c a s e i n  a n d  k - c a s e i n  

l o c u s ,  b u t  h i g h e r  f r e q u e n c y  of  a - l a c t a l b u m i n  and  

p - l a c t o g l o b u l i n  A a l l e le .  

The f a t  p e r c e n t a g e  and  t o t a l  s o l i d s  p e r c e n t a g e  were 

h i g h e r  t h a n  o t h e r  breeds o f  c a t t l e ,  b u t  l o w e r  t o  

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

of t h e  p e o p l e  t h a t  t h e  Vechur  cow m i l k  i s  t h i c k e r  t h a n  

g e n e r a l  cow ' s  % i l k .  

The mean s i z e  o f  f a t  g l o S u l e s  ( 3 . 2 1 ~ )  was h i g h e r  

t h a n  t h e  g o a t  and  l ower  t o  t h e  o t h e r  breeds o f  c a t t l e  



and  b u f f a l o .  An i n c r e a s e  i n  t h e  number of small s i z e  

f a t  g l o b u l e  is a l w a y s  associated w i t h  g r e a t e r  s u r f a c e  

area and  h i g h  p h o s p h o l i p i d  c o n t e n t .  So t h e  f a t  is  

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

l i p a s e s  a c t i c n .  ~ h o s p h o l i p i d s  are a n  i m p o r t a n t  f a c t o r  

i n  t h e  deve lopmen t  o f  b r a i n  a n d  n e r v o u s  t i s s u e s  i n  

babies and  p l a y  a v i t a l  r o l e  i n  t h e  f a t  a b s o r p t i o n  and  

d i g e s t i o n .  The i o d i n e  v a l u e  ( 2 9 . 6 0 )  i n d i c a t e s  h i g h e r  

p r o p o r t i o n  o f  s a t u r a t e d  f a t t y  acids i n  t h e  m i l k  f a t .  The 

s a t u r a t e d  f a t t y  acids are d i g e s t e d  e a s i l y  by p - o x i d a t i o n  

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

smaller s i z e  o f  f a t  g l o b u l e s  and  more p r o p o r t i o n  o f  

s a t u r a t e d  f a t t y  acids,  it would  be t h e r a p e u t i c a l l y  

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

d i g e s t i b i l i t y .   his r e s u l t s  p i n p o i n t  t h e  n e e d  f o r  more 

de t a i l ed  s t u d y  i n t o  t h e  s u i t a b i l i t y  o f  Vechur  cow m i l k  

f o r  p a t - i e n t s  w i t h  cardiac p r o b l e m s .  The h i g h  f a t  

c o n t e n t  o f  i n i l k  c a n  act as a r e g u l a t o r  o f  i n f a n t s  

a p p e t i t e  b e c a u s e  o f  i t s  s a t i a t i n g  e f f e c t .  Thus Vechur 

cow m i l k  a p p e a r s  to be more s u i t a b l e  f o r  i n f a n t s  d u e  t o  

i t s  h i g h  f a t  c o n t e n t  and  low f a t  g l o b u l e  s i z e .  ~t i s  t o  

be t h o u g h t  t.:at it i s  more a d v a n t a g e o u s  f o r  a d u l t  a l s o  

d u e  t o  l ower  u n s a t u r a t e d  f a t t . y  acids c o n t e n t .  



The s c i m t i f i c  s t u d i e s  on m i l k  c o m p o s i t i o n  and  

l o o k i n g  i n t o  t h e  s i z e  o f  f a t  g l o b u l e  a n d  l e v e l  o f  

s a t u r a t e d  f a t t y  acids r e v e a l e d  t h a t  t h e  p o p u l a r  beliefs 

h a s  been  w i t h  a d e q u a t e  basis t h o u g h  t h e  s c i e n t i f i c  

secrets b e h i n d  w e r e  n o t  f u l l y  known earl ier .  

I t  c a n  be c o n c l u d e d  t h a t  t h e  Vechur  c a t t l e  o f  

Kerala h a s  u n i q u e  c h a r a c t e r i s t i c s  o f  i t s  own and  h a v e  

s e p a r a t e  i d e n t i t y  f rom o t h e r  breeds o f  c a t t l e  n o t  o n l y  

by i t s  d i m i n u t i v e  s i z e ,  b u t  a l s o  d u e  t o  i t s  m i l k  p r o t e i n  

v a r i a n t s ,  c o m p o s i t i o n  o f  m i l k ,  s i z e  o f  f a t  g l o b u l e s  and 

l e v e l  of s a t u r a t e d  f a t t y  acids i n  m i l k  f a t .  





SUMMARY 

1.    ilk samples from ind iv idua l  Vechur cows were 

c o l l e c t e d  t o  study biochemical polymorphism of m i l k  

p r o t e i n s ,  m i l k  components such a s  f a t ,  t o t a l  

s o l i d s  and s o l i d s  not f a t ,  f a t  globule s i z e  and 

iodine  value a s  a p a r t  of c h a r a c t e r i s a t i o n .  

Fourteen vechur cows a v a i l a b l e  a t  ICAR Scheme on 

"conservation of germplasm of Vechur c a t t l e "  were 

used f o r  t h i s  s tudy.  

~t a, ,-casein locus t h r e e  phenotypes v i z .  BB, BC and 

cc determined by two a l l e l e  B and C were observed. 

Frequency of CC phenotype ( 0 . 6 4 )  was highest  a  

followed by BC ( 0 . 2 2 )  and BB (0 .14) .  Frequency of 

B and c a l l e l e  were 0 .25  and 0 .75 .  

4 .  A t  p-casein locus t h r e e  phenotypes v i z .  AA, AB and 

BB w i t h  A and B a l l e l e  were observed. The frequency 

of AB phenotype was highest  ( 0 . 5 7 )  followed by AA 

( 0 . 2 9 )  and BB (0 .14) .  Frequency af A a l l e l e  was 

0 .57 .  C a l l e l e  which was s p e c i f i c  f o r  Brown swiss 

was not i d e n t i f i e d .  



5 .  At k - c a s e i n  l o c u s  two p h e n o t y p e s  AA a n d  AB w i t h  A 

and  B a l le le  were i d e n t i f i e d .  The  f r e q u e n c y  o f  AB 

was ( 0 . 8 3 ) .  The f r e q u e n c y  of A al le le  was 0.59.  

6 .  Two p h e n o t y p e s  AA a n d  AB w i t h  two al lele A and  B 

were i d e n t i f i e d  a t  a - l a c t a l b u m i n  locus. The 

f r e q u e n c y  o f  AA a n d  AB p h e n o t y p e s  were 0.57 and 

0.43.  The f r e q u e n c y  o f  A and  B a l l e l e  were 0 .78  and  

0 .22  r e s p e c t i v e l y .  

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

p h e n o t y p e s  v i z .  AA, AB a n d  BB w i t h  A  and  B a l l e l e  

w i t h  f r e q u e n c y  o f  0 .57,  0.29 and  0.14 r e s p e c t i v e l y  

w e r e  i d e n t i f i e d .  The f r e q u e n c y  of A a l l e l e  w a s  

8 .  The f r e q u e n c y  o f  C a l l e l e  a t  a , , - c a se in  l o c u s  w a s  

l o w e r  t h a n  t h e  o t h e r  1 n d i a n  b r e e d s  l i k e  ~ a h i w a l ,  

T h a r p a r k a r ,  Red ~ i n d h i  a n d    at hi, b u t  h i g h e r  t h a n  

e x o t i c  b r e e d s  l i k e  J e r s e y  and  ~ o l s t e i n  and  

c r o s s b r e d  c a t t l e  of  Xerala. The A v a r i a n t  a t  P and  

k - c a s e i n  l o c u s  had  f r e q u e n c y  lower t o  o t h e r  I n d i a n  

b r e e d s ,  e x o t i c  b r e e d s  o f  c a t t l e  and  c r o s s b r e d  

c a t t l e  o f  Kerala. 



9 .  The A  v a r i a n t  a t  a l a c t a l b u m i n  a n d  p- l a c t o g l o b u l i n  

l o c u s  h a d  much h i g h e r  f r e q u e n c y  t h a n  o t h e r  ~ n d i a n ,  

e x o t i c  b r e e d s  o f  c a t t l e  a n d  c r o s s b r e d  c a t t l e  o f  

Kerala. B v a r i a n t  i n  V e c h u r  c a t t l e  w a s  lower i n  

f r e q u e n c y  compared  t o  o t h e r  ~ n d i a n  b r e e d s .  

1 0 .  The a v e r a g e  m i l k  f a t  p e r c e n t a g e  w a s  6 .23  t 0.19.  

A v e r a g e  f o r  t h e  m o r n i n g  w a s  5 .95  2 0.12 p e r c e n t  a n d  

for t h e  e v e n i n g  6 . 6 2  t 0 . 1 3  p e r c e n t .  

11. The mean m i l k  f a t  p e r c e n t a g e  f o r  t h e  m o r n i n g  a n d  

e v e n i n g  a t  f i r s t  week was  4 .05 t 0 . 1 9 ,  4 . 6 5  f 0 .17 

a n d  by 2 0 t h  week o f  l a c t a t i o n  was  5 .92 t 0 .08 ,  6 . 5 5  

t 0 . 0 7  

1 2 .  The e v e n i n g  m i l k  h a d  u n i f o r m l y  h i g h e r  f a t  

p e r c e n t a g e  t h a n  m o r n i n g  m i l k  The f a t  p e r c e n t a g e  

showed a n  i n c r e a s i n g  t r e n d  w i t h  a d v a n c i n g  s t a g e  

o f  l a c t a t i o n .  I n c r e a s e  i n  f a t  p e r c e n t a g e  w a s  more 

i n  t h e  i ~ i t i a l  s t a g e s  o f  l a c t a t i o n ,  by 1 0  t h  week 

t h e r e  w a s  a n  i n c r e a s e  o f  1 . 3 9  p e r  c e n t  i n  t h e  

m o r n i n g  a n d  1 . 3 0  p e r  c e n t  i n  t h e  e v e n i n g .  L e a s t  

s q u a r e s  a n a l y s i s  o f  v a r i a n c e  f o r  e f f e c t s  o f  weeks  

a n d  t i m e  o f  m i l k i n g  showed h i g h l y  s i g n i f i c a n t  

d i f f e r e n c e s  for b o t h .  The least  s q u a r e s  means f o r  



m o r n i n g  a n d  e v e n i n g  m i l k  w e r e  5.99 2 0.03 a n d  6 .62  

f 0 . 0 3  r e s p e c t i v e l y .  The least  s q u a r e s  means f o r  44 

weeks  r a n g e d  f r o m  4 .43  + 0 . 1 2  a t  w e e e k  t o  7.52 t 

0.20 a t  44 weeks  a n d  o v e r a l l  mean w a s  6 .13  i 0 .04 .  

1 3 .  The  m o r n i n g  a n d  e v e n i n g  m i l k  averages o f  1 4  - 7 9  2 

0 .13  a n d  1 5 . 5 3  t 0 . 1 3  r e s p e c t i v e l y .  The a v e r a g e  

t o t a l  s o l i d s  p e r c e n t a g e  i n  m i l k  was 1 5 . 1 6  t 0.11 

p e r  c e n t .  

1 4  . The  mean t o t a l  s o l i d s  p e r c e n t a g e  o f  m i l k  a t  f i r s t  

week was  12 .64  + 0 .17  a n d  1 3 . 5 7  + 0.19 i n  t h e  

m o r n i n g  a n d  e v e n i n g  m i l k  a n d  it s t e a d i l y  i n c r e a s e d  

t o  14.75 t 0 .13  a n d  1 5 . 3 1  2 0 .18 i n  t h e  m o r n i n g  and 

e v e n i n g  m i l k  by 2 0 t h  week o f  l a c t a t i o n  . 

1 5 .  An i n c r e a s i n g  t r e n d  w a s  n o t i c e d  i n  t o t a l  s o l i d s  

p e r c e n t a g e  as t h e  l a c t a t i o n  a d v a n c e d .  The  e v e n i n g  

m i l k  showed u n i f o r m l y  h i g h e r  t o t a l  s o l i d s  

p e r c e n t a q e  c o m p a r e d  t o  m o r n i n g .  L e a s t  s q u a r e s  

a n a l y s i s  of v a r i a n c e  showed a s i g n i f i c a n t  e f f e c t  o n  

t i m e  o f  m i l k i n g  a n d  s t a g e  o f  l a c t a t i o n .  The  

overa l l  s q u a r e s  mean w a s  1 5 . 0 2  t 0.05 a n d  t h e  

a d j u s t e d  mean for m o r n i n g  a n d  e v e n i n g  was  1 4 . 8 5  t 

0 .05  a n d  1 5 . 5 5  t 0.05 p e r  c e n t .  



1 6 .  The a v e r a g e  s o l i d s  n o t  f a t  p e r c e n t a g e  was  8 .88  f 

0 .13  a n d  f o r  m o r n i n g  8 .84 f 0.12 p e r c e n t  a n d  f o r  

e v e n i n g  8 .92  t 0.14 per- c e n t  r e s p e c t i v e l y .  

1 7 .  The mean s o l i d s  n o t  f a t  p e r c e n t a g e  o f  m i l k  a t  f i r s t  

week was  8 .60  + 0.24 a n d  8.93 f 0 . 2 2 .  I t  was 8 .83  

t 0 .11  a n d  8 . 7 6  f 0 .15 p e r  c e n t  a t  2 0 t h  week o f  

l a c t a t i o n  i n  t h e  m o r n i n g  a n d  e v e n i n g  m i l k  

r e s p e c t i v e l y .  

1 8 .  No t r e n d  o f  i n c r e a s e  was  n o t i c e d  i n  t h e  s o l i d s  

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

l a c t a t i o r ;  as i n  t h e  case o f  f a t  a n d  t o t a l  s o l i d s  

p e r c e n t a g e .  L e a s t  s q u a r e  a n a l y s i s  o f  v a r i a n c e  

showed n o n - s i g n i f i c a n t  e f f e c t  o f  t i m e  o f  m i l k i n g  

a n d  s t a g e  o f  l a c t a t i o n  o n  s o l i d s  n o t  f a t  

p e r c e n t  a g e .  

1 9 .  Total  s o l . i d s  a n d  s o l i d s  n o t  f a t  d id  n o t  h a v e  s t r o n g  

a s s o c i a t i o n  i n  g e n e r a l .  The p o s i t i v e  c o r r e l a t i o n  

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

s i g n i f i c a n t  . The n e g a t i v e  c o r r e l a t i o n  b e t w e e n  f a t  

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

s i g n i f i c a n t  . 



20 .  The m i l k  f a t  a n d  t o t a l  so l ids  p e r c e n t a g e  w e r e  

h i g h e r  t h a n  t h o s e  o f  o t h e r  ~ n d i a n  breeds of c a t t l e ,  

b u t  l o w e r  t o  b u f f a l o .  The s o l i d s  n o t  f a t  percentage 

o f  m i l k  w a s  s imi la r  t o  o t h e r  ~ n d i a n  b r e e d s  o f  

c a t t l e .  

21 .  The mean s i z e  o f  f a t  g l o b u l e  w a s  3 . 2 1  p a n d  t h e  

r a n g e  w a s  2 . 5 4  t o  4 .07  p .  The mean diameter o f  f a t  

g l o b u l e s  was  f o u n d  t o  b e  3.02 + 0.05 L( i n  t h e  

m o r n i n g  a n d  3 .40  t 0 .05 AL i n  t h e  e v e n i n g  m i l k .  The 

n e a n  s i z e  o f  f a t  g l o b u l e s  estimated i n  g o a t s  

(Malabari a n d  t h e i r  c r o s s e s ) ,  crossbred c a t t l e  a n d  

Murrah  b ~ l f f a l o  were 2 .60  I,, 4 .87  a n d  5 . 8 1  G: 

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

22 .  The a v e r a g e  f a t  g l o b u l e  s i z e  w a s  f o u n d  t o  be 

d e c r e a s i n g  as t h e  l a c t a t i o n  a d v a n c e d .  The 

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

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

d e c r e a s e d  t o w a r d s  t h e  e n d  of l a c t a t i o n .  

23 .  No c o r r e l a t i o n  w a s  n o t i c e d  b e t w e e n  f a t  g l o b u l e s  

s i z e  a n d  f a t  p e r c e n t a g e .  
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2 4 .  The i o d i n e  v a l u e  r a n g e d  from 28.61 t o  30.29 and  t h e  

a v e r a g e  i o d i n e  v a l u e  w a s  29..60 + 2.20.  Based on 

a v a i l a b l e  r e p o r t s  t h i s  a p p e a r e d  t o  be s imilar  t o  

b u f f a l o ,  h i g h e r  t h a n  g o a t  a n d  lower t h a n  cows. The 

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

f a t t y  acids and  it a p p e a r s  t h a t  Vechur  cow m i l k  h a s  

less u n s a t u r a t e d  f a t t y  acids compared  t o  o t h e r  

c a t t l e  breeds. 

The l a r g e r  p r o p o r t i o n  o f  s m a l l  s i z e  f a t  g l o b u l e  i s  

a s s o c i a t e d  w i t h  g r e a t e r  s u r f a c e  area and  h i g h  

p h o s p h o l i p i d  c o n t e n t .  So t h e  f a t  is  d i g e s t , e d  more 

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

a c t i o n .  p h o s p h o l i p i d s  are i m p o r t a n t  i n  t h e  deve lopment  

o f  b r a i n  and  n e r v o u s  t i s s u e s  a n d  a l so  p l a y  a v i t a l  role 

i n  t h e .  f a t  a b s o r p t i o n  and  d i g e s t i o n .  The s a t u r a t e d  

f a t t y  acids are e a s i l y  d i g e s t e d  by b e t a  o x i d a t i o n  t h a n  

u n s a t u r a t e d  f a t t y  ac ids .  s i n c e  t h e  m i l k  f a t  h a s  h i g h e r  

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

f a t t y  a c i d s ,  it would be t h e r a p e u t i c a l l y  u s e f u l  i n  

m a l a b s o r p t i o n  syndromes  d u e  t o  i t s  e a s y  d i g e s t a b i l i t y .  

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

and  e v e n  s i c k .  S t u d i e s  on more number o f  cows are 

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



~t c a n  b e  c o n c l u d e d  t h a t  Vechur  c a t t l e  of Kerala 

has u n i q u e  c h a r a c t e r i s t i c s  of i t s  own a n d  h a v e  s e p a r a t e  

i d e n t i t y  frcrn o t h e r  breeds of ca t t le  n o t  o n l y  by i ts  

d i m i n u t i v e  s i z e  b u t  a l s o  d u e  t o  i t s  m i l k  p r o t e i n  

v a r i a n t s ,  c o m p o s i t i o n  of m i l k ,  s i z e  o f  f a t  g l o b u l e s  and  

l e v e l  . o f  s a t u r a t e d  f a t t y  acids.  
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ABSTRACT 

The n a t i v e  c a t t l e  o f  Kerala h a v e  b e e n  e v o l v e d  

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

a g a i n s t  h i g h  n u m i d i t y ,  heavy  r a i n f a l l  a n d  h o t  climate. 

They h a v e  been  c o n s i d e r e d  as n o n - d e s c r i - p t  a n i m a l s ,  b u t  

t h e r e  h a s  been  v a r i e t y  w i t h  c h a r a c t e r s  d i s t i n g u i s h i n g  

f rom o t h e r s  and  known as Vechur  c a t t l e  o f  Kerala. The 

Vechur  c a t t l e  had  t h e i r  o r i g i n  i n  Vechur  n e a r  ~ a i k o m  

o f  Kot tayam d i s t r i c t  o f  Kerala. They were v e r y  p o p u l a r  

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

p r o d u c t i o n  compared t o  o t h e r  l o c a l  cows. The e x t r e m e l y  

small  s i z e  o f  t h e  c o w ,  good a d a p t a t i o n  and  h i g h  

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

by t h e  f a r m e r s .  Fa rmer s  p r e f e r e d  Vechur  c a t t l e  f o r  

p l o u g h i n g  i n  marshy l a n d s  b e c a u s e  o f  t h e  small  s i z e  

and  l i g h t  wel .3ht .  The emergence  o f  c r o s s b r e e d i n g  led 

t o  t h e  g r a d u a l  r e d u c t i o n  i n  t r a d a t i o n a l l y  reared 

Vechur  c a t t l e .  Under t h i s  c i r c u m s t a n c e s ,  t h e  p r e s e n t  

work w a s  u n d e r t a k e n  t o  c h a r a c t e r i s e  t h e  Vechur  ca t t l e  

of Kerala by s t u d y i n g  ( a )  c e r t a i n  g e n e t i c  m a r k e r s  i n  

m i l k  ( b )  m i l k  components  l i k e  f a t ,  t o t a l  so l ids  and  

s o l i d s  n o t  f a t  p e r c e n t a g e  ( c )  f a t  g l o b u l e  s i z e  and  

d i s t r i b u t i o n  and  ( d )  i o d i n e  v a l u e .  



The Vechur  cows m a i n t a i n e d  u n d e r  t h e  scheme on  

" c o n s e r v a t i o n  o f  germplasm o f  Vechur  c a t t l e "  formed t h e  

material  f o r  t h e  s t u d y .   ilk p r o t e i n s  s u c h  as c a s e i n  

and  whey p r o t e i n s  were s t u d i e d  by p o l y a c r y l a m i d e  g e l  

electrophoresis i n  h o r i z o n t a l  d i m e n s i o n  (Thompson and 

~ i d d y ,  1 9 6 3 ) .  The f a t ,  t o t a l  s o l i d s ,  s o l i d s  n o t  f a t  

p e r c e n t a g e  o f  m i l k  and  i o d i n e  v a l u e  o f  m i l k  f a t  were 

estimated as p r e s c r i b e d  , by I n d i a n  I n s t i t u t i o n  

S t a n d a r d s .  The f a t  g l o b u l e  s i z e  w a s  measu red  u n d e r  

m i c r o s c o p e  by f i t t i n g  a n  e y e  p i e c e  micrometer t o  t h e  e y e  

p i e c e  o f  t h e  n i c r o s c o p e .  The s t a t i s t i c a l  a n a l y s i s  we re  

done  as s u g g e s t e d  by S n e d e c o r  and  Cochran  ( 1 9 6 7 ) .  The 

i n f l u e n c e  o f  s t a g e  and  t i m e  o f  m i l k i n g  w e r e  worked o u t  

u s i n g  least  scJares a n a l y s i s  o f  v a r i a n c e  as d e s c r i b e d  by 

Harvey ( 1 9 8 6 ) .  

T h r e e  p z o t e i r ~ s  a ,  p and  k - c a s e i n  w e r e  i d e n t i f i e d  

i n  c a s e i n  sys1.em. At. a ,  - 2 a s e i n  l a c u s  t h r e e  p h e n o t y p e s  

v i z .  BB, BC arc1 CC d e t e r m r n e d  by two  a l le le  B and  C w e r e  

o b s e r v e d .  F requency  o f  CC p h e n o t y p e  ( 0 . 6 4 )  w a s  h i g h e s t  

a  f o l l o w e d  by BC ( 0 . 2 2 )  and  BB ( 0 . 1 4 ) .  F r equency  o f  B 

and  C a l l e le  w e r e  0 . 2 5  and  0 .75.  The p - c a s e i n  l o c u s  

c o n s i s t e d  t h r e e  p h e n o t y p e s  v i z .  AA, AB and  BB w i t h  A and  

B a l l e le .  The f r e q u e n c y  o f  AB p h e n o t y p e  was h i g h e s t  

( 0 . 5 7 )  f o l l o w e d  by AA ( 0 . 2 9 )  and  BB ( 3 . 1 4 ) .  F requency  

of A a l l e l e  w l ? s  0 . 5 7 .  A t  k - c a s e i n  l o c u s  two pheno types  



AA a n d  AB wit .n  A and  B a l le le  were identified. The 

f r e q u e n c y  o f  AB w a s  ( 0 . 8 3 )  a n d  f r e q u e n c y  o f  A 

a l l e l e  w a s  0 .59.  

~ w o  whey p r o t e i n s  a - l a c t a l b u m i n  a n d  P- 

l a c t o g l o b u l i n  were i d e n t i f i e d .  A t  a - l a c t a l b u m i n  l o c u s  

two  p h e n o t y p e s  AA and  AB w i t h  t w o  a l le le  A a n d  B  w e r e  

o b s e r v e d .  The f r e q u e n c y  of AA and  AB p h e n o t y p e s  were 

0.57 and  0 .43.  The f r e q u e n c y  o f  A a n d  B  a l l e le  w e r e  

0 .78 and  0.22 r e s p e c t . i v e l y  . The p - l a c t o g l o b u l i n  l o c u s  

c o n s i s t e d  o f  t h r e e  p h e n o t y p e s  v i z .  AA, AB a n d  BB w i t h  A 

and  B a l l e l e  w i t h  f r e q u e n c y  of  0 .57 ,  0 .29  and  0 .14  

respectively w c ? r e  i d e n t i f i e d .  The f r e q u e n c y  o f  A a l le le  

w a s  0.71.  

The f r e q u e n c y  o f  C a l le le  a t  a , , - c a s e i n  l o c u s  w a s  

l ower  t h a n  t h e  o t h e r  ~ n d i a n  b r e e d s  l i k e  ~ a h i w a l ,  

T h a r p a r k a r ,  Red ~ i n d h i  and    at hi, b u t  h i g h e r  t h a n  e x o t i c  

b r e e d s  l i k e  J e r s e y  and  ~ o l s t e i n  a n d  c r o s s b r e d  c a t t l e  o f  

Kerala. The A v a r i a n t  a t  p a n d  k - c a s e i n  l o c u s  h a d  

f r e q u e n c y  lowel. t o  o t h e r  1 n d i a n  b r e e d s ,  e x o t i c  b r e e d s  o f  

c a t t l e  and  c r o s s b r e d  c a t t l e  o f  Kerala. The A v a r i a n t  a t  

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

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

c a t t l e  and  c r o s s b r e d  c a t t l e  o f  Kerala. B v a r i a n t  i n  

Vechur  c a t t l e  was lower  i n  f r e q u e n c y  compared t o  o t h e r  

I n d i a n  b r e e d s .  



The a v e r s g e  m i l k  f a t  p e r c e n t a g e  f o r  1 - 44 weeks  o f  

l a c t a t i o n  was  5 . 9 5  k0 .12 ,  6.62 + O i l 3  i n  t h e  m o r n i n g  a n d  

e v e n i n g  r e s p e c t i v e l y  a n d  t h e  mean m i l k  f a t  p e r c e n t a g e  

f o r  m o r n i n g  a n d  e v e n i n g  m i l k  w a s  6 . 2 3  k 0.19.  The mean 

m i l k  f a t  p e r c e n t a g e  a t  f i r s t  week was 4 .05  t 0 .19,  4 . 6 5  

+ 0 . 1 7  a n d  by 20 t h  week o f  l a c t a t i o n  w a s  5 . 9 2  + 0 . 0 8 ,  

6 .55  -+ 0 . 0 ;  i n  t h e  m o r n i n g  and e v e n i n g  m i l k  

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

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

showed a n  i n c r e a s i n g  t r e n d  w i t h  a d v a n c i n g  s t a g e  o f  

l a c t a t i o n .  The least  s q u a r e s  means f o r  m o r n i n g  a n d  

e v e n i n g  m i l k  w e r e  5 .99 t 0 .03  a n d  6 .62 + 0.03 

r e s p e c t i v e l y  a n d  o v e r a l l  mean was  6 . 1 3  k 0 .04 .  

The mean t o t a l  so l i d s  p e r c e n t a g e  o f  m i l k  a t  f i r s t  

week w a s  1 2 . 6 4  f 0 . 1 7  a n d  1 3 . 5 7  + 0.19 i n  t h e  m o r n i n g  

a n d  e v e n i n g  m i l k  a n d  it s t e a d i l y  i n c r e a s e d  t o  1 4 . 7 5  t 

0 . 1 3  a n d  1 5 . 3 1  + 0 . 1 8  i n  t h e  m o r n i n g  a n d  e v e n i n g  m i l k  by 

20 t h  week o f  l a c t a t i o n .  The a v e r a g e  t o t a l  s o l i d s  

p e r c e n t a g e  i n  m i l k  f r o m  1 - 44 w e e k s  o f  l a c t a t i o n  w a s  

14 .79  + 0 .13  r : ld  1 5 . 5 3  t 0 . 1 3  i n  t h e  m o r n i n g  a n d  e v e n i n g  

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

t o g e t h e r  was  1 5 . 1 6  i 0 . 1 1  p e r  c e n t .  An i n c r e a s i n g  

t r e n d  was  n o Y i c e d  i n  t o t a l  s o l i d s  p e r c e n t a g e  as t h e  

l a c t a t i o n  adv:  n c e d .  The e v e n i n g  m i l k  showed u n i f o r m l y  

higher t o t a l  s ~ ~ l i d s  p e r c e n t a g e  compared  t o  m o r n i n g .  The 



least  s q u a r e s  mean was  15 .02  a n d  t h e  a d j u s t e d  mean f o r  

m o r n i n g  a n d  e , c e n i n g  w a s  1 4 . 8 5  t 0 .05  a n d  1 5 . 5 5  t 0 .05 

p e r  c e n t .  

L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  showed a 

s i g n i f i c a n t  e f f e c t  o f  t i m e  o f  m i l k i n g  a n d  s t age  o f  

l a c t a t i o n  o n  m i l k  f a t  a n d  t o t a l  so l id s  p e r c e n t a g e  o f  

m i l k .  

The a v e r a g e  so l id s  n o t  f a t  p e r c e n t a g e  f r o m  

1 - 44 weeks  . ~ f  l a c t a t i o n  w a s  8 .84 t 0.12 a n d  8 .92 t 

0.14 i n  t h e  m o r n i n g  a n d  e v e n i n g  m i l k  r e s p e c t i v e l y .  The 

a v e r a g e  f o r  m o r n i n g  a n d  e v e n i n g  m i l k  w a s  8 . 8 8  t 0 .13  a n d  

least  s q u a r e s  mean was  8 . 9 0 .  The mean s o l i d s  n o t  f a t  

p e r c e n t a g e  o f  m i l k  a t  f i r s t  week w a s  8 .60  k 0.24 a n d  

8 .93  t 0 .22 .  1: w a s  8 . 8 3  + 0.11 a n d  8 .76  f 0 .15 p e r c e n t  

a t  20 t h  week o f  l a c t a t i o n  i n  t h e  m o r n i n g  a n d  e v e n i n g  

m i l k  r e s p e c t i v e l y .  No t r e n d  o f  i n c r e a s e  w a s  n o t i c e d  i n  

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

o f  l a c t a t i o n .  The l eas t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  

showed n o  s i g n i f i c a n t  e f f e c t  o f  t i m e  o f  m i l i n g  a n d  s t a g e  

o f  l a c t a t i o n  c l ! ~  s o l i d s  n o t  f a t  p e r c e n t a g e .  

T o t a l  s o l i d s  a n d  s g l i d s  n o t  f a t  d i d  n o t  h a v e  

s t r o n g  a s s o c i a t i o n  i n  g e n e r a l .  The p o s i t i v e  c o r r e l a t i o n  

b e t w e e n  t o t a l  s o l i d s  a n d  f a t  p e r c e n t a g e  were n o t  

s i g n i f i c a n t .  The n e g a t i v e  c o r r e l a t i o n  b e t w e e n  f a t  a n d  

s o l i d s  n o t  fat p e r c e n t a g e  were a l s o  n o t  s i g n i f i c a n t .  



The milk .  f a t  a n d  t o t a l  s o l i d s  p e r c e n t a g e  w e r e  

h i g h e r  t h a n  o t h e r  I n d i a n  breeds o f  c a t t l e ,  b u t  lower t o  

b u f f a l o .  The s o l i d s  n o t  f a t  p e r c e n t a g e  o f  m i l k  was 

s imi la r  t o  o t h e r  I n d i a n  breeds o f  ca t t le .  

The mean s i z e  o f  f a t  g l o b u l e  w a s  3 . 2 1  p a n d  t h e  

r a n g e  was  2 . 5 4  t o  4 .07  . The mean diameter o f  f a t  

g l o b u l e s  w a s  f o u n d  t o  be 3.02 + 0 .05  p i n  t h e  m o r n i n g  

a n d  3 .40  + 0 . 0 5  ,, i n  t h e  e v e n i n g  m i l k .  The mean s i z e  o f  

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

crosses ) , c r o s s b r e d  c a t t l e  a n d  Murrah  b u f f  a10 were 

2.60 ,L, 4 . 8 7  , a n d  5 . 8 1  ,, r e s p e c t i v e l y .  The  a v e r a g e  f a t  

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

a d v a n c e d .  The  p r o p o r t i o n  o f  s m a l l  s i z e  f a t  g l o b u l e s  

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

g l o b u l e s  d e c r e a s e d  t o w a r d s  t h e  e n d  o f  l a c t a t i o n .  No 

c o r r e l a t i o n  w c s  n o t i c e d  b e t w e e n  f a t  g l o b u l e s  s i z e  a n d  

f a t  p e r c e n t a g e .  

The i o d i n e  v a l u e  r a n g e d  f r o m  2 8 . 6 1  t o  30 .29  a n d  t h e  

a v e r a g e  iod i112  v a l u e  w a s  29 .60 2 2 .20 .  B a s e d  on 

a v a i l a b l e  r e p 3 r t s  t h i s  a p p e a r e d  t o  b e  s imilar  t o  

b u f f a l o ,  h i g h e r  t h a n  g o a t  a n d  l o w e r  t h a n  cows .  

The s i z e  o f  f a t  g l o b u l e  ( 3 . 2 1  ::) w a s  h i g h e r  t h a n  

t h e  g o a t  a n d  l o w e r  t o  t h e  o t h e r  b r e e d s  o f  c a t t l e  a n d  

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



smaller s i z e  f i i t  g l o b u l e s  a n d  s a t u r a t e d  f a t t y  a c i d s ,  it. 

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

syndromes  d u e  t o  i t s  e a s y  d i g e s t a b i l i t y .  The l a r g e r  

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

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

area. p h o s p h o l i p i d s  are i m p o r t a n t  i n  t h e  deve lopmen t  o f  

n e r v o u s  s y s t e m  i n  b a b i e s .  Thus Vechur  cow m i l k  a p p e a r  t o  

be s u i t a b l e  f o r  i n f a n t s  a n d  e v e n  s i c k .  s t u d i e s  on more 

number of cows are r e q u i r e d  f o r  c o n f i r m a t i o n  o f  r e s u l t s .  

I t  c a n  be concluded.  t h a t  'Jechur c a t t l e  o f  Kerala 

h a s  u n i q u e  c h a r a c t e r i s t i c s  of i t s  OWE aad have  s e p a r a t e  

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

s m a l l  s i z e  b u t  also d u e  t 3  i ts  m i l k  prct.c?ln v a r i a n t s ,  

c o m p o s i t i o n  of m i l k ,  s i z e  o f  f a t  g l o b u l e s  and  l e v e l  o f  

s a t u r a t e d  f a t t y  acids.  
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