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INTRODUCTION 

Among t h e  major milk  producing c o u n t r i e s  o f  t h e  world, 

I n d i a  has  r e g i s t e r e d  t h e  h i g h e s t  growth ra te  and is  t h e  

l a r g e s t  producer  among t h e  developing c o u n t r i e s  of t h e  

w o r l d .  The c o u n t r y  h a s  emerged as t h e  s e c o n d  l a r g e s t  

producer of  milk  i n  t h e  world. Its annual  milk  product ion 

of about 53.6 m i l l i o n  tonnes  is nex t  o n l y  t o  66 m i l l i o n  

t o n n e s  o f  t h e  U S A .  A s  a  r e s u l t  o f  i n c r e a s e d  m i l k  

produc t ion ,  t h e  p e r  c a p i t a  consumption o f  t h e  mi lk  had gone 

u p t o  1 7 8  grams i n  1990 .  Though t h e  p r o d u c t i o n  h a s  

i nc reased ,  t h e  a v a i l a b i l i t y  of milk  is  f a r  below t h e  

Ind ian  Council  of  Medical Research recommendation of 250 

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

I n  t h e  s o u t h e r n  r eg ion  of I n d i a ,  Kerala e x h i b i t e d  

h i g h e r  p r o d u c t i o n  o f  cow ' s  m i l k  a n d  h a s  s i g n i f i c a n t l y  

c o n t r i b u t e d  t o  t h e  h ighe r  growth r a t e .  The market milk 

i n d u s t r y  i n  Kera la  has  grown ve ry  much and t h e  major 

q u a n t i t y  of milk  marketing i s  c a r r i e d  o u t  through t h e  

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

foundat ion i n  t h e  f ami ly  cow. The sma l l  q u a n t i t i e s  of 

m i l k  produced i n  t h e  i n d i v i d u a l  households i s  brought t o  

t h e  s o c i e t i e s  by t h e  producers ,  where i t s  volume i s  measured 



o r  weighed and pooled together  i n  t h e  milk cans. Many af  

these  s o c i e t i e s  do not  have r e f r i g e r a t i o n  f a c i l i t i e s  and 

t h e  pooled milk is  e i t h e r  d i r e c t l y  d i s t r i b u t e d  t o  t h e  

consumers o r  it is taken t o  t h e  processing p l a n t s .  I n  

t h e  organised farms, milking is c a r r i e d  o u t  mannualy by 

workers  and t h e  b a c t e r i a l  q u a l i t y  of m i l k  depends on 

milking h a b i t s  and hygienic p r a c t i c e s  of the  ind iv idua l  

mi lker ,  a s  w e l l  a s  t h e  p r a c t i c e s  fol lowed i n  t h e  farms. 

Milk is one of t h e  most impor tant  of animal produce 

and i t s  value i s  we l l  known i n  human n u t r i t i o n .  I t  is  

h i g h l y  p e r i s h a b l e  and t h e  p e r i s h a b i l i t y  i s  d i r e c t l y  

r e l a t e d  t o  t h e  type and e x t e n t  of contamination of m i l k  

with b a c t e r i a ,  Milk produced f r o m  a c lean  and hea l thy  

udder conta ins  only a few b a c t e r i a ,  but  it aqu i res  many 

more during milking, s to rage  , t r a n s p o r t  and till it i s  

d i s t r i b u t e d  t o  consumers. I f  good milking p r a c t i c e s  a r e  

not  followed, contamination of milk can  occur from t h e  c o a t  

of animal, milking u t e n s i l s ,  a i r ,  feed ,  manure and o t h e r  

sources.  Many types of organisms a r e  represented i n  t h i s  

type of contamination, l i k e  l a c t i c  a c i d  b a c t e r i a ,  spore  

forming rods,  col i forms and pseudomonas i n  p a r t i c u l a r .  Mi lk  

from m a s t i t i c  animal conta ins  l a r g e  number of b a c t e r i a .  

Such m i l k  may c o n t a i n  s t r e p t o c o c c i ,  m i c r o c o c c i ,  

s t a p h y l o c o c c i ,  pseudomonas and other organisms c a u s i n g  



m a s t i t i s .  The m i l k i n g  a n d  m i l k  s t o r a g e  equ ipmen t s  

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

mic roo rgan ims  found  i n  f a rm m i l k  s u p p l i e s .  P o o r l y  

designed equipment and improper c l e a n i n g  a l s o  lead t o  high 

b a c t e r i a l  contaminat ion.  

The major p ropor t ion  o f  b a c t e r i a l  contaminants  i n  t h e  

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

a c t i v i t y  w i l l  r e s u l t  i n  sou r ing  o f  milk  and i t s  s p o i l a g e  

and thus  reduces  i t s  s h e l f - l i f e .  The  p r o d u c t s  produced 

from such h i g h l y  contaminated mi lk  do n o t  have t h e  

d e s i r e d  f l a v o u r .  Hygienic c o n t r o l  of  mi lk  is ,  t h e r e f o r e ,  

necessary  t o  p rov ide  s a f e  and wholesome milk  t o  t h e  

pub l i c .  

Apart  from be ing  an i d e a l  food,  milk  can  a l s o  s e r v e  

a s  a  v e h i c l e  f o r  t r ansmis s ion  of  c e r t a i n  d i s e a s e  caus ing  

agen t s .  Milk may c a r r y  such organisms o r  t h e i r  t o x i c  

m e t a b o l i t i e s ,  ' t o x i n s  ' , t o  t h e  consumers. The number of 

persons  a f f e c t e d  i n  such c a s e s  are on t h e  i n c r e a s e .  

Staphylococcus,  Clos t r id ium botulinum, E s c h e r i c h i a  c o l i  and 

B a c i l l u s  c e r e u s  are some of t h e  t o x i n  produc ing  b a c t e r i a  

found i n  t h e  mi lk .  S taphylococc i  a r e  capab le  of growing 

and p r o d u c i n g  e n t e r o t o x i n  i n  raw m i l k .  The t o x i n  

produc t ion  i s  much f a s t e r  i n  milk  w i t h  h igh  b a c t e r i a l  



c o u n t .  C o n t a m i n a t i o n  o f  m i l k  w i t h  E .  c o l i  s e r o t y p e s  

capable  of  producing e n t e r o t o x i n  can t a k e  p l ace  a t  any 

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

t r a n s p o r t  and d i s t r i b u t i o n  . 

Contamination o f  milk  wi th  v a r i o u s  d i s e a s e  producing 

b a c t e r i a  may cause  h e a l t h  hazard  t o  t h e  consumers. 

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

s a l m o n e l l o s i s ,  s o r e  t h r o a t ,  s c a r l e t  f e v e r ,  typhoid and 

i n f e c t i o u s  d i a r r h o e a  h a s  been  t raced t o  raw m i l k  

contaminated by milk  hand le r s .  

The use  of a n t i b i o t i c s  i n  animal a g r i c u l t u r e  has  

brought g r e a t  b e n e f i t s  t o  man and an imal .  The wider use  

of it i n  animals  has  p layed  a s i g n i f i c a n t  economic r o l e  

i n  c o n t r o l l i n g  l o s s e s  due t o  i n f e c t i o u s  d i s e a s e s  and i n  

he lp ing  t o  meet growing demands f o r  animal p r o t e i n  

foods.  I ts  foremost  u se  i n  animals is  t o  save l i v e s  and 

r e l i e v e  them from s u f f e r i n g .  I t  has  a l s o  been used f o r  

p rophylax is  and growth promotion i n  animal husbandry. 

Apar t  from t h e  b e n e f i t s ,  t h e  e x t e n s i v e  use  of 

a n t i b i o t i c s  has caused c e r t a i n  d i sadvan tage  a l s o .  The 

most impor tan t  d i sadvantage  is  t h e  a n t i b i o t i c  r e s i s t a n c e  

being developed i n  b a c t e r i a l  popula t ion .  The a n t i b i o t i c  

r e s i s t a n t  b a c t e r i a  can  contaminate t h e  animal p roduc ts  

and environment.  Consumption of such animal  p roduc ts  a s  



raw, o r  contamination of t h e  f i n i s h e d  o r  ready t o  e a t  

product ,  may lead  t o  i n f e c t i o n  with such r e s i s t a n t  

organisms i n  man and animals. This  r e s u l t s  i n  d i f f i c u l t y  

i n  t rea tment  i n  suscep t ib le  animals and man. Therefore 

t h e  b a c t e r i a l  i s o l a t e s  of milk should be t e s t e d  f o r  t h e i r  

a n t i b i o t i c  ' s u s c e p t i b i l i t y .  

The i n i t i a l  b a c t e r i o l o g i c a l  q u a l i t y  of m i l k  a t  t h e  

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

e f f e c t  on  t h e  q u a l i t y  o f  m i l k  a f t e r  t h e  s u b s e q u e n t  

opera t ions  of t r a n s p o r t ,  p rocess ing  and d i s t r i b u t i o n .  The 

b a c t e r i o l o g i c a l  q u a l i t y  of raw m i l k  a t  product ion l e v e l  

a lone  w i l l  g ive f i r s t  hand knowledge on t h e  i n i t i a l  q u a l i t y  

of raw m i l k .  

B a c t e r i o l o g i c a l  q u a l i t y  o f  mi lk  i s  a s s e s s e d  by 

enumerating b a c t e r i a .  The d e t e c t i o n  of i n d i c a t o r  organism 

i s  n o t  j u s t  s u f f i c i e n t  t o  e s t a b l i s h  t h e  p r e s e n c e  of 

b a c t e r i a l  pa thogens .  Hence t h e  i s o l a t i o n  and 

i d e n t i f i c a t i o n  of such b a c t e r i a l  pathogen i s  necessary.  The 

b a c t e r i a l  contamination of  milk vary from source t o  

source.  Therefore t h e  p resen t  s tudy  was undertaken w i t h  

t h e  fol lowing ob jec t ives .  

1. To de te rmine  t h e  b a c t e r i a l  l o a d  of f r e s h  m i l k  

produced i n  t h e  organised farm. 



2 .  To assess t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  m i l k  

produced by i n d i v i d u a l  fa rmers  and a l s o  t h e  pooled 

mi lk  samples of t h e  co-opera t ives  s o c i e t i e s .  

3 .  To i s o l a t e  and i d e n t i f y  t h e  b a c t e r i a l  pathogens such 

as S taphylococc i  and Esche r i ch i a .  

4.  To s t u d y  t h e  a n t i b i o t i c  s e n s i t i v i t y  p a t t e r n  of t h e  

i s o l a t e s .  
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REVIEW OF LITERATURE 

Milk a s e p t i c a l l y  drawn from cow is  n o t  complete ly  f r e e  

from b a c t e r i a ,  as t h e r e  a r e  always organisms p r e s e n t  i n  t h e  

t e a t  c a n a l  and t h e  udder. Milk produced from a  normal 

hea l thy  udder c o n t a i n s  on ly  a  few numbers and types  of 

organisms,  b u t  udder i n f e c t i o n  and contamina t ion  r e s u l t s  

i n  i n c r e a s e d  b a c t e r i a l  number. Thus t h e  b a c t e r i a l  q u a l i t y  

of milk  depends on  t h e  hygien ic  s t a t u s  of  i t s  produc t ion  and 

is a s s e s s e d  by d i f f e r e n t  b a c t e r i a l  coun t s .  

Total viable count 

Among t h e  c o u n t s ,  t o t a l  v i a b l e  c o u n t  o f  raw m i l k  

ob ta ined  from v a r i o u s  sources  had been r e p o r t e d  by many 

w o r k e r s .  J a i n  and  S a r a s w a t  ( 1 9 6 8 )  s t u d i e d  t h e  

b a c t e r i o l o g i c a l  q u a l i t y  o f  m i l k  o b t a i n e d  f rom d i f f e r e n t  

sou rces .  They r e p o r t e d  t h a t  t h e  average  s t a n d a r d  p l a t e  

count of  b a c t e r i a  i n  m i l k  from d a i r y  farm, c i t y  market and 

r u r a l  c o l l e c t i o n  c e n t r e  was 7.6 x l o 5 ,  8.6 x l o 6  and 1.1 x 
t 

lo7 CFU p e r  m l  r e s p e c t i v e l y .  The b a c t e r i o l o g i c a l  q u a l i t y  of 

raw milk i n  Udaipur c i t y  was e v a l u a t e d  b y , V i j a i  and Saraswat 

(1968) and t h e y  found t h a t  t h e  mean t o t a l  v i a b l e  count of 

milk from o rgan i sed  d a i r y  farm was 1 . 4  x l o 6  p e r  m l ,  whi le  

t h e  count  i n  c i t y  market sample was 3 .0  x l o 6  and t h e  

corresponding count  from r u r a l  c o l l e c t i o n  c e n t r e  was 6 .0  x 

lo6 per m l .  



Musta fa  and  I d r i s  ( 1 9 7 6 )  made a  s u r v e y  o f  

b a c t e r i o l o g i c a l  q u a l i t y  of milk  s u p p l i e d  i n  Sudan i n  1973 

and 1975. I n  1973, milk samples from vendors had average 

colony count  of 7.8 x l o 6  b a c t e r i a  p e r  m l  whi le  milk samples 

from d a i r i e s  had 6.8 x l o 5  b a c t e r i a  p e r  m l .  A survey  

conducted i n  1975 r e v e a l e d  t h a t  75.86 p e r  cen t  of  milk  

samples from vendors of  t h r e e  towns had t o t a l  v i a b l e  count  

of more t h a n  one m i l l i o n  p e r  m l .  

B a c t e r i a l  f l o r a  of  102 r a w  milk  samples from b u f f a l o e s  

and cows were eva lua t ed  by Garg & d. (1977).  S tandard  

p l a t e  count  p e r  m l  of  b u f f a l o ' s  and cow's milk i n  w i n t e r  

ranged between 1 .0  x l o 5  t o  3.2 x l o 7  and 5.4 x l o 5  t o  4.0 x 

l o 7  and i n  summer 3 x l o 4  t o  1 x l o 7  and 4  x l o 5  t o  2 x 

l o 8  CFU p e r  m l  r e s p e c t i v e l y .  

Misra & d. (1977) s t u d i e d  t h e  b a c t e r i o l o g i c a l  q u a l i t y  

of market  milk i n  Bhubaneswar. The s t anda rd  p l a t e  count  

showed t h a t  milk from e s t a b l i s h e d  d a i r y  farms had lowest  

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

c e n t r e s ,  l o c a l  shops and milk booths .  Desai  and Na ta ra j an  

(1981) a s se s sed  t h e  b a c t e r i o l o g i c a l  q u a l i t y  of raw milk  

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

a r o u n d  Bang lo re  c i t y .  The a v e r a g e  s t a n d a r d  p l a t e  c o u n t  

v a r i e d  between t h e  a r e a s ,  t h e  coun t s  be ing  205 x l o 5 ,  441 x 

l o 3  and 92 x l o 5  CFU p e r  m l .  



The mic rob io log ica l  q u a l i t y  of 100 r a w  milk  samples 

from P o l i s h  s t a t e  farms and 72 samples from p r i v a t e  farms 

was i n v e s t i g a t e d  by Milko et d. (1981) .  The mean b a c t e r i a l  

counts  a s  r e p o r t e d  by them were 50.6 x l o 6  and 41.0 x l o 6  

b a c t e r i a l  cel ls  p e r  m l  r e s p e c t i v e l y .  Bossuyt and Naudts 

(1982) observed t h a t  t h e  average b a c t e r i a l  coun t  of  milk 

i nc reased  by a  f a c t o r  of 1.6 between l e a v i n g  t h e  farm and 

a r r i v i n g  a t  t h e  d a i r y  f a c t o r y .  The i n c r e a s e  w a s  h ighe r  i n  

milk  c o l l e c t e d  eve ry  t h r e e  days ( f a c t o r  1 .8 )  t h a n  i n  milk 

c o l l e c t e d  every  two days  ( f a c t o r  1 . 3 ) .  The b a c t e r i a l  q u a l i t y  

of m i l k  from seven  s p e c i a l i z e d  farms i n  Lubin and Chlem 

Province was a s s e s s e d  by Majewski and Rzaczynski (1983) .  

Average mesophi l ic  b a c t e r i a l  count  ranged between 6.5 x l o 3  

t o  4 . 1  x l o 5  CFU p e r  m l .  They observed a  c o n s i d e r a b l e  

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

equipment. 

Yadava a. (1983)  determined b a c t e r i o l o g i c a l  q u a l i t y  

of m i l k  s o l d  i n  Ranchi town. Milk from Ranchi Ve te r ina ry  

Col lege had t h e  lowest  average s t a n d a r d  p l a t e  count  and 

h ighes t  Methylene Blue Reduction Time (MBRT), fol lowed by 

l o c a l  vendors and p a s t e u r i z e d  milk  from town booth.  The 

s t anda rd  p l a t e  count  had no s i g n i f i c a n t  d i f f e r e n c e  wi th  

season.  Zangerl and Ginzinger  (1986) r e p o r t e d  t h a t  73.5 p e r  

c e n t  of 403 and 86.8 p e r  c e n t  of  438 f r e s h  milk  samples 

c o l l e c t e d  from t h e  farms had t o t a l  b a c t e r i a l  count  l e s s  



t han  50000 CFU p e r  m l .  Milk samples c o l l e c t e d  from two 

f a c t o r i e s  had t o t a l  v i a b l e  count  of  < 50000 CFU p e r  m l  i n  

48.8 p e r  c e n t  of 906 and 77 p e r  c e n t  of 742 samples.  

Misra and Kui la  (1989) e s t ima ted  s t a n d a r a d  p l a t e  count 

of 125 raw milk from o rgan i sed  d a i r y  farm, c i t y  vendors and 

sweet meat shop and r e p o r t e d  t h a t  t h e  average s t a n d a r d  p l a t e  

count i n  milk from t h e  above sou rces  as 5 1  x lo1, 71.73 x 

l o 5 ,  72.73 x l o 5  CFU p e r  m l ,  r e s p e c t i v e l y .  Morgan & a. 
( 1 9 8 9 )  s t u d i e d  s a n i t a r y  s t a t u s  o f  100 r a w  m a r k e t  m i l k  

samples  i n  K a l i o b i a  G o v e r n o r a t e  and  r e p o r t e d  t h a t  t h e  

average t o t a l  colony count  was 39.46 x 10'' + 17.13 CFU p e r  

m l .  Rajmany & a. (1989) enumerated t o t a l  v i a b l e  b a c t e r i a l  

count i n  raw milk.  The number of t o t a l  v i a b l e  b a c t e r i a  i n  

raw milk samples v a r i e d  between 11.6 x l o 6  and  98 x l o 6  CFU 

pe r  m l ,  wi th  a  mean count  of  53.4 x l o 6  CFU p e r  m l .  

Hamama a n d  EL-Mouktafi  ( 1 9 9 0 )  s t u d i e d  t h e  h y g i e n i c  

q u a l i t y  of raw mi lk  produced i n  Morocco by ana lys ing  42 

samples from r e g i o n a l  milk c o l l e c t i o n  c e n t r e s .  The mean 

t o t a l  ae rob ic  mesophi l ic  count  was 2  x l o 7  CFU p e r  m l .  Rai 

e t  a. (1990) c o l l e c t e d  milk from v a r i o u s  sou rces  t o  s tudy  - 

t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  milk s u p p l i e d  i n  Kanpur c i t y .  

The average t o t a l  p l a t e  count  of t h e  milk  from Unive r s i t y  

d a i r y  farm, Milk board ,  Hawkers and Town d a i r i e s  were 295.0 

x l o 4 ,  33 x l o 4 ,  1142 x l o 4 ,  and 429.12 x l o 4  CFU p e r  m l ,  

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



Mahia & &. (1992) examined 113 milk  samples c o l l e c t e d  

from t h e  prov ince  of  La Coruna, Spain  and r e p o r t e d  t h a t  

t o t a l  a e r o b i c  b a c t e r i a l  count w a s  < 7 x l o 5  p e r  m l  i n  8 1  per  

c e n t  of samples examined. Pa t e1  &. a. (1993)  c o l l e c t e d  

2 1  samples  o f  m i l k  f rom b u f f a l o e  o f  R e s e a r c h  U n i t ,  

Vete r inary  Col lege ,  Anand. T o t a l  p l a t e  count  v a r i e d  from < 

1000 t o  1100000 wi th  an average of  2 .1  x l o 5  + 0.7 CFU 

p e r  m l .  

Reddy & &. (1994) r e p o r t e d  t h e  l e a s t  squa re  mean 

va lue  of s t a n d a r d  p l a t e  count  i n  t h e  normal mi lk  of cows a s  

2.6 x  l o 6  + 0.256 CFU p e r  m l .  

Coliform and faecal coliform counts 

A count  of co l i fo rm b a c t e r i a  i s  u s u a l l y  made a s  an 

index of t h e  g e n e r a l  s a n i t a t i o n  l e v e l  of  p roduc t ion  and a s  

an i n d i c a t o r  of  poor  hygiene. Large number of  co l i fo rms  i n  

raw m i l k  i n d i c a t e s  g r o s s  contaminat ion of t h e  mi lk .  Coliform 

count  of t h e  raw milk  c o l l e c t e d  from d i f f e r e n t  s o u r c e s  have 

been r e p o r t e d  by v a r i o u s  workers.  V i j a i  and Saraswat 

( 1 9 6 8 )  e n u m e r a t e d  c o l i f o r m s  i n  raw m i l k  f rom d i f f e r e n t  

sou rces  i n  Udaipur c i t y .  The counts  i n  t h e  o r g a n i s e d  d a i r y  

farm was 3.2 x l o 2  CFU p e r  m l  of m i l k ,  i n  c i t y  market  sample 

was 2 . 2  x l o 3  CFU p e r  m l  and  i n  s a m p l e s  f rom r u r a l  

c o l l e c t i o n  c e n t r e  it was 1 . 8  x l o 4  CFU p e r  m l  of  m i l k .  



Mustafa and I d r i s  (1976) r e p o r t e d  t h a t  64.65 per  c e n t  of 

milk  samples from milk  s u p p l i e s  i n  Sudan had col i forms i n  

t h e  r ange  of 3 x l o 5  t o  3 x l o 6  CFU p e r  m l .  

Misra g& d. (1977) whi le  s tudy ing  t h e  b a c t e r i o l o g i c a l  

q u a l i t y  of market milk  i n  Bhubaneswar found lowest co l i fo rm 

c o u n t s  i n  t h e  s a m p l e s  from l o c a l  s h o p s ,  f o l l o w e d  by 

c o l l e c t i o n  c e n t r e s ,  e s t a b l i s h e d  d a i r y  farms,  l oca l  gowalas 

and mi lk  booths .  Singh and Ranganathan (1978) found t h a t  

a l l  t h e  128 samples of raw milk  from i n s t i t u t e  herd and 

l o c a l  market were p o s i t i v e  f o r  co l i fo rms .  

The mean co l i fo rm counts  a s  r e p o r t e d  by Desai and 

N a t a r a j a n  (1981) were 1040 x l o 3 ,  80 x l o 3  and 282 x l o 3  

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

Bangalore  c i t y .  Katona and S z i t a  (1982) have s t r e s s e d  t h e  

i m p o r t a n c e  o f  c o l i f o r m s  a s  i n d i c a t o r  of  raw m i l k  

c o n t a m i n a t i o n  and  u n s a t i s f a c t o r y  c l e a n l i n e s s  of  m i l k i n g  

equipments.  

Yadava d. ( 1 9 8 3 )  d i d  n o t  f i n d  any  s i g n i f i c a n t  

d i f f e r e n c e  i n  co l i fo rm counts  w i t h  t h e  season i n  Ranchi. 

Palanniswamy & d. (1988) found t h a t  t h e  farm u t e n s i l s  

were t h e  major source  of t h e  contaminat ion of m i l k  w i t h  

c o l i f o r m  organisms,  fol lowed by personne l  and t e a t  ends.  

When s a n i t a r y  p r a c t i c e s  were  f o l l o w e d  i n  t h e  fa rm,  t h e  



i n d i v i d u a l  cow's mi lk  had f o u r  co l i fo rms  p e r  m l  and pooled 

milk had 30 c o l i f o r m s  p e r  m l  whereas it was 10 and 39000 

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

Coliforms o t h e r  t h a n  Esche r i ch i a  c o l i  were found i n  4  

t o  35 p e r  c e n t  of  raw market milk  samples from Kal iob ia  

Governorate (Morgan & d., 1989) .  The count  o f  co l i fo rm 

co lon ie s  averaged 10.99 x 10'' - + 9.34 p e r  m l .  Hamama and 

EL-Mouktafi (1990) r e p o r t e d  t h a t  t o t a l  c o l i f o r m  count  and 

f a e c a l  co l i fo rm count  i n  raw milk  c o l l e c t e d  from r e g i o n a l  

milk c o l l e c t i o n  c e n t r e s  i n  Morocco were 1 .8  x l o 5  and 7 .5  x 

l o 3  CFU p e r  m l ,  r e s p e c t i v e l y .  Rai  g& &. (1990) s t u d i e d  

b a c t e r i o l o g i c a l  q u a l i t y  of milk  i n  Kanpur c i t y .  The average 

co l i fo rm count  i n  milk  from Unive r s i t y  d a i r y  farm, Milk 

board,  hawkers and Town d a i r i e s  were 2437.5, 512.5, 21337.5 

and 6412.5 CFU p e r  m l ,  r e s p e c t i v e l y .  P a t e 1  & &. (1993) 

eva lua ted  21  samples of milk from b u f f a l o e  i n  Research Uni t ,  

Vete r inary  Col lege ,  Anand and r e p o r t e d  a  mean co l i fo rm count  

of  1 .9  x l o 3  2 0.57 CFU p e r  m l .  

The l e a s t  squa re  mean co l i fo rms  count  of normal milk  

from cows was 2825.11 CFU p e r  m l  (Reddy & aJ., 1994) .  

Singh &. (1994 a )  s t u d i e d  b a c t e r i o l o g i c a l  q u a l i t y  

of raw milk and r e p o r t e d  t h a t  t h e  i nc idence  of col i forrns  i n  

t h e  samples was 100 p e r  c e n t .  They found t h a t  t h e  mean loglO 

number of col i forrns  i n  t h e  samples was 4.447 CFU p e r  r n l .  



Fecal-streptococcal count  

F e c a l - s t r e p t o c o c c i  a r e  c o n s i s t e n t l y  p r e s e n t  i n  l a r g e  

numbers i n  f a e c a l  e x c r e t a .  The presence  of t h i s  organism i n  

food i s  a u s e f u l  i n d i c a t o r  of t h e  p o s s i b l e  p resence  of 

.. e n t e r i c  pathogens and t h e i r  d e t e c t i o n  h e l p  i n  a s s e s s i n g  t h e  

s t a n d a r d  of hygiene fol lowed du r ing  p roduc t ion .  

I n  a s tudy  Pandey and Mandal (1980)  r e p o r t e d  t h e  y i e l d  

o f  s t r e p t o c o c c i  i n  7 . 5  p e r  c e n t  o f  raw m i l k  s a m p l e s  

c o l l e c t e d  from milk  supply  scheme, Pa tna .  

The e f f e c t  of  season  on  f a e c a l  s t r e p t o c o c c a l  count  i n  

milk from t h r e e  d i f f e r e n t  sou rces  i n  Ranchi town was found 

t o  be s i g n i f i c a n t l y  d i f f e r e n t  (Yadava & d., 1 9 8 3 ) .  Shah 

e t  a. (1984) s t u d i e d  t h e  i nc idence  of s t r e p t o c o c c i  i n  m i l k  - 

ob ta ined  from 134 h e a l t h y  cows and r e p o r t e d  t h e  presence  of 

s t r ep tococcus  spp.  from 17 p e r  c e n t  of samples.  

Hamama a n d  EL-Mouktaf i ( 1 9 9 0 )  s t u d i e d  t h e  h y g i e n i c  

q u a l i t y  of raw milk  produced i n  Morocco by a n a l y s i n g  42 m i l k  

samples from r e g i o n a l  c o l l e c t i o n  c e n t r e  and r e p o r t e d  t h a t  

average f a e c a l  s t r e p t o c o c c a l  count  was 1 .2  x l o 4  CFU p e r  rnl 

of milk .  

Staphylococcal count and S ~ ~ D ~ Y ~ O C O C C U S  aureus count 

Man i s  t h e  main r e s e r v o i r  o f  s t a p h y l o c o c c i .  The 

organism i s  l o c a t e d  mainly i n  t h e  nose and t h e  most common 



skin sources are the arms, hands and face. They may also be 

found in the eyes, throat and intestinal tract. From these 

sources the organisms find their way into air, dust and 

onto clothing from where they may contaminate the foods. 

The two most important sources of this organism to food 

are, nasal carriers and the individual whose hands and arms 

are inflicted with boils and carbuncle and who are 

permitted to handle foods. 

It should be noted that most of the domesticated 

animals harbour staphylococci and staphylococcal mastitis 

is common among domesticated animals. It appears at least 

in low numbers, in any or all food products that are of 

animal origin or in those which are handled directly by 

man, unless heat processing steps are applied to effect 

their destruction. The presence of this organism in milk is 

reported by certain workers. Mustafa and Idris (1976) 

examined 113 milk samples collected from vendors of three 

towns and reported that 13 had Sta~h~lococcus aureus. Pandey 

and Mandal (1980) studied the bacterial flora of raw milk 

samples collected from milk supply scheme, Patna. They 

found that 47.5 per cent of samples had staphylococci. 

Coagulase positive staphylococci were found in 75 and 

61.2 per cent raw milk samples from Polish state farms and 

private farms respectively (Milko & a., 1981). Shah & 



. (1984) s t u d i e d  t h e  b a c t e r i a l  f l o r a  o f  milk  from 134 

h e a l t h y  cows.  I t  was o b s e r v e d  t h a t  t h e  i n c i d e n c e  of  

S t a ~ h v l o c o c c u s  e ~ i d e r m i d i s  was maximum ( 4 2 % )  followed by 

S t a ~ h v l o c o c c u s  aureus  ( 2 0 % ) .  

Popovic & &. (1991)  s t u d i e d  t h e  h y g i e n i c  q u a l i t y  of 

milk i n  Za jecar ,  Timok r e g i o n  of Se rb i a  (Yugos lav ia ) .  He 

r e p o r t e d  t h a t  20 p e r  c e n t  of  samples had coagulase  p o s i t i v e  

s t aphy lococc i .  Rajmany & al (1989) r e p o r t e d  t h a t  t o t a l  

s t aphy lococca l  count v a r i e d  from 2 0 . 5  x l o 3  t o  104 x  l o 3  CFU 

p e r  m l ,  w i th  an average count  of 63 - 5  x  l o 5  CFU/per m l .  

Hamama and EL-Mouktafi (1990) ana lysed  raw milk  ob ta ined  

from r e g i o n a l  c o l l e c t i o n  c e n t r e s  i n  Morocco and r epo r t ed  

t h a t  S t a ~ h v l o c o c c u s  au reus  count  averaged 4  x l o 4  p e r  m l .  

The normal milk o f  cows had a  s t aphy lococca l  count of 

58.5218.82 CFU pe r  m l  (Reddy & a., 1994) .  

F s c h e r i c h i a  co l i  count 

Esche r i ch i a  c o l i  a r e  commonly found i n  t h e  i n t e s t i n a l  

t r a c t  o f  man and a n i m a l s .  T h e i r  p r e s e n c e  i n  f o o d ,  

p a r t i c u l a r l y  i n  l a r g e  numbers, i s  taken t o  i n d i c a t e  f a e c a l  

p o l l u t i o n  o r  contaminat ion.  The presence o f  i n t e s t i n a l  

organisms i n  food i n d i c a t e  t h e  p o s s i b i l i t y  t h a t  e t i o l o g i c a l  

agent  of  i n t e s t i n a l  d i s e a s e  may be p r e s e n t  i n  such food. 

The occur rence  of t h i s  organism i n  m i l k  i n d i c a t e  l ack  of 

hygiene.  



Few workers r epor ted  t h e  presence of Escher ichia  c o l i  

i n  raw m i l k .  Singh and Ranganathan (1978)  s t u d i e d  t h e  

incidence and d i s t r i b u t i o n  of B .  c o l i  i n  milk and of t h e  128 

samples of raw m i l k  t e s t e d  92  were found p o s i t i v e  f o r  E .  

c o l i .  Ten per  cen t  of raw milk samples from m i l k  supply 

scheme, Patna,  ye i lded  E .  c o l i  (Pandey and Mandal 1980).  E .  

c o l i  t i t r e  of 100 raw milk samples from Pol ish  s t a t e  farms 

and 72 raw m i l k  samples from p r i v a t e  farms was i n v e s t i g a t e d  

by Milko & a. (1981) and repor ted  t h a t  it v a r i e d  from 

0.0001 t o  0.00001 and 0.001 t o  0.0001 respec t ive ly .  

Katona and S z i t a  (1982) s t r e s s e d  t h e  importance of E .  

c o l i  a s  an i n d i c a t o r  f o r  b a c t e r i a l  contamination of raw milk 

and c l e a n l i n e s s  of milking equipments. Morgan & a. (1989) 

r epor ted  t h e  presence of ]S. c o l i  i n  27 pe r  c e n t  of raw 

market  mi lk  samples  o b t a i n e d  from K a l i o b i a  G o v e r n o r a t e .  

Othenhajmer (1989) s t u d i e d  Escherichia  c o l i  contamination 

a s  an i n d i c a t o r  of hygienic  cond i t ion  i n  milk product ion.  He 

found t h a t  seven pe r  c e n t  of hand milked samples, 89 per  

c e n t  of machine milked samples, 20 per  cen t  of can s t o r e d  

and 43 pe r  cent  of bas in  s t o r e d  m i l k  leaving t h e  d a i r y  were 

contaminated, but  t h e  percentage decreased t o  35 when more 

hygienic  procedures of milk product ion were p r a c t i c e d .  

Popovic et g J .  (1991) de tec ted  E .  c o l i  i n  81  pe r  cent  

of m i l k  samples c o l l e c t e d  from i n d u s t r i a l  p l a n t  and small 

s c a l e  producers i n  Timok market a r e a  i n  Yugoslavia. 



Other b a c t e r i a l  c o u n t s  

The average thermoduric  and p s y c h r o p h i l i c  counts  i n  

d a i r y  farm milk ,  c i t y  market milk and i n  milk from r u r a l  

c o l l e c t i o n  c e n t r e  were 5.2 x l o 4  and 7.7 x l o 4 ;  4 . 0  x l o 5  

and 2.9 x l o 6 ;  3.4 x 10' and 5.0 x l o 6  p e r  m l ,  r e s p e c t i v e l y  

( J a i n  and Saraswat ,  1968) .  

Milk  s a m p l e s ,  c o l l e c t e d  from m i l k  s u p p l y  scheme,  

Patna,  y i e l d e d  Micrococci  i n  17 pe r  c e n t ,  B a c i l l u s  spp.  i n  

65 p e r  c e n t ,  A l c a l i g e n e s ,  Pseudomonas,  P r o v i d e n c e  and  

C i t r o b a c t e r  spp.  i n  1, 2, 2 and 2.5 p e r  c e n t  of samples 

(Pandey and Mandal 1 9 8 0 ) .  Shah & d. (1984)  s t u d i e d  t h e  

b a c t e r i a l  f l o r a  o f  mi lk  from 134 h e a l t h y  cows. They observed 

t h e  i nc idence  of B a c i l l u s  spp. ,  gram n e g a t i v e  b a c i l l i  and 

Micrococcus  i n  7 . O ,  3 . 9  and 1 . 3  p e r  c e n t  o f  s a m p l e s ,  

r e s p e c t i v e l y .  D a s  and Nag (1986) examined 162 raw milk 

samples c o l l e c t e d  from vendors and r e p o r t e d  t h e  i s o l a t i o n  of 

two s t r a i n s  of Sa lmonel la  tv~himur ium and t h r e e  s t r a i n s  of 

Salmonella DaratyDhl B. 

Hamama and El-Mouktafi (1990) r e p o r t e d  t h e  presence of  

sa lmonel la  i n  2 1  p e r  c e n t  of raw milk  samples and Yersinea 

e n t e r o c o l i t i c a  i n  40.4 p e r  cen t  of  samples .  The average 

B a c i l l u s  ce reus  count  r e p o r t e d  from r a w  m i l k  was 5.7 x l o 2  

pe r  m l .  



Bacterial q u a l i t y  and grad ing  of milk: 

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

s a n i t a r y  q u a l i t y  o f  milk .  A low count  does  n o t  n e c e s s a r i l y  

mean t h a t  pa thogenic  organisms a r e  a b s e n t .  A high  count 

c e r t a i n l y  i n d i c a t e s  t h a t  t h e  milk has  e i t h e r  come from a  

d i s e a s e d  u d d e r  o r  h a s  been  h a n d l e d  u n d e r  u n d e s i r a b l e  

c o n d i t i o n s  o r  has  been kep t  w a r m  enough t o  pe rmi t  t h e  growth 

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

chances t h a t  milk  may c o n t a i n  undes i r ab l e  organisms.  I n  t h e  

l a s t  c a s e  such u n d e s i r a b l e  organisms having g o t  e n t r a n c e  t o  

t h e  milk ,  t h e r e  i s  g r e a t e r  chance of it growing t o  more 

dangerous p r o p o r t i o n s .  Hence t h e  n e c e s s i t y  of  g rad ing  m i l k  

on t h e  b a s i s  of  t h e  b a c t e r i a l  count .  The requi rements  f o r  

t h e  d i f f e r e n t  g rades  of  milk va ry  accord ing  t o  t h e  s t anda rds  

set  up by t h e  l o c a l  p u b l i c  h e a l t h  a u t h o r i t i e s ,  a t  n a t i o n a l  

and i n t e r n a t i o n a l  l e v e l s .  For raw milk ,  a  wide ly  adopted 

s t a n d a r d  f o r  grade A o r  Grade I r a w  milk  i s  t h e  s t anda rd  

p l a t e  count  o f  less t h a n  1 x l o 5  / m l  and t h i s  i s  f o r  raw 

milk in tended  f o r  h e a t  t r ea tmen t  be fo re  consumption. But f o r  

raw milk t o  be consumed d i r e c t l y ,  a more s t r i n g e n t  s t anda rd  

is  r e q u i r e d  (Yadav & d., 1 9 9 3 ) .  I n  North America s t anda rd  

p l a t e  count  of  l e s s  t han  3 x l o b  / m l  o r  e q u i v a l e n t  is  

a c c e p t a b l e  f o r  m a n u f a c t u r i n g  g r a d e  m i l k ,  b u t  i n  U K  no 

d i s t i n c t i o n  is  made between raw milk  going f o r  manufacture 

and t h a t  f o r  l i q u i d  consumption. According t o  I n t e r n a t i o n a l  



Dairy Federation (IDF), standard plate count of less than 

10000 per ml for raw milk reflects good hygienic practices 

during production. 

In India, the Bureau of Indian Standards (BIS) 

, prescribes bacteriological standard for raw milk and its 

products. According to IS : 1479 (Part 111) 1977 the 

standard plate count not more than 200000, between 200000 

and 1000000, 1000000 and 5000000 and above 5000000 CFU per 

ml are recommended for grading of milk as very good, good 

fair and poor respectively. The standards also state that 

satisfactory raw milk should be free from coliforms count in 

1:100 dilution. 

The United States Department of Agriculture (USDA) / 

Federal Drug Administration (FDA) standards specified that 

the maximum standard plate count per ml of raw milk (pick- 

up) is 1 x lo5 and raw milk (co-mingled) is 3 x lo5 (Yadav 

et al. , 1993). -- 

Microbiological specifications given by the Military 

Federal Purchases specifies that the standard plate count of 

milk (fresh) should not be more than 2 x lo4 per rnl and 

coliforms count should not be more than 10 /ml (Powers, 

Milk sample from the organised dairy farm vendor, 

sweet meat shop and dairy plant were tested for its 



b a c t e r i a l  q u a l i t y  and c a t o g o r i s e d  i n t o  f o u r  g rades  (Misra 

and Kui la ,  1989) .  Th p e r  c e n t  of milk graded a s  good, 

f a i r ,  poor and v e r y  poor w a s  11.3,  37.3, 36.7 and 14.7,  

r e s p e c t i v e l y .  They cons ide red  t h e  count  i n  range  o f  2 x 

6  l o 3  t o  19 x 10 as good t o  ve ry  poor.  Singh e& al. (1994 a )  

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

c a t o g o r i s e d  t h e  samples based i n  s t a n d a r d  p l a t e  count 

p r e s c r i b e d  by BIS (1969) .  They found t h a t  28.75, 14.28, 

21.43 and 37.73 p e r  c e n t  samples f e l l  i n t o  v e r y  goad, 

good, f a i r  and poor g rade ,  r e s p e c t i v e l y .  

Iso la t ion  of Stavhvlococcus aureus 

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

s t aphy lococc i .  

Mohan and Misra (1967) r e p o r t e d  t h e  i s o l a t i o n  of  both 

coagulase  p o s i t i v e  and coagulase  nega t ive  s t a p h y l o c o c c i  from 

milk  supp l i ed  t o  Patna milk  supply  scheme. From 200 samples 

examined, 33 coagulase  p o s i t i v e  and 38 coagu la se  nega t ive  

s t aphy lococc i  were i s o l a t e d .  

Garg et a. (1977) i s o l a t e d  S t a ~ h v l o c o c c u s  au reus  from 

a  s i g n i f i c a n t  p r o p o r t i o n  of raw market milk .  Butkus & &. 

(1978) i s o l a t e d  s t aphy lococca l  spp.  from bulk mi lk  and m i l k  

f o r  Ross i sk i  cheese  manufacture .  Out of t h e  97 i s o l a t e s  of 

s t aphy lococc i ,  84 were coagulase  p o s i t i v e .  



B a c t e r i o l o g i c a l  q u a l i t y  of raw b u f f a l o  milk  marketed i n  

and around Patna was s t u d i e d  by Kumar e& &. (1978 b). From 

240 mi lk  samples 144 s t aphy lococca l  i s o l a t e s  were recovered .  

Kostadimov (1980) examined milk samples c o l l e c t e d  from cows 

a n d  o u t  o f  73 i s o l a t e s  from t h e  s a m p l e s ,  54 were  

S t a ~ h v l o c o c c u s  aureus .  Terayarna & &. (1980)  r e p o r t e d  t h e  

i s o l a t i o n  o f  S .  a u r e u s  from 112 o f  170  m i l k  s a m p l e s  

c o l l e c t e d  from milk  t a n k s  and i n  34 o f  52 samples from 

s t o r a g e  t a n k  o f  s e v e n  d a i r y  p l a n t s .  A l l  202 i s o l a t e s  

coagu la t ed  r a b b i t  plasma and fermented manni tol .  I n  a n  

i n v e s t i g a t i o n ,  Araujo (1984) i s o l a t e d  S .  au reus  i n  50 o u t  

o f  100  raw m i l k  s a m p l e s  examined o n  r e c e i p t  a t  

p a s t e u r i z a t i o n  p l a n t  i n  Sau Paulo, B r a z i l .  S .  aureus  was 

i s o l a t e d  from raw m i l k  s amples  a n d  1 8  o f  94 i s o l a t e s  

produced e n t e r o t o x i n  A, B and C ( B l o s t r i d g e  and  Roth, 1985) .  

The i s o l a t i o n  o f  S t a ~ h v l o c o c c u s  au reus  from 19.04 p e r  

c e n t  o f  pathogenic f l o r a  i n  raw market  mi lk  samples was 

r e p o r t e d  by Yadava & d. (1985) .  Ahmed e.& q_l. (1988) 

i n v e s t i g a t e d  t h e  occur rence  of s t a p h y l o c o c c i  i n  raw mi lk .  

They found t h a t  36.4 p e r  c e n t  of t h e  samples y i e l d e d  S .  

a u r e u s .  Dedyukhina a n d  Lyakhova ( 1 9 8 8 )  r e p o r t e d  t h e  

i s o l a t i o n  of s t aphy lococc i  from 68 samples of raw milk 

c o l l e c t e d  from s t a l l  and from bulk.  Of t h e  272 i s o l a t e s  26  

showed t h e  c h a r a c t e r i s t i c s  of t o x i g e n c i t y  and a  f u r t h e r  13 

i s o l a t e s  had p r o p e r t i e s  i n d i c a t i n g  t h a t  t h e y  were S.  au reus .  



Fi lho  & d. (1988) examined 20 samples o f  raw bulk 

m i l k ,  c o l l e c t e d  from a  d a i r y  p roces s ing  mi lk  o b t a i n e d  from 

17 d a i r y  herds  i n  Sao Paulo s t a t e  and r e p o r t e d  t h a t  a l l  

samples y i e l d e d  S .  gureus  and t h e  mean coun t  was 1190 per  

m l .  Two o f  t h e  99 i s o l a t e s  o f  S .  a u r e u s  produced  

e n t e r o t o x i n  B. 

Coagulase p o s i t i v e  s t aphy lococc i  were i s o l a t e d  from a l l  

t h e  raw milk samples examined by Rajmany et d. (1989) .  Of 

t h e  178 a p p a r e n t l y  h e a l t h y  cow's milk  samples ,  24 .1  p e r  cen t  

y i e l d e d  S .  au reus .  Among t h e  i s o l a t e s  42.8 p e r  c e n t  were 

c o a g u l a s e  p o s i t i v e ,  50 p e r  c e n t  o f  which  showed s e v e r e  

en t e ro tox igen ic  e f f e c t  i n  k i t t e n s  (Sen a., 1989) .  

Popovic a. (1991) r e p o r t e d  t h e  i s o l a t i o n  o f  coagulase 

p o s i t i v e  s t a p h y l o c o c c i  from 20 p e r  c e n t  o f  mi lk  samples 

c o l l e c t e d  from i n d u s t r i a l  p l a n t s  and sma l l  scale producers 

i n  Timok market a r e a  i n  Yugoslavia. 

Ombui gJ.. (1992) i s o l a t e d  S .  au reus  from 183 of  300 

raw m i l k  samples. Seventy two of  97 i s o l a t e s  assayed  f o r  

t h e  produc t ion  of  e n t e r o t o x i n s  were found t o  be  p o s i t i v e .  

They r epo r t ed  t h a t  raw milk is a  p o t e n t i a l  source  of 

e n t e r o t o x i g e n i d  5. a u r e u s .  Rahman & d. ( 1 9 9 2 )  

i n v e s t i g a t e d  occur rence  of pathogenic  b a c t e r i a l  f l o r a  i n  

raw market milk i n  Gawahati c i t y  and r e p o r t e d  s t aphy lococc i  

(56.13 % )  were t h e  c h i e f  b a c t e r i a l  f l o r a  i s o l a t e d .  



Masud et d. ( 1 9 9 3 )  r e p o r t e d  t h a t  48 o f  t h e  85 

i s o l a t e s  of  S. aureus  were e n t e r o t o x i g e n i c .  The i s o l a t e s  

produced e n t e r o t o x i n  A, B,  C and D.  

The p re sence  of S .  aureus  i n  18.71 p e r  c e n t  'of market 

milk of cows and bu f fa loes  w a s  r e p o r t e d  by G i l l  fi &. 

(1994) .  Of t h e  va r ious  b a c t e r i a l  i s o l a t e s  of  cow's milk; 

12.24 p e r  c e n t  were 5. aureus  b u t  t h e  p e r  c e n t  of 5 .  aureus  

i s o l a t e s  from b u f f a l o e s  milk was 15.09.  

S ingh  et a. (1994  b) c a r r i e d  o u t  b a c t e r i o l o g i c a l  

a n a l y s i s  of mi lk  samples and r e p o r t e d  t h e  i s o l a t i o n  of S .  

aureus .  

I s o l a t i o n  of Escherichia coli. 

Garg & d. (1977) i s o l a t e d  E s c h e r i c h i a  c o l i  from raw 

market milk.  Johns ton  & d. (1983) r e p o r t e d  t h a t  10.6 p e r  

c e n t  of milk  samples c o l l e c t e d  from 998 farms i n  West of 

Scot land were contaminated with  c o l i f o r m s  from which E .  

c o l i  were i s o l a t e d  and i d e n t i f i e d .  Yadava & d. (1985) 

r epo r t ed  t h e  i s o l a t i o n  of  E .  c o l i  from 78 p e r  c e n t  of raw 

m i l k  samples. Rahman & d. (1992) i s o l a t e d  s i x  s t r a i n s  of 

E .  c o l i  f rom raw m i l k  marke t ed  i n  Gawahat i  c i t y  and - 

r epo r t ed  t h a t  t h e  i s o l a t e s  belonged t o  fou r  d i f f e r e n t  s e r o  

groups. 



Sharma and J o s h i  (1992) c o l l e c t e d  69 samples of milk 

f rom Ludhiana  m a r k e t ,  and a n a l y s e d  i t s  b a c t e r i o l o g i c a l  

q u a l i t y .  They r e p o r t e d  t h e  i s o l a t i o n  of  E. c o l i  from n ine  

samples and sugges t ed  t h a t  t h e  presence  o f  t h e s e  organisms 

i n  milk might be due t o  contaminat ion through c o n t a i n e r s ,  

wate r  o r  due t o  unhygienic handl ing .  G i l l  d. (1994) 

examined market milk  of cows and b u f f a l o e s  and r e p o r t e d  t h e  

i s o l a t i o n  o f  v a r i o u s  b a c t e r i a .  The p e r  c e n t  of  E .  c o l i  

i s o l a t e s  from cows and b u f f a l o e s  milk  w a s  10.20 and 7.55 

r e s p e c t i v e l y .  Singh et &. (1994 b) r e p o r t e d  t h e  i s o l a t i o n  

of E.  c o l i  from milk  samples. 

Other  b a c t e r i a  i s o l a t e d  

Various o t h e r  organisms were i s o l a t e d  from milk by 

d i f f e r e n t  workers.  

Garg & gJ. (1977) i s o l a t e d  pa thogenic  organisms from 

raw milk,  among t h e  i s o l a t e s  were Salmonel la  h v i t t i n s f o s s ,  

S h i g e l l a  spp.  K l e b s i e l l a ,  B a c i l l u s  c e r e u s ,  P ro t eus  spp. and 

E n t e r o b a c t e r  C i t r o b a c t e r  s p p .  Kumar & a. (1978 b )  

i s o l a t e d  Micrococcus spp,  S t rep tococcus  spp ,  B a c i l l u s  spp . ,  

Coliforms,  P ro t eus ,  Pseudomonas a e r u s i n o s a  and Aeromonas 

spp,  from 240 samples of raw b u f f a l o  milk  marketed i n  ~ a t n a .  

D e v r i e s e  a n d  Keyse r  ( 1 9 8 0 )  s t u d i e d  t h e  p r e v a l e n c e  o f  

d i f f e r e n t  s p e c i e s  of coagulase  n e g a t i v e  s t aphy lococc i  i n  

milk samples c o l l e c t e d  from d a i r y  cows and r e p o r t e d  t h e  



p r e s e n c e  o f  S t a ~ h v l o c o c c u s  x v l o s u s ,  S t a ~ h v l o c o c c u s  

e ~ i d e r m i d i s ,  Stawhvlococcus haemolvticus, Staphvlococcus 

hyicus sub spp. chromogenes and Stawhvlococcus simulans. 

Kostadimov (1980) repor ted  t h e  i s o l a t i o n  of b a c t e r i a  

from mi lk  o f  cows and t h e  i s o l a t e s  c o n s i s t e d  of 

Stawhvlococcus e ~ i d e r m i d i s ,  S t a ~ h v l o c o c c u s  dvsasa lac t i ae ,  

Corynebacterium spp. and Baci l lus  ce reus .  Yadava & al. 

(1985)  r e p o r t e d  t h e  i s o l a t i o n  of  S t r e ~ t o c o c c u s  l a c t i s ,  

S t rewtococcus  c r e m o r i s ,  S t r e ~ t o c o c c u s  f e c a l i s ,  

S ~ ~ D ~ V ~ O C O C C U S  e ~ i d e r m i d i s ,  Micrococcus s p p . ,  P r o t e u s  

m i r a b i l i s ,  P rov idence  s p p . ,  Pseudomonas a e r u q i n o s a ,  

Corvnebacterium bovis and Corvnebacterium Dvosenes from raw 

m i l k  and pas teu r i zed  m i l k .  Rahman & . (1992) i s o l a t e d  

Klebs ie l l a  spp. and Enterobacter spp. each from 12.2 pe r  

c e n t  of raw market milk samples i n  Gawahati c i t y .  Sharma 

and J o s h i  ( 1 9 9 2 )  r e p o r t e d  i s o l a t i o n  of  K l e b s i e l l a  and 

Pseudomonas from milk marketed i n  Ludhiana. 

The i n d i s c r i m i n a t e  u s e  o f  a n t i b i o t i c s  f o r  farm 

l ives tock ,  p a r t i c u l a r l y  a t  sub t h e r a p e u t i c  l e v e l s  and a l s o  

i t s  use  a s  growth promoter  a l o n g  w i t h  f e e d  o r  f o r  

p r o p h y l a x i s ,  posed  c e r t a i n  h a z a r d s  t o  human and animal  

hea l th .  The most important hazard caused by such use of 



a n t i b i o t i c s  is  t h e  i nc rease  i n  t h e  r e s i s t a n c e  of b a c t e r i a  of 

animal o r i g i n  t o  one o r  more a n t i b i o t i c s .  The r e s i s t a n c e  

a c q u i r e d  by t h e  o rgan i sm c a n  b e  t r a n s f e r r e d  from one 

bacter ium t o  ano the r  a s  g e n e t i c  e lements  on  plasmids .  Food 

p roduc t s  c o n t a i n i n g  such b a c t e r i a ,  p a r t i c u l a r l y  pathogenic  

o r g a n i s m s ,  c a n  c a u s e  d i s e a s e  i n  human b e i n g s  and  t h e  

t r ea tmen t  of  such d i s e a s e  is a  g r e a t  problem. Thus t h e  tes t  

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

l i v e s t o c k  produc t  is  of g r e a t  p u b l i c  h e a l t h  importance.  A 

few i n v e s t i g a t o r s  have r e p o r t e d  t h e  a n t i b i o g r a m  o f  

s t aphy lococc i  and Escher ich ia  c o l i  i s o l a t e d  from va r ious  

sou rces .  

Butkus  & d. (1978)  r e p o r t e d  t h a t  97 i s o l a t e s  o f  

s t aphy lococc i  from milk and milk  p roduc t s  were s e n s i t i v e  t o  

neomycin,  monomycin and  e r y t h r o m y c i n ,  b u t  r e s i s t a n t  t o  

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

Kumar j& &. (1978 a )  s t u d i e d  a n t i b i o t i c  s e n s i t i v i t y  p a t t e r n  

of s t aphy lococc i  and micrococci  i s o l a t e d  from h e a l t h y  and 

s u b c l i n i c a l  bovine udders.  They r e p o r t e d  t h a t  28.3 pe r  

c e n t  o f  s t a p h y l o c o c c a l  i s o l a t e s  were  r e s i s t a n t  t o  

p e n c i l l i n .  

Gupta al. (1979) s t u d i e d  i n  v i t r o - s e n s i t i v i t y  of 

S t a ~ h v l o c o c c u s  a u r e u s  i s o l a t e d  f rom m a s t i t i s  m i l k ,  m i l k  

p r o d u c t s ,  meat  and  human s o u r c e s  a n d  r e p o r t e d  that 



nitrofurantion inhibited the growth of 99.36 per cent of the 

isolates while streptomycin inhibited the growth of 96.82 

per cent of isolates. chloramphenicol and tetracycline 

inhibited the growth of 97.45 and 94.9 per cent of the 

isolates respectively. Penicillin-G and nalidixic acid 

inhibited growth of 72.61 and 44.58 per cent of 

Stawhvlococcus aureus, respectively Sulphathiazole was found 

to be the least effective drug. 

In vitro sensitivity test of S .  aureus isolates from 

mastitic milk revealed that chloramphenicol was the most 

effective drug with 94.44 per cent sensitivity, while the 

percent of sensitivity to pencillin was zero (Rao g& &., 

1982). 

Rahman and Baxi (1983) reported that there was no 

significant difference in the susceptibility pattern of 

Sta~hvlococcus aureus and Sta~hvlococcus e~idermidis 

isolated form clinical and sub-clinical cases of mastitis in 

cows tested against nine antimicrobial agents. The isolates 

showed a high susceptibility to neomycin, followed by 

chloramphenicol and nitrofurantion, but showed high 

resistance to penicillin and streptomycin. The isolates 

which were resistant to streptomycin were also resistant to 

penicillin. 



Sreedharan (1983) r e p o r t e d  t h a t  more t h a n  90 p e r  c e n t  

of s t aphy lococc i  i s o l a t e d  from t h e  c l i n i c a l  c a s e s  of bovine 

m a s t i t i s  were found r e s i s t a n t  t o  a m p i c i l l i n ,  p e n i c i l l i n  and 

80 p e r  c e n t  showed r e s i s t a n c e  t o  t e t r a c y c l i n e ,  s t rep tomycin  

and erythromycin.  Mathew (1986) r e p o r t e d  t h e  emergence of 

drug r e s i s t a n t  s t aphy lococc i  c a u s i n g  m a s t i t i s .  Mackie & &. 

(1988) s t u d i e d  t h e  a n t i b i o t i c  s e n s i t i v i t y  of  S t a ~ h y l o c o c c u s  

aureus  i s o l a t e d  from c l i n i c a l  and s u b - c l i n i c a l  ca ses  of 

m a s t i t i s  f o r  ove r  a  pe r iod  of  f o u r  y e a r s .  They recorded 

t h a t  a l l  i s o l a t e s  were h igh ly  s e n s i t i v e  t o  c e p h a l o r i d i n e  and 

c l o x a c i l l i n  through o u t  t h e  s t u d y  and t h a t  a  ve ry  high 

percen tage  of i s o l a t e s  were s e n s i t i v e  t o  novobiocin i n  t h e  

two y e a r s  p e r i o d  t h a t  was t e s t e d .  Erythromycin, neomycin and 

t e t r a c y c l i n e  were e f f e c t i v e  w i th  l i t t l e  v a r i a t i o n  over  fou r  

yea r s .  Ampic i l l i n  and P e n i c i l l i n  G i n h i b i t e d  growth of 6 2  

and 55 p e r  c e n t  of  i s o l a t e s ,  i n  1984, b u t  i n  1986 f i g u r e s  

d ropped  t o  1 9  and  33 p e r  c e n t ,  r e s p e c t i v e l y  and  t h e n  

r e t u r n e d  t o  s e n s i t i v i t y  l e v e l  observed  i n  1984. 

Bansa l  & u. (1990)  s t u d i e d  a n t i b i o g r a m  o f  

s taphylococca l  i s o a t e s  from cows and b u f f a l o e s  s u f f e r i n g  

from sub c l i n i c a l  m a s t i t i s  and r e p o r t e d  t h a t  89.34, 8 5 . 2 4  

and 59.84 p e r  c e n t  of t h e  i s o l a t e s  were s e n s i t i v e  t o  

c l o x a c i l l i n ,  cholaramphenicol  and p e n i c i l l i n  r e s p e c t i v e l y .  



Buragoha in  a n d  D u t t a  ( 1 9 9 0 )  s t u d i e d  t h e  a n t i b i o t i c  

s e n s i t i v i t y  of 1 3 1  S.  aureus  i s o l a t e s  from t h e  milk of 

cows s u f f e r i n g  from s u b c l i n i c a l  m a s t i t i s  and r epo r t ed  15,  

7.87 , 1.52 and 4.58 p e r  c e n t  of i s o l a t e s  were r e s i s t a n t  t o  

p e n i c i l l i n - G ,  c l o x a c i l l i n  a n d  g e n t a m i c i n  and 

chloramphenico 1. 

Harne et d. (1990) r epo r t ed  t h a t  77.77 and 44.44 p e r  

c e n t  s taphylococca l  i s o l a t e s  from mi lk  o f  cows with  sub 

c l i n i c a l  m a s t i t i s  were  s e n s i t i v e  t o  g e n t a m i c i n  and  

p e n i c i l l i n  r e s p e c t i v e l y .  While 50 and 20 p e r  c e n t  i s o l a t e s  

from t h e  milk  of  cows wi th  c l i n i c a l  m a s t i t i s  were 

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

Saxena a. (1993) i s o l a t e d  d i f f e r e n t  b a c t e r i a  from 

milk ob ta ined  from cows with  s u b c l i n c i a l  masti t is .  The 

predominant b a c t e r i a l  i s o l a t e s  was s t a p h y l o c o c c i .  The i n  

v i t r o  a n t i b i o t i c  s e n s i t i v i t y  t e s t  o f  t h e  i s o l a t e s  found 

t h a t  cholaramphenicol  was t h e  most e f f e c t i v e  drug with  

98.62 per  c e n t  s e n s i t i v i t y .  The s e n s i t i v i t y  of t h e  i s o l a t e s  

t o  gentamicin was 96.55 p e r  c e n t .  P e n c i l l i n  - G was t h e  

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

s e n s i t i v i t y  v a r i e d  between 57.24 and 62.75 p e r  c e n t .  

Umoh a. ( 1 9 9 0 )  s t u d i e d  r e s i s t a n c e  p a t t e r n  of 248 

s taphylococcal  i s o l a t e s  from m i l k  and milk  produc ts  t o  e i g h t  

an t imic rob ia l  a g e n t s .  A s i g n i f i c a n t  pe rcen tage  of i s o l a t e s  



from raw milk were resistant to erythromycin, 

sulphafurazole, cloxacillin, penicillin-G and streptomycin, 

as compared to isolates from fermented milk. 

Ogawa and Endo (1991) determined the sensitivity of 124 

Sta~h~lococcus aureus isolates from milk against eight 

antibiotics. None of the isolates were sensitive to 

methecillin. The Minimum Inhibition Concentration (MIC), of 

benzylpenicillin, cloxacillin, cefalonium, cefuroxime, 

streptomycin, kanamycin, erythromycin and oxytetracycline 

ranged from 0.14 to 7.69 ~g/ml. Singh & al. (1994 a) 

reported that all the Staphvlococcus aureus isolated were 

sensitive or intermediate sensitive to tetracycline, 

kanamycin, streptomycin and neomycin. 

Singh & al. (1994 b) reported that S ~ ~ D ~ V ~ O C O C C U S  

aureus from raw milk samples showed maximum resistance 

against amoxycillin followed by pencillin. High sensitivity 

against chloramphenicol was also observed. All S .  aureus 

isolates were resistant to either one or more drugs under 

investigation. 

Some workers have studied antibiotic sensitivity of 

Escherichia coli isolates from different sources. Fein & 

d. (1974) found strong association between E .  coli isolated 

from farm animals and their attendants in respect to 



a n t i b i o t i c  r e s i s t a n c e .  Mc Donald g& d. ( 1 9 7 7 )  s tud ied  

a n t i b i o t i c  s e n s i t i v i t y  of E.  c o l i  i s o l a t e s  from bovine 

udder i n f e c t i o n  and repor ted  t h a t  100 pe r  c e n t  i s o l a t e s  

were s e n s i t i v e  t o  gentamicin and 92 p e r  c e n t  of organisms 

, were found s u s c e p t i b l e  t o  c a r b i n i c i l l i n .  

Coates and Hoopes (1979) r epor ted  t h a t  32 per  c e n t  of 

E .  c o l i  i s o l a t e s  from bovine e n t e r i c  i n f e c t i o n s  were 

s e n s i t i v e  t o  a m p i c i l l i n  and t h e  percent  of s e n s i t i v i t y  of 

porcine i s o l a t e s  was 4 2 .  The corresponding per  c e n t  of 

s e n s i t i v i t y  of  bov ine  and p o r c i n e  i s o l a t e s  t o  

c a r b i n i c l l i n  was 31 and 4 7 .  A l l  bovine and porc ine  i s o l a t e s  

showed 100 pe r  c e n t  s e n s i t i v i t y  t o  gentamicin.  

Raw milk samples were examined t o  a s s e s s  t h e  t o t a l  

ae rob ic  p l a t e  count and percentage of b a c t e r i a  r e s i s t a n t  t o  

s e v e n  a n t i b i o t i c s  (Hankin g& d., 1 9 7 9 ) .  A s i g n i f i c a n t  

negat ive  c o r r e l a t i o n  was found between t h e  t o t a l  ae rob ic  

p l a t e  count i n  milk and concen t ra t ion  of b a c t e r i a  showing 

r e s i s t a n c e  t o  each of t h e  a n t i b i o t i c s  t e s t e d .  Three of 42 

gram negat ive  i s o l a t e s  were capable  of t r a n s f e r r i n g  t h e i r  

a n t i b i o t i c  r e s i s t a n c e  t o  H. c o l i .  

Jackson ( 1 9 8 1 )  s t u d i e d  antibiogram of H. c o l i .  i s o l a t e s  

from farm animals and repor ted  t h a t  10.9 p e r  c e n t  and 

2 7 . 8  per  c e n t  of t h e  i s o l a t e s  shgowed r e s i s t a n c e  a g a i n s t  

furuzol idone and a m p i c i l l i n ,  r e s p e c t i v e l y .  



T r i p a t h y  a n d  S o n i  ( 1 9 8 1 )  s t u d i e d  t h e  a n t i b i o t i c  

s e n s i t i v i t y  of  E .  c o l i .  i s o l a t e s  from c a s e s  o f  neona ta l  

c a l f  d i a r r h o e a .  They r e p o r t e d  t h a t  69.7 p e r  c e n t  of  E .  

c o l i  were s e n s i t i v e  18.18 p e r  c e n t  were i n t e r m i d i a t e l y  

s e n s i t i v e  and 12.12 p e r  c e n t  were r e s i s t a n t  t o  a m p i c i l l i n .  

J o h n s t o n  a. ( 1 9 8 3 )  r e p o r t e d  t h e  p r e s e n c e  of  

a n t i b i o t i c  r e s i s t a n t  Esche r i ch i a  c o l i  i n  10.6 p e r  c e n t  of 

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

Esche r i ch i a  c o l i  i n  m i l k  was h i g h e r  when ca t t l e  were housed 

day and n i g h t  t h a n  when they  were o u t  doors .  

M i r  Shams U-Din et a. (1989) s t u d i e d  s e n s i t i v i t y  of 

E. c o l i  i s o l a t e s  from r e c t a l  swabs o f  neona ta l  k i d s  wi th  - 

e n t r i c  c o l l i b a c i l l o s i s .  They r e p o r t e d  1 0 0  p e r  c e n t  

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

s e n s i t i v i t y  o f  t h e  i s o l a t e s  t o  a m p i c i l l i n  w a s  20. 

Kulshres tha  (1990) r e p o r t e d  t h a t  88 p e r  c e n t  of  E .  c o l i  

i s o l a t e d  from milk  produc ts  were r e s i s t a n t  t o  a m p i c i l l i n .  



Materials and Methods 



MATERIALS AND METHODS 

I n  t h e  p r e s e n t  i n v e s t i g a t i o n  a  t o t a l  of 8 4  raw milk 

samples, c o n s i s t i n g  of  28 each from Unive r s i t y  Livestock 

Farm, Mannuthy (Sl), O l l u k k a r a  Kshee ra  Vyavasaya Co- 

o p e r a t i v e  S o c i e t y  (S2 )  and Pananncherry Ksheera Udpathaka 

Sahakarana Sangham ( S j ) ,  were examined t o  determine t h e i r  

b a c t e r i o l o g i c a l  q u a l i t y .  The samples were a l s o  t e s t e d  f o r  

t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  of b a c t e r i a l  pathogens such 

a s ,  S t a ~ h v l o c o c c u s  a u r e u s  a n d  E s c h e r i c h i a  c o l i .  Every 

i s o l a t e  was t e s t e d  a g a i n s t  f i v e  commonly used a n t i b i o t i c s .  

Collection of raw milk samples 

Milk samples were c o l l e c t e d  from Unive r s i t y  Livestock 

Farm, mannuthy (S1), Ol lukara  Ksheera Vyavasaya Co-operative 

Soc ie ty  ( S 2 )  and Pannanchery Ksheera Udpathaka Sahakarana 

Sangham ( S 3 ) .  From each of t h e  above sou rces ,  2 1  i n d i v i d u a l  

and seven pooled samples were c o l l e c t e d  f o r  i n v e s t i g a t i o n .  

A t  a  t i m e  t h r e e  i n d i v i d u a l  a n d  one p o o l e d  sample  were 

c o l l e c t e d  from a  c e n t r e .  Each sample c o n s i s t e d  of 250  ml. 

Repl ica te  samples were c o l l e c t e d  from each c e n t r e  seven 

t imes dur ing  February t o  June 1995.  

From S1 s o u r c e ,  t h e  i n d i v i d u a l  samples were c o l l e c t e d  

randomly from t h e  milk  of  each animal immediately a f t e r  



milking, in a sterile 500 ml flask and pooled samples were 

collected after pooling the milk of ten animals. The samples 

were brought to laboratory within 15 minutes after 

collection and processed for bacteriological examination. 
, , 

The milk brought by every member of Ollukkara Ksheera 

Vyavasaya Co-operative Society ( S 2 )  and Pananncherry Ksheera 

Udpathaka Sahakarana Sangham (S3) is considered as 

individual animal's milk. From the S2 and S3 sources, the 

individual samples were collected randomly from the milk 

brought by its members and pooled samples were collected 

after pooling the milk brought by 10 members. 

Two hundred and fifty ml of each milk samples thus 

collected were immediately brought to laboratory in 

thermocool containers and processed for further 

bacteriological examination. 

Preparation of raw milk samples 

Every sample brought to the laboratory was individually 

processed for bacteriological examination. Each sample was 

thoroughly mixed for uniform dispersion of bacteria present 

in it. Aseptic conditions were followed through out the 

preparation of the sample. Serial dilution of each sample 

was made following the procedure described in IS: 5401 

(1969). 



From a  mixed sample, 11 m l  o f '  mi lk  was t r a n s f e r r e d  i n t o  

99 m l  o f  s t e r i l e  0.85 p e r  c e n t  sodium c h l o r i d e  s o l u t i o n  

(NSS) w i t h  a  p i p e t t e  s o  a s  t o  make one i n  10 d i l u t i o n .  Then 

t h e  d i l u t e d  sample  was mixed t h o r o u g h l y ,  one m l  was 

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

s t e r i l e  0.85 p e r  c e n t  sodium c h l o r i d e  s o l u t i o n  ( d i l u e n t ) ,  s o  

a s  t o  form one i n  100 d i l u t i o n .  From t h i s  f u r t h e r  1 0  f o l d  

s e r i a l  d i l u t i o n s  were made. From each  sample, s e l e c t e d  

d i l u t i o n  and/or und i lu t ed  raw milk  w a s  used  f o r  f u r t h e r  

b a c t e r i o l o g i c a l  examination.  

Bacterial count 

The samples were i nocu la t ed  i n t o  s p e c i f i c  c u l t u r e  media 

by pour  p l a t e  method f o r  e s t i m a t i n g  t o t a l  v i a b l e  count and 

by s u r f a c e  p l a t i n g ,  f o r  c o l i f o r m  a t  3 7 " ~  and 4 4 " ~ ,  

s t a p h y l o c o c c i ,  s t r e p t o c o c c i ,  S t a ~ h v l o c o c c u s  a u r e u s  and  

E s c h e r i c h i a  c o l i  counts .  Dupl ica te  p l a t e s  were i nocu la t ed .  

One m l  o f  inoculum was used f o r  pour  p l a t e  method and 0 . 1  

m l  of  inoculum was used f o r  s u r f a c e  p l a t i n g .  I n  sp read  

p l a t e  t echnique  t h e  inoculum was even ly  d i s t r i b u t e d  on t h e  

s u r f a c e  o f  t h e  media w i t h  ' L '  s h a p e d  g l a s s  r o d .  The 

i n o c u l a t e d  p l a t e s  were  i n c u b a t e d  a t  t h e  a p p r o p r i a t e  

t e m p e r a t u r e  f o r  a  s p e c i f i e d  p e r i o d s  o f  t i m e .  S t e r i l e  

p r e c a u t i o n s  were  t a k e n  t h r o u g h o u t  t h e  b a c t e r i o l o g i c a l  



colonies between 30 and 300 were selected for counting. The 

bacterial load was estimated by multiplying the mean count 

of duplicate plates by the dilution factor and was expressed 

, as colony forming units per milli litre (CFU per ml) of the 

sample. 

Total viable count 

Total viable count (TVC) of each individual and pooled 

raw milk sample was determined according to the procedure 

recommended by American Public Health Association (APHA) 

(1976). To each of the plates containing the inoculum, about 

15 to 20 ml molten, plate count agar (Hi-media), maintained 

at 4 5 " ~ ,  was poured and mixed with the inoculum by gentle 

rotatory movements, viz, clockwise, anticlockwise, forward 

and backward. The plates were then left at room 

temperature for solidification. The inoculated plates were 

then incubated at 3 7 " ~  for 24 h. and the TVC was estimated 

as mentioned earlier. All the milk samples from different 

sources were graded as very good, good, fair and poor 

quality according to IS: 1479 (1977). 

Coliforms and Faecal coliforms count 

Violet Red Bile Agar (VRBA) was used to estimate the 

coliforms and faecal coliforms present in the samples. 



P l a t e s  c o n t a i n i n g  media were i n o c u l a t e d  wi th  inoculum. These 

p l a t e s  were incubated  q t  3 7 " ~  f p r  24  h .  A t  t h e  end of t h e  

incuba t ion  p e r i o d ,  p u r p l i s h  r e d  c o l o n i e s  wi th  a  qliameter of 

0 . 5  mm o r  more surrounded by r e d  p e r c e p i t a t i o n  zone were 

counted a s  co l i fo rms .  The t o t a l  number of  CFU p e r  m l  of 

sample was t h e n  c a l c u l a t e d .  F o r  e s t i m a t i n g  t h e  f a e c a l  

co l i form,  t h e  above procedure was fol lowed,  excep t  t h a t  t h e  

temperature  of i ncuba t ion  was 4 4 " ~ .  The method fol lowed was 

t h a t  recommended by Nordic committee on Food Analys is  (1966) 

Faecal-Streptococcal  count  

F a e c a l  s t r e p t o c o c c a l  c o u n t  i n  t h e  i n d i v i d u a l  and 

pooled samples was determined fo l lowing  t h e  sp read  p l a t e  

technique desc r ibed  by Nordic Committee on Food Analys is  

( 1 9 6 8 ) .  S t e r i l e  K F - s t r e p t o c o c c a l  a g a r  (Hi -med ia )  was 

i n o c u l a t e d  wi th  t h e  inoculum. These i n o c u l a t e d  p l a t e s  were 

incubated a t  3 7 " ~  f o r  48 h.  A f t e r  t h e  p e r i o d  of incuba t ion ,  

c o l o n i e s  wi th  pink t o  dark  r e d  co lour  surrounded by narrow 

w h i t e  zone were counted a s  f a c e a l  s t r e p t o c o c c i  and t h e  

number of CFU pe r  m l  of sample was e s t ima ted .  



Staphylococcal count  

The number of s taphylococci  p r e s e n t  i n  every ind iv idua l  

and pooled  m i l k  sample was e s t i m a t e d  a c c o r d i n g  t o  

Difco  Manual ( 1 9 7 7 ) .  The inoculum from each sample was 

inoculated on t o  Mannitol S a l t  Agar (MSA), (Hi-media). The 

inocula ted  p l a t e s  were then incubated a t  3 7 " ~  f o r  2 4  h .  A t  

t h e  end o f  i n c u b a t i o n  p e r i o d  smooth,  c i r c u l a r ,  convex,  

yellow co lon ies  were counted a s  s taphylococci .  The number of 

s taphylococci  p resen t  per  m l  of sample was est imated a s  

descr ibed e a r l i e r .  

S ta~hv lococcus  aureus count 

Stawhvlococcus a u r e u s  c o u n t  was de te rmined  u s i n g  

T e l l u r i t e  Polymixin Egg Yolk Agar (TPEYA) according t o  t h e  

p rocedure  d e s c r i b e d  by  Len inger  ( 1 9 7 6 ) .  The i n o c u l a t e d  

p l a t e s  were incubated a t  3 7 ' ~  f o r  2 4  h. Af te r  t h e  per iod of 

incubat ion,  only  t h e  black, c i r c u l a r ,  convex colonies  having 

1 t o  1 .5  mm diameter and w i t h  a zone of p r e c i p i t a t i o n  around 

t h e  colony, o r  co lonies  with a  c l e a r  zone o r  halo around 

t h e  it and a  white  p r e c i p i t a t e  beneath t h e  colony, o r  t h e  

colony with no zone o r  halo but  p r e c i p i t a t e  beneath t h e  

colony was counted a s  Staphvlococcus aureus and the  count 

was est imated a s  descr ibed e a r l i e r .  



Escherichia  coli count 

Escherichia  c o l i  count was c a r r i e d  ou t  according t o  the  

method descr ibed by Varadraj ( 1 9 9 3 ) .  The d i l u t e d  sample was 

inoculated on t o  Eosin Methylene Blue Agar (EMB Agar). These 

inoculated p l a t e s  were incubated a t  3 7 " ~  f o r  2 4  h .  After  the  

per iod of incubat ion colonies  w i t h  dark c e n t r e  giving a  

d i s t i n c t  indel ib le- ink ,  greenish-black m e t a l l i c  sheen on 

de f l ec ted  l i g h t  were counted a s  E .  c o l i .  The number of E .  

c o l i  p resen t  per  m l  of sample was est imated a s  descr ibed 

e a r l i e r .  

S t a t i s t i c a l  a n a l y s i s  

Data were subjec ted  t o  a n a l y s i s  of var iance t e s t  and 

c r i t i c a l  d i f f e rence  t e s t  following t h e  procedure described 

by Snecdecor and Cochran, 1967. 

I s o l a t i o n ,  i d e n t i f i c a t i o n  and c h a r a c t e r i z a t i o n  of 
S ~ ~ D ~ ~ ~ O C O C C U S  aureus 

From every milk sample, 0 . 1  m l  of t h e  undi luted and/or 

d i l u t e d  sample was inocula ted  on t h e  su r face  of T e l l u r i t e  

Polymyxin Egg Yolk Agar (TPEYA) and incubated a t  3 7 O ~  f o r  

2 4  h .  From a sample two o r  t h r e e  ind iv idua l  c h a r a c t e r i s t i c  

co lonies  were s e l e c t e d  and t r a n s f e r r e d  onto n u t r i e n t  agar 

s l a n t s  w i t h  t h e  he lp  of a  s t e r i l e  loop. These inoculated 
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t ubes  were incuba ted  a t  3 7 " ~  f o r  o v e r n i g h t .  A t  t h e  end of 

incuba t ion  p e r i o d  t h e  aga r  s l a n t  c u l t u r e s  were s t o r e d  i n  a  

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

Gram's r e a c t i o n  and cel l  morphology 

A t h i n  smear of each i s o l a t e  was made from an overn igh t  

c u l t u r e  on a  c l e a n  microscopic  s l i d e .  T h i s  smear was 

s t a i n e d  by Gram's method a s  desc r ibed  by Cruickshank g& d. 

( 1 9 7 5 ) .  The s t a i n e d  smears were examined under t h e  o i l  

immersion of a microscope t o  s tudy  t h e  morphology and gram's 

r e a c t i o n  of t h e  i s o l a t e s .  Gram p o s i t i v e ,  s p h e r i c a l  c e l l s  

arranged i n  i r r e g u l a r  c l u s t e r s  resembling bunches of grapes  

were  r e g a r d e d  as  S t a p h y l o c o c c i .  A l l  s t a p h y l o c o c c a l  

i s o l a t e s  were s u b j e c t e d  t o  biochemical  and o t h e r  s p e c i f i c  

tests a s  dec r ibed  by Cowan ( 1 9 7 4 ) .  

Oxidat ion - Fermentat ion ( 0-I?) test 

T h i s  t e s t  was done t o  f i n d  o u t  whether t h e  i s o l a t e s  

a t t a c k e d  on s u g a r  by o x i d a t i o n  and/by f e rmen ta t ion .  The OF 

t e s t  was made by growing each i s o l a t e  i n  d u p l i c a t e  tubes  of  

Hugh and Le i f son  medium. The tubes  were inocu la t ed  by 

s t abb ing  wi th  a  s t r a i g h t  wi re .  To one of  t h e s e  t ubes ,  a  

l a y e r  of s te r i le  l i q u i d  p a r a f f i n  was added up t o  a depth 

of  about one cm. The inocu la t ed  t u b e s  w e r e  incubated a t  



3 7 ° C  and examined d a i l y  f o r  1 4  days .  A change i n  c o l o u r  of 

t h e  medium i n  open  t u b e  f rom b l u e  o r  g r e e n  t o  y e l l o w  

i n d i c a t e d  o x i d a t i o n  and t h e  change of  c o l o u r  i n  s e a l e d  t u b e s  

' i n d i c a t e d  f e rmen ta t ion .  No change i n  t h e  c o l o u r  of  t h e  

medium i n d i c a t e d  no a c t i o n  on carbohydra te .  The m o t i l i t y  

of t h e  organism was a s s e s s e d  from i t s  growth i n  Hugh and 

L e i f s o n ' s  medium. M o t i l i t y  of  t h e  organism w a s  i n d i c a t e d  by 

spread ing  growth from t h e  l i n e  of s t a b  and t h e  growth 

l i m i t e d  t o  t h e  s t a b  on ly  i n d i c a t e d  non-mot i l i ty .  

Catalase test 

Each i s o l a t e  w a s  i n o c u l a t e d  i n t o  n u t r i e n t  b r o t h  ( H i -  

media) and incuba ted  a t  3 7 ° C  f o r  o v e r n i g h t .  To t h i s  b r o t h  

c u l t u r e ,  one m l  of  t h r e e  p e r  c e n t .  H 2 0 2  w a s  added and 

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

p roduc t ion .  Evo lu t ion  of  gas  bubbles  d u r i n g  t h e  p e r i o d  of  

o b s e r v a t i o n  was regarded  a s  c a t a l a s e  p o s i t i v e .  

Oxidase act iv i ty  

On a  p i e c e  of  f i l t e r  paper  p l aced  i n  p e t r i - d i s h ,  t h r e e -  

drops  of  one p e r  c e n t  t e t r a m e t h y l  - P - phenylenediamine 

d ihydroch lo r ide  were add . Before  it cou ld  d r y  f r e s h  

c u l t u r e  of t h e  i s o l a t e  was smeared a c r o s s  t h e  s u r f a c e  of t h e  

impregenated f i l t e r  pape r ,  w i th  t h e  h e l p  of  i n o c u l a t i n g  



loop. Development of a  dark purple  colour w i t h  i n  1 0  

seconds ind ica ted  p o s i t i v e  r e a c t i o n .  

Voges - Proskauer r e a c t i o n  

Every i s o l a t e  inocula ted  i n  MR-VP broth (Hi-media) was 

incubated a t  3 7 ' ~  f o r  48 h. A t  t h e  end of incubat ion 0.6 r n l  

of f i v e  pe r  cen t  alpha-naphthol s o l u t i o n  and 0.2  m l  of 40 

pe r  c e n t  KOH aqueous s o l u t i o n  were added, t e s t  tube was 

shaken and kept  i n  a  s l a n t i n g  p o s i t i o n .  Tubes were examined 

a f t e r  15 minutes and one h. A p o s i t i v e  r e a c t i o n  i s  

i n d i c a t e d  by s t rong  red  colour .  

Acid from carbohydrates 

The a b i l i t y  of  t h e  i s o l a t e  t o  u t i l i s e  s u g a r  under  

ae rob ic  and anaerobic condi t ion  was t e s t e d .  The a b i l i t y  of 

t h e  organism t o  u t i l i z e  sugars  a e r o b i c a l l y  ( o x i d a t i o n ) ,  was 

t e s t e d  by inocula t ing  it i n  basa l  medium (peptone w a t e r ) ,  

c o n t a i n i n g  one p e r  c e n t  of  t h e  a p p r o p r i a t e  s u g a r  and 

incubated a t  3 7 ' ~ .  The tubes were examined d a i l y  f o r  seven 

d a y s .  O x i d a t i o n  of s u g a r  and p r o d u c t i o n  of a c i d  was 

i n d i c a t e d  by a  change i n  t h e  colour  of t h e  medium from b lue  

t o  yellow. To t e s t  t h e  a b i l i t y  of t h e  organism t o  u t i l i s e  

sugar  under anaerobic condi t ion  ( fermenta t ion) ,  t h e  above 



procedure was followed except that the inoculated tubes were 

sealed with a layer of liquid parafin to a depth of about 

one cm. 

Arginine Hydrolysis 

Five ml of Arginine broth (Hi-media) was inoculated and 

after incubation for 24 h at 3 7 " ~ ,  0.25 ml of Nessler's 

reagent was added. Arginine hydrolysis was indicated by the 

development of a brown colour. 

Phosphatase test: 

Phenolphthalein agar (Hi-media) was lightly inoculated 

to obtain discrete colonies and incubated 37°C for 18 h. 

Placed 0.1 ml of ammonia solution (specific gravity 0.80) in 

the lid of the petri-plate and inverted the inoculated 

medium containing discrete colonies above it. The free 

phenolphthalein liberated by phosphatase react vith the 

ammonia and Phosphatase - positive colonies become bright 
pink. 

Gelatin Hydrolysis 

Inoculated every isolate to nutrient gelatin medium and 

incubated the inoculated tubes at 37°C for 14 days. After 

every 2-3 days of incubation the tubes were cooled in 

refrigerator, for two h and examined for gelatin liquefaction. 



Coagulase tes t .  

A l l  s t a p h y l o c o c c a l  i s o l a t e s  were  s u b j e c t e d  t o  b o t h  

s l i d e  and t u b e  coagulase  t e s t .  I n  s l i d e  method, a colony 

was e m u l s i f i e d  i n  a  drop of wate r  on a  microscopic  s l i d e  t o  

produce a  t h i c k  suspension wi th  t h e  minimum spread ing .  The 

b a c t e r i a l  su spens ion  was s t i r r e d  wi th  w i re  which has been 

dipped i n t o  r a b b i t  plasma. A p o s i t i v e  r e s u l t  is i n d i c a t e d  

by macroscopical  clumping wi th  i n  f i v e  seconds.  

I n  t u b e  method 0 .5  m l  of  u n d i l u t e d  r a b b i t  plasma was 

mixed wi th  e q u a l  volume of an  18 t o  24  h  b r o t h  c u l t u r e  and 

incubated a t  3 7 " ~  and examined a f t e r  one h and fou r  h. The 

negat ive  t u b e s  were l e f t  a t  room tempera ture  f o r  ove rn igh t  

and then  re-examined f o r  a  coagulam. 

I s o l a t i o n ,  I d e n t i f i c a t i o n  a n d  c h a r a c t e r i z a t i o n  o f  
E s c h e r i c h i a  c o l i  

From e v e r y  milk sample, 0 . 1  m l  of t h e  d i l u t e d  and/or 

undi lu ted  sample was i n o c u l a t e d  on t h e  s u r f a c e  of Eosin 

Methylene Blue Agar (EMB Agar) and incuba ted  a t  3 7 ° C  f o r  2 4  

h .  From a  sample,  two o r  t h r e e  i n d i v i d u a l  c h a r a c t e r s t i c  

co lon ies  w e r e  s e l e c t e d  and t r a n s f e r r e d  o n t o  n u t r i e n t  aga r  

s l a n t s  u s i n g  a s t e r i l e  loop.  These i n o c u l a t e d  tubes  were 

incubated a t  3 7 ° C  f o r  ove rn igh t .  A t  t h e  end of incuba t ion  

per iod t h e  a g a r  s l a n t  c u l t u r e s  were s t o r e d  i n  a  r e f r i g e r a t o r  

f o r  f u r t h e r  c h a r a c t e r i z a t i o n  a s  fo l lows .  
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G r a m ' s  r e a c t i o n  a n d  c e l l  morphology ,  g rowth  

c h a r a c t e r i s t i c ,  Oxidation-Fermentation (OF) t e s t ,  c a t a l a s e  

t e s t ,  Voges-Proskauer r e a c t i o n  and p rodu t ion  of a c i d  by 

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

procedure  descr ibed  ear l ier  i n  t h e  i s o l a t i o n ,  i d e n t i f i c a t i o n  

and c h a r a c t e r i z a t i o n  of  S t a ~ h v l o c o c c u s  au reus .  Other t e s t s  

performed were: 

Methyl red reaction 

Every i s o l a t e  w a s  i n o c u l a t e d  i n t o  MR-VP b r o t h  (HI- 

meida )  a t  3 7 " ~  f o r  two days.  A f t e r  t h e  p e r i o d  o f  

i n c u b a t i o n ,  two drops  of methyl r e d  s o l u t i o n  was added i n t o  

each t u b e ,  shaken and examined. Methyl r e d  p o s i t i v e  r e a c t i o n  

is i n d i c a t e d  by t h e  development of a  r e d  co lou r  i n  t h e  

medium. 

Indole production 

A 48 h o l d ,  n u t r i e n t  b r o t h  c u l t u r e  of t h e  organism was 

t aken  i n  a  t e s t  tube  and mixed wi th  one m l  x y l o l .  To t h i s  

t ube ,  0.5 r n l  of E h r l i c h ' s  r e a g e n t  was run  down through i t s  

s i d e .  Development of  a p ink  o r  r ed  c o l o u r  i n  t h e  s o l v e n t  

i n d i c a t e d  t h e  producion o f  i ndo le .  



Hydrogen Sulph ide  produc t ion  

The tubes  of  t r i p l e  s u g a r  i r o n  a g a r  were i nocu la t ed  

w i t h  t h e  organism by s t abb ing  t h e  b u t t  and s t r e a k i n g  t h e  

s l o p e .  The tubes  were observed d a i l y  up t o  seven days f o r  

b lackening  due t o  H2S product ion.  No change i n  co lou r  a long  

t h e  s t a b b  and s t r e a k  l i n e  i n d i c a t e d  n e g a t i v e  r e s u l t s  of t h e  

t e s t .  

Decarboxylase r e a c t i o n  

Eve ry  i s o l a t e  was i n o c u l a t e d  i n t o  a t e s t  t u b e  

c o n t a i n i n g  M o l l e r ' s  decarboxylase  b r o t h  (Hi-media) wi th  one 

p e r  c e n t  L - l y s i n e  h y d r o c h l o r i d e  a n d  a  t u b e  w i t h  o u t  

L- lys ine  hydrochlor ide .  The i n o c u l a t e d  t u b e s  were incubated 

a t  3 7 " ~  f o r  f o u r  days.  F i r s t  t h e  media becomes yellow t h e n  

t u r n s  t o  v i o l e t ,  i n d i c a t i n g  deca rboxy la t ion .  The tubes  wi th  

o u t  L- lys ine  ( c o n t r o l )  remains yel low.  

ONPG test  

Tubes of ONPG b ro th  (Hi-media) were i n o c u l a t e d  and 

incuba ted  f o r  2 4  h.  Appearence of  yel low c o l o u r  due t o  O- 

n i t ropheno l  i n d i c a t e d  B-ga lac tos idase  a c t i v i t y .  

A n t i b i o t i c  S e n s i t i v i t y  T e s t  

Every i s o l a t e  i d e n t i f i e d  a s  S t a ~ h v l o c o c c u s  aureus  and 

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



a n t i m i c r o b i a l  agen t s ,  t o  d e t e c t  t h e i r  s e n s i t i v i t y  t o  t h e s e  

agen t s ,  by aga r  d i f f u s s i o n  method, as p e r  t he  procedure  

d e s c r i b e d  by Bar ry  ( 1 9 7 6  ) . S t a p h y l o c o c c a l  i s o l a t e s  were  

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

chloramphenicol  and p e n i c i l l i n - G I  whi le  Escher ich ia  c o l i  

i s o l a t e s  were t e s t e d  a g a i n s t  g e n t a m i c i n ,  a m p i c i l l i n ,  

f u r a z o l i d o n e ,  c a r b e n i c i l l i n  a n d  d o x y c y c l i n e  a n t i b i o t i c  

d i s c s .  

P r e p a r a t i o n  o f  Mac Far land  s t a n d a r d  

The t u r b i d i t y  s t a n d a r d  s o l u t i o n  was prepared by adding  

0.5 m l  of 0.048 M BaC12 (1 .175%, w/v. BaC12. 2 H 2 0 )  t o  99.5 

m l  of  0 . 3 6  N H 2 S 0 4  (1% v / v ) .  T h i s  s o l u t i o n  is  equal t o  h a l f  

the  d e n s i t y  of No. 1 Mac F a r l a n d  s t a n d a r d  s o l u t i o n .  Th i s  

s o l u t i o n  was taken i n t o  g l a s s  tube ,  s e a l e d  t i g h t l y  and k e p t  

i n  t h e  d a r k ,  a t  room tempera ture  f o r  f u r t h e r  use.  The t u b e  

was v i g o u r o u s l y  a g i t a t e d  j u s t  be fo re  each use .  

P r e p a r a t i o n  and s t a n d a r d i z a t i o n  of inoculum 

Three  t o  fou r  wel l  i s o l a t e d  c o l o n i e s  were s e l e c t e d  from 

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

( H i - m e d i a )  and incubated a t  3 7 ' ~ ~  ove rn igh t .  The t u r b i d i t y  

of c u l t u r e  was ad jus t ed  u s i n g  s o l u t i o n  having ha l f  t h e  

d e n s i t y  o f  Mac Far land s t a n d a r d  No. 1. When t h e  b r o t h  



c u l t u r e  w a s  found t o  be more t u r b i d ,  it was d i l u t e d  

with  n u t r i e n t  b ro th  and when t h e  t u r b i d i t y  w a s  found t o  be 

l e s s ,  c u l t u r e  was incubated f o r  more time t o  achieve t h e  

r equ i red  t u r b i d i t y .  

I n o c u l a t i o n  

The swab w a s  dipped i n t o  s t anda rd ized  inoculum and 

excess  inoculum was removed from t h e  swab by r o t a t i n g  it 

s e v e r a l  t imes  wi th  a f i rm p r e s s u r e  on t h e  i n s i d e  wal l  of 

t h e  inoculum con ta in ing  test  tube, above t h e  f l u i d  

l e v e l .  The n u t r i e n t  agar  was i n o c u l a t e d  by s t r e a k i n g  t h e  

swab ove r  i ts  e n t i r e  s u r f a c e ,  w i t h  i n  15 minutes a f t e r  

a d j u s t i n g  t h e  d e n s i t y  of inoculum. 

The s t r e a k i n g  procedure was r e p e a t e d  two more times, 

r o t a t i n g  t h e  p l a t e  approximately 6 0 " ~  a t  each t i m e ,  s o  a s  t o  

ensure  an even d i s t r i b u t i o n  of inoculum. 

App l i ca t ion  of a n t i b i o t i c  d i s c s  

The inocu la t ed  p l a t e  was l e f t  f o r  n o t  more than 15 

minutes a t  room temperature t o  absorb  any excess  su r face  

moisture  be fo re  applying t h e  drug - impregnated d i s c s .  The 

d i s c s  were a p p l i e d  t o  t h e  s u r f a c e  of  t h e  inocu la t ed  agar  

w i t h  a s t e r i l e  fo rceps .  With t h e  t i p  of fo rceps ,  each d i s c  

was g e n t l y  pressed  down t o  ensure  complete c o n t a c t  w i t h  t h e  



agar  su r face .  During t h e  a p p l i c a t i o n  of d i s c s  ca re  was taken 

no t  t o  p lace  it c l o s e r  than  15 mm from t h e  edge of t h e  p l a t e  

and t h e  d is tance  between t h e  c e n t r e ' s  of two such d i s c s  was 

no t  l e s s  than 2 4  mm. The inocula ted  p l a t e s  were inver t ed  and 

incubated a t  3 7 " ~  f o r  18  hours,  wi th in  15  minutes a f t e r  t h e  

a p p l i c a t i o n  of t h e  d i s c s .  

Reading and I n t e r p r e t a t i o n  

A t  t h e  end of t h e  incubat ion per iod ,  t h e  p l a t e s  were 

examined and t h e  d i a m e t e r  of  t h e  zones of comple te  

i n h i b i t i o n  was measured t o  t h e  nea res t  whole mi l l imeter  with 

a  s c a l e  held on t h e  back of t h e  p e t r i - p l a t e  which was 

i l lumina ted  with a  r e f l e c t e d  l i g h t .  

The zone of i n h i b i t o n  of each d i s c  was measured i n  

t h r e e  d i f f e r e n t  d i r e c t i o n s  keeping t h e  mid poin t  of d i s c  a s  

t h e  c e n t r e  of t h e  zone. The mean of t h e  measurement of 

i n h i b i t i o n  was used f o r  t h e  i n t e r p r e t a t i o n  of t h e  r e s u l t s .  

The i n t e r p r e t a t i o n  of t h e  r e s u l t s  was made by comparing 

diameter  of t h e  zone of i n h i b i t i o n  with s tandard zone of 

i n h i b i t i o n  cha r t  provided by t h e  d i s c  manufacturing company 

(Hi-media)  and i s o l a t e s  were grouped a s  s e n s i t i v e ,  

i n t e r m e d i a r y  s e n s i t i v e  and r e s i s t a n t ,  a g a i n s t  each  

a n t i b i o t i c .  



Results 



RESULTS 

In the present investigation, individual and pooled 

milk samples were collected from Kerala Agricultural 

University Livestock Farm, Mannuthy (S1), Ollukkara Ksheera 

Vyavasaya Co-operative Society (S2) and Pannancherry Ksheera 

Udpathaka Sahakarana Sangham (S3). From each of the above 

surces 21 individual and seven pooled samples were 

collected. The bacteriological quality of samples were 

assessed on the basis of various bacterial counts and the 

isolation and identification of Sta~hvlococcus aureus and 

Escherichia coli. The antibiogram of these isolates were 

also studied. 

BACTERIAL COUNTS OF INDIVIDUAL MILK SAMPLES 

The mean CFU per ml of individual milk samples 

obtained from S1, S2 and S3 sources are shown in Table 1 and 

the analysis of variance of the counts is shown in Table 

2. Analysis of variance of the total viable count of 

samples obtained from SI, S2 and S3 sources showed highly 

significant difference (P < 0.01). Critical difference 

test (Table 3) revealed that the counts in the samples from 

S2 and S3 were significantly (P < 0.01) more than that of 

the count of samples from S1. Of the 21 individual samples 

from S1, 16 (76.20 % )  had a count of lo4 per ml. In three 



Table 1. Mean bacterial count of individual samples col lected from 
S1, S2 and S3 sources 

Mean colony forming unit 
per ml of samples from 

Bacteri a1 counts 

Total viable count 7.5 lo4 1.4 lo5 2.0 lo5 

Coliforms count at 3 7 ' ~  2.4 x lo1 4.8 x lo4 3.8 x lo3 

Coliforms count at 4 4 ' ~  2.2 x lo1 2.4 x lo4 2.4 x lo3 

Faecal streptococcal count 1.5 x lo2 2 . 1  lo3 1.7 x lo3 

Staphylococcal count 5.7 x l o2  2.8 x lo3 6.8 x lo3 

Staph~lococcus aureus count 8.5 x lo1 1.8 x lo2 7.1 x lo1 

Escherichia count 2.0 x lo2  1.2 lo4 1.5 103 



T a b l e  2. 4NOVA of different bacterial counts of individual samples from S1, S2 and S3 
SOuI'CeS 

......................................................................................... 
Degree of TVC Coliforms at Faecal Staph S.aureus E. coli 
freedom ---------------- Strept- yloc- 

37 O C  44OC ococc i occ i 

Treatment 2 1.938 74.261 46.076 5.411 8.214 1.748 24.040 

Error 60 0.172 0.697 1 .725 0.653 1 .048 1.476 0.787 

.......................................................................................... 
*+ * * ** ** ** ** 

F value 11.28 106.544 26.705 8.279 7.835 1.184 30.562 



Table 3. Critical difference test of different bacterial counts of individual saaples frm St, S;! and S3 sources 

Bean bacterial counts in milk (Mean + SE in logl0 Cfll per ml) 
--------------- ------- --- 

Source of 
saprpl~ 

Coliforms at Faecal 
T V C --------------- streptococci StaphyIococci 5. aureus E_. c& 

37'C 44' C 

............................................................. 
Critical 0.2559 0.5152 0.8106 0.4987 0.6318 0.7498 0.%75 
difference 
............................................................................ - 

Figures nith the saw uyterscript within the column do not differ significantly. 



(14.28%) samples the count was 10' per ml and in two 

(9.52%) it was lo3 per ml.Eleven (52.38 % )  samples from the 

S2 source had a count of lo5 per ml but in 

10(47.62%)samples the count was lo4 per rnl. Amoong the 

samples obtained from S3 source 12 (57.14 % )  had a count 

of lo5 per ml and in remaining nine (42.86 % )  samples the 

4 count was 10 per ml. 

Highly significant difference ( P < 0.01) in coliforms 

count at 3 7 " ~  was observed in the samples collected from 

S1, S2 and S3 sources. Critical difference test revealed 

a highly significant difference (P ~0.01) in the mean 

counts between the samples of S1 and S2 ; S1 and S3; and 

S2 and S3. Eight (38.1 % )  samples collected from S1 

did not yield coliforms. Twelve ((57.14%)samples revealed a 

count of 10 per ml, whereas in one (4.76 % )  sample the 

count was lo2 per ml. All the samples collected from S2 

source yielded coliforms at 37"~. Of the samples, nine 

(42.86 % ) ,  eight (38.1 % )  and four (19.04 % )  had coliforms 

count of lo4 per ml, lo3 per ml and lo5 per ml, 

respectively. Except one (4.76%) all the samples from the 

S3 source revealed the presence of coliforms at 37'~. The 

counts in 17 (80.96 % ) ,  two (9.52 % )  and one (4.76 % )  

samples was lo3 per ml, lo2 per ml and lo4 per r n l  

respectively. 



Highly significant difference (P ( 0 . 0 1 )  in faecal 

coliforms count at 4 4 " ~  of incubation was observed in the 

samples obtained from S1 ,  S2  and S j  sources. Critical 

difference test revealed that the count was significantly 

(P < 0 . 0 1 )  more in the samples of S2 and S3 sources as 

compared to S1 source. There was no significant 

difference between the counts of S2 and S3 sources. Only 

nine ( 4 2 . 8 6  % )  samples from S1 source yielded coliform at 

4 4 " ~ .  Eight ( 3 8 . 1 0  % )  samples had a count of 1 0  per ml 

and one ( 4 . 7 6 % )  had a count of l o 2  per ml. Of the samples 

from S2 source, 17 ( 8 0 . 9 6  % )  yielded faecal coliforms. The 

counts in eight ( 3 8 . 0 9  % ) ,  five ( 2 3 . 8 0  % ) ,  two ( 9 . 5 2  % )  and 

other two ( 9 . 5 2  % )  samples was l o 3  per ml, l o 4  per ml l o 2  

per ml and l o 5  per ml, respectively. Faecal coliforms were 

found in 20 ( 9 5 . 2 3  % )  samples collected from S3 source. 

The count in 1 4  ( 6 6 . 6 7  8 )  samples was l o 3  per ml and in 

four ( 1 9 . 0 4  % )  it was l o 2  per rnl. One ( 4 . 7 6  % )  sample each 

had a count of 10  per ml and l o 4  per ml. 

Highly significant difference ( P < 0 . 0 1 )  in faecal 

streptococcal count was observed in samples collected from 

S1, S2 and S3 sources. The mean count of samples from the 

three sources was subjected to critical difference test. 

The test revealed highly significant difference ( P  < 

0 . 0 1 )  between the count of samples from S1 and S2 

sources and also from S1 and S3 sources. The count of the 



samples collected from S2 and S3 sources did not show any 

significant difference. All the samples collected from Sl 

revealed faecal streptococci. Of these, 13 (61.90 % )  samples 

had a count of 10 per ml and in eight (38.1 % )  samples the 

2 count was 10 per ml. Except one (4.76 % ) ,  all the samples 

collected from S2 source revealed the presence of faecal 

streptococci. The count per ml in seven (33.33 % )  samples 

was lo2, in seven (33.33 % )  samples it was lo3, four 

(19.04 % )  samples had a count of 10, while in two (9.53 % )  

samples it was lo4. All the samples obtained from the S3 

sources had revealed the presence of faecal streptococci. 

Twelve (57.14 % )  samples had a count of lo3 per ml, six 

(28.57 % )  had a count of lo2 per ml and in three (14.24 % )  

samples the count was 10 per ml. 

Analysis of variance of staphylococcal count indicated 

a highly significant difference ( P < 0.01) in the count 

of samples from S1, S2 and S3 sources. Critical difference 

test showed a highly significant (P < 0 -01) difference in 

the count between the samples collected from S1 and S2; 

and S1 and S3 sources. The count in the samples from S2 

and S3 sources did not show significant difference. 

Nineteen (90.47 % )  samples from S1 source showed the 

presence of staphylococci. Out of them, 13 (61.91 % )  samples 

had a count of lo2 per ml. Three samples (14.28 % )  each 

had a count of lo3 per ml and 10 per ml, respectively. 



Twenty ( 9 5 . 2 3  % )  samples  f rom S2 s o u r c e  y i e l d e d  

s t aphy lococc i  and of  t h i s  16 (76.19 % )  samples had a  count  

of l o 3  p e r  m l  and f o u r  (19.04 % )  samples had a count of 

l o 2  p e r  m l .  A l l  t h e  samples  f rom S j  s o u r c e  y i e l d e d  

s t aphy lococc i .  I n  14 (66.66 % )  samples t h e  count p e r  m l  

was l o 3 ,  i n  f o u r  (19.04 % )  samples t h e  count  was l o 2  whi le  

i n  t h r e e  (14.30 % )  samples t h e  coun t  was l o 4  

The a n a l y s i s  o f  var iance  i n d i c a t e d  t h a t  t h e  5. aureus  

count  o f  samples ob ta ined  from Sir S2 and S3 sources  d i d  

n o t  d i f f e r  s i g n i f i c a n t l y .  Only 1 4  (66 .66  % )  s a m p l e s  

c o l l e c t e d  from S1 sou rce  y i e lded  5. au reus .  Nine (42.86 % )  

samples had a count  o f  10 p e r  m l  and i n  f i v e  (23.80 % )  

samples it was l o 2  p e r  m l .  Of t h e  samples from S2 sou rce ,  

13 (61.9 % )  y i e l d e d  S. aureus .  S i x  (28.57 % )  samples each  

had a  count  of  10 p e r  m l  and l o 2  p e r  m l ,  r e s p e c t i v e l y  and i n  

one (4.76 % )  sample t h e  count w a s  l o 3  p e r  m l .  Only t e n  o u t  

of 2 1  (7 .61  % )  samples c o l l e c t e d  from S3 source  y i e lded  5. 

au reus .  I n  s i x  (28.57 % )  of t h e s e  samples t h e  count was 10 

p e r  m l  and i n  f o u r  (19.04%) t h e  coun t  was 1 0 Q e r  m l .  

E s c h e r i c h i a  c o l i  c o u n t  o f  t h e  s a m p l e s  from S1, S2 

and  S3 s o u r c e s  showed a  h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  

(P < 0 .01 ) .  C r i t i c a l  d i f f e r e n c e  t e s t  of t h e  over  a l l  

sample means r e v e a l e d  h igh ly  s i g n i f i c a n t  d i f f e r e n c e  ( P  < 

0.01) i n  t h e  count  of samples between S1 and S2. ,  S1 and 

S3. ,  and S2 and S3 sources .  S i x t e e n  samples (76.19 % )  



collected from S1 source yielded E.  coli. Eight ( 3 8 . 0 9 5  % )  

samples each from S1 source had a count of 10  per ml and 

l o L  per ml, respectively. All the samples from S2 source 

yielded E .  coli. In 11 ( 5 2 . 3 8  % )  samples the count was l o 3  

per ml but in six ( 2 8 . 5 5  % )  it was l o 4  per ml. The count in 

three ( 1 4 . 2 8  % )  samples was l o 2  per ml and in one ( 4 . 7 6  % )  

sample it was 1 0  per ml. All the samples from S 3  source 

also yielded E .  coli. Eleven ( 5 2 . 3 8  % )  of 2 1  samples 

showed a count of l o 3  per ml and in 1 0  (47.62 % )  samples 

the count was l o 2  per ml. 

BACTERIAL COUNT IN POOLED MILK SAMPLES 

Table 4  reveals the mean CFU per ml of pooled milk 

samples collected from the three sources and the analysis 

of variance of the count is shown in Table 5 .  

Analysis of variance of total viable count of pooled 

milk samples from S1, S2 and S3 sources showed a highly 

significant diffference(P < 0 . 0 1 ) .  Critical difference test 

(Table 6) of the overall samples means of the three sources 

revealed a highly significant difference (P < 0 . 0 1 )  in count 

between samples of S1 and S 2 . ,  and also S1 and S 3  but 

there was no significant difference between the counts in 

the samples of S2 and S 3 .  All the samples collected from 

the S1 source had a total viable count of l o 4  per ml. 



Table 4. Mean bacterial counts of pooled samples collected from 
S1, S2 and S3 sources 

Mean colony forming uni t 
per ml of samples from: 

Bacteri a1 counts .................................... 
1 s2 s3 ..................................................................... 

Total viable count 4.Ox1o4 1.8x106 2.1 lo5 

Coliforms count at 37OC 5.5x101 2 . 0 ~ 1 0 ~  6.4 x lo3 

Coliforms count at 44OC 2.8 x lo1 3.6 x lo4 4.4 lo3 

Faecal streptococcal count 2.Ox1o2 4.8x103 2.9 lo3 

Staphylococcal count 9.2 lo2 5.3 lo4 1.3 lo4 

Staphvl ococcus aureus count 1.0x1o2 4.8x102 1.1 x lo2 

Escherichia coli count 2.7x102 8.9x104 1.9 lo3 



Table 5. ANOVA of different bacterial counts of pooled samples from S1,  S2 and S3 sources 

Degree of TVC Coliforms at Faecal Staph 5. aureus E_. coli 
freedom ---------------- Strept- yloc- 

37 OC 44OC ococc i occ i 
_-__--_-__-________---------------------------------------------------------------------- 

Treatment 2 1.967 23.485 15.180 2.230 6.892 1.616 7.692 

Error 18 0.287 0.463 0.967 0.285 0.708 1 .375 0.478 

Y * ** ++ *+ YY + * 
F value 6.858 50.674 15.696 7.812 9.736 1.175 16.105 



Table 6. Critical difference test of different bacterial counts of pooled saqles f r a  St, S;! and S3 sources 

*an bacterial counts in rilk (kan .f SE in loglO CFU per 81) 
------ ------__I-----_----- ----I- 

- 
Coliforas at Faecal 

Source of T V C ------------------ streptococci Staphylococci 5. aurws E_. c& 

wl- 37'C 44'C ............................................ ........................ - 

.......................................................... -- 
Critical 0.6013 0.7637 1.1038 0.5992 0.9444 1.3162 0.7760 
difference 
.......................................................................................................................... 

* Figures ~ i t h  the same superscript within the column do not differ significantly. 



Of thesamples collected from the S2 source, three (42.86%) 

had a count of lo5, while two (28.57 % )  samples each had a 

count of lo4 per ml and lo6 per ml, respectively. Five 

(71.4 % )  samples collected from the S3 source had a count 

of lo5 per ml and in two (28 - 6  % )  samples the count was 

lo4 per ml. 

A highly significant difference ( P  < 0.01) was 

observed in coliform count (37 "c) of the samples collected 

from S1, S 2  and S3 sources. The means of the samples from 

each source were subjected to critical difference test. The 

count was significantly (P < 0.01) more in samples from S2 

and S3 as compared to S1 source. There was significant 

difference between the count of samples from S2 and S3 

sources. All seven samples collected from S1, yielded 

coliforms at 3 7 " ~ ,  of which five (71.4 % )  had a count of 

10 per ml and in two (28.6 % )  samples the count was lo2 

per ml. All the samples collected from S2 revealed the 

presence of coliforms. Three (42.85 % )  samples each 

showed a count of lo4 per ml and lo5 per ml, respectively, 

but in one (14.3 % )  the count was lo3 per ml. All the 

samples from S3 source also yielded colifomrs at 3 7 " ~ .  Four 

of them (57.1 % )  showed a count of lo3 per ml. In two 

(28.6 % )  samples the count was lo4 per ml while in one 

(14.3 % )  it was lo2 per ml. 



Analysis of variance of faecal coliform count of the 

samples from S1, S2 and S3 sources revealed highly 

significant difference (P< 0.01). Critical differnce test 

of the sample means from the above sources revealed that 

samples form S2 and S3 sources had highly significant (P < 

0.01) count as compared to the count of samples from S1 

source. No significant difference in the count of samples 

between S2 and S3 sources was observed. Six (85.5 % )  out 

of seven samples collected from S1 source yielded coliforms 

at 4 4 " ~  of incubation and the count in these samples was 

10 per ml. All the samples collected from S2 source 

yielded faecal coliforms. Four (57.1 % )  samples showed a 

count of lo4 per ml. In the remaining three samples, one 

(14.3 % )  each had a count of 10' per ml, lo3 per ml and 10 

per ml, respectively. All the samples collected from S3 

source revealed the presence of faecal coliforms. Five 

(71.4 $1 samples showed a count of lo3 per ml and in one 

(14.3 % )  sample each the count was lo4 per ml and lo2 per 

ml, respectively. 

Analysis of variance of the faecal streptococcal count 

of samples collected from S1, S2 and S3 sources revealed a 

highly significant difference (P < 0.01). Critical 

difference test showed highly significant difference 

( P C  0 -01) in the count of samples from S2 and S3 sources as 

compared to S1, source. Highly significant difference (P < 



0 . 0 1 )  was observed between the counts of S1 and S2 

sources; and S1 and S 3  sources but no significant 

difference was observed between the counts of samples from 

S2 and S j  sources. All the samples from S1 source showed 

the presence of faecal streptococci. The count in five 

samples was l o 2  per ml and two samples had a count of 10 

per ml. 

All the samples from S2  revealed the presence of 

faecal streptococci. Four ( 5 7 . 1  % )  samples collected from 

S2 source had faecal streptococcal count of l o 3  per ml. 

The count in two ( 2 8 . 6  % )  samples was l o 2  per ml and in one 

( 1 4 . 3  % )  sample it was l o 4  per ml. All the seven samples 

collected from S3 sources had faecal streptococci. In three 

( 4 2 . 8 5  % )  samples the count was l o 3  per ml while in other 

three samples the count was l o 2  per r n l  and one ( 1 4 . 3  % )  

sample revealed the count of l o 4  per ml. 

Highly significant difference (P < 0 . 0 1 )  in 

staphylococcal count was observed in samples collected 

from S1, S2 and S3 sources. Critical difference test 

revealed that samples from S2 and S3 had a significantly 

(PC 0  - 0 1 )  high count than the sample from S1. There was 

no significant difference between the counts of samples 

from S2  and S3 sources. Five ( 7 1 . 4  % )  of the seven samples 

collected from S1 source had a count of l o 3  per ml but in 



one (14.3 % )  sample the count was 10' per ml. One (14.3 % )  

of the samples did not show the presence of staphylococci. 

All the seven samples collected from S2 source revealed the 

presence of staphylococci. Of these samples four (57.14 % )  

revealed a count of lo4 per rnl. Two (28.57 % )  samples had 

3 count of 10 per ml and one (14.3 % )  sample had a count 

of lo5 per ml and in the other sample it was lo3 per ml. Of 

the seven samples collected from S3 source, four (57.15 % )  

samples had a count of lo3 per ml and in three (42.85 % )  

samples the count was lo4 per ml. 

Analysis of variance of the S ~ ~ D ~ Y ~ O C O C C U S  aureus 

count of samples collected from S1,S2 and S3 sources did 

not reveal significant difference. Of the seven samples 

from S1 source, four (57.1%) revealed presence of 5. aureus. 

In two samples (28.6 % )  the count was 10' per ml and in 

other two the count was 10 per ml. Six (85.71 % )  out of 

seven samples collected from S2 source revealed S .  aureus. 

Out of this two (28.57 % )  samples had a count of lo3 per 

ml. Two samples each had a count of lo2 per ml and 10 per 

ml, respectively. Total six (87.71 % )  samples from S3 

source revealed the presence of S .  aureus. Four (57.11 % )  

samples had a count of lo2 per ml and two (28.8 % )  samples 

had a count of 10 per ml. 

The Escherichia coli count of milk samples collected 

from S1, S2 and S 3  sources revealed a highly significant 



difference (P (0.01) between the count of samples collected 

from Sl, S2 and S3 source. Critical difference test of 

the mean count of samples revealed a highly significant 

(PC 0.01) difference in the count of samples between S1 and 

S2; Sl and Sj; and S2 and S3. All the samples collected 

from S1 showed the presence of g. coli. Of this, four (57. 

2%) samples had a count of lo2 per ml but in three (42.8 % )  

samples the count was 10 per ml. All samples collected 

from S2 showed the presence of E. coli. The count in five 

(71.4 % )  samples of the S2 source was lo3 per rnl 

respectively. One (14.13 % )  sample each had a count of 10 4 

per ml and lo5 per ml, respectively. All the samples 

collected from S3 source revealed the presence of E .  coli. 

Five (71.4 % )  samples had a count of lo3 per rnl and in 

2 two samples (28.6 % )  the count was 10 per ml. 

GRADING OF MILK 

The individual and pooled milk samples were graded as 

very good, good, fair and poor based on the criteria 

described in IS: 1479 (part 111) 1977. The percentage of 

samples falling into different grades are shown in Table 7. 

Among the samples collected from three sources, only one 

sample obtained from S2 source fell into poor grade. Twenty 

individual and all the pooled samples collected from S1 

belonged to the very good grade, one individual sample 

from this source was graded as good. 



Table 7. Grades of milk samples from S1, S2 and S3 sources as  per IS: 
1479 

Source of Type of Number of Per cent of samples graded as:  
milk sampl e samples ................................ 

t e s t e d  Very good Good Fa i r  Poor ....................................................................... 

s1 Individual 2 1 95.24 4.76 0.0 0.0 

Poo 1 ed 7 100.00 0.00 0.0 0.0 

s2 Individual 2 1 76.20 23.80 0.0 0.0 

Poo 1 ed 7 42.84 28.60 14.28 14.28 

S3 Individual 2 1 80.95 19.05 0.0 0.0 

Poo 1 ed 7 57.14 42.86 0.0 0.0 



Of t h e  i n d i v i d u a l  samples c o l l e c t e d  from S2 source 

16 f e l l  i n  t o  very good grade and 5 i n  good grade. The 

pooled samples of t h i s  source belonged t o  d i f f e r e n t  

grades.  Three samples were graded a s  very good, two 

samples a s  good, one sample a s  f a i r  and one sample was 

of poor grade. 

Among t h e  ind iv idua l  samples of t h e  S3 source 1 7  

samples belonged t o  very good grade whereas four  samples 

belonged t o  good grade.  Four pooled samples from t h e  

above source belonged t o  very good and t h r e e  sample f e l l  

i n t o  good grades.  

STUDIES ON BACTERIAL ISOLATES 

Isolation and identification of staphylococci: 

Of t h e  84  raw milk samples examined, 53 showed the  

presence of s taphylococci .  From t h e s e  samples 60 i s o l a t e s  

were recovered f o r  f u r t h e r  c h a r a c t e r i s a t i o n .  The t e s t  

c h a r a c t e r i s t i c s  and reac t ions  of t h e  i s o l a t e s  a r e  shown i n  

Table 8 .  Af te r  t h e  primary screening t e s t s ,  58 i s o l a t e s  

which were gram p o s i t i v e  cocci ,  forming i r r e g u l a r  c l u s t e r s ,  

non-moti le ,  f e r m e n t e d  g l u c o s e  and produced a c i d  from 

glucose a e r o b i c a l l y  and c a t a l a s e  p o s i t i v e  bu t  oxidase 

negat ive,  were s e l e c t e d  f o r  f u r t h e r  s tudy.  The i s o l a t e s  

produced ace to in  and phosphatase and hydrolysed arg in ine .  



Table 8. Characteristics of staphylococcal isolates 
from samples of S1, S2 and S3 source 

............................................................ 
Number of isolates 

Tests .......................... 
Positive Negative ............................................................ 

Growth in air 60 0 

Growth anaerobically 58 2 

Motility test 0 60  

Catalase test 60 0 

Oxidase test 0 60  

Oxidation and 
Fermentation 

Acetion production 
(VP test) 
Arginine hydrolysis 

Phosphatase test 58 0 

Acid from carbohydrates: 

Glucose : Aerobic 58 0 

Anareobic 58 0 

Mannitol: Aerobic 57 1 

Anaerobic 55 3 

Lactose 58 0 

Maltose 58 0 

Sucrose 58 0 

Gelatin liquifaction 54 4 

Coagulase test 54 4 



They a l s o  produced a c i d  from glucose both a e r o b i c a l l y  and 

anae rob ica l ly .  One of t h e  i s o l a t e s  d i d  n o t  produce a c i d  

from mannitol a e r o b i c a l l y  and t h r e e  of them d i d  n o t  produce 

a c i d  from m a n n i t o l  a n a e r o b i c a l l y .  A l l  t h e  i s o l a t e s  

produced  a c i d  from l a c t o s e ,  m a l t o s e  a n d  s u c r o s e  

a e r o b i c a l l y .  F i f t y  f o u r  i s o l a t e s  l i q u i f i e d  g e l a t i n  and 

they  coagulated r a b b i t  plasma. Based on t h e  r e s u l t s  of t h e  

above t e s t s  5 4  i s o l a t e s  were i d e n t i f i e d  a s  S t a ~ h v l o c o c c u s  

aureus .  

Isolation and Identification of Escherichia coli 

Out of t h e  84  raw m i l k  samples examined 79  revea led  

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

E s c h e r i c h i a  c o l i .  From t h e s e  samples  7 0  i s o l a t e s  were 

recovered.  These i s o l a t e s  were sub jec ted  t o  v a r i o u s  t e s t s  

and t h e  r e s u l t s  of t h e s e  t e s t s  a r e  given i n  Table  9 .  The 

primary screening tests revea led  t h a t  a l l  t h e  70 i s o l a t e s  

were gram negat ive ,  rods .  The i s o l a t e s  produced a c i d  from 

g l u c o s e  a e r o b i c a l l y  and  a l s o  a t t a c k e d  g l u c o s e  by 

fe rmenta t ion .  A l l  t h e  i s o l a t e s  produced c a t a l a s e  bu t  none 

produced oxidase.  The i s o l a t e s  produced gas from glucose 

and were p o s i t i v e  t o  methyl r e d  tes t .  A l l  t h e  i s o l a t e s  

produced indole  but  none produced a c e t o i n ,  and H 2 S  on T S I  

medium. O f  t h e  7 0  i s o l a t e s  on ly  66 showed a  p o s i t i v e  

r e a c t i o n  i n  L-lysine decarboxylase t e s t  bu t  a l l  of them were 



Table  9 .  C h a r a c t e r i s t i c s  o f  E s c h e r i c h i a  c o l i  
i s o l a t e s  from of S1, S2 and S3 s o u r c e  

............................................................ 
Number of i s o l a t e s  

T e s t s  ........................... 
P o s i t i v e  Negat ive  ............................................................ 

, Growth i n  a i r  70 0  

Growth a n a e r o b i c a l l y  70 0 

M o t i l i t y  tes t  67 3 

C a t a l a s e  t e s t  70 0 

Oxidase t e s t  0  70 

Oxidat ion and 
Fermentat ion 

Acid from g lucose  70 0 

Gas from g lucose  70 0 

Methyl r e d  r e a c t i o n  . 70 0  

Acet ion p roduc t ion  
(VP t e s t )  

Indo le  p roduc t ion  70 0  

Lysine decarboxylase  66 4 

H2S on TSI r e a c t i o n  0  70 

Acid from carbohydra te :  

Lactose  70 0  

Maltose 70 0 

Sucrose  70 0  

Treha lose  70 0  

ONPG t e s t  70 0 ............................................................ 



p o s i t i v e  t o  ONPG test .  None o f  them r e v e a l e d  a  p o s i t i v e  

r e s u l t  i n  c i t r a t e  u t i l i s a t i o n  tes t .  A l l  t h e  i s o l a t e s  

produced a c i d  from l a c t o s e ,  ma l to se , suc rose  and t r e h a l o s e .  

Based on t h e  r e s u l t s  of  t h e  above t e s t s ,  66 i s o l a t e s  were 

i d e n t i f k e d  a s  Esche r i ch i a  c o l i .  

STUDIES ON ANTIBIOGRAM OF ISOLATES 

Antibiogram o f  S ~ ~ D ~ V ~ O C O C C U S  aureus: 

The r e s u l t s  o f  t h e  a n t i b i o t i c  s e n s i t i v i t y  t e s t  of 

t h e  54 S .  aureus  i s o l a t e s  a r e  shown i n  Table  10 and F ig .  1. 

A l l  t h e  i s o l a t e s  were  s e n s i t i v e  t o  c l o x a c i l l i n  and  

gentamicin.  Out of t h e  54 i s o l a t e s ,  47 (87.03 % ) ,  42 

(77.80%) and 19 (35.20 % )  were found s e n s i t i v e  t o  

amoxyci l l in ,  chloramphenicol  and penc i l l i n -GI  r e s p e c t i v e l y .  

S i x  (11.22 % )  i s o l a t e s  r evea l ed  i n t e r m e d i a t e  s e n s i t i v i t y  t o  

a m o x y c i l l i n  w h i l e  12  (22 .20  % )  showed i n t e r m e d i a t e  

s e n s i t i v i t y  t o  chloramphenicol .  One (1 .85 % )  i s o l a t e  was 

r e s i s t a n t  t o  chloramphenicol  and 35 (64.80 % )  i s o l a t e s  were 

r e s i s t a n t  t o  penc i l l in -G.  

Antibiogram Esche r i ch i a  c o l i :  

The 66 i s o l a t e s  of Esche r i ch i a  c o l i  w e r e  t e s t e d  t o  

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

and t h e  r e s u l t s  of t h e  t e s t  a r e  shown i n  Table  11 and F ig .  

2. None of  t h e  i s o l a t e s  r evea l ed  100 p e r  c e n t  s e n s i t i v i t y  



Table 10. Antibiogram of Sta~hvloccus aureus isolates 
from milk 

---_-__-_____-_____--------------------------.-----..-----, - 
Percentage of isolates 

Antibiotics .......................................... 
Sensitive Intermediate Resistant 

sensitive ------------_----_----------------------------._--------__--- 

Cloxacillin 100.00 0.0 0.0 



Fig.1 Antibiogram of Staphylococcus aureus Against Five Antibiotics 

Sensitive [a Intermediate sensitive . Resistant 



Table 11. Antibiogram of Escherichia coli isolates 
from milk 

............................................................ 
Percentage of isolates 

Antibiotics .......................................... 
Sensitive Intermediate Resistant 

sensitive ............................................................ 

Gentamicin 

Ampicillin 

Furazolidone 

Carbenicillin 

Doxycycline 



Fig.2 Antibiogram of Escherichia coJ Against Five Antibiotics 

1 

Sensitive a Intermediate sensitive 0 Resis ta t  



or resistance to any one of the antibiotics and no 

isolate was sensitive to doxycycline. Out of the 66 

isolates 64 (96.96 %)I 62 (93.92 % ) ,  53 (80.30 % )  and 10 

(15.15 % )  isolates were sensitive to gentamicin ampicillin, 

furazolidone and carbenicillin respectively. Two (3.04 % )  

isolates each revealed intermediate sensitivity to 

gentamicin and ampicillin, respectively, 10 (15.15 % )  to 

furazolidone and 53 (80.30 % )  to carbenicillin. Six (9.10 % )  

revealed intermediary sensitivity to doxycycline . None of 

the isolates were resistant to gentamicin. Two (3.04 % )  

isolates were resistant to ampicillin. Three (4.55 % )  

isolates each showed resistance to furazolidone and 

carbenicillin, respectively. Of the isolates 60 (90.90 % )  

isolates were resistant to doxycycline. 



Discussion . 



DISCUSSION 

Milk, t o  be of good s a n i t a r y  q u a l i t y  must be f r e e  of 

hazardous microorganisms o r  i f  p r e s e n t ,  should  be a t  a  s a f e  

low l e v e l .  I n  g e n e r a l  it i s  n o t  f e a s i b l e  t o  examine 

i n d i v i d u a l  an ima l ' s  m i l k  from t h e  s o u r c e  f o r  t h e  presence  of 

hazardous organisms.  The p r a c t i c e  which has  been i n  e f f e c t  

f o r  many y e a r s  and cont inue t o  be fol lowed,  i s  t o  determine 

t h e  s a n i t a r y  q u a l i t y  of milk by looking  t h e  presence  of 

c e r t a i n  i n d i c a t o r  organisms and by s t a n d a r d  p l a t e  coun t s .  

Bacterial coun t s  o f  i n d i v i d u a l  m i l k  samples: 

Standard  p l a t e  count is  used  as a n  i n d i c a t o r  t o  a s s e s s  

t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  v a r i o u s  foods .  I t  r e f l e c t s  

t h e  hand l ing  h i s t o r y ,  s t a t e  o f  decomposit ion o r  degree  of 

f r e s h n e s s  and i n  some i n s t a n c e s  i n d i c a t e s  t h e  s a n i t a r y  

q u a l i t y  o f  foods .  The b a c t e r i a l  s t a n d a r d s  s e t  f o r t h  by 

v a r i o u s  a u t h o r i t i e s  inc lude  s t a n d a r d  p l a t e  count as one of 

t h e  c r i t e r i a  t o  a s s e s s  t h e  q u a l i t y  of m i l k .  The mean 

s t a n d a r d  p l a t e  count  of samples from S1 source  was one log  

l e s s  t h a n  t h e  count observed i n  samples from S2 and S 3  

sou rces  (Table  1). M i l k  samples c o l l e c t e d  from S1 sou rce  had 

a  h i g h l y  s i g n i f i c a n t  (P<0.01) lower b a c t e r i a l  count  a s  

compared t o  t h e  samples c o l l e c t e d  from S2 and S 3  sou rces  

(Table  3 ) .  F u r t h e r  95.2 p e r  c e n t  samples from S1 f e l l  i n t o  



very good grade as compared t o  81 per c e n t  and 76.2 per  c e n t  

of t h e  samples from Sg and S2 sources ,  r e s p e c t i v e l y  (Table 

7 ) .  Only 4.76 per  cent  samples of S1 source  f e l l  i n t o  good 

grade where a s  23.8 per  c e n t  and 19.1 p e r  c e n t  samples from 

S2 and S3 sources,  r e spec t ive ly ,  belonged t o  t h i s  grade. 

However, t h e  over a l l  b a c t e r i a l  q u a l i t y  of m i l k  samples 

c o l l e c t e d  from the  t h r e e  sources were found t o  be acceptable  

a s  per  IS. 1479 ( P a r t  111, 1977 ) .  The reason f o r  lower 

b a c t e r i a l  count  i n  milk sample of S1 source  might be t h e  age 

of t h e  milk.  Time elapsed between t h e  milking and c o l l e c t i o n  

of m i l k  samples from t h e  S1 source w a s  always l e s s  than S2 

and S3 sources ,  

A l l  t h e  samples c o l l e c t e d  from S1, S2 and S3 sources 

were found t o  be wi th in  t h e  acceptable  s t a n d a r d  p l a t e  count 

l i m i t  s p e c i f i e d  f o r  manufac tu r ing  g r a d e  m i l k  i n  North 

America. Of t h e  samples 18(85.7%),  10(47.6%) and 9(42.9%) 

from t h e  S1, S2 and S3 sources r e s p e c t i v e l y ,  confirmed t h e  

s tandard of l e s s  than 1 x 1 0 ~  CFU pe r  m l ,  p rescr ibed  f o r  

Grade I o r  Grade A raw m i l k  intended f o r  h e a t  t reatment  

before consumption. Only four ( 19.0%) milk samples from S1 

source confirmed the  microbiological  s p e c i f i c a t i o n  f o r  t h e  

Mil i ta ry  Federal  Purcahse of f r e s h  milk,  while  only one 

( 4 . 8 % )  sample from the  S2 source s a t i s f i e d  t h i s  s tandard and 

none of t h e  samples from S3 s o u r c e  met t h e  p r e s c r i b e d  

standard.  Only two (9 .5%)  samples from S1 source  s t a t i s f i e d  



the International Dairy Fedetration ( IDF)  specified standard 

for good hygeinic practices followed during production. None 

of the samples from the other sources met this criterion. 

Coliform count of 12 (57.1%) and one (4.8%) samples 

from S1 and S3 sources, respectively confirmed the 

microbiological specification for fresh milk for the 

Military Federal Purchase. The presence of coliforms, 

particularly in high number, in samples from S2 and S3 

sources indicate unhygienic milking and handling of milk in 

the farm or by the individual producers during its 

production. It may also be due to delay in prompt delivery 

of milk by the producers. 

In the present investigation, the highest mean faceal 

streptococcal count was observed in the samples collected 

from S 2  source, followed by S3 and S1 sources, respectively 

(Table 1). Highly significant (Pc0.01) difference in count 

(Table 3) in the samples from the above sources indicate 

that variation in the level of contamination of milk occurs 

at different levels of production. Faecal streptococci are 

the inhabitants of the intestine of man and animals and thus 

the presence of this organism in milk indicates faecal 

contamination and possible presence of enteric pathogens. 

The findings of this study invites the attention of dairymen 

engaged in milk production to take up adequate sanitary 



p r a c t i c e s  i n  milk  produc t ion ,  i n  o r d e r  t o  ensure  supply of 

b e t t e r  q u a l i t y  milk  t o  t h e  consumer. 

A h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  ( P  < 0 .01 )  was 

observed i n  t h e  samples c o l l e c t e d  from t h e  t h r e e  sources .  

The count  i n  samples from S1 source  w a s  s i g n i f i c a n t l y  ( P  

< 0 . 0 1 )  lower t h a n  t h a t  of  t h e  coun t  observed i n  t h e  

samples  f rom S2  and  S3 s o u r c e s ,  b u t  t h e r e  was no 

s i g n i f i c a n t  d i f f e r e n c e  between t h e  c o u n t s  of S2 and S3 

sources .  

S t a ~ h v l o c o c c u s  aureus  count of  t h e  samples c o l l e c t e d  

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

d i f f e r e n c e  (Table  3 ) .  The h i g h e s t  coun t  w a s  observed i n  

samples c o l l e c t e d  from t h e  S2 source ,  fo l lowed by S1 and S3 

sources  (Table  I). The organisms might have en t e red  i n t o  t h e  

m i l k  from t h e  animal i t s e l f  o r  from t h e  mi lk  handlers  o r  

from t h e  environment. The presence of  t h i s  organism i n  m i l k  

f o r  human consumption i s  of  g r e a t  p u b l i c  h e a l t h  importance, 

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

e n t e r o t o x i n s  a n d  t h e  consumpt ion  o f  s u c h  m i l k  o r  i t s  

products  l e a d  t o  Staphylococcal  food po i son ing .  

E s c h e r i c h i a  c o l i  c o u n t  was h i g h e s t  i n  t h e  samples  

o b t a i e d  from S2 sou rce  and t h e  l e a s t  i n  samples of S1 source  

(Table 1) .  Highly s i g n i f i c a n t  (P<0.01)  d i f f e r e n c e  i n  t h e  

count between samples from t h e  s o u r c e  (Table  3 )  i n d i c a t e  



t h a t  t h e  l e v e l  of contaminat ion of  t h e  organism v a r y  i n  each 

source .  The presence  of t h i s  organism i n  milk  is  a c l e a r  

i n d i c a t i o n  of  poor hygien ic  p r a c t i c e s  fo l lowed du r ing  t h e  

p roduc t ion  and handl ing  of  mi lk ,  s i n c e  t h i s  organsm i s  of 

i n t e s t i n a l  o r i g i n  i n  man and an imals .  F u r t h e r ,  d i f f e r e n t  

t ypes  of Esche r i ch i a  c o l i  can cause  v a r i o u s  d i s e a s e s  i n  man 

and hence t h e  f i n d i n g  is of g r e a t  p u b l i c  h e a l t h  importance. 

The r e s u l t s  of  d i f f e r e n t  i n d i v i d u a l  b a c t e r i a l  counts  of 

samples c o l l e c t e d  from t h e  t h r e e  s o u r c e s  i n d i c a t e d  t h a t  

samples from S2 sou rce  have t h e  h i g h e s t  coun t s  fol lowed by 

S3 and S1 sou rces .  The high coun t s  observed  i n  samples from 

i n d i v i d u a l  an imals  and a l s o  from t h e  s o c i e t y  r e c e p t i o n ,  S2 

and S 3  sou rces ,  i n c r e a s e s  t h e  t o t a l  b a c t e r i a l  popu la t ion  i n  

t h e  milk which w i l l  reduce t h e  s h e l f  l i f e  of milk  a s  wel l  a s  

t h e  b a c t e r i o l o g i c a l  q u a l i t y  of  p roduc t  produced from such 

milk.  F u r t h e r  t h e  chances f o r  t h e  p re sence  of  pathogens i n  

milk may a l s o  i n c r e a s e .  Therefore  it i s  e s s e n t i a l  t o  t ake  

n e c e s s a r y  s t e p s  t o  improve t h e  h y g i e n i c  s t a t u s  o f  

p roduc t ion ,  t o  reduce t h e  b a c t e r i a l  l oad  i n  milk  and t o  

improve i t s  b a c t e r i o l o g i c a l  q u a l i t y .  

Bacterial coun t s  of pooled milk  samples:  

T o t a l  b a c t e r i a l  counts  of pooled mi lks  samples was 

h i g h e s t  i n  samples c o l l e c t e d  from S2 s o u r c e ,  fo l lowed by S3 

and S1 sou rces  (Table4 ) .  The count  i n  t h e  samples from S1 



source was low a s  compared t o  S2 and S3 sources and t h i s  

d i f f e rence  i n  count was highly s i g n i f i c a n t  (P<0.01) (Table 

6 ) .  A s  p e r  Bureau of Indian  Standards (BIS) recommendations, 

t h e  s tandard  p l a t e  count of a l l  t h e  samples c o l l e c t e d  from 

the  S1 source  were found t o  be of very good grade (Table 7 ) .  

I n  t h e  samples  from S3 s o u r c e ,  57 - 1 4  p e r  c e n t  were 

ca tegor ised  a s  very good grade and 42.86 p e r  cent  samples 

were graded a s  good. Of t h e  counts of sample from S2 source,  

14.28 p e r  c e n t  each  f e l l  i n t o  f a i r  a n d  poor  g rade ,  

respect ive ly ,  but  42.84 pe r  cent  and 28.60 p e r  cent  samples 

were graded a s  very good and good r e s p e c t i v e l y .  A l l  t he  

samples from S1 source met t h e  s tandard  p l a t e  count, of l e s s  

than 1 x 1 0 ~  p e r  m l ,  f o r  Grade A o r  Grade I raw milk, but only 

28.57 pe r  c e n t  samples each from t h e  S2 and S 3  sources met 

the  above grade.  A l l  t h e  samples from t h e  S1 and S3 sources 

met t h e  s tandard  p l a t e  count of l e s s  t h a n  3 x 1 0 ~  per  m l ,  

acceptable  f o r  manufacturing grade milk i n  North America, 

whi l e  o n l y  71.42 p e r  c e n t  samples  from t h e  S2 s o u r c e  

s a t i s f i e d  t h e  above c r i t e r i a .  I n  a s tudy ,  Misra and Kuila 

(19891, r epor ted  t h a t  11.3, 37.3, 36.7 and 1 4 . 7  per cent  

samples were ca tegor iesed  a s  good, f a i r ,  poor and very poor 

r e spec t ive ly .  I n  a s i m i l a r  study Singh &. (1994 a )  

observed t h a t  28 pe r  cen t  samples were of very  good grade. 

Of t h e  remaining samples 1 4 ,  21 and 37 p e r  c e n t  were graded 

as  good, f a i r  and poor grades,  r e s p e c t i v e l y .  None of the  



samples collected from S1, S2 and S3 sources satisfied the 

standard of 10000 per ml, prescribed by the International 

Dairy Federation for raw milk produced under good hygienic 

practices or the standard of 2x10~ per ml, for fresh milk 

prescribed by Military Federal Purchase. 

As compared to the count of S1 source higher standard 

plate count in the milk produced in different farms had been 

reported (Jain and Saraswat, 1968, Milko & d., 1981, 

Yadava & d., 1983 and Reddy & d., 1994). The mean total 

count of the samples from the S2 source are comparable to 

the count of city market milk as reported by Jain and 

Saraswat (1968); the milk samples from dairy farm, city 

market and rural collection centres reported by Vijai and 

Saraswat (1968) and the normal milk of individual 

quarters of cows as per finding of Reddy & d. (1994). A 

very high bacterial count in milk from rural collection 

centres to the extent of 1 . 1 ~ 1 0 ~  has been reported by Jain 

and Saraswat (1968) in the samples from milk supply scheme 

and 1.84~10~ per ml by Pandey and Mandal (1980). A few 

workers have also reported lower bacterial count in samples 

collected from different sources (Desai and Natarajan, 1981; 

Majewski and Rzaczynski, 1983 and Yadava & d., 1983). The 

count observed in samples from S3 source corroborate with 

the counts recorded by a few workers like Majewski and 

Rzaczynski (1983 ) and Yadava & d. (1983 ) . These findings 



i n d i c a t e  t h a t  s t e p s  have t o  be t a k e n  t o  improve t h e  hyg ien ic  

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

p a r t i c u l a r l y  S2 .  

None of t h e  samples c o l l e c t e d  from t h e  t h r e e  s o u r c e s  

s a t i s f y  co l i fo rm count  s p e c i f i e d  i n  IS:  1479 (1977) o r  t h e  

mic rob io log ica l  s p e c i f i c a t i o n  f o r  t h e  count  i n  f r e s h  milk  

i n t e n d e d  f o r  M i l i t a r y  F e d e r a l  P u r c h a s e .  The s i g n i f i c a n t  

d i f f e r e n c e  i n  co l i fo rm and the rmoto le ran t  co l i fo rm coun t s  

i n  t h e  samples c o l l e c t e d  from t h e  t h r e e  sou rces  a r e  shown i n  

Table 4. Though t h e  lowest  coun t  w a s  observed i n  samples 

from Si sou rce ,  t h e  h i g h l y  s i g n i f i c a n t  (Pc0.01) d i f f e r e n c e  

i n  count  of samples from S1, S2 and S3 sources  r e v e a l e d  t h a t  

t h e  degree  of  contaminat ion v a r i e d  i n  each source  o r  t h e  

hygien ic  s t a t u s  mainta ined d u r i n g  t h e  produc t ion  of milk  was 

poor.  Coliforrn count  observed i n  t h e  samples o f  S1 s o u r c e  

was lower t h a n  t h e  3 .2x102, and 2 .4x103 p e r  m l  r ecorded  by 

V i j a i  and Saraswat (1968) and R a i  & d. (1990) r e s p e c t i v e l y .  

The mean count observed i n  S3 sou rce  was similar t o  t h a t  

observed i n  c i t y  market mi lk ,  a count  of 2 . 2 ~ 1 0 ~  p e r  m l  by 

V i j a i  and Saraswat (1968) and Pa te1  et a. (1993) .  

I n  a s i m i l a r  s tudy ,  a h ighe r  mean co l i fo rm count  i n  samples 

c o l l e c t e d  from r u r a l  c o l l e c t i o n  c e n t r e  a s  compared t o  t h e  

p r e s e n t  i n v e s t i g a t i o n  was r e p o r t e d  by V i j a i  and Saraswat  

(1968) and Hamama and El-Mouktafi ( 1 9 9 0 ) .  The mean count  

observed i n  S2 samples w a s  s i m i l a r  t o  t h a t  r e p o r t e d  by 



Hamama and El-Mouktafi (1990) who had r e p o r t e d  co l i fo rms  i n  

r e g i o n a l  c o l l e c t i o n  c e n t r e  sample a s  l .8x lo5  p e r  m l .  Many 

workers had r e p o r t e d  lower co l i fo rm count  a s  compared t o  t h e  

mean count  observed i n  t h e  S2 sou rce  samples (Misra and 

Kui la ,  1989; Rai & d., 1990, P a t e l  et d., 1993 and Singh 

e t  a,, 1994 a ) .  The high co l i fo rm count  i n  t h e  samples of - 

t h e  p r e s e n t  i n v e s t i g a t i o n  i n d i c a t e  poor hygiene observed 

d u r i n g  milk product ion.  

D e t e c t i o n  o f  f a e c a l  s t r e p t o c o c c i  i n  m i l k  i s  a n  

i n d i c a t i o n  of poor hygien ic  p r a c t i c e s  fol lowed du r ing  i t s  

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

f a e c a l  s t r e p t o c o c c a l  count w a s  s e e n  i n  samples c o l l e c t e d  

from S2 sou rce ,  fo l lowed by S3 and S1 sou rces  (Table  4 ) .  The 

s i g n i f i c a n t  d i f f e r e n c e  observed i n  t h e  count  i s  shown i n  

Table  6.  A r educ t ion  of one log  i n  t h e  count  of  samples 

c o l l e c t e d  from S1 sou rce ,  a s  a g a i n s t  t h e  samples from S2 and 

S3 s o u r c e s  c l e a r l y  i n d i c a t e d  u n h y g i e n i c  p r o d u c t i o n  and  

hand l ing  of  raw milk  i n  t h e  l a t e r  two sources  as  compared t o  

t h e  f i r s t  source .  The presence  of  s t r e p t o c o c a l  s p e c i e s  i n  

milk had been r e p o r t e d  by Shah et d. (1984) and G i l l  al. 

(1994) .  A high f a e c a l  s t r e p t o c o c c a l  count  of  1 . 2 x 1 0 ~ . m l ,  i n  

milk samples,  c o l l e c t e d  from r e g i o n a l  c o l l e c t i o n  c e n t r e  was 

r e p o r t e d  by Hamama and El-Mouktafi ( 1 9 9 0 ) .  The obse rva t ion  

i n  t h e  s tudy  emphasise t h e  need f o r  an a l l  round e f f o r t  t o  

be made by dairymen t o  improve t h e  q u a l i t y  of raw m i l k .  



Staphylococca l  count of mi lk  from t h e  t h r e e  sources  and 

t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  count of samples from t h e  

S2 and S3 s o u r c e  a s  compared t o  t h e  S1 source ,  r e v e a l e d  

t h a t  unhygienic  p r a c t i c e s  a r e  fol lowed dur ing  product ion and 

handl ing o f  mi lk  a f t e r  i ts  produc ion ,  i n  t h e  former two 

sources .  The inc idence  of s t a p h y l o c o c c i  i n  47.5 pe r  c e n t  o f  

pooled raw mi lk  samples c o l l e c t e d  from milk supply scheme 

was r e p o r t e d  by Pandey and Mandal (1980) .  The count observed 

i n  t h e  S2 and S j  sources  of t h e  p r e s e n t  s tudy  was comparable 

w i t h  t h e  o b s e r v a t i o n  o f  Rajmany & d. (1989)  who h a d  

r epo r t ed  a mean s taphylococca l  count  of 6 . 3 5 ~ 1 0 ~  CFU p e r  m l .  

The high coun t s  of s t aphy lococc i  could be a t t r i b u t e d  t o  

contaminat ion due t o  t h e  u n s a n i t a r y  p r a c t i c e s ;  unhygienic  

surroundings  and manual c o n t a c t  du r ing  handl ing.  

Mean S t a ~ h v l o c o c c u s  au reus  count  of  samples c o l l e c t e d  

from t h e  t h r e e  sou rces  and t h e i r  s i g n i f i c a n t  d i f f e r e n c e  i s  

shown i n  Tab le s  4 and 6 .  No s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  

count of samples was observed.  T h i s  observa t ion  i n d i c a t e d  

t h a t  t h e  coun t  of  t h i s  organism i n  samples from t h e  v a r i o u s  

sources  was comparable. The presence  of  S t a ~ h v l o c o c c u s  

aureus i n  raw milk  sample was r e p o r t e d  by many workers.  

Pandey and Mandal (1980) r e p o r t e d  t h a t  1 5  pe r  cent  of pooled 

raw milk samples c o l l e c t e d  from milk supply scheme y i e l d e d  

Staphvlococcus au reus ,  whi le  Shah & d. ( 1 9 8 4 )  observed 

t h a t  t h e  i n c i d e n c e  of S t a ~ h v l o c o c c u s  aureus  i n  cow's m i l k  



was 20 p e r  c e n t .  Cont ra ry  t o  t h e  o b s e r v a t i o n  made i n  t h e  

p r e s e n t  s tudy ,  R a  jmany & &. (1989) r e p o r t e d  cons ide rab ly  

high numbers of coagulase  p o s i t i v e  s t a p h y l o c o c c i  i n  c e n t  pe r  

c e n t  of  raw milk  samples,  w i th  an average coun t  of  3 . 1 5 ~ 1 0 ~  

CFU p e r  m l .  Hamama and El-Mouktafi (1990) a l s o  r epo r t ed  

s i m i l a r  count  of 4 x lo4 Staohylococcus au reus  i n  raw m i l k  

o b t a i n e d  f rom r e g i o n a l  c o l l e c t i o n  c e n t e r s  i n  Morocco. 

C o n t a m i n a t i o n  o f  m i l k ,  p a r t i c u l a r l y  w i t h  S t a p h v l o c o c c u s  

a u r e u s ,  may c a u s e  h e a l t h  h a z a r d  i n  c o n s u m e r s .  These  

organisms f i n d  t h e i r  way i n t o  milk from t h e  n a s a l  c a r r i e r s  

o r  from milk h a n d l e r s  whose hands and arms are i n f l i c t e d  

wi th  b o i l s  and ca rbunc le s .  The organisms are a l s o  found on 

t h e  s k i n ,  nose and o t h e r  p a r t s  of animals  and are a s s o c i a t e d  

wi th  m a s t i t i s .  Thus, t h e r e  is  a need f o r  t h e  a t t e n t i o n  of 

a l l  t h o s e  who a r e  engaged i n  t h e  produc t ion  and d i s t r i b u t i o n  

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

q u a l i t y  milk .  

Mean Esche r i ch i a  c o l i  count  of  pooled mi lk  samples i s  

given i n  Table  4 and t h e i r  s i g n i f i c a n t  d i f f e r e n c e  i s  shown 

i n  Table  6.  The h i g h e s t  mean count  8 . 9 ~ 1 0 ~  p e r  m l  of t h i s  

organism was found i n  samples c o l l e c t e d  from S2 source ,  

fo l lowed by S3 and S1 sources .  The d i f f e r e n c e  i n  count  from 

each source  w a s  h i g h l y  s i g n i f i c a n t  ( P < 0 . 0 1 ) .  The observed 

two log  d i f f e r e n c e  i n  count  between S1 and S2 sou rces  and 

one  l o g  d i f f e r e n c e  i n  c o u n t  be tween  S2 a n d  S 3  s o u r c e s  



c l e a r l y  ind ica ted  t h a t  t h e  l e v e l  of  contamination i n  each 

source  was d i f f e r e n t .  The h i g h e s t  l e v e l  of contamination w a s  

observed i n  milk produced i n  t h e  S2 source.  The presence of 

E .  c o l i .  i n  milk 'had been repor ted  by many workers (Pandey 

and Mandal 1980, Morgan et a. 1989, Othenhajmer, 1989, and 

Popovic et d., 1991).  E .  c o l i  is  normally found i n  t h e  

i n t e s t i n a l  t r a c t  of man and animals .  Thei r  presence i n  milk 

r e f l e c t  t h e  poor hygienic p r a c t i c e s  dur ing  production. Thus, 

p r i o r i t y  should be set f o r t h  t o  improve t h e  hygienic s t a t u s  

of production t o  produce good q u a l i t y  milk.  

T h e  pooled  m i l k  samples  from t h e  S1 s o u r c e  were 

c o l l e c t e d  immediately a f t e r  pool ing  t h e  m i l k  brought by each 

mi lker  i n t o  a m i l k  can. I n  t h e  o t h e r  two sources t h e  m i l k  

brought by t h e  indiv idual  members were measured i n  t h e  

s o c i e t y  and were t h e n  poo led  i n  m i l k  c a n s .  A c l o s e r  

examination of t h e  Table I and Table 4 revealed t h a t  t h e  

t o t a l  b a c t e r i a l  load, col i form count  a t  3 7 ' ~  incubation and 

s taphylococcal  count of t h e  samples from S2 source were more 

by one log i n  t h e  pooled milk samples a s  compared t o  t h e  

i n d i v i d u a l  samples .  T h i s  may be  a t t r i b u t e d  t o  t o o  much 

h a n d l i n g  and changing  o f  t o o  many c o n t a i n e r s  under  

unhygienic condi t ions .  The i n c r e a s e  i n  count i n  the  samples 

from S1 and S3 sources was found only  i n  S ta~hv lococcus  

aureus  count. These f indings  i n d i c a t e d  t h e  need f o r  a 

b e t t e r  hygienic p r a c t i c e  t o  be followed i n  these sources 



dur ing  produc t ion .  O n  t h e  b a s i s  o f  t h e  above f i n d i n g  it is  

sugges ted  t h a t  t o  reduce t h e  b a c t e r i a l  l oad  i n  f r e s h  milk,  

t h e  m i l k e r  s h o u l d  p r a c t i c e  good p e r s o n a l  h y g i e n e ,  t h e  

h a n d l i n g  o f  m i l k  s h o u l d  be  as minimum a s  p o s s i b l e  and  

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

shou ld  be c l e a n  and s t e r i l e .  

STUDIES ON ISOLATION AND IDENTIFICATION OF BACTERIA 

Dur ing  p r o d u c t i o n ,  m i l k  g e t  c o n t a m i n a t e d  w i t h  

b a c t e r i a  of  v a r i o u s  k inds .  Many o f  t h e s e  are sap rophy t i c  

organismsm, whi le  some a r e  pa thogenic  t o  man. Not on ly  t h e  

number and k ind  of  b a c t e r i a  a s s o c i a t e d  wi th  milk  d i f f e r ,  

b u t  a l s o  t h e  a b i l i t y  of  milk t o  s u p p o r t  t h e  growth of t h e s e  

o r g a n i s m s .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  know which 

organisms a r e  a s s o c a i t e d  wi th  milk  i n  i t s  n a t u r a l  s t a t e ,  

f o r  implemeting e f f e c t i v e  p r o c e s s i n g  technique  t o  c o n t r o l  

milk  borne i n f e c t i o n s  and i n t o x i c a t i o n s .  I n  t h e  p r e s e n t  

i n v e s t i g a t i o n ,  a n  a t t e m p t  h a s  been  made f o r  t h e  

i s o l a t i o n  . and i d e n t i f i c a t i o n  o f  Staphvlococcus  aureus  and 

Esche r i ch i a  c o l i .  

aureus  : 

Staphylococc i  g e t  i n t o  t h e  mi lk  from t h e  udder of 

a n i m a l s  s u f f e r i n g  from c l i n i c a l  a n d  s u b c l i n i c a l  

m a s t i t i s  caused by t h i s  organism o r  from e x t e r n a l  sources  



( P r a s a d ,  1 9 8 6 ) .  S t a ~ h y l o c o c c u s  a u r e u s  i s  one  of t h e  

organisms which mul t i p ly  i n  food be fo re  t h e y  a r e  a b l e  t o  

cause  i n f e c t i o n  o r  i n t o x i c a t i o n  (WHO, 1989) . Staphylococc i  

a r e  capab le  of  growing and producing e n t e r o t o x i n  i n  r a w  

milk and i t s  produc t ion  i s  much f a s t e r  i n  mi lk  w i th  v e r y  

low b a c t e r i a l  count .  I n  poor  q u a l i t y  mi lk ,  compe t i t i on  

wi th  o t h e r  organisms and changes brought about  by them 

i n h i b i t s  t o x i n  p r o d u c t i o n  by  S t a p h y l o c o c c i  ( B a t i s h  & 

. 1981) .  The presence  of  Staphylococci  i n  milk poses  a 

high r i s k  t o  t h e  consumers. 

O f  t h e  60  s u s p e c t e d  i s o l a t e s  s e l e c t e d ,  54 were  

i d e n t i f i e d  a s  coagulase  p o s i t i v e  s t aphy lococc i  (Table  8 ) .  

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

S taphylococc i  from milk.  Pandey and Mandal (1980) r e p o r t e d  

t h a t  t h e  inc idence  of S t a ~ h v l o c o c c u s  au reus  i n  t h e  pooled 

raw milk  samples was 15  p e r  c e n t ,  whi le  Shah et d. (1984) 

recorded t h a t  t h e  i nc idence  of  S t a ~ h v l o c o c c u s  aureus  was 20 

p e r  c e n t  i n  t h e  milk samples from t h e  U n i v e r s i t y  Farm. I n  

a  s tudy  o f  105 milk samples from t h r e e  d i f f e r e n t  s o u r c e s ,  

Yadava e& d. (1985) r e p o r t e d  t h a t  19.14 p e r  c e n t  samples 

y i e lded  S t a ~ h v l o c o c c u s  au reus .  G i l l  &. (1994) r e p o r t e d  

t h a t  12.24 p e r  c e n t  b a c t e r i a l  i s o l a t e s  of cow's milk  and 

15.09 p e r  c e n t  i s o l a t e s  o f  b u f f a l o e ' s  m i l k  were  

S t a ~ h v l o c o c c u s  a u r e u s .  The d e t e c t i o n  of S t a ~ h v l o c o c c u s  

ziureus i n  milk in tended  f o r  human consumption is  of  g r e a t  



p u b l i c  h e a l t h  s i g n i f i c a n c e ,  s i n c e  milk  suppor t  t h e  growth 

of s t aphy lococc i  and a  good number of  5. au reus  are capable  

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

suggested t h a t  c a r e  should be t aken  t o  minimise t h e  number 

of S .  aureus  i n  m i l k  t o  a  s a f e  l e v e l  by p rope r  management 

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

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

c l e a n i n g  o f  a l l  u t e n s i l s  which are used f o r  milking and 

s t o r i n g  of  milk  and by avoid ing  d e l a y  i n  p r o c e s s i n g  a f t e r  

product ion.  

Escher ich ia  c o l i :  

Contamination of  milk wi th  Esche r i ch i a  c o l i  capable  of 

producing e n t e r o t o x i n  can t a k e  p l a c e  a t  any s t a g e  from 

produc t ion  through handl ing,  t r a n s p o r t  and d i s t r i b u t i o n .  

The organism can s u r v i v e  on f i n g e r t i p s  and o t h e r  s u r f a c e s  

f o r  vary ing  p e r i o d s  of t i m e ,  and i n  some c a s e s  e v e n a f t e r  

hand washing (WHO, 1 9 8 9 ) .  I n c r e a s i n g  number of  s e ro types  

of E .  c o l i  a r e  now being a s s o c i a t e d  wi th  a  v a r i e t y  of 

c l i n i c a l  syndromes. Most of t h e s e  occu r s  i n  c o u n t r i e s  w i t h  

r e l a t i v e l y  poor s t a n d a r d  of hygiene.  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  70 suspec t ed  i s o l a t e s  

were s e l e c t e d  o u t  of  which 66 were i d e n t i f i e d  a s  _E. c o l i  

(Table  9 ) .  The recovery  of t h i s  organism from m i l k  should 

be viewed a s  of g r e a t  p u b l i c  h e a l t h  s i g n i f i c a n c e ,  a s  many 



pathogenic  s e r o t y p e s  p l ay  impor tan t  r o l e  i n  causa t ion  of 

d i s ease  i n  man. The r epo r t ed  recovery of E.  c o l i  from raw 

milk was 10 p e r  c e n t  (Pandey and Mandal, 1980)  and 78.57 

per  c e n t  (Singh & d., 1994 b ) .  Yadava & d. (1985) 

r epo r t ed  t h a t  70 p e r  c e n t  of milk samples from t h r e e  

d i f f e r e n t  sou rces  y ie lded  E.  c o l i .  The i s o l a t i o n  of t h e  

organism from cow's and b u f f a l o e ' s  milk was 10.20 p e r  

cen t  and 7.55 p e r  c e n t ,  r e s p e c t i v e l y  ( G i l l  & al, 1994) .  

Since t h e s e  organisms a r e  p r i m a r i l y  of  i n t e s t i n a l  o r i g i n  

t h e  p o s s i b i l i t y  of t h e  p resence  of  o t h e r  i n t e s t i n a l  

pathogens canno t  be ru l ed  o u t .  Therefore  it is  necessary 

t o  fo l low hyg ien ic  p r a c t i c e s  and s a n i t a r y  measures f o r  

reducing t h e i r  numbers t o  t h e  lowest  l e v e l ,  f o r  i n s u r i n g  

t h e  supply o f  s a f e  and wholesome milk t o  t h e  consumer. 

I n  t h e  p r e s e n t  s tudy,  t h e  54 S ~ ~ D ~ Y ~ O C O C C U S  aureus  

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

a g e n t s .  The i s o l a t e s  showed h e t e r o g e n i c i t y  i n  t h e i r  

s e n s i t i v i t y  t o  va r ious  agen t s  t e s t e d .  Cent  p e r  c e n t  of 

t h e  i s o l a t e s  were s e n s i t i v e  t o  c l o x a c i l l i n  and  

gentamicin,  wh i l e  t h e  s e n s i t i v i t y  t o  p e n c i l l i n  was t h e  

l e a s t .  The p e r  c e n t  s e n s i t i v i t y  t o  A m o x y c i l l i n  and  

chloramphenicol  was 87.03 and 77.80 r e s p e c t i v e l y .  Cent p e r  

cen t  of i s o l a t e s  revea led  s e n s i t i v i t y  t o  two a n t i b i o t i c s .  

The per  c e n t  o f  i s o l a t e s  s e n s i t i v e  t o  t h r e e ,  fou r  and f i v e  

a n t i b i o t i c s  w a s  87.04, 68.52 and 29.63, r e s p e c t i v e l y .  The 



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

gentamicin were t h e  a n t i b i o t i c s  of choice f o r  t h e  t reatment  

of Staphylococcal i n f e c t i o n  from t h e  source of m i l k ,  

followed by amoxycill in,  chloramphenicol and pencil l in-G. 

C l o x a c i l l i n  was one o f  t h e  most e f f e c t i v e  

c h e m o t h e r a p e u t i c  a g e n t s  a g a i n s t  which a l l  S .  a u r e u s  

i s o l a t e s  were s e n s i t i v e .  The r e p o r t e d  c l o x a c i l l i n  

s e n s i t i v i t y  of S .  aureus was 92.13 p e r  c e n t  (Buragohain and 

Dutta,  1990) and 89.34 per  c e n t  (Bansal & &. , 1990).  A s  

compared t o  t h e  above workers  o b s e r v a t i o n ,  t h e  h i g h  

s e n s i t i v i t y  observed i n  t h i s  s tudy  could  be a t t r i b u t e d  t o  

t h e  judic ious  use of c l o x a c i l l i n  o r  it might not have been 

used f o r  t h e  t reatment  of animals from which t h e  m i l k  was 

produced. 

Gentamicin was found h igh ly  e f f e c t i v e  t o  a l l  5. 

S.  a u r e u s  showing a u r e u s  i s o l a t e s .  The p e r  c e n t  o f  - 

s e n s i t i v i t y  of gentamicin was recorded a s  95.42 (Buragohain 

and Dutta,  1990) .  Harne & &. (1990) r epor ted  s e n s i t i v i t y  

of s taphylococcal  i s o l a t e s  from c l i n i c a l  and s u b c l i n i c a l  

m a s t i t i s  a s  50 pe r  cent  and 77 .77  p e r  c e n t  r e spec t ive ly .  

The high s u s c e p t i b i l i t y  of i s o l a t e s  t o  gentamicin could be 

a t t r i b u t e d  t o  j u d i c i o u s  use  of t h i s  a n t i b i o t i c  t o  t h e  

t reatment  of animals.  



The observed sensitivity of S .  aureus to amoxycillin 

was 87.03 per cent, but a total resistance was shown only 

by 1.85 per cent isolates. Contrary to this finding singh 

et &. (1994 b) . reported that 5. aureus revealed maximum - 

resistance against amoxycillin. The sensitivity of S .  aureus 

to chloramphenicol was 77.80 per cent and none of the 

isolates revealed resistance to it. It may be noted that 

the reported percentage of susceptibility of S .  aureus to 

chloramphenicol was 97.45 (Gupta & a,, 1979), 94.44 (Rao 
& d., 1982) and 85.24 (Bansal & d., 1990). The 

percentage of sensitivity reported by the above workers are 

very high as compared to the observation in the study which 

may be due to frequent and indiscriminate use of this 

chemotherapeutic agent .in the treatment of various ailments 

in animals. Th lowest percentage of sensitivity of S .  

aureus was encountered for penicillin-G (35.20 % )  and 64.80 

per cent of the isolates were resistant. Contrary to this 

observations, Gupta & &. (1979) recorded that 72.61 per 

cent of S .  aureus were sensitive to pencillin-G while 

Buragohain and Dutta (1990) found 84.26 per cent of the 

isolates were sensitive. The high resistance observed in 

the study could be attributed to the indiscriminate and 

fre'quent use of this drug and may also be due to their 

ability to produce penicillinase. 



S i x t y  s i x  i s o l a t e s  o f  E s c h e r i c h i a  1 from t h e  

i n d i v i d u a l  and pooled milk samples were t e s t e d  t o  d e t e c t  

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

i s o l a t e s  96.96 p e r  c e n t  were s e n s i t i v e  t o  gentamicin  and 

none of t h e  i s o l a t e s  showed t o t a l  r e s i s t a n c e  t o  it. On 

t h e  c o n t r a r y ,  none of  t h e  i s o l a t e s  were found t o t a l l y  

s e n s i t i v e  t o  doxycycl ine  and 90.90 p e r  c e n t  i s o l a t e s  were 

r e s i s t a n t  t o  it. Next t o  gentamicin  t h e  o r d e r  of sequence 

of drug which r evea l ed  maximum s e n s i t i v i t y  t o  t h e  i s o l a t e s  

were a m p i c i l l i n ,  fu razo l idone  and c a r b e n i c i l l i n .  The p e r  

c e n t  o f  i s o l a t e s  showing s e n s i t i v i t y  t o  any  one 

chemotherapeutic agen t  was 96.97. Of t h e  i s o l a t e s  92 .42 ,  

76.76 and 7.58 p e r  c e n t  r evea l ed  s e n s i t i v i t y  t o  any two, 

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

Gentamicin w a s  found e f f e c t i v e  a g a i n s t  96.96 p e r  c e n t  

of t h e  i s o l a t e s .  None of i s o l a t e s  were t o t a l l y  r e s i s t a n t  

t o  t h i s  drug.  Johnston & d. (1983)  r e p o r t e d  c e n t  per 

c e n t  s e n s i t i v i t y  f o r  t h e  i s o l a t e s  from mi lk .  The E .  c o l i  

i s o l a t e d  from bovine udder were a l s o  100 p e r  c e n t  s e n s i t i v e  

t o  gentamicin  ( M c  Donald & d., 1977) .  The i s o l a t e s  from 

goat  f a e c a l  sample were a l s o  c e n t  p e r  c e n t  s e n s i t i v e  ( M i r  

Shams U-Din, 1989) .  Following gen tamic in ,  a m p i c i l l i n  was 

t h e  most e f f e c t i v e  a g a i n s t  E .  c o l i .  Of t h e  i s o l a t e s ,  9 3 . 9 2  

p e r  c e n t  r e v e a l e d  s e n s i t i v i t y  whi le  o n l y  3.04 per  c e n t  of 

t h e  i s o l a t e s  showed t o t a l  r e s i s t a n c e  t o  it. On t h e  con t r a ry  



to this finding, varying percentage of sensitivity to 

ampicillin was reported by many workers. Coates and Hoopes 

(1979) reported that 32 per cent of bovine isolates were 

sensitive to ampicillin while in the case of porcine 

isolates it was 42 per cent. The percentage of sensitivity 

of E.  coli isolated from farm animals was 72.2 (Jackson, 

1981), from neonatal calf diarrhoea was 69.71 per cent 

(Tripathy and Soni, 1981) and from milk products it was 

found to be 12 per cent (Kulshrestha, 1990). 

The complete sensitivity of the isolates to 

furazolidone was 80.30 per cent while only 4.55 per cent of 

the isolates revealed total resistance. Jackson (1981) 

reported that 89.11 of the E.  coli isolated from farm 

animals were sensitive to furazolidone. Only 15.15 per cent 

of the isolates revealed complete sensitivity to 

carbenicillin while 4.55 per cent of the isolates revealed 

total resistance to it and 80.30 per cent of isolates 

showed intermediary sensitivity. The percentage of isolates 

sensitive to this chemotherapeutic agent from bovine udder 

infection was 92 per cent (Mc Donald et a., 1977). Bovine 

and porcine isolates revealed a sensitivity of 31 and 47 per 

cent, respectively (Coates and Hoopes, 1979), which was 

very high compared to the present observation. None of the 

isolates were found to be completely sensitive to 

doxycyc line. 



The presence of E .  c o l i  i n  raw milk i s  of pub l i c  hea l th  

importance. The organisms p r e s e n t  s p e c i a l  problems i n  

human h e a l t h  and v e t e r i n a r y  medicine because it may c o n s i s t  

of varying numbers of d i f f e r e n t  s t r a i n s ,  many of which 

may be r e s i s t a n t  t o  a number of a n t i b i o t i c s .  Moreover, 

a n t i b i o t i c  r e s i s t a n c e  can be t r a n s f e r e d  between s t r a i n s  

and even between two spec ies .  

The observed high propor t ion  of drug r e s i s t a n t  E .  

c o l i  i n  raw m i l k  may be d u e  t o  i n c r e a s e d  and 

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

var ious  d i seases  i n  animals. 





SUMMARY 

I n  t h i s  i n v e s t i g a t i o n  an e f f o r t  has  been made t o  s tudy  

t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  raw m i l k  o b t a i n e d  from 

Univers i ty  L ives tock  farm, Mannuthy (S1), Ol lukkara  Ksheera 

Vyavasaya Co-operat ive  Soc ie ty  (S2 )  and Pananncherry Ksheera 

Utpathaka Sahakarana Sangham (S3) sou rces .  A t o t a l  of 2 1  

i nd iv idua l  and seven  pooled samples were c o l l e c t e d  from 

each sou rce ,  over  a  pe r iod  of  f i v e  months. The 

ind iv idua l  and pooled samples were s u b j e c t e d  t o  d i f f e r e n t  

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

i d e n t i f i c a t i o n  o f  S t a ~ h v ~ o c o c c u s  a u r e u s  a n d  E s c h e r i c h i a  

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

var ious  chemotherapeut ic  agents .  

The t o t a l  v i a b l e  count of each sample was es t imated .  

The average coun t  f o r  i n d i v i d u a l  samples from S1, S2 and 

S3 sources  w e r e  7.5 x l o 4 ,  1 . 4  x l o 5  and 2 x l o 5 ,  p e r  m l  

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

d i f f e r e n c e  (PC 0 .01 ) .  C r i t i c a l  d i f f e r e n c e  t e s t  r evea l ed  

t h a t  t h e  count  from S1 source  was s i g n i f i c a n t l y  (P < 0 . 0 1 )  

lower a s  compared t o  S2 and S3 sou rces .  No s i g n i f i c a n t  

d i f f e r e n c e  between t h e  counts  of S2 and S 3  sources  was 

observed. 



The average coliform count at 3 7 " ~  of samples from S1, 

S2 and S3 sources were 2 . 4  x 10, 4 . 8  x lo4 and 3.8 x lo3 

CFU per ml respectively. The count of individual samples 

showed highly significant difference (P < 0.01). Critical 

difference test revealed highly significant difference in 

the count of samples between S1 and S2 , S1 and S3, and S2 

and S3 respectively. Thermotolerant coliform count of 

individual samples was estimated. The mean count of the 

samples from S1, S2 and S3 sources was 2.2 x 10, 2.1 x lo4 

and 2 . 4  x 1 0 ~ ~ e r  ml respectively. A highly significant 

difference (P < 0.01) in the count was observed. Critical 

difference test showed a highly significant (P < 0.01) 

lower count in samples from the S1 source than that of the 

count in samples from S2 and S3 sources. No significant 

difference were observed in the count of samples from the 

S2 and S3 sources. 

Faecal streptococcal count of each individual sample 

was evaluated. The average count per ml of the S1, S2 and S3 

samples was 1 . 5  x lo2, 2.1 x lo3 and 1.7 x lo3 per ml, 

respectively. The count of the sample from the S1, S2 and 

S3 sources showed highly significant diffference. Critical 

difference test of the count revealed a significantly lower 

count in the samples of S1 source with that of the count in 

samples of S2 and S3 sources. There was no significant 

difference between the count of S 2  and S3 sources. 



All the individual samples were also examined for 

staphylococcal count. The mean count per ml of samples 

was 5.7 x lo2. 2.8 x lo3 and 6.8 x lo3 per rnl from the Sl, 

S2 and S3 sources, respectively. Highly significant 

difference (P (0.01) in the count of samples from the three 

sources was observed. Critical difference test revealed 

significantly ( P  < 0.01) lower count in samples of the 

S1 source with that of S2 and S3 sources. There was no 

significant difference in the count of S2 and S3 sources. 

Sta~hvlococcus aureus count of individual samples was 

estimated . The mean count of samples from the SIP S2 and 

Sj sources was 8.5 x 10. 1.8 x lo2 and 7.1 x 10 per ml 

respectively. The count of samples from three sources did 

not differ significantly. 

Escherichia coli count of individual samples was 

estimated. The average count of the samples from S1 

source was 2.0 x lo2 per ml. The corresponding count of 

4 the samples from S2 source was 1.2 x 10 per ml and in S3 

source it was 1.5 x lo3 per ml. The counts revealed 

highly significant difference (P < 0.01). Critical 

difference test of the count showed a highly significant 

difference (P < 0.01) in the count of samples between S1 

and S2; S1 and S3; and S2 and S3 sources. 



Total viable count of the pooled samples was also 

estimated. The highest mean count was seen in samples 

from S2 source, 1.8 x 1 0 ~ ~ e r  ml. The lowest average count, 

4.0 x lo4 per ml was found in samples from S1 source and 

it was 2.1 x 10' per ml in samples from S3 source. The 

count of the samples from the three sources revealed a 

highly significant difference (P < 0.01) . On critical 

difference test, the count of samples from S1 source was 

significantly (P < 0.01) lower as compared to the count of 

samples for S2 and S3 sources. The test did not reveal 

any significant difference between the count of S2 and 

S3 sources. 

Coliforms counts at 3 7 " ~  of incubation for the 

samples from S1, S2 and S3 sources was estimated. The 

mean count from S1, S2 and S3 sources were 5.5 x 10, 2.0 x 

3 lo5 and 6.4 x 10 per ml respectively. The mean count 

coliform at 4 4 " ~  of incubation of the samples from S1 

source was 2.8 x 10per ml. The corresponding count from 

4 3 S2 and Sj sources was 3.6 x 10 per ml and 4.4 x 10 per ml, 

respectively. A highly significant difference (P < 0.01) 

in count at 3 7 " ~  of incubation was seen. Critical 

difference test revealed that the count differed 

significantly ( P < 0.01) between S1 and S2; S1 and S3; and 

S2 and S3 sources. A highly significant difference ( P  < 

0.01) in faecal coliform count of samples from the three 



sources was observed. Critical difference test revealed 

that the count of the samples from S1 source was 

significantly lower with that of the count in samples 

with that of the count in samples from S2 and S3 sources. 

Faecal streptococal count of all samples was 

estimated. The average count of samples from S1 source 

was 2.0 x lo2 per ml. The mean count in samples from S2 

and Sj sources was 4.8 x lo3 and 2.9 x lo3 per ml 

respectively. The count of samples from the three sources 

revealed a highly significant difference (P < 0.01). The 

count of samples from S1 source was significantly lower 

than that of the samples from S2 and S3 sources. The count 

of samples from S2 and S3 sources did not differ 

significantly. 

The mean staphylococcal count in the samples from S1, 

S2 and S3 sources was 9.2 x lo2, 5.3 x lo4 and 1.3 x lo4 per 

ml respectively. Staphylococcal count of the samples from 

the three sources differed significantly ( P  < 0.01). 

Critical difference test of the count revealed that the 

count was significantly (P < 0.01) lower in the samples of 

S1 source as compared to the samples from S 2  and S3 

sources. No significant difference was noticed in the 

count of samples from S2 and S 3  sources. 



All samples were tested for the presence of 

Sta~hvlococcus aureus. The mean count of samples from S1 

sources was 1 x lo2 per ml. The average count of samples 

from S2 and Sj sources was 4.8 x lo2 per ml and 1.1 x lo2 

per ml respectively. Analysis of variance of the count did 

not reveal significant difference. 

Escherichia coli count of each sample was estimated. 

The mean count of samples from Slr S2 and S3 sources was 

3 2.7 x lo2, 8.9 x lo4 and 1.9 x 10 per ml respectively. 

Analysis of variance of the count revealed highly 

significant difference (P < 0.01) in the count of the 

samples of S1, S2 and S3 sources. Critical difference test 

of the data showed a significantly ( P  < 0.01) lower count 

in samples of S1 source as compared to the count of samples 

from S2 and S3 sources. Significant difference ( P  < 

0.01) in the count of samples between S2 and S3 sources 

was also observed. 

The overall bacterial load of the samples from the S2 

source was very high and least bacterial load was found in 

samples from the S1 source. All the individual samples 

obtained from the three sources belonged to very good 

and good grades according to the standard prescribed by 

IS: 1479 (1977). Of the samples collected from the S1 

source, 95.24 per cent samples were graded as very good 



and on ly  4.76 pe r  c e n t  o f  samples graded as good. The 

p e r  c e n t  of samples graded a s  very  good and good from S2 

source  was 76.2 and 23.8,  r e s p e c t i v e l y .  I t  was observed 

t h a t  80 .95  p e r  c e n t  o f  s a m p l e s  from t h e  S3 s o u r c e  

s a t i s f i e d  t h e  c r i t e r i a  f o r  v e r y  good g r a d e  and  t h e  

remaining 19.05 pe r  c e n t  samples m e t  t h e  count  of good 

grade.  

Based on t h e  s t a n d a r d  p l a t e  count p r e s c r i b e d  by IS :  

1479 (1977) t h e  pooled samples  rece ived  from t h e  t h r e e  

source  were graded a s  v e r y  good, good, f a i r  and poor.  Cent 

p e r  c e n t  of samples from t h e  S1 source  s a t i s f i e d  t h e  

c r i t e r i a  s p e c i f i e d  f o r  v e r y  good grade milk. The p e r  c e n t  

of  samples from t h e  S2 s o u r c e  graded a s  ve ry  good, good, 

f a i r  and  p o o r  was 42 .84 ,  28 .60 ,  14 .28  and  1 4 . 2 8 ,  

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

Of t h e  samples  f rom S3 s o u r c e ,  57 .14  p e r  c e n t  

be longed  t o  v e r y  good g r a d e  and  42.86 p e r  c e n t  were  

c a t o g o r i s e d  a s  good grade.  

A l l  samples were t e s t e d  f o r  t h e  i s o l a t i o n  of S.  aureus  

and E .  c o l i .  A t o t a l  o f  54 i s o l a t e s  were i d e n t i f i e d  a s  S .  

aureus  and 66 i s o l a t e s  were i d e n t i f i e d  a s  E .  c o l i .  

The e f f e c t  of c l o x a c i l l i n ,  gentamicin,  arnoxycil l in,  

chloramphenicol  and penc i l l i n -G  on 5. aureus  i s o l a t e s  was 



tested. All the isolates were sensitive to cloxacillin and 

gentamicin, but only 35.20 per cent isolates were found 

sensitive to pencillin-G. The per cent of isolates 

susceptible against amoxycillin was 87.03 and it was 77.80 

per cent to chloramphenicol. The per cent of isolates 

revealed sensitivity to any one, two, three, four and five 

chemotherapeutic agent was 100, 100, 87.04, 68.52 and 29.63 

respectively. 

The invitro sensitivity of E.  coli isolates was tested 

against gentamicin, ampicillin , furazolidone, carbenicillin 
and doxycycline. Gentamicin was the most effective 

chemotherapeutic agent against which 96.96 per cent 

isolates were sensitive, but none of the isolates was 

found sensitive to doxycycline. Of the isolates 90.90 

per cent were resistant to doxycycline but none of the 

ioslates revealed resistance against gentamicin . The per 

cent of the isolates sensitive to ampicillin, furazolidone 

and carbenicillin was 93.92, 80.30 and 15.15 respectively. 

The per cent of isolates revealing sensitivity to any one , 

two, three or four chemotherapeutic agent was 96.97, 92.42, 

76.76 and 7.58 respectively. 
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ABSTRACT 

I n  t h e  p r e s e n t  s tudy  a n  e f f o r t  has  been made t o  a s s e s s  

t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  r a w  mi lk  ob ta ined  from t h r e e  

d i f f e r e n t  sources  i n  T r i chu r .  A t o t a l  of 2 1  i n d i v i d u a l  and 

seven pooled samples were c o l l e c t e d  from each s o u r c e  (S1, S2 

and S 3 ) ,  over  a pe r iod  of f i v e  months. The samples were 

s u b j e c t e d  t o  d i f f e r e n t  b a c t e r i a l  coun t s  and a l s o  f o r  t h e  

i s o l a t i o n  and i d e n t i f i c a t i o n  o f  S .  aureus  and E .  c o l i .  The 

i s o l a t e s  were  t e s t e d  f o r  t h e i r  s e n s i t i v i t y  t o  v a r i o u s  

chemotherapeut ic  agents .  

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

4  5 samples from S1, S2 and S3 were 7 .5  x 1 0  , 1.4  x 10 and 2 x 

l o 5  CFU p e r  m l  r e s p e c t i v e l y .  S i g n i f i c a n t  d i f f e r e n c e  

(P(0.01) between t h e  counts  from S1 and S2; and S1 and S3 

w a s  n o t i c e d .  The average c o l i f o r m  count  f o r  S1 was 2.4 x 1 0 ,  

f o r  S2 was 4.8 x l o 4  and f o r  S3 w a s  3.8 x l o 3  CFU p e r  m l  . 
There w a s  s i g n i f i c a n t  d i f f e r e n c e  (P<0.01) between t h e  counts  

from S1 and S2; S1 and S3; and S2 and S3. The average  counts  

f o r  t he rmoto le ran t  co l i fo rms  i n  samples from S1, S2 and S3 

were 2 . 2  x 1 0 ,  2 . 4  x l o 4  and 2.4 x l o 3  CFU p e r  r n l  . The 

coun t s  from S1 and S2; and S1 and S3 d i f f e r e d  s i g n i f i c a n t l y  

( P C O .  0 1 ) .  



The average faeca l  s t r e p t o c o c c a l  counts f o r  t h e  sample 

from S1, S2 and S3 were 1.5 x l o 2 ,  2.1 x l o 3  and 1 . 7  x l o 3  
CFU pe r  m l  . Sign i f i can t  d i f f e r e n c e  (P(0 .01)  between t h e  

counts from S1 and S2,  and Si and S3 was noticed.  The 

staphylococcal counts i n  samples from Sl, S2 and S3 averaged 

5 .7  x l o 2 ,  2.8 x l o 3  and 6.8 x l o 3  CFU per  m l  respec t ive ly .  

S i g n i f i c a n t  d i f f e rences  (P<0.01) between the  counts from S1 

and S2, and S1 and S3 were no t i ced .  The average S .  aureus 

count i n  samples from S1 was 8.5 x 10, from S2 it was 1.8 x 

l o 2  and from Sj ,  7 . 1  x 10 CFU per m l .  The average E. coli 

counts i n  samples from S1, S2 and Sj were 2 x l o 2 ,  1 .2  x l o 4  

and 1.5 x l o 3  CFU p e r  m l  r e s p e c t i v e l y .  The counts i n  samples 

from S1 and S2; S1 and S3; and  S2 and S3 d i f f e r e d  

s i g n i f i c a n t l y  (P<0.01).  

T h e  average t o t a l  v i a b l e  count  i n  pooled m i l k  samples 

from Sit S2 and S3 were 4 x l o 4 ,  1 .8  x l o 6  and 2.1 x l o 5  CFU 

p e r  m l  r e s p e c t i v e l y .  S i g h i f i c a n t  d i f f e r e n c e  ( P < 0 . 0 1 )  

between t h e  counts  from S1 and S2 and S1 and S3 was not iced .  

The average col i form counts a t  3 7 " ~  of incubation i n  t h e  

pooled samples from Sl. S2 and S j  were 5.5 x 10, 2 x l o 5  and 

6 .4  x 10' CFU p e r  m l  r e spec t ive ly .  The counts from S1 and 

S2 , S1 and S3; and S2 and S3 were found s i g n i f i c a n t l y  

d i f f e r e n t  (P<O.Ol ) .  The average thermotolerant count i n  

samples from S1, S2 a n d S 3  were 2 . 8  x 1 0 ,  3.6 x l o 4  and 4 . 4  

x l o 3  CFU per r n l  r e s p e c t i v e l y .  S i g n i f i c a n t  d i f f e r e n c e  



(P<0.01) i n  t h e  counts of S1 and S2; and S1 and S3 was 

not iced.  The average f a e c a l  s t r e p t o c o c c a l  count i n  samples 

from S1, S2 and S3 were 2 x l o 2 ,  4.8 x l o 3  and 2 . 9  x l o 3  CFU 

per  m l  r e s p e c t i v e l y .  S i g n i f i c a n t l y  d i f f e r e n t  (P<0.01) counts 

were not iced  between S1 and S2; and S1 and S3. The average 

s tsphylococcal  count i n  samples from S1 w a s  9.2 x l o 2  from 

S2 Was 5.3 x l o 4  and from S3 was 1.3 x l a 4  CFU p e r  m l .  The 

counts i n  samples from S1 and S2; and S1 and S3 were 

s i g n i f i c a n t l y  d i f f e r e n t  (P<0.01).  The S. aureus counts i n  

milk samples from Sl, S2 and S3 averaged 1 x l o 2 ,  4.8 x l o 2  

and 1.1 x l o 2  CFU p e r  m l  r e s p e c t i v e l y .  The average E .  c o l i  

count i n  samples from SI, S2 and S3 were 2.7 x l o 2 ,  8.9 x 

l o 4  and 1.9 x l o 3  CFU per  m l  r e s p e c t i v e l y .  S i g n i f i c a n t  

d i f f e rence  (P<O.Ol) between t h e  counts  of samples from S1 

and S2; S1 and S3; and S2 and S3 was observed. 

A l l  t h e  ind iv idua l  samples from S1 were e i t h e r  of very 

good o r  good grades (95.24 and 4.76%) r e s p e c t i v e l y .  A l l  t h e  

pooled milk samples from t h i s  source  was of very good grade. 

Most of t h e  ind iv idua l  samples from S2 were of very good o r  

good grades (76.20 and 23.80%) r e s p e c t i v e l y ,  but  t h e  pooled 

milk samples from S2 were of very good, good, f a i r  and poor 

grades (42.84, 28.60, 14.28 and 14.28%) r e s p e c t i v e l y .  Among 

t h e  ind iv idua l  samples from Sj source  a l l  were of e i t h e r  

very  good o r  good grades (80.95 and 19 .05%)  r e spec t ive ly .  



Pooled milk samples from the same source had very good and 

good grade (57.14 and 42.86%) respectively. None of the 

samples from this source were of fair or poor grades. 

Of the 60 suspected colonies isolated, 54 were 

identified as S.  aureus. Antibiogram of S .  aureus isolates 

showed highest sensitivity to cloxacillin (100%) and 

gentamicin (100%) followed by amoxycillin (87.03%), 

chloramphenicol (77.80%) and penicillin-G (35.20%). Of the 

70 suspected colonies isolated 66 were identified as E. 

coli. The . coli. isolates were most sensitive to 

gentamicin (96.96%) followed by ampicillin (93.92%), 

furazolidone (80.30%) and carbenicillin (15.15%). 

Doxycycline was least effective drug with no sensitivity and 

high resistance (90.90%). 
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APPENDICES 

A p p e n d i x  - I 

1. P l a t e  count A g a r  

Ingred ien t s  : gm 

Tryptone : 5 

Yeast e x t r a c t  : 2.5 

Dextose : 1 

Agar : 15 

F i n a l  pH ( a t  2 5 " ~ )  7.0k0.2 

Suspend 23.5  gm i n  1000 m l  d i s t i l l e d  water .  Boil  t o  

d i s so lve  t h e  medium completely. Autoclave a t  15 l b s  

p ressu re  f o r  15  minutes. 

V i o l e t  R e d  B i l e  A g a r  (VRBA) 

Ingred ien t s  

Yeast e x t r a c t  

Peptone 

B i l e  s a l t  mixture 

Lactose 

Sodium ch lo r ide  

Agar 

Neutral  r ed  

Crys ta l  v i o l e t  

: grns 

F ina l  pH ( a t  2 5 " ~ )  7 . 4 2 0 . 2 .  Suspend 41.5 gm i n  1000 m l  

d i s t i l l e d  w a t e r .  Br ing  t o  t h e  b o i l  t o  d i s s o l v e  

completely. Autoclave a t  1 2 1 " ~  (15 l b s )  f o r  1 5  minutes. 



3 .  K. F. Streptococcal  Agar 

Ingred ien t s  : gm 

Proteose peptone : 10 

Yeast extract : 10 

Sodium ch lo r ide  : 5 

Sodium glycerophosphate : 10 

Maltose : 20 

Lactose : 1 

Sodium Azide : 0.4 

Agar : 20 

F ina l  pH ( a t  2 5 " ~ )  7.2k0.2 

Suspend 76.4 grams i n  1000 m l  d i s t i l l e d  water .  Boil  t o  

d i s s o l v e  t h e  medium c o m p l e t e l y .  S t e r l i z e  by 

autoc laving  a t  15 l b s  p ressu re  (121°C) f o r  10 minutes. 

4, Mannitol S a l t  Agar 

Ingred ien t s  : gms 

Beef e x t r a c t  : 1 

Proteose peptone : 10 

Sodium c h l o r i d e  : 75 

D-rnannitol : 10 

Phenol Red : 0.025 

Agar : 15 

F ina l  pH a t  ( 2 5 " ~ )  7.4k0.2 

Suspend 111 grams i n  1000 m l  d i s t i l l e d  water b o i l  t o  

d i s s o l v e  t h e  medium c o m p l e t e l y .  S t e r l i z e  by 

autoc laving  a t  15 l b s  p ressu re  ( 1 2 1 ° C )  f o r  15 minutes. 



5. T e l l u r i t e  Polymyxin Egg Yolk Agar 

B a s a l  medium 

I n g r e d i e n t s  G r a m s  

Tryptone : 10 

Yeast e x t r a c t  

Mannitol : 5 

Sodium c h l o r i d e  : 20 

Lithium c h l o r i d e  : 2 

Agar : 18  

D i s t i l l e d  wate r  

Suspend i n g r e d i e n t s  i n  d i s t i l l e d  water and h e a t  t o  

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

i n g r e d i e n t s .  Adjus t  t o  900 m l  wi th  d i t i l l e d  water .  

Adjust  t h e  pH t o  7.220.2. Dispense i n t o  f l a s k  and 

au toc lave  f o r  1 5  minutes a t  1 2 1 " ~ .  

Enrichment : 

Egg yolk emulsion (30 % v/v) i n  p h y s i o l o g i c a l  s a l i n e  

prepared by soaking  f r e s h  eggs  f o r  about  one minute i n  

a  1: 1000 d i l u t i o n  of  s a t u r a t e d  mercu r i c  c h l o r i d e  

s o l u t i o n .  Crack eggs a s e p t i c a l l y  and s e p a r a t e  yo lk  and 

whi te  suspend egg yolk i n  0.85 p e r  c e n t  sodium c h l o r i d e  

s o l u t i o n  (30 % v/v) and b lend  i n  h igh  speed b lender  

f o r  about 5 seconds.  

Complete medium: 

Cool molten b a s a l  medium t o  5 0 - 5 5 ' ~  i n  wa te r  ba th .  Add 

100 m l  enrichment t o  900 m l  b a s a l  medium, followed 

by 0.4 m l  of one p e r  c e n t  f i l t e r  s t e r l i z e d  s o l u t i o n  of 

polymixin - B t o  a  f i n a l  c o n c e n t r a t i o n  of  40 mg/ml and 

1 0  m l  of s t e r i l e  one p e r  c e n t  s o l u t i o n  of  potassium 

t e l l u r i t e .  



6. M B  A g a r (  Eosin Methylene B l u e  A g a r )  

Peptone 

Lactose 

Sucrose 

Dipotassium phosphate : 2 

Agar : 13.5 

Eosin y : 0.4 

Methylene blue 

Suspend 36 grns in 1000 ml distilled water. Heat to 

boiling for I minute. Dispense amd sterilize for 

15 minutes at 15 lbs pressure (121'~). 

7 - Hugh Leifson Medium 

Ingredients 

Peptone 

Sodium chloride : 5 

Dipotassium phosphate : 0.3 

Agar : 2 

Bromothymol Blue : 0.05 

Glucose : 10 

Final pH (at 2 5 " ~ )  7.1+ 0.2 

Suspend 19.3 grams in 1000 ml distilled water. Boil 

to dissolve the medium completely. Dispense in tubes 

in duplicable for aerobic and anaerobic fermentation. 

Sterilize by autoclaving at 15 lbs pressure (12'c) for 

15 minutes. 



8. MR-VP Medium 

I n g r e d i e n t s  gms 

Buffered peptone : 7.0 

Dextrose : 5.0 

Dipotassium phosphate : 5.0 

p H ( a t  25"c)  6.920.2 

s u s p e n d  grams d i s t i l l e d  w a t e r .  

D i s t r i b u t e  i n  tes t  tubes  and s t e r i l z e  by au toc lav ing  a t  

15  l b s  p r e s s u r e  (121°c)  f o r  15  minutes.  

9. Peptone w a t e r  

I n g r e d i e n t s  

Peptone 

Nac 1 

Dissolve t h i s  i n  1000 m l  of water  by h e a t i n g  Adjust pH 

t o  7.2 t o  7.4 and s t e r i l i z e  a t  1 1 5 ' ~  f o r  20 min. 

10. Arginine Dihydrolase Broth 

I n g r e d i e n t s  9ms 

Peptone 1 

Sodium Chlor ide 5  

Dipotassium phosphate 0.3 

L-arginine 10 

Agar 3 

Bromo c r e s o l  purpol  0.016 

F i n a l  pH ( a t  2 S 0 c )  7.2 + 0.2 



Suspend 19.3 g i n  1000 m l  of  d i s t i l l e d  water.  Heat t o  

d i s so lve  completely and d i s t r i b u t e  i n  tubes .  S t e r i l i z e  

by autoc laving  a t  10 lbs p ressu re  (115°C) f o r  15 

minutes. 

Disolve t h e  ingred ien t s  by h e a t i n g  i n  t h e  wa te r '  bath.  

Adjust t o  pH 8.0 t o  8 - 4  with 1 0  N NaOH and b o i l  f o r  

10 minutes. F i l t e r ,  a d j u s t  t h e  p H  t o  7.2 t o  7 .4  and 

s t e r i l i z e  a t  115°C f o r  20 minutes.  

11. Phenolphthalein Phosphate Agar 

Ingredients  

Peptone 

Beef Ex t rac t  

Sodium c h l o r i d e  

Agar 

Sodium Phenolpthalein 

Phosphate : 0.012 

Fina l  pH ( a t  2S0c)  7.4k0.2 

Suspend 28 grams i n  1000  m l  d i s t i l l e d  water. m i l  t o  

d i s s o l v e  t h e  medium c o m p l e t e l y .  S t e r i l i z e  b y  

autoclaving a t  1 5  lbs ( 1 2 1 ° c )  for 15 minutes. 



12. Nutrient Gelatin agar 

I n g r e d i e n t s  9 s  

G e l a t i n  4 

D i s t i l l e d  wate r  50 

Nu t r i en t  aga r  1000 m l  

Soak t h e  g e l a t i n  i n  t h e  wate r  and, when th roughly  

s o f t e n  add  t o  t h e  m e l t e d  n u t r i e n t  a g a r .  Mix and  

s t e r i l i z e  a t  1 1 ~ ~ ~  f o r  10 minutes.  

13. Nutrient broth 

I n g r e d i e n t s  gms 

Beef e x t r a c t  1 0  

Peptone 10 

Sodium Chlor ide  5 

Water 1000 

Dissolve t h e  i n g r e d i e n t s  by h e a t i n g  i n  t h e  wate r  ba th .  

Adjust  t o  pH 8.0 t o  8.4 w i th  10 N NaOH and b o i l  f o r  

1 0  minutes. F i l t e r ,  a d j u s t  t h e  pH t o  7 . 2  t o  7 . 4  and 

s t e r i l i z e  a t  115°C f o r  20 minutes.  

14. Triple Sugar Iron Agar 

I n g r e d i e n t s  gms 

Beef E x t r a c t  3 

Yeast E x t r a c t  

Peptone 

Lactose 



Sucrose : 10 

D-glucose Monohydrate 1.0 

Iron (11) Sulphate 0.2 

Sodium Chloride 5 

Sodium Thiosulphate 0.3 

Phenol Red 0.024 

Agar : 13 

Suspend 65.5 grn in 1000 ml distilled water. Heat to 

dissolve the medium completely. Mix well, distribute 

in tubes and sterilize at 15 lbs pressure (121'~) for 

15 minutes. Allow the medium to set in sloped form 

with a butt about 2.5 cm long. 

15. Moeller Decarboxylase Broth Base 

Ingredients 9"s 

Peptone : 5 

Beef Extract : 5 

Dextrose : 0.5 

Brom cresol purple : 0.01 

Cresol red : 0.005 

Pyr idoxal : 0.005 

Final pH (at 25"c) 6.0 + 0.2 
Suspend 10. 5 grams in 1000 ml. distilled. Water add 10 

grn of L-Lysine. Heat to dissolve completely. Dispense 

in tubes and sterilize at 15 lbs pressure (121"~) for 

10 minutes. 



16. ONPG Broth 

Ingredients 

ONPG 
0. 01M-Na2HP04 

Dissolve at room temperature the ONPG (0-nitrophenyl B- 

D- galactopyranoside) in phosphate solution at pH 7.5, 

sterilize by filteration. 

ONPG Solution 

Peptone water 

Aseptically add ONPG solution to peptone water 

previously sterilized. 

17. Nutrient Agar 

Ingredients : gm 

Peptone : 5 

Sodium chloride : 5 

Beef extract : 1-5 

Yeast extract : 1.5 

Agar : 10 

Final pH (at 2 5 " ~ )  7.4+0-2 

Suspend 13 gm powder in 1000 ml distilled water mix 

thoroughly. Heat to boil with frequent agitation to 

dissolve completely. Sterilize by autoclaving at 121°C 

for 15 minutes. 



Appendix - I1 

1. Total bacterial counts of mi 1 k samples from three sources, 

.......................................................................... 
Individual samples (CFU per ml 1 Pooled samples (CFU per ml ) ...................................... --------------------------------- 

Sl S 2 S3 S1 S2 S3 
----L---------"----------------------------------------------------------- 



2. Coliform counts (at 37'~) of milk samples from three sources 

___________________--------------------*----_----------------------------- 

Individual samples (CFU per ml) Pooled samples (CFU per ml ..................................... -----------------_--------------- 
S 1 S 2 S3 S 1  s 2 S 3 

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ C _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



3. Coliform counts (at 4 4 ' ~ )  of milk samples from three sources. 

.......................................................................... 
Individual samples (CFU per ml ) Pooled samples (CFU per ml ....................................... ............................... 

S 1 S 2 S 3 S 1 S 2 S 3 .......................................................................... 



4. Faecal streptococcal counts of milk samples from three sources 

........................................................................ 
Individual samples (CFU per ml Pooled samples (CFU per ml ) ..................................... ............................... 

S 1 S 2 S 3 S 1 S 2 S 3 ........................................................................ 

0.5 x lo1 2 . 7 6 ~  lo3 7 . 5 0 ~  lo2 7.50x101 4.25x102 1.45x102 

4.35 x lo2 3.0 x lo1 8.00 x lo1 4.35x102 3 . 4 5 ~ 1 0 ~  1.06x104 

5.7 x lo1 5.0 x lo1 1.34 x lo3 2.15x102 1.86x103 4. 50x102 

0.5 x lo1 7.5 x lo2 7.25 x lo2 2.85x102 7. 50x102 4.35x102 

3.5 x l o l  3.0 x lo3 7 . 3 0 x 1 0 2  6.10x101 6 . 7 0 ~ 1 0 ~  3 . 1 5 ~ 1 0 ~  

2.5 x lo1 1 . 6 5 ~  lo3 1 . 0 5 ~  lo3 1 . 1 0 ~ 1 0 ~  6 . 2 0 ~ 1 0 ~  2.45x103 



5. Staphylococcal counts of m i l k  samples from three sources 

........................................................................ 
Individual samples (CFU per m l )  Pooled samples (CFU per ml ) .................................... ................................. 

S 1 S 2 S3 S 1 S 2 S 3 ........................................................................ 



6. Sta~hvlococcus aureus counts o f  milk samples from three sources 

.......................................................................... 
Individual samples (CFU per ml Pooled samples (CFU per ml ...................................... ................................ 

S 1 S 2 S 3 S 1  S 2 S3 .......................................................................... 
7.5 x l o l  0.8 x 1 0 2  0 7.50x101 1.20x102 1.95x102 



7. Escher ich ia  coli counts o f  m i l k  samples from th ree  sources 

.......................................................................... 
I n d i v i d u a l  samples (CFU per m l  ) Pooled samples (CFU per m l  ) ..................................... ................................. 

S 1 S2 S 3 Sl S 2 S 3 .......................................................................... 



Appendix - I11 

1. Characteristics of Staphvlaacus w r w s  isolates 

Growth 
- 

Acid f r m  
---- - 

S1. Isolate Grars bti- aerobi anaer- Cata- Oxi- Fer- VP Clrg- Phos Glucose Lact- Hal- Hannitol Suc- 6el- Coag- 
No. No rea- lity cally bically lase dase men- rea- ini- phat ---- tose tose -------- rose atin ulase 

ction Test tfit taton ction ne ase aero- anae- aero- anae- liqu- Test 
of gl Hyd- Test bica- robic- bica- robi- ifac- 
ucose roly lly cally lly cally t ion 

sis 
............................................................................... 

2 FbSl S tve - t  t t  - t  t  t t  t  t  t t  t  t  t  t  t  



Growth 
------ 

Acid from - ---- 
S1. Isolate 6 r m  M i -  aerabi anaer- Cata- Oxi- Fer- VP Arg- Phos Glucose Lact- h l -  hnnitol Suc- 6el- Coag- 
No. No rea- l i ty cally bically lase dase men- rea- ini- phat ------ tose tose - rose atin ulase 

ction Test test taton ction ne ase aero- anae- aerw anae- 1 iqu- Test 
of gl Hyd- Test bica- robic- bica- robi- ifac- 
ucose roly lly cally lly cally tion 

s i s  
............................................... 

11 FI5S1 S t v e  - t t t - t t t t  t t t t  t t t t t 



Gronth k i d  f r w  
- ---------------- --aF- 

S1. Isolate Grams k t i -  aerobi anaer- Cata- Oxi- Fer- VP Arg- Phos Glucose Lact- Hal- tlannitol Suc- 6el- Coag- 
No. No rea- l i ty  cally bically lase dase men- rea- ini- phat ------ t o 9  tose ----- rose a t in  ulase 

ction Test test  taton ction ne ase aero- anae- aero- anae- liqu- Test 
of gl Hyd- Tes t  bica- robic- bica- robi- ifac- 
ucose roly l ly  cally l ly  cally tion 

s i s  
....................................................................................................... 

23 P12% S tve - t t t - t t t t  t t t t  t t t t t 

P15S1 S tve - t 

PIS% S +ve - t 

PISSl S tve - t 

PNS1 S tve - t 

P22S1 S tve - t 

PZ4S1 S +ve - + 

PnS1 S tve - t 

Pas1 S tve - + 

Pa!$ S +ve - t 

H4S1 S +ve - t 

ngS1 S +ve - + 

HbSl S +ve - t 



....................................................................... 
Growth k i d  from 

------- ....................... - 
S1. Isolate Grams Hoti- aerobi anaer- Cata- Oxi- Fer- VP Arg- Phos Glucose Lact- bl- Hannitol Suc- 6el- b a g -  
No. No rea- lity cally bically lase dase men- rea- ini- phat ----- tose tose ---------- rose atin ulase 

ction Test test taton ction ne ase aero- anae- aero- anae- liqu- Test 
of gl Hyd- Test bica- robic- bica- robi- ifac- 
ucffie rol y lly cally lly cally tion 

sis 
.............................. ----- 

38 t$S2 Stve - t  t  t  - t  t t t  t  t t t  t t  t  t  t  



- ........................................... -- - - - Y e  

Grwth Acid from 

S1. Isolate Grars bti- aerabi anaer- Cata- Oxi- Fer- VP Arq- Phos Glucose Lact- Hal- Hannitol Suc- 6el- k g -  
No. No rea- lity cally bically lase dase men- rea- ini- phat ------- tose tose -- rose atin ulase 

ction Test test taton ction ne ase aercr anae- aero- anae- liqu- Test 
of gl Hyd- Test, bica- robic- bica- robi- ifac- 
U C O S ~  rol y Ily cally lly cally t ion 

sis 
---------I-------------------I-I------------------------------------------------ ----- 

50 tl&i, S tve - t  t  t - t t  t t  t  t  t t  t  t t  t  t  



2. Chracteristics of Escherachia c c  isolates 

Growth k i d  froa Acid froa 
---------- ---------------- 

S1. Isolate Grams Hoti- aerobi anaer- Glu- Cata- Oxi- MR VP Ind- H2S 61u- 61u- 6as Lact- Mal- bnn- Tre MQ6 Lysi 
No. No reac- lity cally bically cose lase dase rea- rea- ole Prod- cose cose from tose tose it01 hal- Test ne- 

tion Fer- Test test ction ction Prod- ucti- aerw anae- glu- we  War-  
wnt- uct- on in bica- robic- cose boxy- 
ation ion TSI lly cally 1 ase - ------ .......................... --------- ....................... 



Growth k i d  from . 
----------- 

Acid from 

Sl. Isolate Grams k t i -  aerobi anaer- Glu- Cata- Oxi- IIR VP Ind- H2S 61u- 61u- Gas Lact- tlal- tlann- Tre ONP6 L y s i  
Na. No reac- lity cally bically cose lase dase rea- rea- ole Prod- cose cose f r w  tme tose it01 hal- Test ne- 

t ion Fer- Test test ction ction Prod- ucti- aero- anae- glu- ose Decar- 
ment- uct- on in bica- robic- cose box y- 
at ion ion TSI .  lly cally 1 ase 

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



k i d  from Acid from 
------- 

51. Isolate Graas b t i -  aerobi anaer- Glu- Cata- Oxi- r(R VP Ind- %S 61u- 61u- 6as Lact- tlal- Hann- Tre OW6 Lysi 
No. No reac- lity cally bically cose lase dase rea- rea- ole Prod- cose cose from tose tose it01 hal- Test ne- 

tion Fer- Test test ction ction Prod- ucti- aero- anae- glu- ose Decar- 
ment- uct- on in bica- robic- cme boxy- 
ation ion TSI lly cally 1 ase ................................................................................................ ---- 



Growth k i d  fraa k i d  from - --- - 
S1. Isolate 6rars k t i -  aerobi anaer- 61u- Cata- Oxi- HR VP Ind- H2S 61u- 61u- 6as Lact- tlal- Haw Tre 0196 Lysi 
No. No reac- lity cally bically cose lase dase rea- rea- ole Prod- cose cose f r m  tose tose it01 hal- Test ne- 

tion Fer- Test test ction ction Prod- ucti- aero- anae- glu- ose Decar- 
wnt- uct- on in bica- robic- cose boxy- 
ation ion TSI lly cally lase 

--------_--I--_------------_--------------------------------------~ 



Growth Acid from Acid from 
---- --------- 

S1. Isolate 6raas !loti- aerobi anaer- 61u- Cata- Oxi- HI3 VP Ind- H2S 61u- 61u- 6as Lact- Hal- tlann- Tre UP6 Lysi 
No. No reac- l i ty cally bically cose lase dase rea- rea- ole Prod- cose cose f rm  tose tose it01 hal- Test ne- 

tion Fer- Test test ction ction Prod- ucti- aero- anae- glu- 05e M a r -  
rent- uct- on in bica- robic- cose boxy- 
ation ion TSI lly cally 1 ase 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --------- ------ 



Appendix - IV 
1. Zone of i n h i b i t i o n  s i z e  f o r  S t a ~ h v l o c o c c u s  aureus  i s o l a t e s  
............................................................ 
S1. Amoxic- Chloram- Cloxa- Genta- Penci- 
No. i l l i n  phenlcol  c l l i n  micln  l l i n  - G ............................................................ 



............................................................ 
S1. Amoxic- Chlorarn- Cloxa- Genta- Penci- 
No. illin phenicol cllin rnlcin llin - G ............................................................ 



2 .  S i z e  of zone of i n h i b i t i o n  f o r  Esche r i ch i a  c o l i  i s o l a t e s  
............................................................ 
S1. Am i- Carbeni- Doxycy- Furazo- Genta- 

c i P l i n  No. c i l l i n  c 1 i n e  l i d o n e  rnicln ............................................................ 



............................................................ 
S1. A ? I ~ T  Carbeni- Doxycy- Furazo- Genta- 
No. cl lln cillin cline lidone micin ............................................................ 



............................................................ 
S1. ""Ti- Carbeni- Doxycy- Furazo- Genta- 
No. ci lin cillin c 1 ine lidone mlcin ............................................................ 



3. Standard Zone s i ze  o f  i n h i b i t i o n  given by Hi-media 

....................................................................... 
Ant i  b i o t i c  Potency Zone o f  i n h i  b i t i o n  (mm) 
discs i n  pg ............................................ 

Resistant  In termedia te ly  Sens i t ive  
Sens i t ive  ....................................................................... 

Amoxici 1 l i n  10 2  0  21-28 2  9 

Amp i c i l l i n  10 11 12-13 14 

Ca rb i n i c i l  l i n  100 17 18-22 2 3  

Chloramphenicol  30 12 13-17 19 

C l o x a c i l l i n  5 9 10- 13 14 

Doxycycl i ne 3 0  12 13-14 16 

Furazolidone 100 14 15-16 17 

Gentamicin 10 12 13-14 15 

Penci 1  1  i n l o *  28 - 2 9 

* In te rna t iona l  un i t s .  
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