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INTRODUCTION
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Milk a a a ra tlo n  la  d a fiu ad  a s  lb*  s y n th e s is  o f  H llL fay 

th a  e a l l a  o f a lv e o la r  ap ith e liu cs  o f  tmtttmvy e lan d  and th a  

paaaaga o f  t h i s  m ilk from  tb a  oytopleaw  o f  th a  c e l l#  In to  

tha t l v a o l a r  luasan* th a  c o n a ti tu a n ta  o f  M ilk t r *  produead 

lb  two way a .  Ona group o f  aowpouode, which ln c lu d aa  m ilk 

f a t ,  wo a t  o f  tb a  p r e ta ln  cowpounds and lu c to a a  l a  ayn tb a- 

e lz a d  In  tb a  a p i t h a l l a l  c a l l a  tram  blood p rao u rso ra  and 

th an  ra la a c a d  In to  tb a  a lv e o la r  lusian. tb a  ra ta*tnin« w llk  

o o n a ti tu e n ts  paaa from th a  blood and kovo aero*# tba 

a p i t h a l l a l  c a l l s  o r  bafcwaen thaw In to  th a  a lv a o la r  Ituuim  

w ith o u t a l t a r s  t lo n  by th a  c a l l s .  t h l a  group o f  the m ilk 

c o n s t i tu e n ts  ino lu d aa  n tn a r a la ,  o f  which sodiusa, potassium  

and ch lo ride: a r a  ltsp o rta n t bscausa  o f  t b a i r  osm otic 

a c t i v i t y  in  th a  B ilk ,  lac l.o aa  sy n th a a is sd  In  th a  woiat-sary 

a p i t h a l l a l  c a l l a  i s  a ls o  ra sp o u a ib la  f o r  th a  o s n o la l i ty  

o f  w ilk  and c o n a tl tu ta a  ona th i r d  o f  th a  osm otic p re sau ra  

o f  o o m l  a i l t f

M ilk i a  in  oaisotlo  aQ u ilib riun i w ith  tha  blood flow ing  

through th a  uddar th roughout th a  p a r io d  th a t  n i l k  raise J. no 

i n  th a  uddar and n o t J u s t  d u rin g  i t a  fo rm a tio n . Changes in  

m ilk  com position  occu r n« v e ta r  moves in  and o u t o f  the  

ud ’a r  in  rs sp o n ss  to  changes in  th a  osm otlo p ra a su ra  o f



blood* In  a d d it io n  to  the p rim ary  s e c r e t ! a n  Of w ater in  

s i lk *  a blood plasma tra n s u d a te  which l a  r i c h  i n  aodiura 

and o h lo r id a  c o n tr ib u te s  to  th a  f l u id  o f  milk* T his type 

o f  a a c ra t io n  l a  co n sid ered  to  ha im p o rtan t i n  tb a  s e c r s -  

t io n  o f  m ilk  th a t  i a  a s s o c ia te d  w ith  advancing la c ta tio n #  

advaneing age and b a c te r i a l  in fe c t io n  o f  th e  uddar* Tha 

m ilk  s e c re te d  du rin g  thaao  c o n d itio n s  have ln o raaaad  

c o n ta n ta  o f  sodium and c h lo r id e  and daoraaaad  co n tan ta  of 

la c to s e  end po tassiu m . An a l t e r n a t e  e x p la n a tio n  fo r  th a  

v a r ia t io n  i n  tha  sodium and o h lo r id a  c o n ten t o f  m ilk  1# 

th a t  th a  m ilk  s a c ra ta d  by  th e  c a l l a  i a  r i c h e r  i n  sodium 

and c h lo r id e  than  th a t  o b ta in ed  from gland  a t  m ilk in g .

Aa th a  f l u i d  more* from a lv a o l i  through th e  d u e ta  in to  

tb a  e l a t e r n  o f  th a  gland# th e  sodium and c h lo r id e  Iona 

a r e  re ab so rb ed , t h i s  r e s o rp t io n  p ro cess  i a  a g a in s t  tha 

c o n c e n tra tio n  g r a d ie n t .  A re d u c tio n  In  blood su p p lied  to 

th a  d u e ta  o r  an  In te r f e r e n c e  w ith  th e  ra a o rp tio n  p ro cess  

would in c re a se  th e  sodium and c h lo r id e  c o n tan ta  o f  the  

m ilk  (Schm idt, 1971)» HOwaver# th i s  q u a n t i ta t iv e  

v a r ia t io n  i n  th ese  c o n s t i tu e n ts  occu r! tsg due to  d ise a se  

c o n d itio n s  o f  th a  uddar# i s  to  M aintain  the osm otic 

p re s s u re .

In  th a  p re s e n t a tu d y  an a ttem p t has been made to 

a s c e r t a in  th e  s e c re to ry  p a t te r n  o f  lac to se #  sodium#
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p o tass iu m  and c h lo r id e  i n  mllle which c o n tro l  th a  o atso tle  

p r a a s u ra .  i n  c ro s sb re d  c a t t l e .  Thm inforna& tion on th a  

v a r i a t io n  in  th e se  c o n s t i tu e n t*  in  d is e a s e  c o n d itio n s  o f  

th a  u d d er i a  h * lp fn l  to  e s s e s*  th e  daangea caused  by tha  

d l s a a s e .  T h is  com para tive  d a ta  can  a l s o  ha uaad to  

lo c a te  th e  o r ig in  o f  th e s e  s u b s ta n c e s  i n  m ilk  and to  

eeaea e  th a  s e c r e to ry  fu n c tio n  o f  th e  u d d s r .
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REVIEW OF MmtMUHE

M ilk I t  th e  l a c t e a l  s e c r e t io n ,  p r a c t i c a l l y  f r e e  from

co lo s tru m , o b ta in e d  by c o u p le ts  m ilk ing  o f  one o r  more 

h a lo th y  cow* w ith  an  av erag e  g ro ss  chem ical com position of 

fifft w a te r , 3*9& f a t ,  4*9% la c to s e ,  3 , y i  p ro te in  and 0.7,° 

a s h  (vebb and Johnson, 1965). The com position  o f  m ilk  o f 

v a r io u s  sp ec ie*  ha* been d iscu ssed  by Jsnneea and Solan

(1970), They have a ls o  p o in ted  o u t th s  f a c to rs  a f f e c t in g  

th e  v a r ia t io n  o f  th e  d i f f e r e n t  components o f  m ilk ,

la c to s e  c o n te n t o f  a l l k .

A d e ta i le d  rev iew  on th e  s e c r e t io n  o f w ater and w ater 

s o lu b le  c o n s t i tu e n ts  i u  th e  m ilk  have been g iv en  by Rook 

and Whealock (19&7), The in te r r e la t io n s h ip  o f  la c to s e  w it 

d i f f e r e n t  w ater s o lu b le  components and t h e i r  in p o rtao ac  in  

o sm otic  r e g u la t io n  have a ls o  been d isc u sse d . Comber# a t  a 

(196?) have e s tim a ted  th e  la c to s e  c o n ten t o f  cows m ilk  aa 

4*91 * 0 ,o06> . They have e le o  found th e  h e r ! l a b i l i t y  o f  

la c to s e  c o n te n t iu  th e  m ilk  a s  0,39*

la c to s e  c o n ten t o f  cow, b u ffa lo  and g o a t m ilk  ware 

found to  bo 4.891 * 1*004, 3 .126 * 0.320  end 4 .397 * 0 .280  

re a p e o tiv a ly  (B arekat a t  s i ,  19*9).

b in s e l l  and P ecker (1971b) have s tu d ie d  th e  permea­

b i l i t y  o f  t» taaary  du ct a to  la c to s e  sad  found th a t  the
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tmmmry duct*  vere  lenem isob ls to  la c to s e  so  th a t  th e  m ilk  

aventhougb s to re d  fo r  long tim e in  th s  d u c ts  vould no t 

change in  soagpositiou ,

A ll (1973) had e s tim a ted  th e  amount o f  la c to s e  in  m ilk 

f ro *  la rg e  r.u*b*r o t  sam ples and made a  s tu d y  on the c o r re ­

l a t i o n  hetseo ti la o to a e  and c h lo r id e  c o n te n ts .  Tne la c  to re  

c o n te n t tme e s t ia a te d  to  he 4 ,97  e/100  u l ,  c h lo r id e  co n ten t 

ae  0 ,0 7  g/100 sel and ckX oridc-ifcotous number s s  1*54,

Book end Line (1961) have conducted a  s tu d y  to  f in d  o u t 

th e  e f f e c t  o f  p lan e  o f  energy n u t r i t io n  on th e  c o n s t i tu e n ts  

o f  m ilk  s e c r e te d ,  They could  n o t f in d  any s ig n i f i e s a t  

In c re a se  i n  th e  c o n te n t o f  la c to s e  by in c re a s in g  th e  p lan e  

o f  n u t r i t io n ,  The e f f e c t  o f s ta g e  o f  l a c t a t i o n  on la e to e c  

c o n te n t o f  m ilk  was s tu d ie d  by Saiga end T en d itn ik  (196w). 

They have g o t a  l a c to s e  c o n te n t r e n tin g  from -t.57  to  3.13, , 

The v a r ia t io n s  sco u rin g  in  th e  co u rse  o f  i a c to t io , ,  were 

sm a ll « « i no r e la t io n s h ip  was e s ta b lis h e d  between la c to s e  

c o n te n t eud l a c t a t i o n  s ta g e .

The d e c lin e  in  l a c to s e  c o n ten t o f  m ilk d u rin g  the 

w in te r use found to  be a s s o c ia te d  w ith  udder in fe c t io n  and 

»u  advancement in  average  s ta g e  o f  la c ta t io n  (<Vmdu j i t  c l . 

1974). S r iv e s ta v e  efc e l .  (1976) have made t h e i r  s tu d ie s  i. 

la c to s e  end m inera l c o n te n ts  o f  a i l k  o f  e ro sah red  c a t t l e .
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They co u ld  no* f in d  any s ig n i f i c a n t  v a r ia t io n  in  la c  Cose 

c o n te n t due to  g e n e tic  v a r ia t io n  in  c s t t i * .

T raore and S chula  (1979) b m  found low la c to a a  

c o n te n t in  a c e s titi*  a i l te  a  Kid d iaeu asad  th e  re lev an ce  o f  

la a to a a  i »  the d iag n o ai*  o f  p a th o lo g ic a l  co n d itio n *  o f  

udder to  »ea»ure th e  ohangae in  th a  udder brough t abou t 

by d is e a s e .

C h lo r id e s o n ts n t  o f  a i l k ,

Tha exchange o f  eh l o r  Id a  io n s  ao roaa th a  sncnaaary g land  

ep ith e liu m  in  th a  g o a t h as  been s tu d ie d  bp Knutaaoo (1964; 

by in fu s in g  p o ly e th y len e  g ly c o l c o n ta in in g  iao to p a  a h lo rin o  

( c l ) in to  th a  *adenary g l* u d . Tha aiilte was c o l le c te d  n t  

d i f f e r e n t  in te rv a le  and found th a t  tho, oU loridu van abaorbad 

a t  la a a  f a a t a r  r a t a  than  sodium and p o tass  i-oni from tha  

s e c r e t io n .  Tha in tx a e a l lu ia r  c o n c e n tra tio n  o f  c h io r id a  In 

la® gating  aeuteary g lan d  has boon c a lc u la te d  ( in  gu inea p ig ) 

from th a  an a ly se s  o f  fra a h  t i s s u e  and measurement o f  e x tra -  

e a l l u l a r  apace w ith  eucvoae ( ^ c )  and n i lk  c o n ten t w ith  

la c to s e  ( C) (b iu a o ii  and Paaker* Tha in t r a c e l lu l a r

co n c a n tro tio n  o f  c h lo r id e  was c a lc u la te d  aa 6S(a «q I * 1 i n t r a ­

c e l l u l a r  water* The c a lc u la te d  i n t r a c e l lu l a r  c o n c e n tra tio n  

o f  c h lo r id e  was h ig h e r  than  teiiK but tho r a t io *  between tho 

sodium* potassium  ami c h lo r id e  ion* were a l l  id e n t i c a l .  

Comparison o f  i n t r a c e l l u l a r  c o n c e n tra tio n  and tha  aKUBbran*
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p o te n t ia l  between the  c a l l a  end the  m ilk suggested  th a t 

the  c h lo r id e  io n s  were a c t iv e ly  h e ld  in  th e  c e i l s  u n lik e  

th e  sodium io n  and potassium  ion  which e r a  p a s s iv e ly  

d is t r ib u te d  ac ro ss  tb s  a p ic a l  membrane. The au th o rs  had 

a ls o  p o s tu la te d  the e x is te n c e  o f  an o th er inward facing  

"eh lo rid *  pump" in  a d d it io n  to  the sodium pump.

The p e rm eab ility  o f  mammary d u e ts  to  c h lo rid e  ions 

was s tu d ie d  by L ln s e l l  and Peeker (1971b) by using  ra d io ­

a c t iv e  iso topes*  Ron la c ta t in g  mammary d u c ts  were found 

to  be ao re  p e raaab la  to  c h lo r id e  than  th e  la c te t in g  ones. 

In  t h e i r  works they  p o in ted  o u t th a t  the  mammary ducts 

v s rs  impsrmaable to  the  c h lo rid e  ion  and exp lained  the 

reaso n  o f  m aintenance o f  the com position o f  m ilk ev«n i f  

s to re d  fo r  astny hours i n  the mammary giond*

S im ila r  s tu d ie s  have been c a r r ie d  o u t by b ii ta e ll  and 

P esk er (197**) to  re v s s l  the  changes in  the  com position o f 

co lostrum  in  r e la t io n  to  tha  p e rm eab ility  o f  mammary 

ep ith e liu m  a t  abou t th e  time o f  p a r tu r i t io n  in  the g o a t. 

The reaso n  o f  h igh  c h lo r id e  co n ten t o f  co lostrum  who 

a t t r ib u te d  to  the g r e a te r  r a t e  o f passage o f  c h lo rid e  in to  

th e  m ilk from blood in  l a t e  pregnancy than in  la c ta t io n .  

Packer (1977) has suggested  a  p a ra c e llu lx r  ro u te  fo r  the 

■sovemant o f  e h lo r id a  ion  end la c to s e .
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Tapcrnoux and (1967) have ee tiso . i«d  the  amount

o f  c h lo r id e  i n  tit* a i l k  a s  1*71 s / l .  They cou ld  n o t f in d  

any s ig n i f i c a n t  d if f e re n c e  w ith  brood* to ed  o r  d a te  in  

r e s p e c t  to  th e  c h lo r id e  c o n te n t o f  th e  m ilk . L*c*oi»e~ 

c h lo r id e  r a t io *  o f  d i f f e r e n t  rnllfc heva bean worked o u t by 

g e r s k a t g £  e l*  (1949)* th e  la c to s e -c h lo r id e  r e t i a  f o r  oow 

b u ffa lo  end g o s t m ilk  were e s tim a ted  to  be 4 ? .5  + 8 « 7 »

73*4 + 3*4 end 24*0 *_ 2 .6  re ep ec tlv e ljr*  The naan c h lo r id e  

c o n te n ts  were 0 ,1055 * 0 .0 1 5 , 0 .0657 ±  0 .006 and 0 .1717 * 

0 .019#  r e s p e c t iv e ly  f o r  cow* b u ffa lo  end g o e t m ilk . th e  

mean c h lo r id e  wea low er tu  b u ffa lo  m ilk  then  in  cow M ilk.

th e  im portance o f  c h lo r id e  io n  in  osm otic r e g u la t io n  

h as  been p o in te d  o u t by Hook and kheelook (1967) nncl 

Jeoaeee end S o leu  (1970). th e  c h lo r id e  c o n te n t and c h io r i  

l a c to s e  number have been e s tim a ted  by *11 (1973) f o r  cow 

• i l k *  g o e t m ilk  and vendor* m ilk  « s  0 .0 7  a/100  n l  and 

1.54* 0 .0 9  s /1 0 0  ffll and 1 .93  and 0 .1 0  g/100 ml and ,3.57 

re s p e c t iv e ly .

th e  c h lo r id e  c o n te n t o f  co lostrum  on th e  f i r s t  day wo 

0.2575S and O.ObSjj on th e  fo u r th  dey and f lu c tu a te d  w idely 

«P*» 10 days (Sobele e t  jtl,. 1976). The c h lo r id e  c o n ten t 

o f  b u ffa lo  s i l k  was e s tim a ted  by u l t r a c e n t r i f u g e t lo n  

p ro c ess  (s iudhu  end Hoy, 1976). A fte r  c e n tr ifu g in g  *1wj ok;
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m ilk  a t  105000 x  g fo r  30 m inutes a t  £0*0 in  a  Oeekmsn 

model li c e n tr ifu g e *  to*  sertm  co n ta in ed  93-1004 o f  tha  

c h lo r id e .

Sonk er ajs a t .  (1976) have s tu d ie d  th e  c h lo r id e  and 

l a c to s e  c o n te s ts  o f  m ilk  o f  Sahiw sl cov* and Hurrah 

b u ffa lo e s  over a whole l a c t a t i o n .  Average K o e s tla r  number 

was e s tim a ted  to  he 2 .16  (range -  1 .35  to  3*11) end 2 . IB 

(range -  1 .33  to  2*81) re s p e c t iv e ly  f o r  covet and b u ffa lo es  

The v a lu e  in c re a se d  in  both  sp e c ie s  a s  th e  l a c ta t io n  

advanced and i t  v a r ie d  s ig n i f i c a n t ly  i n  e a r ly  and l a t e  

l a c t a t i o n  p e r io d s . They hav* a ls o  e s tim a ted  to e  average 

le e to e e -o h lo r id e  number i n  th e  m ilk  o f  cow and b u ffa lo  

o v e r  a  whole l a c t a t i o n  re s p e c t iv e ly  •«  6*32 (ran ge  » 3*76  

to  3*61) end 6 .3 2  (rang* “ 3*98 to  8*95) ,  This number a le  

in c re a se d  w ith  th a  advancement o f  l a c t a t i o n .

Oaoguii (1979) e s tim a ted  th e  amount o f  c h lo r id e  in  00 

m ilk  and b u ffa lo  milk* The a u th o r  a ls o  coopered th a  o h lo r 

c o n te n ts  o f  blood plasma (330 eg/100 ml) end m ilk  plasma 

(100 mg/100 m l), to e  c h lo r id e  c o n ten t o f  cows m ilk  was 

a s t in s ta d  to  toe 1.697 s /1  and b u ffa lo  m ilk  a s  0 .032  e / i .

to e  v a r ia t io n  in  th a  c h lo r id e  c o n ten t o f  m ilk  d u rin g  

s u c c e ss iv e  s ta g e s  o f  m ilk  resaoval from can unary  g land  o f  c;j
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was s tu d ie d  try Maciiensio »nd h esce lleo  (196h) with oxy tocin  

i a js c c io n .  The r e s u l t s  showed an  ioer«a«« i a  co n cen tra tio n  

o f  c h lo r id e  in  whey up to  H9S»»

The change* in  th e  y ie ld  and com position o f tmimary 

gland  s e c r e t !an in  f i r s t  16 (fays o f  d ry  p e rio d  have been 

in v e s tig a te d  in  s ix  cow* by Sfeeeloofc e t  a t .  (19*5?). The 

c h lo rid e  co n ten t was decreased  in  th e  f i r s t  h a l f  and w ith in  

e ig h t days a f t e r  dry ing  o f f  th e  c o n c en tra tio n  o f  c h lo rid e  

wee s im ila r  to  those  o f  blood*

The v a r ia t io n  in  c h lo r id e  co n ten t due to  season has 

been s tu d ie d  by Sen Jan efc e l .  (197*0. They have analysed 

the  m ilk  fo r  c h lo rid e  i n  th e  beginning o f  p a s tu re  feed in g , 

beginning o f  s t a l l  feed ing  and a t  the end o f  e t e l l  feeding 

and g o t the  va lues a s  89.0 * 1 .2  mg/100 sal* 102 * 1 .6  o s /

1O0 ml and 10? + 1 ,2  eig/100 asl r e s p e c t iv e ly . The s t a l l  

feed in g  has in c re ased  th e  c h lo r id e  co n ten t o f the  00ws Blltc.

Oe*mpo j t  a l .  (1970) hare  s tu d ie d  the  seasonal v a r ia t io n  

o f  c h lo rid e  in  cow m ilk . Average le v e ls  o f  c h lo rid e  in  

autumn* w in te r* sp rin g  and summer re s p e c tiv e ly  were 1.93* 

1 .9 2 , 1,78 and 1.76 c / l .  None o f  th e  d if fe re n c e s  in  

a e o so m i averages was s t a t i s t i c a l l y  s ig n i f ic a n t ,

Thera ware m  d e te c ta b le  changes in  c h lo rid e  con ten t 

o f  m ilk In  eoeocin t lo n  w ith c h lo rid e  Content o f  d rin k in g



i t

ms t a r  {ttaseenden g i.. 1977). fh*  f r e e s in s  p o in t o f  s i l k  

els®  ba» n o t ehonged,

ft®  e l e c t r i c a l  c o n d u c tiv ity  has beea c o r re la te d  with 

th e  c h lo r id e  co n ten t o f  m ilk In  th e  in v e s t ig a t io n s  c a r r ie d  

o a t  by Dosal s t  «X. (19??)* E le c t r ic a l  co n d u c tiv ity  o f 

s i l k  wr» s tu d ie d  In  630 f r e s h  m ilk stucpXss. The minimum 

and maximum co n d u c tiv ity  va lu es eb ts in o d  ( r e s u i te  x 10-**1 

Ohms) ware &&*kk and 52.90 correeponding to  0.017  and 

O*l40j> c h lo r id e * . The average v a lu es  vara  38*41 and 0.067,5 

re sp e c tiv e ly *

Sodium cont e n t o f  m ilk .

Jtnutsaon {1964) s tu d ie d  In  d e t a i l  tba cxcimiuO o f 

•odium Iona In  tbe a s e w ty  gland  by using  iso to p e  sodium 

( Ha). Exchange w s  dem onstrated both a f t e r  in travenous 

In je c t io n  and in tro d u c tio n  in to  tb a  gland through t a a ta .

1'or iso to p e  sodium tb a  h a l f  tim e a f t e r  in fu s io n  to  pa as 

through tb s  t e a t  te a  abou t 30 m inutes o r  Xe«o and evon 

s h o r te r  a f t e r  i.ntr*venous In je c t io n .  Itie re so rp tio n  o f 

sodium wa* s ig n i f ic a n t ly  g re a te r  than  th a t  a t  o h lo rid e .

Tha t ra n s p o r t  o f sodium In  the  form ation  o f  m ilk has 

been s tu d ie d  by Sake ejfe a l .  (1965), The f r e e  flow ing m ilk 

o b ta in ed  a f t e r  oxy to c in  in je c t io n  and f in a l  udder onsaaga 

has g o t s im ila r  sodium c o n c e n tra tio n s« But tba  m ilk removed



a t  ev s ty  f i f t e e n  m inutes by oryfcoeia in je c t io n  showed a 

lo u r  f o ld  in o rsa e e  l a  sodium c o n c e n tra tio n  and doereoso 

in  po tasaium  and Aaetooe c o n te n t* . Vhsn sodium c h lo r id e  

s o lu t io n  m s  in tro d u ced  in to  the smtKs&ry g land  im u sd la ts ly  

a f t e r  ev a cu a tio n , th e  ssao&ea a f t e r  fo u r  to  fo u r  and h a l f  

hours o f  in fu s io n  shoved a decrees*  in  sodium . Tbs 

in tro d u c tio n  o f  po tassium  eta lo rid s o r  g lu co se  in  s im ila r  

way wa* fo llow ed  by an in c re a se  in  c o n c e n tra tio n  o f  sod ium  

Xt was su g g ested  th a t  th e  l iq u id  cnfceri;sg th e  a lv e o l i  has 

Mo* and &* c o n c e n tra tio n s  s im ila r  to  th a t  o f  p laan s  o r  

i n t e r c e l lu l a r  f l u i d .  The g lan d  c e l l s  reab so rb ed  th e  

sodium and s e c re te d  po tassium  and la c to s e  in  on o srra tic  

e q u iv a le n t w ith  th a t  o f  the  reab so rb ed  sodium.

Co»b*rg « t  a l .  (1967) have e s tim a ted  th e  sodium co n ten t 

o f  a i l k  &m 43,6 ♦ G.3?d and i t s  h«ril a b i l i t y  as 0.30.
S im ila r  s tu d ie s  have been c a r r ie d  o u t by Kani e t  a l . (1971) 

who e s tim a te d  the sodium c o n te n t o f  cow m ilk  ea  S6«6 mg^.

In  th e  rev iew  p re se n te d  by Jennsaa and Solan  (1970). 

th e  im portance o f  sodium a s  a  s o lu te  c o n tr ib u tin g  to osm otic 

a c t i v i t y  has been re v e a le d .  V arious f a c to r s  l i k e  l a c ta t io n  

p e r io d s ,  age o f  tha  anim al and feed in g  have a lso  been 

d isc u s se d  to  a f f e c t  th e  sodium c o n te n t o f  th e  m ilk .
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The method o f  t r a n s p o r t  o f  a s jo * io m  p re se n t in  tb« 

m ilk  ac ro ss  th e  mamaary g ioad  ep ith e liu m  i » i  been d srlv sd  

by L ln s e l l  and Poak#r (19710). Th«y Uav# n o ticed  th a t tin 

m u  l a e ta t i e g  mammary d u e ts  were mors p sm «*b ie  to  sodium 

ton* than  i a c t a t i off* h i sm all and Peafcer (1971*) have 

• s t i  tasted th s  I n t r a c e l lu la r  co n c en tra tio n  o f  aodi.ua by tb« 

analysis* o f  f r s a h  t i s s u e  »e >tZ c. m  I* 1 i u t i a e c l iu l a r  

w ater. Xij* c o n c en tra tio n  o f  sodium w»a h ig h e r than in  tell 

bu t tha  c a tio n  betwson ch lo rid e#  p o ta s s lu c  and sodium war* 

alm ost id e n t ic a l  to  th a t  o f  e l i te .

Th# aodium co n ten t o f  colostrum  was found to  tx* high 

dua to  h ig h  c a t#  o f  passage o f  sodium from blood in to  th# 

mtassary a c c re tio n  in  th#  l a f # r  pregnancy ( U n w l l  and 

Psatesr# 1 9 f4 ).

Sob#la fit a l .  (1976) es tim ated  th a  sodium co n ten t o f 

eoioairum  end mi lie f o r  16 day# a f t e r  c a lv in g . On tit# f i n  

day sodium co n ten t was o»Ojk,t and in creased  s te a d i ly  to  

0*47^ on th e  fo u r th  day o f  s a lv in g .  S im ila r  s tu d ie s  ware 

c a r r ie d  o u t by V inovraki fi£ a l . (1976) and p re sen ted  a mss 

v a lu e  fo r  sodiias so 92.0  mg/100 e l  in  th e  f i r s t  th ru#  day* 

and 83*9 eg/109 ml i n  th# nex t s i r  days. The averag* 

aodlueopotaesiuua r a t io  war 0 .565 .

13
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Sodium 05 nfcent o f  m ilk  and blood plesma were compared 

by C angu ll (1979)» 'Hi* a odium c o n te n t was w t ig a tc d  to  be 

£0 tag/100 ml i n  sows a i l k  and 330 mg/100 ml In  blood plasm a. 

The b u ffa lo  m ilk  co n ta in e d  64 mg/100 ml o f  sodium.

V a ria tio n  o t  sodium c o n te n t in  m ilk  vbb re p o r te d  by 

d i f f e r e n t  au th o rs*  Sodium c o n ts n t  o t  n i l k  showed an  

in c re a se  w ith advancing o f  ago (Vtanscboubrock a t  s i .  1964). 

Ih s  re d u c tio n  i n  v a r i a b i l i t y  a f t e r  c o r re c tio n  f o r  age was 

16*3^« whselock a t  a l .  (1966) havs s tu d is d  tho e f f e c t  o t  

d i f f s r s n t  in te r v a ls  on m ilk  s s c r a t io n  end th e  r a t e  o f 

s e c re t io n  o f  sodium was found to  be d ecreased  c u rv i~ l in e s r iy  

w ith  th e  d u ra tio n  o f  th e  m ilk ing  i n t e r v a l .

Ths f l u id  removed from th e  uddsr d u rin g  th e  d ry  p e rio d  

was hav ing  the  s im i la r  sodium c o n te n t t h a t  o f  e x t r a c e l lu la r  

f l u id  (Sm ith jjjt s i .  1$6? end Wheeloek « t  « i ,  19u?)«

Semjen e t  c l .  (1974) e s tim a ted  th e  sodium c o n ts n t o f  

m ilk  d u rin g  th e  fo u r p e r io d s  namely th e  beginning  and end 

o f  th e  p a s tu re  feed in g  and beg inn ing  and end o f  s t a l l  

fe ed in g  a s  46 .3  + 0 .6 0 8 , 3 8 .3  + 0 ,6 4 0 , 36 .9  & 0 ,494  end 

37 ,8  £  0 .524  mg/100 ml r e s p e c t iv e ly .  Ocampo e t  e l . (1976) 

have s tu d ie d  th e  v a r ia t io n  o f  sodium c o n te n t i n  th e  m ilk  

d u rin g  d i f f e r e n t  s e a so n s , th e y  have reco rd ed  tho  sodium 

c o n ts n t o f  m ilk  a s  a  range (o»4o to  0 .7 8  ts /l)»  Average
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l e v e l s  in  autumn* v in te r»  sp rin g  and autoraer re s p e c t iv e ly  

v a ra  0*520, 0*512, 0*512 and 0*516 g /1  and re p o r te d  th a t  

none o f  th e  d if f e re n c e s  wax-a s ig n if ic a n t*  The sod iu*

<•» atmnt i n  th a  m ilk  was found to  ba s ig n i f i c a n t ly  h ig h e r  

a f t e r  two months o f d rough t (huQuest a t  a l .  19??}*

Muaaandan a t  a l .  C l???) a tu d ia d  th a  a f f a a t  o f  sodium 

c o n c e n tra tio n  i n  d r in k in g  w ate r on sodium c o n ten t and 

f r e e s io g  p o in t  o f  m ilk . A sso cia ted  ehauges o f  aodiuai 

ao u ld  ba n o tlo a d , b u t no changes i n  f r e e s in g  p o in t  ra p o r ta d . 

Sodium c o n te n t was e s tim a ted  in  f r a a h  s i l k  sample* and 

reco rd ed  a s  0*35 f l / i  (rang® ** 0*20 to  0*83) by P in to  a t  a l . 

(1 9 ?b ). They hava a tu d ia d  th a  sea so n a l v a r ia t io n  o f •odium 

i n  cow w llx  and found h ig h  amount o f  sodium in  autumn than 

i n  w in tar*  S i a i t a r  s ta d ia *  hava bean c a r r ie d  o u t by 

d uarex  •?. a-l» (1979) and s t a t e d  th a t  th a  aodiuai v a r ie d  

s ig n i f i c a n t ly  by sasao n  and ranged  from 0 .033,4 (February) 

to  0*049$ (Hay)*

P o tasstu w  o o n tan t o f  etllU .

P e rm e a b ility  o f  m s n e ry  ep ith e liu m  to  potassium  hava

baan a tu d ia d  by Kuutsson (1964) i u  go at by in tro d u c in g  

is o to p e  potassium  ( K) in tra v e n o u s ly  o r  tn tra n a sa a a r ily . 

M ilk was c o l le c te d  a t  d i f f e r e n t  tim e in te r v a ls  and observed 

t h a t  p o tass lu s t cou ld  bo absorbed  a t  a s l i g h t l y  f a s t e r  r a to



then  c h lo r id e .  Maekeusic and tasscaile*  (1SH>5) h«T» con­

firm ed in  Choir s tu d ie s  In  eves th a t  a  n e t  movement o f 

ions cou ld  tak e  p la c e  ac ro ss  th e  aatmazy epithelium * 

where sodiiiB , potassium  and c h lo rid e  were s e c re te d  in to  

th e  e o la t io n  in  which th e  co n c en tra tio n s  were lower t.frsn 

i s  th e  m ilk  and absorbed  when th e  co n cen tra tio n s  were 

h ig h e r . The f ro e  flaw ing  m ilk  a f t e r  an  in je c t io n  o f 

o ay tec in  a  is} m ilk o b ta in ed  e f to r  the  f i n a l  udder massage 

had s im ila r  potassium  eo n e o n trs tio a s  {Zaks jet a l .  * 5X>i>) •

I t  was a ls o  suggested  th a t  th e  l iq u id  e n te r in g  tho a lv e o l i  

h as  a potassium  c o n c en tra tio n  s im ila r  to  th a t  o f  blood 

plasma o r  in t r a c e l lu la r  f l u i d .  g land  would s e c re te

potassium  and la c to s e  and reab so rb  sodium so a s  to  s a in te d  

th e  osm otic presours*

P erm eab ility  s tu d ie s  c a r r ie d  o u t by h in s e i l  and Peake 

(1 9 ? ts )  by usin g  ra d io a c tiv e  iso to p e  showed th a t  the cone# 

t r s t i o n o f  potassium  in  th s  in t r a c e l lu l a r  f lu id  was h ig h er 

(195 b  sq  i ” * in t r a c e l lu l a r  f lu id )  than  in  m ilk end th a t  t  

potassium  ions ware p a s s iv e ly  d is t r ib u te d  sc re e s  the ap ice  

membrane. A nother s tu d y  c a r r ie d  o u t by th e  same a u th o rs  

{197*b) rev ea led  th e  im perm eab ility  o f  »ora»ary d u c ts  to 

potassium*

Gomborg e t  a ^ .  (1967) e e t in s te d  th e  potassium  co n ten t 

o f  cove m ilk  us 162.0  ♦ 0*672.  she g e n e tic  dependence o f

16
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p o ts s s lu a  c o n te n t o f  m ilk  mss o s lc u ls t s d  iu  tens*  o f 

h o r i t a b i l i t y  ** 0*43.

Mieet.ock a t  a t * (1967) s tu d ie d  th*  changes o f  potassium  

c o n te n t in  d ry  p e r io d  anA reco rd ed  a  p o tassium  c o n te n t in  

m tsm ry  s e c re t io n  s im ila r  fca th a t  o f  blood* Kani s t  a i .

(1971) {jove e s tim a te d  th e  petaeeium  c o n te n t o f  M ilk n»

144.2 tOg.l,

The po tassium  c o n te n t o f  co lostrum  lie* been e s tim a ted  

by SobsJUt gb c l ,  (1976) end notod th a t  potessiusa co n ten t was 

l e s s  th an  th a t  l a  nsrsm l m ilk  (0*139£) on tk*  f i r s t  day and 

in c re a se d  to  f lu c tu a te  ab o u t aortas! value* rang ing  from 

0*14 to  Q*16j4 fo r  the  re s *  o f  th e  tim s . S im ila r  s tu d ie s  

c a r r ie d  o u t by V inovrski a l .  (1976) shoved a  p o tsa e lu n  

c o n te n t o f  149*0 og/IOQ ml I n  th a  f i r a t  th re e  day* and 

140*3 ass/loo wl In  th a  n ax t s ix  d ay s . She po tassium  co n ten t 

h a s  changod to  th e  norm al » i l k  v a lu e  between f iv e  and seven 

day* a f t e r  p a r tu r i t io n *

C anguil (1979) stud ie*’ th* aiiaeiw l com position  o f  cow 

and b u ffa lo  m ilk  and M t i s n t i d  th e  potassium  co n ten t a s  

I .766 g sad  1,577 £ p e r  l i t r e  r e s p e c t iv e ly .

V a ria tio n  i n  po tassium  content- o f m ilk  due to  advancing 

o f  age ismm boon re v e a le d  by Vansoboubrock jr t  a l .  (1964). 

tb s  po tassium  c o n ten t was found to bo h ig h  a t  f iv e  to  s ig h t  

y e a rs  o f  age snd  th e r e a f t e r  dec reased  to  a  minimum.
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VhetJser p a s tu re  f a d in g  bam g o t any e f f e c t  on potassium  

co n ten t o f  m ilk  ? . Sea Jan jgfe a l .  (197h) s tu d ie d  th i s  a sp e c t 

in  c a t t l * .  They bay* estim ated  th e  potassium  co n ten t o f  

m ilk i n  th e  fo u r p e r io d s  ivnaaiy foegitmlr^c o f p o stu re  feed in g , 

sod o f p a s tu re  fe ed in g , beginning o f  s t a l l  f s sd in e  and and 

o f  a t a l l  f a d in g  aa  133.9 £  1 .203 , 143 4  1 .586 , 135.5 * 1.5 

and 145.1 £  1.256 mg/%00 *al r e s p e c t iv e ly .  I t  was couoludad 

th a t  th e  potassium  in  m ilk  d id  n o t vary s ig n i f ic a n t ly  due 

to  tha  change o f  anim al fro  in p aa tu ra  to  s t a l l  lead in g .

Qeespo gjt a l*  {1916} es tim ated  tiia  amount o f  potassium  

in  cow m ilk  and s tu d ie d  th e  a as aortal v a r ia t io n  o f  potassium  

c o n ten t lo  m ilk , 'ftiey have observed th a t the aeasonal 

d if fe re n c e s  o f  potassium  co n ten t o f  s i l k  ware no t s t a t i s t i ­

c a l l y  s ig n if ic a n t*  S im ila r  s tu d ie s  have been c a r r ie d  o u t 

by P in to  e t  a l ,  {1976}* The potassium  co n ten t mn  ranging 

from 1.332 to  2.36  g /1  and th e  v s r i s t io u  was le a s  during  

d l f f s r s n t  sea so n s. Ju srax  e t  a l . {1979} a ls o  sould  so t 

Sind any seaso n al v a r ia t io n  in  re sp e c t o f  th s  potassium  

co n ten t o f  m ilk . They have estim ated  th e  potassium  co n ten t 

o f  m ilk s s  0 .132 + 0 .019^ .

In d u e tie n  o f  l a c ta t lo p .

Smith end Schanfaeeher {1973) in je c te d  17-hsta  o e a tre d io i 

and p rogeste rone a t  a r a t e  o f  0.1 mg and 0.25  mg/kg body 

w eight re s p e c t iv e ly  fo r  seven days in to  n ine cows and one



h e i f e r .  H a lf th e  d a l iy  doae was g iven  subcu taneous l y  a t  

tv a lv a  h o u r in te r v a l* .  l a c ta t io n  *m* commenced 11 to 21 

day» a f t e r  th e  f i r s t  I n je c t io n  and th e  peak y ia ld  was 

a t ta in e d  in  90 to  50 days, They observed  th a t  the  nnisaalfc 

in  f i f t h  to  seven th  day p o s t-o e e tru a  responded b e t t e r  tha. 

th e  an im als i n  mid c y c le  end v i th  fu n c tio n in g  corpueluteuii 

S im ila r  s tu d ie s  have Lean c a r r ie d  o u t by JUrb «it e j.. /197<») 

and Chainriymret « t  a l .  (1976).

Joseph and P a v ith ra n  (1979 a  A b) induced i n f e r t i l e  

•owe by u s in g  s t e r o id  hormones and s tu d ie d  th e  e f f e c t  o f  

d i f f e r e n t  le n g th  o f  tre a tm e n t p e r io d s . They have a lso  

an a ly sed  th e  induced a i m  fo r  v a rio u s  c o n s t i tu e n ts  l ik e  

f a t .  p ro te in *  l a c to s e ,  a sh  and c h lo r id e  and cou ld  n o t fin d  

any d if fe re n c e  i n  com position  from th a t  o f  poet-partum  mil

H a * ti t is  has been found to  produce com positional ch a t 

and a ls o  d ep re ss io n  in  m ilk  y ie ld .  T his may be due to the 

im pairm ent o f  fu n c tio n  o f  th e  m enssry e p i t h e l i a l  c e l l s .

Jebneaa and P a tto n  (1959) showed an in c re a s e  o f c h lo r  

c o n te n t i n  m ilk  o f  m s  t i t l e  a f f e c te d  Q u artere  above O.lfc o 

©»15£ end have ex p la in ed  th e  p o s s i b i l i t y  o f  uair® the  

e s t im a tio n  o f  c h lo r id e  c o n ten t s s  s  to o l  f o r  m a s t i t i s  s tu d  

Udder In f e c t io n  a ls o  lowered th e  la c to s e  c o n te n t o f m ilk . 

C hloride-lactO BG  number (lo o  x ^ c h lo r id e /. j  la c to s e )  propes

19
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by d o e s t l s r  c o u ld  bs us ad to  s x p rs s s  til* r e d u c t io n  In  

l a c to s e  sad  in c re a s e  i n  c h io r id s  c o n te n ts  o f  Milk, The 

c h lo r id e - l s c to s e  number g e n e ra l ly  ranged  f r o m  J »3 to  J . 0

f o r  n o r a m i M ilk . But in c re a s e d  M arkedly In  Mastitis cases

W ieeloctt e t  a t .  (1966} n o tic e d  a  d e c re a se  In  th e  

c o n c e n tra t io n  o f  la c to s e  and  p o tass iu m  In  a i l k  from th e  

in f e c te d  q u a r te r*  The sodium* c h lo r id e  end non o ee ien  

p r o te in  i n  m ilk  showed in e r e s s e  i n  c o n c e n tr a t io n .

U tU b  sn d  Msevs (*968) re p o r te d  th a t  th s  l s c t o s s

e o n ts n t  o f  Milk fro st I n f s c ta d  q u a r te r*  o a n ts ln e d  o n ly  l e s s

i s c t o s s  (O.OSJj l e s s )  th an  norw el n i l k .  R eduction  o f

l e c to s e  tn*  s i g n i f i e s  n t ly  g r e a t e r  when in f e c t io n  wan due t

S tr e p to c o c c i  (O.IS^J*) th en  S tap h y lo co cc i (0 .1 0 3 ^ ) .

The iM portance o f  c h lo r id e  c o n te n t  o f  cow m ilk  in  

d iagnosing ' d is tu rb a n c e *  o f  u dder ham been p o in te d  o u t by 

Konrad e t  s i .  (1969), The a v e rse #  c h lo r id e  c o n c e n tra tio n  

was 152.2  mg» f o r  q u a r te rn  s u f f e r in g  from ch ro n ic  a e a t i t i s  

w ith  p o s i t iv e  b e c te r io lo g ic s l  te s t*  197*1 sg'5 f o r  M a s t i t is  

w ith  n e g a tiv e  b a c te r io lo g ic a l  t e s t  end 113,3  n g i  f o r  i r r i t  

q u a r te r s ,  Ths m a s t i t i s  ceneed  vn  in c re a s e  i n  th s  c h lo r id e

c o n te n t  from  a  norm rl o f  lo o  esg<,5«

Xoi'jT a t  s i .  (1973) ou&.,«»t«d c r i t i c a l  v a lu e s  f o r  ch lo  

{©•15,’)* c h lo r id a - l s c to s e  number ( 3, 3)* oodiur. c o n te n t (0 .<



21

a sad potaasis.u* sodium r a t i o  (2 .0 )  l a  th e  d ia g n o s is  o f  sub- 

c l i n i c a l  m a s t i t i s  o f  in d iv id u a l  udder q u arte rn *

The blood d eriv e d  whey p ro te in s ,  sodium and c h lo r id e  

were shown to  be in c re a sed  (heweteod, 1973) w ith  a  d ec reas  

in  po tassium  end la c to s e  e c a ta n ts  lu  the  m ilk  a f fe c te d  

g lan d . S im ila r  o b se rv a tio n s  have bean mode by G rigoryan 

a t  a I., (1976) and O shlaa (1979)*

M ielke (1975) s tu d ie d  th e  behaviour o f  o s n o t ic a l ly  

a c t iv e  aabatnocas In  th e  m ilk  a t  i n t a c t  and p a th o lo g ic a lly  

a f f e c te d  q u a r te r s  and a»s.owsd an in c re a se  in  c h lo r id e  and 

deoreaso  in  lo c to ae  c o a te n ta .  Sreekuuar e t  a l . (1975) 

reco rd ed  th e  la c to s e  c o n te n t o f  m ilk as  3*696 i ,  3 .4 6 9 j 

and 4 .798$ In  e u b c lin ic a l  o r . e t i t i u ,  c l i n i c a l  m a s t i t i s  and 

normal m ilk  r a s p a c t iv e ly ,  th a  c h lo r id e  c o n ten t ware axao 

found to  v a ry  due to  m a s t i t i s  and e s tim a ted  so  0 .195  '>» 

0*190$ and 0.136.) i n  s u b e l in to a l  a m a t t t l a ,  In  o l in ic a l  

m a s t i t i s  and in  normal m ilk  r e s p e c t iv e ly .

Oshltmt (1977) »«S T m ore a t  a l .  (1979) d eso rib ad  th e  

uae  o f  e l e c t r i c a l  c o n d u c tiv ity  to  s tu d y  th#  p a th o lo g ic a l 

changes o f  th a  ud d sr depending on th e  co m p o a itio m l change 

produced by in f e c t io n ,  th e  change in  th e  e l e c t r i c a l  condu 

tan ce  h as  bean r e la t e d  to  th e  changes i n  sodium , potassium  

and c h lo r id e  c o n te n ts  o f  m ilk  in  d is e a se  c o n d itio n .
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Saoedn a t  a i .  (197?) showed an in c re a s e  in  eodiu*  and 

d ec rea se  in  po tassium  in  law  acrid s i lk *  Xt was co n sid ered  

th a t  th o se  now* th a t  form sal lie w ith a  h ig h  c o n ten t o f  

•odium  and a  low c o n te n t o f  potaaeiuw  n ig h t hava an  ab­

* fo rm ality  o f  th e  udder t ie a u e ,  iiaeeda and huboxono ( l  973) 

a*tin*, ta d  th a  sodium and potassium  c o n te n ts  o f  m ilk  o f 

a f f e c te d  cow* and showed th a t  th a  cows Which a a e ra te d  m ilk 

w ith  low f>otaxaiu*>»odiu<* r a t i o  seemed to  ha s u f fe r in g  from 

n a s t i t i c *  They have a t tinx itad  th e  r a t i o  o f  po tassium  and 

•odium in  m a s t i t i s  m ilk  so  a , 31,

In t e r  r e la t io n s h ip s  between lw cto aa . po tasB iun . aad lu a  

and ch lo r id e .

D ira c t r e c t i l i n e a r  r e la t io n s h ip s  between sodium and 

c h lo r id e  aa  w a ll an in v a rsa  r e c t i l i n e a r  r e la t io n s h ip s  

befcwaan la c to s e  end ch lo rid e #  la c to a e  end sodium , potassium  

and acdluM aa  w ail a s  c h lo r id e  and potassium  v a lu es  fo r  

s i l k  have been e s ta b l is h e d  in  d i f f e r e n t  in v e s t ig a t io n s ,

P rap h u lla  and Ansiifchokriehnen (1970) s tu d ie d  tha  

i n t e r  r e l a t io n  hetwoer th e  ossor* id e a l ly  a o t iv e  components. 

There e ss  tt rtve-n;; p o s i t iv e  c o r r e la t io n  between th e  sodium 

and c h lo r id e  co n ten te  o f  cow and b u ffa lo  m ilk . The 

c o r r e la t io n  between po tassium  and c h lo r id e  wn» a ls o  p o s i t iv e  

f o r  b o th  cow and b u ffa lo  m ilk# though n o t very h ig h ly  s ig n i ­

f i c a n t ,  The c o r r e la t io n  between c h lo r id e  and la c to s e  wee
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n eg a tiv e  fo r  bo th  m tlu t wto«r*as m h ig h ly  s ig n i f i c a n t  r e la t io n  

between sodiuts and potassium* c o n ten ts  o f  t o n  ssilk  w«« 

e s ta b l is h e d .  Ho such p o s i t iv e  c o r r e la t io n  between eodlutn 

end potasaius* was n o tic e d  In  th e  eft** o f  b u ffa lo  m ilk . The 

c o r r e la t io n  between ta ilk  y ie ld  and y ie ld s  o f  sodium , p o tsa e lu a  

r s d  c h lo r id e  end la c to s s  were *11 p o s i t iv e  end h ig h ly  s ig n i -  

i l e a n t  s t a t i s t i c a l l y .

R e la tio n sh ip s  between l a c to s e ,  eodiiuc end potassium  ware 

d e riv e d  by Cachev (1972) f o r  th e  n t lk  o f  d i f f e r e n t  sp e c ie * .

Tho o u th o r cou ld  n o tic e  low co n cen tra tio n *  o f  so d iu a  ami 

po hi a s  Inn) *4»oa th e  la c to s e  c o n c e n tra tio n  vmm h igh  in  tunny 

c o 'e s .  d i a l l e r  r e la t io n s h ip s  hsv* been worked o u t by buck 

e t  w j. {197M end P eaker and T ay lo r (1975}» In  th e  s im ila r  

Banner K u ro lju io  and V u jie io  (1977) s tu d ie d  th e  c o r re la t io n s  

between a in e r a l  c o n s t i tu e n ts  end worked o u t th e  c o r re la t io n  

c o e f f i c i e n t  between se h  end sodium «s 0.502 and a sh  and 

po tsesiu a i a s  0 .4 1 8 .

In  th e  l a t e  pregnancy th e  c o n c e n tra tio n  o f  c h lo r id e  was 

In v e rs e ly  c o r re la te d  w ith  © onosntra tiona o f  la c to s e  an  1 

p o s i t iv e ly  c o r re la te d  w ith  c o n c e n tra tio n  o f  sodiutt (b in a e l l  

and P eak e r, 1979). th e  c h lo r id e  c o n te n t o f  co lostrum  wa» 

h ig h e r  due to  th e  h igh  r a t*  o f  pnaaag* o f  o h io rid *  in to  m ilk  

from blood in  l e t *  pregnancy .
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Othiws e t  a l .  (1974s) n o tic e d  a l i n e a r  ra in t lo n e h ip  

between sodium c h lo r id e  o i> «csntr« tton  ta d  both  s p e c if ic  

c o n d u c tiv ity  and hydrogen io n  c o n c e n tra tio n  o f  q u a r te r  

s lu t*  Oshlam a t  a l*  (197^b) s tu d ie d  th a  i n t e r  r e la t io n ­

sh ip *  between th a  l a c n u e a  In  sodium and c h lo r id e  c o n te n ts  

and th a  changes i n  o th e r  c o n e tl tu a n ta  in  abnormal q u a r te r  

m ilk . So r e la t io n s h ip  co u ld  be e s ta b l is h e d  between the  

in c re a s e  In  sodiaiu and c h lo r id e  c o n te n t and v a r ia t io n  In  

( a t  p e rcen tag e  In  abnormal m ilk# Ih e  p r e te in  c o n te n t wee 

found to  be in c re a sed  s l i g h t l y  and th e  SNF c o n ten t deereaeed  

w ith  in c re a s in g  sodium and ch lo rid e *  I t  uos concluded th a t  

i n  ofo.oorml q u a r te r*  t a body f l u i d  co n ta in in g  sodium end 

c h lo r id e  c o n c e n tra tio n  s im i la r  to  th o se  in  blood pleaiaa 

co u ld  e n te r  in to  mlllc v h i le  a t  th e  same t in e  th e re  wee a 

eu p p ress io n  in  norm al s e c re to ry  a c t i v i t y  o f  th e  g land 

co n te n ts  in  th e  milU.

She im portance o f  r e lu i io t ts h ip e  between th e  co n cen tra ­

t io n s  o f  lo e tc e e  and th #  m ajor Io n a , p o tass lu w , sodium and 

c h lo r id e  i n  the  s e c re to ry  issehanisia o f  io n s  i n  r e l a t io n  to 

MU t e r  a c c re t io n  h as  been s tu d ie d  by P eak sr {1977}* P o s i t iv e  

c o r r e la t io n s  wore e s ta b l i s h e d  between p ro te in  and la c to s e  

( r  * 0 .4 1 3 ) ,  sodium and po tassium  ( r  * 0*313), sodium and 

o h lo r id s  ( r  a 0*713) and  po tassium  and c h lo r id e  ( r  * 0*b3 1 )»



25

S atfativa o o rra is itian *  ware fcrnnd betwaoa e la c t ro ly ta  

eoncaritvation  and th*  cor.tan ta  o f  la c to a s  and p ro ta in  

axcap t th a  o o r ra la t lo n  betwaaa sodium and p ro te in  which 

wsa n o t s ig n i f i e a n t .  I t  wxa s ta te d  th a t  the  a lco tro ly fta  

co n c an tra tio n  could  iu flu an e e  SUP co n ten t o f  a i l k  due to  

osm otic bfilarsea in  th e  s i l k .

Oflhim a f  a t .  (1980) b a rs  a lao  analysed  th e  » i lk  o f  

sows a d s in ia ta ra d  th y ro x in  i n  o rd a r to  axaatne td tathsr 

th a  invara*  r s la t le n s h ip  e x is ta d  batwaan th a  a la o tro ly ta  

co n c en tra tio n  whan com position o f  th a  ailfc  ohanaas 

a x p e r ia a n ta lly .  th a  a la o tro ly ta a  axpraaaad aa aodiuat *■ 

potassium  a c h lo r ld a  dasreaeed  in  an  in v araa  taannar to  

la c to a e ,  reaehad a »ini»uj» a t  tbo  and o f  thy rox in  

traa tm an t p a r io d  and Inevassad th a r a a f te r .



MATERIALS AND METHODS



MftTEEiabS AHO

C o U te l lo a  o f  sam ples

S a s^ le s  a t  m ilk  were c o l le c te d  f o r  a n a ly se s  from 

randomly s e le c te d  c ro ssb red  cove o f  U n iv e rs ity  L ivestock  

Farm* tiennutUy. Cepending on th e  s ta g e  o f  l a c ta t io n  

th e se  »n is e i*  were a rran g ed  in to  th re e  g ro u p s.

In  th e  f i r s t  group o f s i x  oowe, th e  sn im els were in  

th e  advanced s ta g e  o f  pregn*ney. The sam ples o f  masawery 

e e o re t io n  were c o l le c te d  one day p r i o r  to  th e  day o f  

expected  p a r tu r i t i o n  and con tinued  upto  bo th  day o f  

l a c t a t i o n  a t  f ix e d  in te r v a le  o f  1 , 3 , 7 ,  1 3 * 30 , 4s end 

60 d ay s.

The c o l le c t io n  o f  m ilk  esmplee were s t a r t e d  in  the  

second group o f  mix oevs from l4 o th  day o f  l a c ta t io n  and 

co n tin u ed  to  300th day a t  an  i n te r v a l  o f  te n  days.

In  th e  e l o t l o r  m anner, th e  m ilk  sam ples were c o lle c te d

from th e  t h i r d  group o f  e ig h t  an im als commencing on 250th 

day o f l a c t a t i o n  and oontinuod up to  330 day s.

Xu a l l  th e se  c a se s  e f  fcernoou m ilk  sam ples were c o l le c te d  

from in d iv id u a l  an im als a f t e r  com plete m ilk ing  fo llo w in g  

th e  s ta n d a rd  method o f  c o l le c t io n  o f  sam ples d e sc rib ed  in  

In d ia n  S tan d a rd s  lb, 1479 p a r t  X (I9 6 0 ).
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Two i n f e r t i l e  c ro ssb red  eow* ware Induced to  la c ta te  

w ith  th e  in je c tio n *  o f  o e s tra d io l  d i  p ro p io n a te  (ovocyolir 

CIBA) and P rogesterone (P rogestin*  OBBAKOH) a t  a d a i ly  do* 

o f  0*1 ag and 0,23  mg/kg body weight re s p e c t iv e ly  t o r  eeve 

day** th e  a n i« s l»  were Milked a f t e r  abou t 14 day* of 

com pletion o f  in je c t io n  when tb* udder growth wee apparent 

com plete. Composite samples o f  e l l  thw q u a rte r*  were 

c o lle e te d  fo r  analyses*

A ll th e  e ro asb red  cow* o f th e  U n iv ersity  L ivestock  Fa 

were screened  fo r  m a s t i t i s  w ith  C a lifo rn ia  M a s ti t is  Teat 

reagent*  Pour aniaatl* which showed p o s i t iv e  re a c t io n  were 

s e ie e ta d  and eamplss o f  Milk c o ile o te d  fro *  In fe c te d  q u art 

o f  th e  udder o f  each «.nist»l* The c o l le c t io n  o f  m ilk eatapl 

we* s t a r t e d  from th e  s u b o lln lc a l  s tag e  o f m a s t i t i s  t i l l  th 

c l i n i c a l  m a n ife s ta tio n s  were e x h ib ite d .

Analyse* o f  Milk Samples

A ll th e  m ilk samples were analysed  fo r  lac tose*  ch lo r 

aodiu*  and p o teso iu n . L actose and c h lo rid e  ware estim ated  

ju s t  a f t a r  th e  c o l le c t io n  and sodium and pota**ius> on the 

fo llow ing  day a f t e r  s to r in g  th s  samples under r e f r ig a r e t lo

K a tin a tio n  o f  la c to s e  co n ten t o f  a I lk  sam ples.

L actose woe es tim ated  acco rd ing  to  the Mleroaethod* t  

m odified  procedure o f  F o lin  and i.u Method (Oser* 19b3)•
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th e  p ro te in  f r e e  ts ilk  f i l t r a t e  o b ta in ed  a f t e r  th e  

tre a tm e n t w ith  sodium tu ag stm te  (to ;,) and su lp h u r ic  a c id  

(2 /3  s )  wee allow ed to  r e a e t  w ith  a lk a l in e  copper s o lu t io n  

i n  a s p e c t* !  tube* to  p re v e n t r s o x id s t io n .  th e  euprous 

o x id e  formed tees t r e a te d  w ith  photsphomolybdic a c id  s o lu t lo  

to  f o r a  a  b lu e  c o lo u r end then  compared w ith  t h a t  o f  a 

s ta n d a rd . Ih e  p h o tom etric  read in g #  o f  th e  s ta n d a rd  end 

unknown were u t i l i s e d  f o r  thn c a lc u la t io n  u sin g  thu 

fo llo w in g  form ulas"

o p t i c a l  d e n s i ty  o f  unknown „  _ ^ _ low i:i ■ i ...-I. ir j * V*V X 3t
o p t i c a l  d e n s ity  o f  s ta n d a rd  0 .01 iooo

a f* l a c to s e .

E s tim a tio n  o f  c h lo r id e  c o n ten t o f  r . t lk  s e e ? la s .

th e  c h lo r id e  c o n te n t was ee tim atod  by th e  d i r e c t  

t i t r a t i o n  method s s  d e sc rib ed  by P earson  (197;.’)»

S p e c ia l s i l v e r  n i t r a t e  s o lu t io n  (0.0291 N) wes added 

in  sxcese  to  r e a c t  w ith  c h lo r id e  p re s e n t i n  m ilk  a n !  then  

th e  f r e e  s i l v e r  n i t r a t e  wee found o u t by t i t r a t i o n  w ith 

p o tassiu m  th iooyaneee o f  e q u iv a le n t s t r e n g th .  The c h lo r id  

woe c a lc u la te d  a s  fo llo w si*

volume o f  s i l v e r  n i t r a t e  used x 0*01 x 5h,h6 

3JS**6

» c h lo r id e .
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58*46 * W olsculnr wt. o f  sodluiB ch lo rid s*

33*46 a  H o lscu lar «t* o f o h lo r id s ,

naiarm irm tion o f sodium a nd potassium  o o n tsn ts  o f  in111c.

riet*a photo Bictrlo aetitod n« daacrlbsd  by Osar (1963) 

mss smployod fo r  tb s estiaisfeion o f  sodium snd potassium 

contents o f  » l lk  sam ples*

D ila ted  f t  i a  20 fo r  aodiuKi *nd I in  100 fo r  po tase ip  

f* t  f r e e  m il* wats in troduced  i a  th e  form o f  r  f in e  c o n ti­

nuous sp ray  in to  a uonlumidaus ®»s flsssa o f  flame photomot 

($ y siro n ies*  fyye 12?) and tha c a i t t s d  l i g h t  o h s r s s t s r i s t i  

o f  the  io a  «ets ico isv sd  by sodium o r  potssaiunr. f i l t e r s  snd 

»lto#rad to  s a i l  00 a p h o to e le c tr ic  c a l l .  'ifta gslvauom ster 

read in g  corresponding  to  tb s  in te n s i ty  o f  em itted  t i g h t  00 

recorded  fo r  d i f f e r e n t  sam ples. th e  eo n cen trs tio u e  o f 

sodium end ootoeaiuw in  tb s  sa»?Xs* vara found o u t from a 

p r s - p lo t t s d  c a l ib r a t io n  etarvo esto b lio h o d  by im ly s in g  a 

s e r ie s  o f  combined s tan d a rd  so lu tio n s  co n ta in in g  2 to  *>0 pi 

o f  sodium snd  1 to  20 ppm o f potassium*
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L ac tase  o n n ten t o f  m ilk .

itie colostrum * s t a r t i n g  f ro *  one day p r io r  to  c s lv lh c  

and milSs sam ples tvom  th e  cows war* eaa iy eed  f o r  la c to s e  

c o n te n t and th e  mean v a lu e  and s ta n d a rd  e r ro r  were 

c a lc u la te d *  The d a ta  l a  g iv en  in  th e  Table I .  The an a - 

ly s e e  o f  sam ples o f  menmsry s e c re t io n  c a r r ie d  o u t one day 

p r io r  to  p a r tu r i t i o n  showed e  low co n te n t o f  la c to s e  

(1*14 _+ 0 ,31 ,1). The co lo stru m  sam ples drawn on th e  f l r e t  

day o f  c a lv in g  bod a mean la c to s e  co n te n t o f  2.72  * 0.37,'* 

The la c to s e  showed a  tendency to  in c re a s e  and a t ta in e d  the 

normal l e v e l  by save nth day o f  l a c t a t i o n ,  from tn e ra  i t  

rem ained a lw oat a t * t i c  i n  th e  e a r ly  phase o f  l a c ta t io n  

(Fig* 1)* The mean p e rcen tag e  o f  la c to s e  in  th e  c o lo s tr a l  

p e r io d  wee 3*33 and in  th e  e a r ly  pbaae o f  l a c ta t io n  i t  

was 4*56*

The la c to s e  c o n te n t o f  mills rem ained unchanged in  

th e  m iddle phase o f  l a c t a t i o n  and averaged  4 .54  + 0 ,0 3  j 

(Table 2 ) .

T h e  mean l a c to s e  c o n te n t i n  th e  l a t e  phase o f  l e c t a t l  

w e e  4 ,3 3  + 0*04,1* A d ec re a se  in  th e  p e rcen tag e  o f  lo e to ec  

vast observed  a f t e r  300 days o f  l a c t a t i o n  (Table 3) *
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The la c to s e  c o n te n t o f  m ilk tram  induced l a c ta t io n  

a ls o  showed trends*  ex cep t on th e  f i r s t  day whan i t  

amounted to  0*61$ (T able 23)*

M a s t i t is  low ered th e  le e to s e  c o n te n t o f  th e  milk* 

th e  av erag e  la c to s e  l e v e l  i n  m ilk  in  s u l ic l in ic o l  s ta g e  was 

2*64;S. C l in ic a l  m a s t i t i s  toad low la c to s e  c o n te n t th en  

m ilk  c o l le c te d  in  the  s u b c i ln ic a l  a e s t i t i s  (Table 19 ).

Ctoloyide c o n te n t o f  m ilk .

The c h lo r id e  c o n te n t o f  mammary a o o ra tio n  drawn one 

day p r i o r  to  c a lv in g  was 0 * 234  + 0 * 0 0 3 $  (Table 4 ) .  ?

s l i g h t  re d u c tio n  in  th e  c h lo r id e  c o n te n t was n o tic e d  in  

th e  co lo stru m  drawn on th e  f i r s t  day o f  c a lv in g  (0.227 * 

0 , 008$ ) .  A ftarw ards th e ra  was a  s te a d y  d e c lin e  in  the  

c h lo r id e  c o n te n t .  The c h lo r id e  c o n ten t o f  m ilk  a f t e r  

sev an th  day o f  l a c t a t i o n  was s im ila r  to  th a t  o f  atid» 

l a c t a t i o n  v a lu e s .

The c h lo r id e  c o n te n t rem ained a lm o st s te ad y  in  th* 

B id d le  phase o f  l a c t a t i o n  and amounted to  0*141 0 , 00 2 j

(Table 5>«

A s l i g h t  in c re a s e  in  th e  c h lo r id e  was n o tic e d  in  the 

beg inn ing  o f  l a t e  phase o f  l a c t a t i o n  and i t  reached  upto 

0,191 * 0 . 003 $  in  th a  330th  day (Table 0 ) .
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The average c h lo r id e  c o n te n t in  the  M ilk c o l le c te d  

from  in fe c te d  udder wee 0*223$ (Table 2 0 ) , Mot much 

d if f e re n c e  i n  c h lo r id e  co n ten t wee n o tic e d  betwson th e  

e u b c lio ie a l  and c l i n i c a l  s ta g e  o f  m e n t i t le .

The m ilk  from induced  la c  l e t  io n  had e c h lo r id e  co n ten t 

o f  0*273$ on th e  f i r s t  day and was h ig h e r  th en  th e  normal 

e o io e t r e l  v a lu es  (Table 2 6 ) . On th e  sev en th  dey i t  was 

o n ly  s l i g h t l y  above th e  p o s t -p a r tu s  l a c ta t io n  v a lu e s .

But i t  rem ained on th e  h ig h e r  s id e  I t s e l f . around 0*14 5 

even on t3 0 th  d ay .

Sodium e o n ta n t o f  m ilk .

Sodiutu c o n te n t o f  masonry s e c re t io n  c o l le c te d  one dny 

p r i o r  to  p a r tu r i t i o n  was 1330 *, 197*39 ppm* Ths co lostrum  

c o n ta in e d  837,5  * 87*73 ppm o f  sodium. The sodium co n ten t 

d ecreased  a f t e r  th e  co lostrum  p e r io d  and th e  average veiuo  

f o r  th e  r e s t  o f  th e  e a r ly  phase tms 546 + 15*66 ppm (Table 7 ) .

The mean sodium c o n te n t e f  m ilk  in  th e  m iddle phase o f  

l a c t a t i o n  was 347.86 * 10.12 ppm (Table 8 ).

An in c re a s e  i n  th e  sodium co n te n t wan o b ta in ed  a t  the  

beg inn ing  o f  th e  l a t e  phene o f  l a c ta t io n  and amounted to  

562*6 ±  12*78 ppm a t  th e  230th day (Table 9)* The mean 

sodium c o n te n t o f  m ilk  in  th s  l a t e  phase was 626*86 +, 7*60 

ppia. Ths c o n ts n t o f  sodium a t  330th day o f  l a c ta t io n  was
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690 £  21*60 ppm. T h is  valu*  w «  h ig h e r  th an  th* normal 

n id -i.i*  t» .tio n  v a lu e s . ih« sodium c o n ten t o f  m ilk was 

found to  ba in c re a se d  from  n id « lo o te tlo n  v*Iu*» to  th* 

l a t a  l a c t a t i o n  (Fig;. 2 ) .

Th* Milk c o l le c te d  from l e e t a t i o n  induced a,nitanl& had 

h ig h e r  sodium c o n te n t (1630 ppm) in  th*  f ix ,a t day then 

normal p o e t-p a rtm a  co lo stru m  { Table 27 J .  Tha m id - la c ta tio n  

v a lu es  o f  sodium a ls o  were h ig h e r  then  th e  no x m l end 

amounted to  620 ppoi*

Milk sam ples e o l le e te d  from m a s t i t i s  a f f e c te d  q u a r te r s  

•howed h ig h e r  eodiuat co n ten ts*  Average sodium c o n te n t mm 

10£3*33 ppm in  sms t i t l e  m ilk  sam ples (Table 2 2 ),

P o tassium  c o n te n t o f  m ilk .

The ae ap lea  o f  maesuary s e c re t io n  e o l le e te d  one day p r io r  

to  l a c t a t i o n  co n ta in e d  64o „»69*64 ppm po tassium  (Table 10 ). 

S tead y  in c re a s e  o f  po tassium  c o n ten t mm n o tic ed  from f i r s t  

day o f  c a lv in g  (f ig *  £ )•  The mean potassium  c o n te n t o f  the 

o o lo e t r a l  p e r io d  was 1120*03 *, 47*46 and during  th e  r e s t  o f 

th e  phase vmm 1323 * 14.92 ppm*

The © ilk  sample* o f  midi1!*  phase o f  l a c t a t i o n  hed a 

mean po tassium  c o n te n t o f  1367*06 £  6*10 ppm (Table 1 1 ).

The po tassium  c o n te n t o f  m ilk c o l le c te d  in  the  m iddle phase 

o f  l a c t a t i o n  cas a lm o st c o n s ta n t th roughout the  phase (F ig .2 ) .
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Th e  m a n  v a lu e  f o r  p o tn e s iu a  i n  th e  l a t e  phaeu o f  

l a c t a t i o n  was 1290*36 j .  b .8 6  p p a . T h ia  v a lu e  was lo v e r  

than the a ir t -la o ta t im s  v a lu e s  o f  potassium  (T ab le  1 2 ) ,

The petaeaiuss c o n ten t o f  m ilk o f  l a c ta t io n  induced 

anim al* shoved s im ila r  tren d s  a* th a t  norasai post-partum  

m ilk  (Table 2 8 ) .

In fe c tio n  o f  th a  uddar daoraasad th a  potassium  co n ten t 

o f  s n ilk  e o n a id e ra b iy  a n d  am ounted to  a n  a v e ra g e  o f  1 1 4 7 .9 2  

ppie (Table 23) .

I n t e r  r e la t i o n s h i p s  betw een th a  com ponents.

The in t e r  r e la t io n e  between lac to sa»  c h lo r id e . eedium 

and potassium  s r a  g ra p h ic a l ly  re p resen te d  in  F lg u ra i 1 and 2 . 

In v e rse  re la t io n s h ip *  a s ie ta d  between la c to a a  and c h lo rid e  

co n ten t o f  m ilk . Tho c o r re la t io n  batwaon la c to s e  and 

c h lo r id e  co n ten ts  o f  m ilk  waa n ega tive  in  a l l  the  th ree  

ph ases» r  a  *0*76 fo r  e a r ly ,  r  » «0»34 fo r  middle and r  * 

*0 .43 fo r  l a t a  phases o f  l a c ta t io n  (Table 29).

The e h lo v ld e - ta c to e e  r a t i o  (K oaatla r number) was 20.33 

i n  th e  meswmry s e c re t io n  drawn one day p r io r  to  p a r tu r i t io n .  

In  th a  colostrum  p erio d  th e  K oaatla r number was 4 .36  

(Table 1 3 ). The Koecfclar number decreased  e ta a d i ly  to  

a r r iv e  a t  3.06 an tha f i f t e e n th  day o f  l a c ta t io n .  The 

average c h lo r id e - la c to s e  r a t i o  in  the  la id -la c ta  fclon was
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3*09 (T able 14) and wee in c re a se d  in  th e  l a t a  phase (Table 

The av e rag e  r a t i o  i n  th e  i s t e  phase o f  l a c t a t i o n  was 3 .« ? . 

H M ti t i*  in cre a se d  th e  r a t i o  from m normal o f  3*06 to  9.04 

( f a b le  2 1 ).

The potaseiua»*aodlum r a t i o  o f  m ilk  vara  o le c u le te d  £

e a r ly f m iddle and lo t a  phases o f  l a c ta t io n  as 2.44* 2.4*) a 

2.06  r e s p e c t iv e ly .  ?he r a t i o  ws» 1.36 i r  th e  co lostrum  

( ta b le s  16, 17 and IS ) .  M a s t i t is  dec reased  tbo  po taee iuB - 

aoditua r a t i o  balov  an a v e r ts *  v* lu*  o f  1 .12  { fab le  2 4 ).

C o rre la t io n s  between la o to a a  and sodium war* n eg a tiv e  

f o r  ea rly #  m iddle and l a t e  phases o f  l a c t a t i o n  and were, 

r  a *0.83* r  * - 0.30  and r  a *0 .27  r e s p e c t iv e ly  (Table 29)

P o s i t iv e  c o r re la t io n *  were e s ta b l is h e d  between lo c to *  

end po tasaiu ta  f o r  e a r ly  ( r  « 0 .8 6 ) ,  m iddle ( r  » 0 .1 6 ) and 

l a t e  ( r  » 0 . 26) phases o f  l a c ta t io n .

s tro n g  p o s i t iv e  c o r r e la t io n s  were o b ta in ed  between 

sodium and c h lo r id e  in  o i l  th e  th re e  phase® o f  l a c ta t io n  

( r  * 0 .7 7  fo r  e a r ly *  r  «* 0 .4 6  f o r  m iddle and r  * 0 .0 3  f o r  

l a t e ) .  S lit th e  c o r r e la t io n s  between eodltua end potassium  

were n e g a tiv e  in  th e  th ree  phases namely e a r ly  ( r  « - u .6 3 1! 

m iddle ( r  « *0 .44) nad l a t e  ( r  *» *0 .14) phase* o f l s e t a t i o
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l a b i a  t .  L ac tose  c o n te n t o f  m ilk  t o  th e  e a r ly  phase o f  
l a c t a t i o n  ( in  p ercen tag e )*

ra y C rossbred  cow Ko • Mean
520 662 9**2 408 341 C39

-1 1 .00 . 0 .6 3 2.30 1 .00 0 .7 5 1,14 * 0.31
1 3 .25 2 .75 2 .18 2 ,44 1 .5 6 4 .14 2.72 ♦ 0 .37
3 4 ,34 4 .35 « . u 4 ,20 4 .J1 4*4o 4.34 + 0.05
7 4.40 4 .58 4 .4o 4,38 4.44 4 .80 4.53  *, 0.06

15 4.31 4 .60 4 ,55 4 ,5 0 4 ,38 4 .40 4 .57  * 0 ,0 8
30 4 ,6 0 4 .36 4 .60 4 .5 2 4 .6 o 4 .50 4 .33  * 0 ,0 4
4» 4 .58 4.52 4 .50 4 .50 4.71 4 .50 4,56 * 0 ,0 3
60 4 .6 ? 4 .3 5 4 .89 4 .36 4 .7 0 4 ,60 4 .6 ?  ♦ 0 ,0 3

Mean l a c to s e  i n  c o lo s t r a !  p e r io d  * 3 .53 ±  0.305i.
Mean la c to s e in  the r e s t  o f th e  phase « 4 .56  ♦ 0.02,■£.

T able 2 . L setoee c o n te n t o f  m ilk  in  th e  w iddie phase o f  
l a c t a t i o n  ( in  p e rc e n ta g e ) .

Day C rossbred cow Ho• , Mean
228 840 811 240 683* 009

140 4 ,53 4 ,30 4 .30 4,31 4 .23 4,76 4. 3a *, 0 .07
150 4 ,52 4,52 4 .45 4*52 4.25 3.11 4 .3 7  £  0 .1 2
160 4 .33 4 .33 4 .50 4.43 4 .3 0 4 .75 4 .4 8  + 0.07
170 4.50 4 ,43 4*00 4 .30 4 .4o 4*oo 4.31 J. 0 .0 3
180 4 .45 4.4o 4 .30 4 .40 4 ,50 4.60 4 .3 3  * 0.£>6
120 <♦•55 4 .42 4 .7 3 4 .30 4*36 4 ,70 4.3S  * 0.03
200 4 .4 5 4 .52 4 .6 3 4 .60 4 .6o 4 .?0 4.59 * Q.0-*

O v e r a l l  a v e r a g e  i  4 , 5 4  ♦  0 *0 3 .



T a b la  3 .  Z * « to a a  c o n t e n t  o f  in f lk  i n  th *  i e t «  p h » « «  
o f  l a c t a t i o n  ( i n  p e r c e n t a g e ) .

37

n» y
C ro a a lo re d  e o v  K o.

689 687 24001 1922 T641 6 9 0 494 688
?tv«ui

250 4 ,3 5 4 ,7 3 4 .3 5 4 .4 o 4 .4 5 4 .4 7 4 ,5 0 4 ,6 5 4 .5 1 £ 0 .0 5
260 3 .7 3 4 .4 3 3 .7 2 3 .9 0 4 .1 5 4 .4 o 4 ,4 4 4 .2 0 4 .1 2 +; 0 .11
270 4 .5 3 4 .5 5 4 .6 0 4 .6 0 4 .2 2 4 .5 2 4 ,2 5 4 .6 0 4 .5 1 £ 0.07
280 4 ,5 0 4 .3 2 4 .3 5 4 .3 5 4 .5 6 4 .6 0 4 .3 2 4 .4 o 4 .4 6 + 0 ,0 4
290 4 * 4 4 4 .6 0 4 .8 0 4 .5 0 4»4o 4 .4 o 4 .2 0 4 .4 0 4 .4 7 0 ,0 7
300 4*80 4 .6 o 4 .3 3 4 .6 0 4 ,5 0 3,9® 4 .8 0 4 .2 0 4 .4 8 0 ,1 0
310 4 .3 5 4*3® 4 .4 o 4 .2 5 4 ,2 0 4 .2 0 4 .2 0 4 .1 0 4 .2 7 £ O .o 4
320 4 .3 0 4 .2 3 4 .1 0 4 .1 0 4 .2 0 4 ,4 0 4 ,0 0 4 ,1 9 £ 0,05
33 0 4 * 3 0 4 .0 0 .tea 3 .4 5 4 .3 3 4 .2 0 3 .4 0 3 .3 0 3 .8 6 O . t ?

O v e r a l l  « y « c « £ « * 4 .3 3 A 0 . 0 4 .

T a b le  4 . C h io r i r lu  c o n t e n t o f  w i lk  i n • t h *  e a r l y  p b a e e
a t  l a c t a t i o n  ( i n  p e r c e n t a g e ) «

Bay
520

Vi
662 992

U SV * fit
408

;A— —
541 C 39

Mean

»1 0 .2 3 1 0 ,2 3 6 0 .2 3 3 0 .3 4 0 0 ,2 4 0 0 .2 3 4 & 0 .0 0 3
1 0 .1 9 0 G.233 0 .2 3 6 0*236 0 .2 3 9 0 .2 3 1 0,227 0 .0 0 8
3 0 .1 7 0 0 . 21a 0 .1 8 2 0 .1 8 5 0*226 0 .1 5 7 0 .1 6 9 et 0 .0 1 1

7 0 ,1 4 6 0 .2 0 2 0 .1 4 S 0 ,1 8 9 0 .2 2 4 0 . i 4 t 0 .1 7 5 £ 0.013
13 0 .1  gi. 0 ,1 3 0 0 .1 3 0 0 .1 3 1 0 .1 5 7 0 . 1 4«J 0 .1 4 0

a m 0*006
20 0*135 0 .1 4 0 0 ,1 3 0 0 ,1 3 1 0 .1 4 8 0* 1 4 0 0 .1 3 7 ♦ 0 * 0 0 3
45 0.130 0 .1 4 1 0 .1 4 1 0 .1 4 1 0 ,1 3 8 0*141 0 .1 3 9 ♦ 0 .0 0 3
60 0 ,1 4 0 0 , 1 4o 0 .1 6 3 0 .1 4 0 0 .1 3 6 0 .1 3 0 0 .1 4 2 £ 0.005

K w s  e U o v i d «  c o n t e n t  i n  e o l o a t r a l  p o rio e*  I 0 .2 0 9  jj  0 .0 0 9 , . .
Kw d  c h l o r i d e  c o n t t n t  i n  t h e  m t  o f  t h e  p h a e e  « 0 .1 4 7  _♦ 0 .0 0 4 ,» ,



Table 3* C h lorid e  oonten* o f  m ilk  in  the m iddle pheae 
o f la c ta t io n  ( in  percentage ) .

3«

C roeabred eow So.
328 840 811 540 6851 009

14© 0,130 0 ,1 3 5 0 .1 3 5 0*132 0 .1 5 0 0 ,1 3 2 0 .1 3 9 X 0 .0 0 4

130 0 ,1 3 7 0.160 0 .1 3 0 0 .1 3 5 0 .1 4 5 0 .1 3 2 0 .1 3 9 »5 0.005
160 0 .1 3 7 0 .1 6 0 0 .1 6 6 0 .1 3 8 0 ,1 4 1 0 .1 2 5 0 .1 4 3 . 0.007
170 0 .1 3 4 0 ,1 5 3 0.160 0 ,1 3 1 0 .1 4 1 0 .1 3 5 0 .1 4 3 X 0.003
180 0 ,1 3 8 0 ,1 4 6 0 ,1 4 9 0 .1 4 9 0 .1 4 0 0 .1 3 2 0 .1 4 3 f 0 . 0J 3
190 0,130 0 ,15© 0 .1 6 0 0 .1 3 5 0.138 0 .1 3 2 0 .1 3 8 *■ 0.003
200 0 ,1 3 4 0,150 0 .1 4 5 0 .1 3 5 0 .1 3 3 0 .1 3 1 0 .1 3 3 *■ 0.003

Overall average t 0*141 £ 0*002,

Table 6 ,  C hloride co n ten t o f  m ilk in  th e  l a t e  phase o f 
la c ta t io n  ( in  p e rcen tag e ;.

Cay ©Mastered eow Ho• Mean
689 68? 24001 1922 T641 690 494 cm

250 • i4o .143 ,143 ♦ 165 *160 .146 .142 .142 . 14<> £.£>03
260 .149 .158 ,162 .165 .163 .153 , 14? .147 .157 £«uOP
270 ,144 .149 .140 .165 .165 .163 .130 . 13© • IjsO £.vC4
280 .154 .149 .145 .163 • 162 .185 .135 .153 .161 £»Oo4
290 .138 , 1;»7 .1 Co .160 .165 ,1?J .173 •163 £.002
300 .165 *156 .171 .155 .171 .168 ,162 .102 • 1Gj> £.002
310 .178 .165 .168 .186 .173 .170 .183 .174 £.003
320 .195 .181 — .180 .173 • 168 .195 .195 .182 *.oo4
3J0 .199 .201 ee«* .130 ,182 .132 , 1<?4 .104 ,191 £ .0U3

O verall average t 0.165 £  0,002*



tfeble 7 ,  Sodium c o n te n t o f  m ilk  In  th e  e a r ly  pbeee 
o f  U e ts H o n  ( in  p e r te  p e r  m i l l io n ) .

y>

w*y
320 66S 992 498 541 C59

iiwin

•>1 960 „ „ 2O00 1289 130O 1060 1580.00 t* 197.39
1 400 920 1160 11SO 1500 950 1025.00 + 131.36
3 640 900 740 600 800 560 706.67 ♦ 33.08
7 470 800 600 310 620 320 586.67 £ 40.36

15 460 6o0 500 500 560 520 323.33 ^ 2 9 . as
30 670 520 500 800 320 500 383.00 * 50.45
43 440 500 320 520 380 300 310.00 * 18.44
go 500 500 620 300 52o 510 323.00 £ 19.28

Moms *o<5iu» c o n te n t in th e  c o lo s t r a !  p e rio d • I 837.5 j: 07 .73
Keen eodluMOontant i n  th e  r e e t  o f  th e  pheeo < 546 + 15»6o pp

Wbtm  8 .  Scdiur* c o n ten t o f  » i l k  i n  th e  R idd le  plirpn 
o t  l e o ta t lo n  ( In  p e r t*  p e r  m i l l io n ) .

c»**»0hr*d *»w m »  M##n
52$” ~ s5 o ~  §rT~" 55cT*~SI5a cop

140 430 500 60o 320 330 320 520.00 £ 19.83
130 480 320 620 340 560 5*»0 351.67 £ 17*3$
160 380 700 700 3S0 320 480 583.33 .1 39. 1 :
170 480 580 TOO 500 500 330 548.33 £ 33 .51
180 320 600 500 730 520 520 365.O0 £ 33.9*1
190 520 320 .TOO 600 380 500 333.33 £ 18.3*
SuO 580 520 520 620 520 520 546*67 ,1 17.6*.

t -*w«.e* >e+J> <*a •»«•*<
O v era ll overage t 547 ,86  + 1 0 .1 2 .
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Table 9* S o d iia  eontent o f  w ilk  in  t lis  la t e  phase o f  
la c t a t lo o  ( in  p o rts  par m ill io n ) .

Bay C rossbred oowHo •
609 687 24001 1922 T641 690 494 638

250 580 600 540 520 600 520 54o 600 562.50 Z 12.7-
260 620 650 600 620 620 380 540 620 606.25 > 11.79
270 520 560 600 800 620 600 540 64o 610.00 » 30.71
280 520 620 620 570 600 700 540 620 598.75 Z 19.80
290 580 600 620 580 600 680 620 700 622.30 ■p 13.7S
300 320 620 620 590 620 680 620 620 611.25 Z 13.7-*
310 700 660 680 600 700 700 630 620 667.50 £ 13.53
320 680 720 — 620 750 720 700 630 680.37 z 18.31
330 730 680 sessse 620 700 720 750 610 69O.00 z 21,00

O v era ll average t 626.86 * 7 .6 0 .

TUbls 1 0 . P o tassiu is  content o f  M ilk in  tb s e a r ly  pbaee o f  
la c t a t io n  (in  p a r t*  p ar m il l io n ) .

nay
320 662 992

1 mfiv w
408

*
541 C59

Mean

-1 750 600 4oo 650 800 640.OO*, 69.64
1 1200 1000 1200 looo 700 1*50 1041.66 * 77.31
3 1050 1250 1300 1250 1150 1200 1193.33 -  38.87
7 12Q0 1300 120G 1200 *350 *4oo 1283.33 -  33.33

15 1300 1300 1250 1300 *300 1400 t 308.3 3  + 20.06
30 1300 1250 *250 1150 *350 1400 1283.33 * 35.75
45 1250 1350 1350 l4oo *250 145© 1341.06 £  32.70
60 1350 1350 1450 1450 l4oo 1650 14G8.33 ^  20.07

Moan potaesitua content in  e o lo a t r a l  p ariod  < 1 12 0 .8 3  + 4 7 .4 6 . 
Mean potassium  in  tb s  r e s t  o f  the p sr io d  t J3 » 5  *. 14 .9 2 .



Tfcbia 1 1 .  Potansiui* c o n ten t o f  milk, l a  tii* a id 'l l*  ptiaao o f  
l a c ta t io n  ( in  p a r te  p e r  M illio n ) .

Day Crnaabrad cow Mo.
328 840 611 540 685A 009

nwma

14 o 1400 1330 1350 1350 1350 1330 1338.33 ♦ e .33
130 1350 1350 1330 1450 1330 1350 1366,67 £ 16.6?
160 1330 1300 1300 l4oo 1350 1330 *341.67 3* 13.37
170 tUoo 1300 1300 |400 l4oo 1350 1358.33 9>20.07
ISO 1400 130u 14oo l4oo 1400 i4eo 1383.33 * 16.67
190 1400 1330 1400 1400 1350 l4so 1391.67 •f 15.06
200 1400 1300 1400 1400 1350 1400 1373.00 ♦ 17.08

O vera ll average * 1367.30 +, 6 .1 0 .

Tab!* 12. Potaaaiuie con tar.t a t  m ilk  i n  tha l a t a  phaaa a t
l a c ta t io n  ( in p arta  p ar M illio n  ) .

Day
689

1 1 1
667 24001 1922

a w ir
7641

(Kit
600 494 668

Moan

230 1200 1150 1250 1300 1300 1350 1350 1300 1275.00+25.00
260 1100 950 1150 1200 1300 1300 1350 1300 1206.25^47.60
270 1300 1350 1250 1350 1400 1250 1350 1300 1325.00+23.13
280 1300 1350 1250 1350 l4oo 1250 1300 1350 1306.25+14.75
290 1300 1350 1250 1300 1300 1250 1250 1250 1201.25+13.15
300 1400 1300 1300 16 SO 1300 1200 1325 1300 1321.88*2o.49
310 1400 1350 1300 1300 1300 1150 1300 1350 1306,25*25.76
320 1300 1300 a* a# 1300 1300 1350 1300 1300 1314.29+, 9.22
330 1300 1300 caw 1300 1250 1300 1250 1250 1278.37+10.10

O v era ll avaraga t 1290.36 * 8.86*
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Table 13* c o n te n t o f  c h lo r id e  and la o to a a  and e h lo r id e -  
la o to a a  r a t i o  i n  th e  e a r ly  phaae a t  l a c t a t i o n  
( « n n g *  o f  e lx  eo v a ).

Oay C h lo rid e
1*

bac to aa
$

C h lo rid a - la c to a e
r a t i o

-1 0 .23^ 1.14 20,53
1 0*227 2.72 6 .35
3 0*189 4 .34 4 .36
7 0*175 4 .53 3.86

15 0 ,1  4o 4 .57 3 .0  6
30 0 .137 4 .5 3 3.02
43 0.139 4.56 3 .05
60 0 .142 4 .6 ? 3.04

Average e h lo r id e - la e to e e  r a t i o  i n  o o lo a t r a l  p a r io d  i 6 . 36. 
Average e b lo r id e - la e to e e  r a t i o  i n  th a  r e a t  o f  th a  phaaat 3*21.

T able 14, C ontent o f  c h lo r id e  and la c to a a  a n !  e h lo r id e -  
la e to e e  r a t i o  in  th a  M iddle phaae o f  l a c ta t io n  
(average o f  a ix  e o e e ) .

Bay C h lo rid e
St

L actoaa
£

Cblo r id e - le e  toee 
r a t i o

l4o 0 .139 4 .52 3.07
150 0 .139 4 .57 3 .04
160 0 .143 4 .48 3 .19
170 0,143 4.51 3 .17
180 0 .143 4 .53 3,16
ISO 0.138 4 .5 8 3.00
200 0.138 4 ,59 3.01

O v e r a l l  a ve ra g e  r a t io  1 3*09
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Table I s ,  Content o f c h lo r id e  end la c to s e  end chloride-* 

Xaetoes r a t i o  In  th e  l a t e  phase o f  la c ta t io n  
(average o f  e ig h t cove).

Day C hloride
$

le e to e s
2

C filoride-l.ee toes 
r a t io

250 0 , 1ft9 ft.3t 3 .30
260 0 ,13 7 ft. 12 3,80
a?o 0 ,13 6 ft.3 1 3.ftS
280 0 .16 7 ft.ft6 3 .59
290 0 ,16 3 ft.ft7 3 .6 5
300 0 ,16 3 ft.ft8 3.68
310 0 ,17 ^ ft. 27 ft,08
320 0 .18 2 ft. 19 ft. 3ft
330 0 .19 1 3.86 ft.35

O verall average r a t io  > 3*87,

Table 16 ,  Contents o f  p o to ssiu *  end eoditwt end potassium-
sodium r a t i o  i n  th e  e a r ly  phase o f  l a c ta t io n  
(average o f  s ix  cove).

■ **«•**<

Bay Potassium
(pp»)

Sodium
(ppm)

Potaseium-sodtum
r a t io

-1 6ft0.00 1380,00 0,ft6
1 10ft1.66 1023.00 1,02
3 1196.33 706.27 1.69
7 1283.33 386.67 2.19

13 1308.33 523.33 2,30
30 1283*33 383.00 2.19
ft5 13ft1,66 510.00 2.63
60 1ft08.33 325.00 2,68

Average >>oteeeluK«eodiiUB r a t i o  o f  c o lo s tr a !  p e rio d  t 1*36,
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Table 1?« content o f  pot*»*luai and sodium end p o t « » » iu » -  
aodiu* ratio  in  tht B iidla phaae o f  lactation  
(«v«rag« o f s ix  cowe).

Day P o taa a iu a
( v m )

Sodlu»
(ppa)

Potassiua-aodium
r a t io

140 1338.33 520.00 2.61
150 1366.6? 551.67 2,48
169 13 6 1 . 6? 583.33 2 .43
i f  o 1358.33 568.33 2 .48
160 1363.33 563,00 2.45
too 1391.67 533.08 2,52
goo 1375.00 546.67 2.32

O vera ll a ve rage  r a t io * 2 .6 9 .

Tabl* 18. Content o f  petaaaiusa end 
eodiuM r a t io  in  the la t e  
{avsra*;« o f  e ig h t  co v a ).

•odium and potasalum - 
pbeee o f la c t a t io n .

Day Potaaaiuss Scditue P o t see  i ’ajc-*odiu«

(pp») (pp®) r a t io

250 1275.00 562,50 2.2?
260 1206.25 606.25 1 .99
270 1325.00 610.00 2.17
280 1306.25 598.75 2.18
290 1281,25 622.50 2.06
300 1321.88 611.25 2.16
310 1306.25 667.30 1.96
320 1316.29 688.57 1.91
330 1278.57 690.00 1.8 3

O v e ra ll  tv«n>g« ra tio  s 2.06.



Ifebl* ID* Lactoao n a t i u t  a t  mi lie
( in  p*ro*tit»g«).

Crooahred cow HO. Av«XWg«
873 99^ 735 776

Su 'ccliiilc iii
-5 2.57 2.57
-4 4.00 3.36 3.68
»3 3.75 3*87 3.64 2.13 3.35
«>S 2.50 t.5 5 2*44 3.oo 2.37

s . t o 1.50 3*21 2.14 2.24
Ciinlemi  «tag«,» S . 10 0 .9 ? 1.80 1.71 1.65

Av«rag«»2.64

Tabla SO* CUlorida »oRt*n« 
( to  p**oent».g«}»

o f m a t i t i s  imilk

iXky* 0rg**tor«4 <s»v Wrt, Av«v«({«
873 992 735 776

S u b c tla lc a l
0 t»£« . -3 0.239 0.239

~4 0.211 0.224 0.218
-3 0.182 0.223 0*221 0.223 0.212
«2 0,190 0.243 0.211 0,231 0.210
—1 0,310 0.242 0.226 0.231 0.227

C iin ic a l > 0.200 0.243 0.823 0.239 0.226

A vnag* i Q.S33



Table 2 1 .  C ontm t* o f  ch lo r ld a  and la c to s a  and ia c to a a -  
c b lc r id a  r a t io  in  tha n i l  it o f  ln fao tad  uddar.

.or.t da baetoaa C h lorid a-laoto aa
% 56 r a t io

0 .339  2 .3 7  9 .3 1
0 .2 1 7  3.68  3 .9 0
0 .2 1 3  3 .3 3  6 .3 3
0.210 2 .37 8.86
0 .2 2 7  2*24 1 0 . 1 3
0 .226  1 .6 3  13 .7 0

A v tta g t i 9<04.

T abl* 22 .  sodium oontant o f  saoa t i t l e  m ilk 
( in  p a rts  p ar m ill io n ) .

s u b e lln ie a l
s ta g a . -3 950 950

-4 1030 900 373
- 3 850 1000 810 11*0 940

800 1200 1030 1000 1030
>t 950 1200 1200 1200 1 1 3 7 .3

C l in ic a l  s ta g s . 900 113 0 1350 1100 1 1 2 3

nays

SuboXinteal 
S ta g a .

*4
- 3
.2
-1

C lin la a l  s ta g a .

Avaraga * 1023.33
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t t b l«  23. Potassium  cootttrtfc o f  m a s t it is  ailfc  
( in  p a rts  p ar m ill io n ) .

m y *
873 992 735

Q» _.|r ■
776

Average

S u foeiin iesl 
s t a g s .  - 5 1200 1200

- 4 1200 1100 1130

- 3 1200 1000 1200 1100 1125
.2 1200 1030 1100 1200 1137.3
-1 12G0 1200 1Q00 1200 1150

C l in ic a l  s ta g s . 1130 1100 1000 1230 I12i>

A vars#* i 1147.92.

T a b ls  24. C ontsnt* o f  potassium  and ■odiuei and potassium - 
sadtoM r a t i o  o f  m a s t it is  w ilk .

Potassium  Sodium Potassim u-sodlum
(ppm) (ppm) r a t i o

SubcSLir.lcol
s ta g s .  - 3  1200 950 1.24

•4  11<S0 975 1.10
•3  1125 940 1.20
*2 1137.5 1050 1.06
-1 1130 1137.5 1.01

C l in ic s !  s ta g s .  1112.5 1125 1.0^

Avaraga • 1 . 1 2 .
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M U< 25* M fcM * ao ntan* o f induoad lte M tim  ailllc 
(in  paraantaca).

Mjr *1 
iaatMtian

1
3
7

10
SO
40
60

150
158
154

.... Co* NtWbW...... * v« h *813 10236

0*22 1.00 0.61
3*50 3.80 3.65
4.62 4.60 4.61
4.6o 4,75 4.68
4.97
4.75 
4.60 
4.44 
4 ,7 1
4.75

drlad o f f .

M bit 86* Chlorlda M ntint o f induead U s ta t lw  a lllt 
(in  pareaniasa).

0»y • *  .. Cow wurtmr . ______
lactation  813 1028^ Ava*a*a

*<* a# •*«■«■«> an «k a* mmm. . . . . . . .
1 0.265 0.260 0.273
3 0.239 0.235 0.237
7 0.180 0 .175 0,170

10 0.156 0.150 0.134
20 0.132 driad o f f .
40 0 .135
60 0.165

150 0.149
132 0.140
154 0.136
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t a b le  27* Sodium ©ontent o f  inducad la c ta t io n  m ilk
( in  p a r ts  s>*r K il l  io n ) .

Bay o f  
la c ta t io n

Caw Humber AverageSI 3 10266

1 1500 1800 1650
3 1050 1240 1143
7 720 600 660

10 720 600 600
20 630 d r ie d  o f f .
40 620
60 500

150 600
152 64o
134 620

Table 28. Petaeeluio c o n ten t o f  Induced 
( in  p a r te  p e r  m illio n )*

la c ta t io n  m ilk

Day o f  
la c ta t io n

Cow Kiunber 
813 10286 Average

1 800 4oo 600
3 950 1000 975
7 1130 1300 1223

10 1200 14oo 1300
20 1150 d rie d  o f f .
40 1400
60 14CKJ

150 1400
132 1400
134 14oo
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Table 29* C o rre la tio n s  between th* estim ated components 
o t  m ilk .

Phese ot 
X « sta tis»

le v to s s -
c h lo r id e

L se to ss-
«odium

iB C to se -
potsssium

Sodium-
c h lo r ld s

Sodium-
pOtssSiuw

s&viy - 0,76 - 0 , 8 3 0 .8 6 0 .7 7 - 0,83

M iddle - 0 , 3 4 - 0 , 3 0 0 .1 6 0 .4 6 - 0 .4 4

L et* - 0 . 4 3 - 0.27 0 .2 6 0.03 —0 .1 4
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PEASES OF LACTATION.

LAYS OP LACTATION

IN 
PE

RC
EN

TA
GE



IN 
PH

I

PIGOHE 2 .  SODIUM TD POTASSIUM CONTENT OP MI I E  DURING THE THREE

PHASES OP LACTATIOK.
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DISCUSSION



m sc u ssio n

Hi* ass j a r  M inerals l ik e  sodiuat, potassium  and ch lo rid e  

and the a l l k  sugar la e to s e  a re  Involved In  an important 

fu n ctio n  o f  M aintaining the o eao tlo  p ressu re  o f e lite  In  

e q u iiib r iu n  with blood* so  a s  to  psrfosw  the sy n th e s is  and 

se o re tlo n  o f  e lite  in  the norani winner* There o s s a t ie s l ly  

a c t iv e  sutoetanoee e r e  In te r re la te d  end v e ry  in  an Integratec 

»*nner during d if fe r e n t  phases o f  la c ta t io n  and in  

con d ition s l ik e  e n s t l t i s *

Xn the p resen t study* the e lite  collected a t  different 
pbeses o f  lactation* from s n s t l t i s  effected udder end fr o m  

induced lactation were an alysed  to observe the changes 

assu rin g  to the above Mentioned o s e o t lc a l ly  a c t iv e  

constituents o f  elite*

Lactose oontent o f  M ilk.

The le o to se  content was 1 * 1 4  * 0 ,3 1 $  in  the co lo stru e  

drawn one day p r io r  to p a r tu r it io n . T h is v a lu e  wee very  

low  then eoapsred to  the n id k lo o ta t io c  va lu es*  Colostrum 

sam ples had n cssan la e to e e  content o f  3*33  *  G*3Q$* which 

vae low er than the mean la c to s e  content obtained in  the 

e a r ly  phase o f la c ta t io n  (4»3i> £  0 .0 2 $ ) ,  TUa le o to se  

contents obtained in  the e a r ly  phase o f  la c ta t io n  and middle 

phase wsra s l ig h t ly  le s s  than the va lu e s reported  by
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Comberg jtt  a l .  {1$57) and B irakai a t  a j., (i96$)  probably 

because o f  bread d if fe re n c e s .

tli*  la c to s e  con ten t decreased from th e  nonael to  

^ .3 3  ,* VtObfi, in  tb* l* t*  l a c ta t io n  and i t  reached 3.66 £  

0 .17# on th* 330th  day. This v a r ia t io n  in  con ten t o f  

Lactose in  the a i l k  in  i*«« la c ta t io n  nay be a sso c ia ted  

w ith p h y sio lo g ica l fa c to rs  and r e la te d  to  th* pro©*** o f 

sy n th e s is  o f  K ilk . I t  nay be p o ss ib le  th a t  a t  tha t a i l  

end e f  l a c ta t io n  along w ith th e  decrease l a  the  awouat o f 

sec re to ry  t is a n e  th e re  m y  b« *  depression  in  th e  a b i l i ty  

o f  th e  e a ls t in s  t is s u e s  to  sy n th s s is s  l s e to s s .  As tha  

la c to s e  con ten t o f  tha  a i l k  was decreasing  tha  to ta l  

q u a n tity  o f  td lk  produced a lso  decreased .

The s i l k  froM Is o la t io n  induced anim als a ls o  showed 

e i a l l s r  trends in  lao to se  content aa that o f poet-pertum 

m ilk . This fin d in g  i s  in  agrees*n t with tha rep o rts o f  

Joseph and P av ith raa  <1979 a *  b) that the s a jo r  constituent 

in  a i l k  a re  s im ila r  in  induced m ilk and p o st-p artu s a i lk .

Lactose con ten t o f a a a t i t i s  a i l k  was 2 .64^. th i s  value 

i s  in  agreement w ith th a  fin d in g s o f  sfolsh and heave (1968). 

t h i s  decrease in  the le v e l  o f  la c to se  i s  expected , a s  the 

d isease  co n d itio n  damages th e  in te g r i ty  o f  the  c e l lu la r  

a t ru e to re ,  su re  o f p lease  caudate stay e n te r  th*  a lv e o la r
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lutaan causing mn ineraaao in oaawtic p ra aau ra . To caspan- 

n t *  till* lucraaae, « y n tb « iU  o f  laetoao ia raduoad 

(Schmidt, 19 7 1 ) .

C h lorlda content a t  m ilk ,

H am ery a a e ra tio n  d m v a one day p r io r  to  p a r tu r i t io n  

bad h ig h e r  c h lo rid e  co n ten t (0*23% *, 0.003;»). The colostrum  

co n ta in ed  0*227 * Q.QQ8/ o f  c h lo r id e  on th e  f i r s t  day o f  

p a r tu r it io n *  I b i s  v a iu a  i s  a l lg h t iy  la a s  than  th a  ra p o rta d  

v a lu e  o f  0*257/5 (Sahaia a t  o l«  1976). Tha h ig h  ch lo rid e  

C ontent o f  eoloatruM  saiy ha dua to  th a  g r e a te r  r a t a  o f  

paaaage o f  c h lo r id e  in to  th a  m ilk fro n  blood in  tha  in to  

pregnancy (i'eaker, 197*0*

Tha c h lo r id a  co n tan t raan in ed  s tead y  in  th a  « id d la  

phaaa o f  la o ta t io n  and anoantad to  0*14t £  0*002;'/. This 

v a iu a  i a  s l i g h t ly  h ig h e r than  th a  ra p o rta d  n o raa l valuaa 

b u t a ie o a t  in  ag raenen t w ith th a  es tim ated  va iu a  o f  

Taparnoux and Magat (1967)*

C hlo rld a  co n ten t was inovaaaad in  th a  l a t a  phase o f 

l a o ta t io n  io  0*165 £  0*002'/ and raachad up to  0*191 in  tha 

330th day . T his in c re a se  combined w ith th e  d ec rsass  of 
la c to n e  ln d ic a ts d  a  cosponsatoxy *« clnuvS.sc in  a a ln ta in in g  

th a  oa too t i c  p ro ssu ra  o f  e l l k  i n  eq u ilib riu m . M ae titie  

a lao  in craaaad  the  c h lo r id e  co n ten t o f  w ilk  (0 *223/)#

In gr « 1 .  (19 73) suggeated a c r i t i c a l  l im it  of 0 * 15 /  fo r
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th e  d ia g n o s is  o f  s e a t i l i a .  JeunaS* sad  P a tto n  (1959) and 

H U lk t (1975) a ls o  have re p o r te d  an  iu e v m *  l a  c h lo r id e  

c o n te n t o f  M ilk in  a m a t l t l s  co n d itio n *  T his o u s t  be du« 

to In c rea se d  v s s e u i s r l ty  i n  th e  a f f e c te d  t i s s u s s  and 

in c re a sed  o ffu se io n  o f  plasma exudate  from th a  damaged 

t i s s u a s  to  tb a  a lv e o la r  1union which g a t  Mixed up w ith th a  

s e e r s te d  a ilk *

The M ilk from induced la c t a t io n  had a  c h lo r id e  content 

o f  0 .2 7 1#  on th a f i r a t  day and was h ig h e r than tha norami 

post-parturn o o lo s t r a l  v a lu e s*  T h is  in creased  le v e l  o f  

c h lo r id e  in  tha induced la c t a t io n  n ig h t be a  consequence 

o f  the hormone tre a tu e n t a t  h igh  dose* which n ig h t have 

a lt e r e d  the c e l lu la r  p e rm e a b ility  e f  th e  ao creto vy  o a l l e .

Sodium c o n te n t o f  a i l k .

Sodium con ten t o f  maweary a c c re tio n  c o l le c te d  one day 

p r io r  to  p a r t u r it io n  v*a 15 30  £  197*59  ppm and colostrum  

contained o n ly  857*5 ±  87*75 ppm. Both the f ig u r e s  were 

h ig h e r  than the normal v a lu e a  fo r  m ilk* V inovrskl a t  a t . 

(1976) a ls o  obtained  h igh  con ten ts o f  sodium in  the f i r s t  

th ree  day* o f  c a lv in g *  This may he due to  the g r e a te r  

p e rm e a b ility  o f  masuary d u ets to  sodium io n s in  la t e  

pregnancy (L in e a l!  and Peaker* 1974)*
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Thm scacn sodium ocmtar.fc o f  m ilk in  th s  e a r ly  phass 

except th s t  a t  c o lo s tru s  p e r io d  remained alm ost s i n i l a r

to  the t  o f  th*  m iddle pints* o f  I s o la t io n  and acts 347,86 + 

10,12 ppm. T his vain*  i s  *&w»*t s im ila r  to  tb s  rep o rted  

sodium co n ten t o f  SO mg/'t CfO ml (O s te a l! ,  1979). But 

P in to  * t  * 1 . (1978) re p o rte d  m low sodium con ten t a t  

33 nte/100 a l  In  M ilk.

Ths co n ten t o f  sodium *m* h ig h e r In  tb s  l o t s  phase 

(62b »Qb + 7 ,6  pp») than  th s  m iddls phase o f  la c ta t io n .

'Ibs co n tsn t o t  sodium abowad th* saao tren d  «e th a t  o f  

ch lo rid e  in  d i f f e r e n t  phases o f  l a c ta t io n .

Induced l a c ta t io n  showsd h l£ h * r sodium co n tsn t 

1 1650 ppa) i n  tb s  co lostrum  p e rio d  th an  norwaX p o s tp a r tu m  

co iostrum . For tb s  r e s t  o f  tb s  p e rio d  o f  tb s  su r ly  ph**« 

a ls o  t h i s  tren d  p re v a ile d . Hi* » i d-Xae fca t io n  v s lu ss  o f 

codiustv-’wsrs a lso (h ig h e r  th an  tb*  n o ra s l end amounted to  

620  ppm. Tha re la t io n s h ip  w ith sodium and c h lo rid e  in  m ilk 

o f  indtacsd la c ta t io n  mis same s s  th a t  o f  post-parturn  Xcete- 

tlon#  Tbs h ig h e r  le v e l  o f  th e se  Ion* in  th s  m ilk o f  induced 

i s o la t io n  m ight have boon due to  in o rssssd  c e l lu l a r  p sm e s -  

b i l i t y .  i t  to  cu rio u s  to no te  th a t  the la v s l  o f  la c to s e  

had n o t dscvsassd  and tb s  corresponding a f f e c t  on th s  osm otic 

p re s su rs  o f  m ilk  nssd fu r tb e r  s tu d y .



t t t c t i t l i  in cre a se d  tha *od iu » co n ten t. Average 

#odlu» content w<s* 10 8 3 .3 3  pp» in  ssmmtittm w ilk  e& ap le*. 

t h i s  s*sy ha duo to  tha derangement tn  th a  proco** a t  

e y n th e s le  in  th a  in fe c te d  udder. th e  eodiuei and c h lo rid e  

co n ten t* war# eAmalia tw ousiy inereoned in  n » * t i t i *  antd 

th e re  veto a  consequent d ep ressio n  in  tha ia c to e e  content*

A* g e n e r a lly  understood. t h is  phenomenon i *  compensatory 

M ootouiaa i n  th a  u e in te iw cce  o f  osm otic  p ra a a u ra  o f  m ilk .

Potaeeium  oontant o f  m ilk .

th a  poteeslum  content was iow in  tha w m t y  s e c re t io n  

c o l le c te d  one day p r io r  to  la c ta t io n  (6bo + 69.60 ppm). 

S tead y  in e re a e e  o f  potassium  was n oticed  frots the colostrum  

p e rio d  in  r e la t io n  w ith d ecreasin g  sodium to roach & noraal 

a f t e r  seventh  day o f  c o lv i« g .

The e o ia e t r a l  v a lu e s  o f  potassium  wera low er than the 

v a lu e *  rep orted  toy S eb a la  a t  * i»  (1976) and Vtm vretci g t  e l . 

(1976).

th e  a id - lo c t e l io n  v a lu e  (1367*86 £  6 . 1 0  »*»*) obtained  

le  s l i g h t l y  lo * s r  than the rep o rted  v a lu e *  o f  Sent j j t  a l,. 

(1971)* Combers M  &i» (1967) and Oenguli (1979).

v a lu e  obtain ed  fo r  potassium  o u t e n t  in  the la t e  

phase o f  l a c t a t i o n  was low er then tha i» id -laet*tA o u  vnluoe

S6



(1299*36 *. 8*86 ppto). I t  was observed  th a t  th e  le v e l  o f  

po tassium  s t a r t e d  a t  a low er l e v e l  a t  th e  beginning  o f 

l a c t a t i o n  slow ly  in c re a se d  and th en  s l i g h t l y  reduced 

tow ards th e  end o f  la c ta t io n *  The tren d  o f  la c to s e  waa 

a ls o  s im i la r  b u t th a t  o f c h lo r id e  was on the  reverse*

The po tassium  c o n te n t o f  m ilk  o f  l a c t a t i o n  induced 

anim al* showed s im ila r  tre n d s  a s  th a t  o f  normal p ost-partum  

milk* I t  may be assumed th a t  th e  trea tm e n t a c te d  o u t in  

tbe^Lnduetion procedure h as  no e f f e c t  on th e  potassium  

co n cen tra tio n *

In fe c t io n  o f  th e  udder dec reased  th e  potassium  co n ten t 

o f  m ilk  which amounted to  1147*92 ppm. T his I s  in  agreem ent 

w ith  th e  r e p o r ts  o f  Vheelocfc j t  a i .  (1966)* T h is re d u c tio n  

in  p o tassium  c o n c e n tra tio n  may be f o r  m ain ta in in g  the  osm otic 

p re s su re  o f  m ilk  due to  th e  o th e r  changes in  c o n c en tra tio n s  

o f  o s a o t l e a l ly  a c t iv e  c o n s t i tu e n ts  o f  m ilk .

I n te r r e la t io n s h ip s  botwson la c to se *  ch lo rid e*  sodium end 

p o tassiu m *

The c h lo r id e - la c to s e  r a t i o  m,» v e ry  h ig h  in  th e  co lostrum  

(6*36)* The K o e stle r  number dec reased  s t e a d i ly  to  a r r iv e  a t  

3*06 on th e  13th day o f  l a c t a t i o n .  This v a lu e  i s  w ith in  th e  

range o f  r a t i o  re p o r te d  by Sonkar j t t  a l * (1970). The r a t io  

i s  h ig h e r  th an  th e  range (1*3 to  3*0) re p o r te d  by Jennees and

51
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P a tto n  (1939)* Tha average r a t i o  was 3*03 in  m id -la c ta tio n  

and 2*37 in  th a  l a t a  la c ta t io n .

C o rre la tio n s  between la c to s e  and c h lo rid e  war* negative  

( r  * -O .76  f o r  ea rly*  r  » *0,36 fo r  ntlddlo end r  <• -0*43 fo r  

l a t e  phase* o f  l a c ta t io n ) .

M a s tit is  in c reased  th *  K o ss tle r  number to  9.04 due to  the 

h ig h e r  c h lo r id e  and lower la e to s e  co n ten ts  o f  m a s t i t i s  csilfe,

Fotaasiuw-sodium  r a t i o  o f  m ilk was c a lc u la te d  fo r  e a r ly , 

m iddle and l e t s  phases o f  l a c ta t io n  s»  2 ,4 4 , a , 49 end 2 ,08 , 

re s p e c t iv e ly ,  The r a t i o  mm 1,36 in  th s  co lostrum . M a s ti t is  

d es rssse d  tb s  r a t i o  to  1 ,12 , T his change in  th*  r a t i o  i s  due 

to  th s  s l i g h t  red u c tio n  i n  potassium  and th* a isee b l*  in c re a se  

in  th s  sodium during  m a s t i t i s .  Tha p re se n t o b serv a tio n s  a re  

in  agy#o**nt w ith  th*  fin d in g *  o f  In g r g t  a l .  (1973) th a t  a 

r a t i o  o f  2 .0  can be con sid ered  s s  e c r i t i c a l  va lu e  fo r  

p o ts s s iu a -so d iu e  r a t i o ,  below which i t  may hs coneiderad th a t  

th e  udder i s  a f fe c te d  w ith  m a s ti tis *  But c a rs  should he

taken  to  avo id  n ia lu g  o f  colostrum  in  th e  s i l k  a s  th e  r a t i o

in  colostrum  i s  a ls o  low,

Sodium and potassium  in  th* milk  wore c o r re la te d  nega­

t iv e ly  in  e l l  tb s  th re e  phases o f  l a c ta t io n  ( r  » -0 .8 3 , r  =>

-0 .4 4  and r  * » 0 ,l4  fo r  e c r ly ,  m iddle end l e t*  phases o f

l a c ta t io n  r e s p e c t iv e ly ) .
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C orrelations between l s s to w  sat! sodium contents o f 

milk vara negative throughout the la c ta tio n  (r *  -0 ,0 3  fo r  

u r t y i  r  »  <*0,30 fo r  middle u i  r  » -0 ,27  fo r  la ta  pitamaa, 
rea p active ly } .  Tiiia uaa expaeted a s  lac to se  sad sodium 

wars n eg a tiv e ly  corre lated  and sodium and chloride war* 

p o s it iv e ly  co rre la ted . N aturally  th is  i s  tha mechanism in  

msintdining tha s a w  t ie  pressure.

P o s it iv e  co rre la tio n s were observed between lacto se  

and potassium In  tha three phases o f la c ta tio n  namely e a r ly  

( r  ■ 0*66)» Middle ( r  » 0 *16 ) and la t e  (r » 0 ,2 6 ) , As 

la c to se  and sodium were n egative ly  corre lated  I t  could be 

deduced th at sodium and potassium might be having a  n ag ativ  

c o rre la t io n . This in feranee was found to ba true ae the 

co rre la tio n  between sodium and potassium was - 0 . 8 3 ,  -0 .4 4  

and * 0 ,14  re a p a c tiv e ly , i s  ths three phases o f  la c ta tio n  

studied ,

The co rre la tio n  between sodium and ch loride in  the mill 

were p o s it iv e ly  co rre lated  through#ut the laotation * The 

c o rre la tio n s  worked out a s  described above a r s  in  eloaa 

agreement with ths fin d in gs o f  Praphuila and Anantha-  

krlshnan (1970),



SUMHABY

A stu d y  *sta undertaken  to  a s c e r ta in  th e  p a t te r n  o f  

s e c r e t io n  o f  la c to se *  sodium* po tassium  sod c h lo r id e  in  

th e  m ilk  a t  d i f f e r e n t  phases o f  la c ta t io n *  in  m a s t i t i s

c o n d itio n  and in  induced la c ta tio n *

The la c to e *  c o n ten t wee very  low in  co lostrum  drawn 

one day p r io r  to  l a c t a t i o n  and in c re a sed  io  co lostrum  

and a t t a in e d  th e  norm al l e v e l  by sev en th  day* th e  la c to s e  

co n te n ts  o f  m ilk  In  e a r ly  phase  and m iddle phase were 

alm ost rem ain ing  c o n s tan t b u t low ered In  l a t e  phase o f  

l a c t a t i o n .  L actose o f induced l a c ta t io n  m ilk  a la o  showed 

s im i la r  tren d s*  Lowering o f  la c to s e  was no ted  in  th e  

m a s t i t i s  sam ples. The potassium  in  m ilk  a ls o  behaved l ik e  

th a t  o f  la c to se *  The sodium and c h lo r id e  had an  o p p o s ite  

tre n d  in  m ilk  th en  th a t  o f  l a c to s e  and potassium *

l a  th e  induced l a c t a t i o n  m ilk  th a  sodium and c h lo r id e  

co n te n ts  were h ig h e r  and m ight be duo to  th a  a l t e r a t io n  in  

th e  p e rm e a b ility  o f  th e  awuaemry a lv e o la r  ep ith e liu m .

The e h lo r id e - la e to e e  r a t i o  was h ig h e r  in  co lostrum  

and in  s n e t i t l s  milk* w h ile  i t  was around 3*00 in  the  

norm al milk*
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P o taee iu w eo d iu B  r a t i o  was around 2 .3  l a  th*  m ilk .

She r a t i o  te a  low ered below 2.00  i n  *» a t i t  i s  co n d itio n  

v t  th*  add tr*

The c o r r e la t io n  between la c t a s e  aod c h lo r id e , la c to se  

siid sodium end sod lu a  and potassium  war* n e g a tiv e . Poelfcii 

c o r r e la t io n  mm obtain ed  between *o<Jiu» and c h lo r id * .

L actose and potassium  a ls o  shoved p o s i t iv e  c o r r e la t io n  In  

•1 1  th a  th ro *  phase* o f l a c t a t i o n .

i 'ro e  th *  s tu d y  conducted , i t  w»s understood  th a t  th s  

osniofctoally a c t iv e  c o n s t i tu e n ts  OX a i l k  wsr* in te r r e l a t e d  

in t h s l r  behav iour to  a t t a i n  osm otic balance In  th e  a i l k .  

Those su b s tan ces  showed v a r ia t io n  in  d i f f e r e n t  phases o f  

l a s t s t i o n  and in  in f e c t io n  o f t h s  udder in  a s p e c ia l  mnnoz 

to  r a s t e r s  eq u ilib riu m  in  oew otic p re s s u re . This was a ls o  

t r u s  i n  th*  o a sss  o t  induced  l a c t a t i o n  a i l k .
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AJSSTHACT

A study ims plannad to assartsin tha bahaviour of 
• m t l M U j r  aottva aoaponartta in normal ailk, Milk 
eollaatad froa anlnals induoad to lactata and silk 
collactad froa lnfsotad uddar. An axhauativa raviaw 
on tha litaratura available on tha topic acts aid**

Tha aanplaa of Milk vara eollaetad fron thraa groups 
of erosstead oova vhioh vara in thraa phaaaa of la otation 
nanaly» aarly* niddla and lata* Milk aanplaa vara alao 
eollaatad fron two infartila aniaala vhioh vara induead 
to lactata vith tha adminiatration of staroid horwonas 
and fron four cove affaotad with aaatitia* All tha aaapiaa 
vara anslyaod for lactoaa* chlorida, aodiua and potasaiun 
by atandard nathods dascribad.

Tha laotoaa andppotaaaiuw contanta of the milk voro 
low in tha coloatrum* Tha laotoaa attainad tha nornal lava 
by savantb day of calving and potaaaiun by 15th day. Tha 
naan iaatoaa oontant was % in aid-laotation and k*335& 
in tha lata phaaa* Potaasiua ahovod tha siwilar trand and 
daorasaod to 1290*36 ppn from a nid-laotation vaiua of 
1367*66 ppa. The lactose and potaaaiun vara poaitivaly 
eorraiatad in all tha thraa phaaaa o f lactation.

Tha aodluw and ohlorida oontant vsrlad in tha aillk in 
an oppoalta awunar than that of laetoao and potaasiua. Tha
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•odium content* war* 546 ppm in early, 547.86 ppm in middle 
•nd 6 26 .86  ppm in late phases o f  lactation. Colostrum 
contained 8 57.5  ppm o t  sodium. Chlorids wee also higher in 
colostrum and dssrsaasd to  an svsrcgs early phass chlorids 
o£ 0 .1 4 7 ^  from Q.209?». Mlddls p h ass  had a chlorids contsnt 
o t  0.141^ and in lets phass it mss 0.163$.

A ll  th s  co sp o n sn ts  behaved in  th s  s im i la r  manner to  th a t  

o f  m ilk  i n  th s  m ilk  from  Induced l a c t a t i o n .  But th e  c h lo r id s  

and sodium wars h ig h . M a s t i t is  low ered th e  l a c to s e  and 

p o tass iu m  to  2.14,£ and  1147.92 ppm r e s p e c t iv e ly  w hile  sodium 

and  c h lo r id e  in c re a s e d  to  1023.33 ppm and 0.22355,

lb s  c h lo r id e - l e e to s s  r a t i o  wa« 6.36  In  co lo s tru m , 3.21 In 

e a r ly  p h a se . 3 .0 9  i n  m idd le phase  and 3.87  i n  l a t e  p h ass  o f 

l a c t a t i o n .  P o ta e e iiu s -so d iu a  r a t i o  ware amounted to  2 .4 4 , 2 .49  

and  2»c£ r e s p e c t iv e ly  f o r  e a r ly ,  m iddle and l s t s  phases o f  

l a c t a t i o n .  Tho r a t i o  was 1 .36  in  co lo s tru m . M a s t i t is  low ered 

th e  p o tesu lu o -ao d lu ta  r a t i o  w hile  ln c ro a s s d  the c h lo r id e -  

l a c to s e  r a t i o .

Ths c o r r e l a t i o n  betw een la c to s e  and c h lo r id s ,  l a c to s e  end 

sodium  and sodium and p o tass iu m  wars n eg a tiv e  w h ile  p o s i t iv e  

c o r r e la t io n s  wars o b serv ed  between sodium and c h lo r id s  and 

l a c to s e  and p o ta ss iu m .

These o b s e rv a t io n s  were d is c u s s e d  w ith  re fe re n c e  to  

o th e r  r e p o r te d  v a lu e s .


