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Introduction



1. INTRODUCTION

In d ia  h a s  em erged as th e  w orld ’s la rg e s t m ilk 

p ro d u cin g  co u n try  w ith  b iggest an d  fa s te s t grow ing m a rk e t for 

m ilk  and  m ilk  p ro d u cts . D airy  in d u s try  is  now  occupying a  p lace of 

p rid e  in  th e  n a tio n a l economy. In d ia ’s m ilk  p ro d u c tio n  is expected 

to  exceed 86 m illion  to n n e s  d u rin g  th e  y ea r 2001 w ith  a  value 

o u tp u t o f over te n  la k h  m illions.

D airy  fa rm in g  is  an  in te g ra l p a r t  of o u r ru ra l  

househo lds. N early  60 m illion  househo lds ow n e ith e r  c a ttle  or 

bu ffa loes fo r th e ir  livelihood as a source of su p p lem en ta ry  incom e. 

T he  la s t  th re e  decades no ticed  an  o u ts ta n d in g  im provem en t in  th e  

d a iry  co-operative  sec to r w ith  over 70000 m ilk  co-operatives across 

th e  len g th  a n d  b re a d th  of th e  co u n try  to  lin k  even th e  rem o tes t 

a re a s  to  th e  N a tio n a l M ilk G rid.

M ilk p ro d u c tio n  in  K e ra la  show ed a  phenom enal 

in c rease  from  2.21 lak h  m etric  to n n es  in  1963-64 to  20.73 lak h  

m e tric  to n n es  in  1997-98. T h is h as b een  achieved by genetic  

im p ro v em en t an d  b e t te r  m a rk e tin g  fac ilitie s  p rov ided  by  d a iry  co­

o p era tiv es in  th e  s ta te . W hile in c reas in g  th e  m ilk  p roduction , 

em phasis  should  also b e  given fo r a ssu rin g  th e  p ro p er q u a lity  for 

m ilk  a n d  m ilk  p roducts .

T he ex is tin g  tw o axis p ric in g  system  of m ilk  based  on 

fa t  an d  solids- no t- fa t  c o n te n t w a r ra n ts  te s tin g  each sam ple o f
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m ilk  a t  da iry  co-operatives and  q u a lity  co n tro l lab o ra to rie s  in  

o rd e r to  m ake paym en t. T he h igh ly  p e rish ab le  n a tu re  of th e  m ilk  

coupled w ith  enorm ous n u m b er o f m ilk  sam ples received  for 

chem ical analysis m akes i t  v ir tu a lly  im possib le  to  te s t  a ll th e  

sam ples w ith  in  a  sh o rt period . M ilk sam ples w ill also get spoiled 

easily , if  n o t te s te d  w ith in  a  sh o rt period . T h is is m uch  im p o rta n t 

especially  in  r u ra l  a reas , w here  fac ilitie s  fo r tra n s p o r ta tio n  or 

re fr ig e ra tio n  of m ilk  sam ples a re  lim ited . T here fo re  p rese rv a tio n  

of m ilk  sam ples u s in g  chem ical p rese rv a tiv e s  h a s  becom e 

inev itab le . B esides be in g  effic ien t, chem ical p rese rv a tiv es  a re  q u ite  

cheaper and  have longer d u ra tio n  of p rese rv a tiv e  effect th a n  th e  

re frig e ra tio n .

T he m in im um  re q u ire m e n t fo r a  su itab le  chem ical 

m ilk  p rese rv a tiv e  is th a t  i t  m u st a ssu re  te s ta b ility  o f th e  sam ple. 

T he m ilk  sam ple m u st be m a in ta in ed  w ith  i ts  o rig in a l com position 

from  th e  tim e  of co llection  to  th e  tim e  of analysis. A n idea l m ilk  

sam ple  p rese rv a tiv e  shou ld  have b ro ad -sp ec tru m  of activ ity , h igh  

w a te r  so lub ility  s tab ility , com patib ility  an d  non-toxic.

V arious chem ical p rese rv a tiv e s  have been  tr ie d  fo r th e  

p re se rv a tio n  of m ilk  sam ples m ea n t fo r chem ical analysis , b u t 

th e ir  effect on m ilk  c o n s titu e n ts  a re  n o t w ell estab lished .

In  In d ia  as p e r  th e  P re v e n tio n  of Food A d u lte ra tio n  

Act (1954), ad d itio n  of 0.4 p e r cen t fo rm alin  h as been  legally
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p e rm itte d  fo r th e  p re se rv a tio n  of m ilk  an d  m ilk  p ro d u c t sam ples 

in te n d e d  fo r chem ical analysis. E ffec t of fo rm alin  on  G erber fa t 

te s t  h a s  b een  a  co n tro v ers ia l sub ject in  th e  re c e n t p a s t. Several 

o rgan ised  d a iries  in  In d ia  have also en q u ired  ab o u t th e  effect of 

fo rm alin  on th e  ex is tin g  G erber m ethod , as th e ir  s ta n d ard ize d  m ilk  

sam ples w ere found  su b s ta n d a rd  u n d e r  P re v en tio n  of Food 

A d u lte ra tio n  A ct (1954). R ecen tly  m an y  o th e r  chem icals like 

p o tassiu m  d ich rom ate , m ercu ric  ch loride, sodium  azide, sodium  

su lp h a te , b ronopo l an d  sorbic  acid  have  also b een  s tu d ied  by 

v ario u s  w orkers as m ilk  sam ple p rese rv a tiv es  in  In d ia  and  abroad . 

H ow ever re p o r ts  availab le  on th e  effect of th e se  chem icals on  m ilk  

solids a re  lim ited  u n d e r  In d ia n  cond itions and  th e re  is no 

a u th e n tic  in fo rm a tio n  in  th is  reg a rd . So th e  p re se n t investiga tion  

w as u n d e rta k e n  w ith  th e  follow ing objectives:

1. To assess th e  effect of chem ical p rese rv a tiv es  such  as 

fo rm alin , p o tassiu m  d ich rom ate  an d  b ronopo l on 

p e rcen tag e  of fa t , to ta l  solids an d  solids n o t fa t  in  cow and 

buffalo  m ilk.

2. To d e te rm in e  th e  im pact o f th ese  p rese rv a tiv es on 

physical p ro p e rtie s  o f m ilk  such  as pH , t i t r a ta b le  acidity , 

lac to m ete r rea d in g  an d  clo t on  bo iling  te s t.

3. To recom m end th e  m ost su itab le  p rese rv a tiv e  w ith  least 

effect on  th e  e s tim a tio n  of m ilk  solids.

4. To know  th e  d u ra tio n  of p re se rv a tio n  of raw  and  

p a s teu rize d  m ilk  on  ad d itio n  o f d iffe re n t p reserva tives.
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2. REVIEW OF LITERATURE

T he ideal m eans of p re se rv in g  m ilk  sam ples p r io r  to  

com positional analy sis  is re f r ig e ra tio n  as n e a r  th e  freez in g  p o in t as 

possib le  w ith o u t freez in g  th e  m ilk . T h is p rev en ts  th e  g row th  of 

b a c te r ia  an d  a ll th e  chem ical an d  physical changes follow ing such 

grow th . As sam ple re fr ig e ra tio n  is n o t alw ays possib le/feasib le , 

chem ical m eans of p re se rv a tio n  is re so rted . T he m inim um  

req u ire m e n t fo r a  chem ical m ilk  sam ple p rese rv a tiv e  is th a t  it  

m u st a ssu re  th e  te s ta b ility  of sam ple. C hem ical p rese rv a tiv e s  a re  

h igh ly  effic ien t an d  have longer d u ra tio n  of p rese rv a tiv e  effect 

th a n  th e  re frig e ra tio n . V arious chem icals have b een  s tu d ied  fo r th e  

p re se rv a tio n  o f ' m ilk  sam ples m ean t fo r chem ical analysis. 

L ite ra tu re  concern ing  th e  efficiency of v a rio u s  chem ical 

p rese rv a tiv e s  an d  th e ir  in fluence  on m ilk  solids a re  c ritica lly  

review ed below .

2 .1  F o r m a lin

F o rm a lin  be in g  a  s tro n g  a n tise p tic  an d  d is in fec tan t, is 

u sed  in  th e  p re se rv a tio n  of va rio u s ana tom ica l specim ens a n d  also 

food sam ples. B eing  carcinogenic  in  n a tu re  i ts  u se  fo r  edible 

p u rp o ses  h a s  b een  p ro h ib ited . U n d e r th e  P F A  a c t (1954) fo rm alin  

h a s  b een  p e rm itte d  as a  p rese rv a tiv e  fo r m ilk , ch an n a , cream , dahi
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an d  ice cream  sam ples m e a n t fo r chem ical analysis. F o rm alin  

in h ib its  th e  enzym e activ ity  an d  p rev en ts  th e  g row th  of m icro 

o rgan ism s an d  is  capable of co n tro llin g  th e  bacterio log ica l spoilage 

of m ilk  sam ples fo r a long  p erio d  of sto rage.

2 .1 .1  P r e s e r v a t io n  e ff ic ie n c y

A rm ando la  (1967) u sed  fo rm alin  w ith  fo u r p e r cen t 

p a ra  fo rm aldehyde fo r th e  p re se rv a tio n  of raw  m ilk  sam ples and 

fo u n d  th a t  i t  w as su itab le  fo r th e  p re se rv a tio n  of m ilk  sam ples 

th o u g h  th e  ac id ity  in creased  slightly .

A rm andola  (1969) conducted  s to rage  experim en ts w ith  

severa l p rese rv a tiv e s  and  found  th a t  0.04 p e r  c en t fo rm alin  w ith  

0.4 p e r c e n t  trioxym ethy lene  w as su itab le  f o r . p rese rv in g  m ilk 

sam ples. H e also suggested  th o ro u g h  m ix ing  of p rese rv a tiv es  w ith  

m ilk  sam ples fo r b e tte r  re su lts .

R akshy  and  H assan  (1971) s tu d ied  th e  effect of 

fo rm alin  on keep ing  q u a lity  of m ilk  sam ples an d  rep o rte d  th a t  0.8 

an d  3.2 pg lm l w as idea l for p re se rv in g  m ilk  sam ples. T hey also 

re p o rte d  com plete  in h ib itio n  of Streptococcus  s t ra in  of b a c te r ia  in  

th e  fo rm alin  p rese rv ed  m ilk  sam ples.

B ecto r an d  N a ra y a n a n  (1973) observed com plete 

in h ib itio n  of m ould  g row th  in  m ilk  sam ples p reserv ed  w ith
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0.4 p e r  cen t fo rm alin  up to six m o n th s  of s to rage  a t  room 

te m p e ra tu re .

B ansa l an d  S inghal (1991) rep o rte d  th a t  ad d itio n  of 

fo rm alin  even a t  low levels com pletely  in h ib ite d  th e  p ro life ra tio n  

of b a c te r ia  in  m ilk  sam ples.

K arm ak ar an d  G h atak  (1995) s tu d ied  th e  d u ra tio n  of 

s to rag e  of fo rm alin  p rese rv ed  buffalo  m ilk  sam ples an d  rep o rte d  

th a t  th e  sam ples rem ain ed  in  good cond ition  th ro u g h o u t th e  e n tire  

s to rag e  period  of 30 days u n d e r  re fr ig e ra te d  condition . T hey also 

rep o rte d  s im ila r find ings in  cow m ilk  sam ples p reserved  w ith  

fo rm alin  (K arm akar an d  G hatak , 1997).

2.1*2 E ffe c t o f  fo r m a l in  on  m ilk  a n a ly s is

A shw orth  et al. (1960) rep o rte d  th a t  th e  u se  of 

fo rm alin  low ered th e . pe rcen tag e  of p ro te in  w hen th e  m ilk  was 

s to re d  a t  room  te m p e ra tu re . T he e x te n t of low ering  depended  no t 

only  on th e  am o u n t of fo rm alin  added, b u t  also on  th e  len g th  of 

s to rag e  an d  te m p e ra tu re .

F o rm a lin  p roved  u n sa tis fac to ry  fo r fa t  e s tim a tio n  by 

M ilko -T ester an d  p ro te in  e s tim a tio n  b y  p ro -m ilk  m ethod  b u t
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exce llen t fo r  to ta l  solids e s tim a tio n  v ia  to ta l  m ilk  solids te s te r  a t  

0.3 p e r  cen t c o n ce n tra tio n  (K vapilik  an d  S achanek , 1975).

H u ssa in  et al. (1984) s tu d ied  five categories of 

p rese rv a tiv es  an d  found  no s ig n ifican t d ifference  in  fa t  p ercen tage  

of fo rm alin  p rese rv ed  sam ples. T hey also found  no s ign ifican t 

d ifference  in  solids n o t fa t  p e rcen tag e  of sam ples p reserv ed  w ith  

fo rm alin -hyd rogen  perox ide  com bination

D rastic  red u c tio n  in  p ro te in  c o n te n t in  th e  

fo rm alin ised  m ilk  w as rep o rte d  by  Je y a c h a n d ra n  et al. (1984).

S an d h u  et al. (1984) rep o rte d  th a t  fo rm alin  a t  a 

co n cen tra tio n  of 0.4 p e r  cen t as recom m ended  in  th e  P re v en tio n  of 

Food A d u lte ra tio n  A ct (1954) w as su itab le  fo r th e  effective 

p re se rv a tio n  of m ilk  sam ples an d  th e re  w as no sign ifican t change 

in  fa t  a n d  solids n o t fa t  c o n te n t of m ilk  sam ples w hen s to red  in  

g lass b o ttle s  fo r tw elve m o n th s  a t  a m b ien t te m p e ra tu re .

K roger (1985) found  e rro n eo u s re su lts  fo r p ro te in  

an a ly sis  w hen  th e  sam ples w ere p rese rv ed  w ith  fo rm alin .

T he G erber m ethod  gave c o n sis ten tly  low fa t  va lues in  

m ilk  sam ples p rese rv ed  w ith  fo rm alin . T he fa t  va lues decreased  

w ith  th e  in c rease  in  fo rm alin  c o n ce n tra tio n  and  hyd rom eter
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rea d in g  of m ilk  sam ples. T he s to rag e  of th e  p reserved  m ilk 

sam ples fu r th e r  affected  th e  G erber fa t  re su lts . Rose -G ottlieb  

m ethod  also gave sligh tly  low fa t  va lues in  m ilk  sam ples co n ta in in g  

0.4 p e r  c en t fo rm alin  (D esraj an d  S inghal, 1987).

Ja n d a l an d  R ai (1988) suggested  m odifica tion  in  th e  

e x is tin g  G erber m ethod  by  in c reas in g  th e  acid co n cen tra tio n  from  

91 to  93 p e r  cen t fo r sam ples tre a te d  w ith  p reserva tives.

Ja n d a l an d  R ai (1989) rep o rte d  no change in  colour, 

physica l appearance , fa t  pe rcen tag e  an d  solids n o t fa t  p ercen tage  

of fo rm alin ised  sam ples fo r th e  e n tire  sto rage  period  

of th re e  m on ths. H ow ever, th ey  rep o rte d  in c rease  in

t i t r a ta b le  acid ity . T hey also recom m ended  a m odifica tion  in  G erber 

m eth o d  by  ra is in g  th e  S u lp h u ric  acid  co n ce n tra tio n  from  90 to  93 

p e r  c en t and  in cu b a tio n  te m p e ra tu re  from  65 to  70°C fo r five 

m in u tes .

B ansa l a n d  S inghal (1991) found  an  increase  in  

t i t r a ta b le  ac id ity  of fo rm alin  p rese rv ed  sam ples w ith  th e  increase  

in  fo rm alin  level and  s to rag e  period . In it ia l  in c rease  in  ac id ity  w as 

due to  rea c tio n  of fo rm alin  w ith  m ilk  p ro te in s  lib e ra tin g  hydrogen  

ions a n d  fu r th e r  increase  in  ac id ity  d u rin g  s to rag e  w as a ttr ib u te d  

to  p ro teo ly tic  ac tiv ity  of fo rm alin  in  m ilk.
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Bajaj an d  R ai (1992) s tu d ied  th e  com parative  efficiency 

of v a rio u s  an a ly tica l m ethods fo r fa t, so lids n o t fa t  an d  to ta l  solids 

in  fo rm alin  p rese rv ed  sam ples of cow an d  buffalo  m ilk  and  

concluded th a t  M ajonn ier m ethod  w as m ore su itab le  in  fo rm alin  

p rese rv ed  m ilk  sam ples follow ed by  m odified  G erber m ethod  for fa t 

d e te rm in a tio n .

Bajaj an d  R ai (1993) rep o rte d  an  increase  in  t i t r a ta b le  

ac id ity  of fre sh  m ilk  from  0.14 to  0.21 p e r  cen t an d  0.15 to  0.23 

p e r  cen t im m edia te ly  a f te r  ad d itio n  of fo rm alin  in  cow and  buffalo  

m ilk  respectively . T he acid ity  co n tin u ed  to  increase  fu r th e r  w ith  

in c rease  in  s to rag e  period . T he a u th o r  also concluded th a t  th e  

in c rease  in  acid ity  w as due to  th e  rea c tio n  of fo rm alin  w ith  

p r im a ry  am ino , am ide, a n d  guanidyl groups.

K arm ak ar an d  G h atak  (1995) s tu d ied  th e  effect of 

chem ical p rese rv a tiv es on chem ical q u a lity  of buffalo  m ilk  sto red  

u n d e r  re fr ig e ra tio n . T hey  rep o rte d  no change in  fa t  and  p ro te in  

c o n te n ts  b u t  decrease  in  lac tose  c o n te n t in  th e  fo rm alin ised  

sam ples d u rin g  sto rage . F u r th e r  th ey  observed  th a t  fo rm alin  w as 

m ore effective in  co n tro llin g  th e  developm ent of t i t r a ta b le  acid ity  

an d  p ro teo ly sis  d u rin g  s to rage  th a n  po tassium  d ich rom ate . In  

a n o th e r  s tu d y  th ey  rep o rte d  s im ila r fin d in g s in  cow m ilk  p reserved  

w ith  fo rm alin  (K arm ak ar an d  G hatak , 1997).



10

V iveksharm a and  D esraj (1999) s tu d ied  th e  effect of 

fo rm alin  as sam ple p rese rv a tiv e  on  lac toperox idase-hydrogen  

perox ide  system  ac tiv a ted  m ilk  an d  rep o rte d  no s ign ifican t 

change in  lactose  an d  p ro te in  va lues even a fte r  th e  s to rag e  of six 

m on ths.

F o rm a lin  p reserv ed  sam ples could n o t be u sed  for 

e s tim a tio n  of som atic  cell coun t (SCC) by op tical m ethods like 

M em brane F il te r  -  DNA m ethod  (S a th ian , 2001).

2 .1 ,3  P u b l ic  h e a l th  a s p e c ts

O ccupational la ry n g itis  caused  by form aldehyde in 

F in n ish  da iry  fo rem en  w as rep o rte d  by  Roto an d  Sala (1996).

F orm aldehyde in h a la tio n  m ay cause sore  th ro a t, 

coughing an d  sh o rtn e ss  o f b re a th . C o n cen tra tio n s  of 25 to  30ppm 

w ill cause severe re sp ira to ry  t r a c t  in ju ry  lead in g  to  pu lm onary  

edem a an d  p n eu m o n itis . I t  m ay be  fa ta l  in  h ig h  co ncen tra tions. 

F o rm aldehyde is also a  severe  sk in  i r r i t a n t  an d  sen s itiz e r. C hronic 

exposu re  m ay lead  to  co n tac t d e rm a titis . T he In te rn a tio n a l  Agency 

fo r R esearch  on C ancer (IARC) h a s  d e te rm in ed  th a t  fo rm aldehyde 

is p robab ly  carcinogenic  to  h u m an s  (Toxicological P ro file  for 

F orm aldehyde, 1999).



2 .2  P o ta s s iu m  d ic h r o m a te

2 .2 ,1  P r e s e r v a t io n  e ff ic ie n c y

Rao et al. (1950) rep o rte d  th a t  ad d ition  of po tassium  

d ich rom ate  w as su itab le  fo r keep ing  m ilk  in  liq u id  cond ition  and  

f i t  fo r  analysis fo r  ab o u t five days.

A shw orth  et al. (1960) re p o rte d  th a t  th e  use of 

p o tassiu m  d ich rom ate  a t  a  c o n ce n tra tio n  of 0.125m g p e r 100 m l of 

m ilk  w as effective a t  room  te m p e ra tu re .

H am dy et al. (1961) s tu d ied  n u m b er of p reserva tives 

fo r m ilk  sam ples an d  rep o rte d  th a t  0.2 p e r  cen t po tassium  

d ich ro m ate  w as su ffic ien t to  keep  th e  m ilk  fre sh  fo r fo u r days 

e ith e r  cow or buffalo .

W aite an d  T aylor (1966) found  th a t  0.025 p e r cen t of 

p o tassiu m  d ich rom ate  w as su ffic ien t to  p re v e n t any  changes in  

com position  of m ilk  sam ples s to red  fo r 14 days a t  20°C.

K roger (1971) found  th a t  p o tassiu m  d ich ro m ate  a t  0.08 

to  0.8 p e r  cen t w as effective fo r m ilk  sam ples s to re d  a t  21 to  27°C 

w ith o u t changes in  f a t  p e rcen tag e  up  to  th re e  days o f sto rage.

K vapilik  an d  S uchanek  (1975) s tu d ied  four 

p rese rv a tiv e s  a t  d iffe ren t c o n ce n tra tio n  an d  rep o rte d  th a t  a
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s a tu ra te d  so lu tio n  of po tassium  d ich rom ate  a t  0.3 p e r cen t was 

su itab le  fo r th e  p re se rv a tio n  of th e  m ilk  sam ples fo r tw o to seven 

days.

W olfschoon-Pom bo (1979) found  th a t  th e  u se  of

p o tass iu m  d ich rom ate  a t  0.1 p e r  c en t level w as effective for

p re se rv in g  m ilk  sam ples up  to  th re e  days a t  23°C.
*

K roger (1985) s tu d ied  th e  effect of several 

p rese rv a tiv e s  an d  rep o rte d  th a t  p o tassiu m  d ich rom ate  a t  0.3 

p e r  c en t w as su itab le  fo r th e  e s tim atio n  of fa t  (by M ilko-T ester), 

p ro te in  (by pro -m ilk  m ethod) an d  to ta l  solids (Via to ta l  m ilks 

solids te s te r )  an d  h e rd  m ilk  sam ples w ere  effectively  p reserved  

w ith  p o tassiu m  d ich rom ate  in  co n cen tra tio n  of 0 .3 -0 .4  p e r  cen t for 

u p  to  20 days u n d e r  re frig e ra tio n .

D esraj an d  S inghal (1990) rep o rte d  th a t  0.2 p e r  cen t 

p o tass iu m  d ich rom ate  w as effective fo r five to  te n  days an d  0.4 

p e r  c en t level w as effective fo r one m o n th  fo r p re se rv in g  th e  m ilk 

sam ples a t  room  te m p e ra tu re .

H an u s et al. (1993) s tu d ied  severa l p rese rv a tiv es and  

re p o rte d  th a t  p o tassiu m  d ich rom ate  h a d  th e  b e s t p reserv a tiv e  

effect fo r 13 days a t  20°C an d  fo r 15 days a t  4°C. I t  w as
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recom m ended  fo r th e  p re p a ra tio n  of p ilo t sam ples fo r th e  M ilko- 

Scan a p p ara tu s .

F o lty s et al. (1995) com pared  th e  efficiency of B ronopol 

an d  p o tassiu m  d ich rom ate  fo r p rese rv in g  m ilk  sam ples p r io r  to 

in fra re d  analysis. B u lk  m ilk  sam ples w ere  s to red  fo r 14 days a t 

20°C o r 17 days a t  4°C a n d  analysed  daily  fo r fa t, p ro te in  and  

lac tose  co n ten ts . P o tassiu m  d ich rom ate  w as found  as th e  b est 

p rese rv a tiv e  am ong th e  two.

2 .2 .2  P o ta s s iu m  d ic h r o m a te  a n d  m ilk  a n a ly s is

A shw orth  et al. (1960) rep o rte d  a  loss of p ro te in  w hen 

125m g of p o tassiu m  d ich rom ate  w as u sed  p e r 100m l of m ilk . A t 

f i r s t  h ig h e r p ro te in  values w ere found. A fte r one w eek of s to rag e  a t 

room  te m p e ra tu re  th e  p rese rv ed  sam ples h a d  low er p ro te in  values 

th a n  th e  co n tro ls  s to red  in  re frig e ra tio n .

T a ra ssu k  an d  Abe (1963) rep o rte d  th a t  po tassium  

d ich ro m ate  in te rfe re d  w ith  th e  p ro te in  e s tim a tio n  by dye -b ind ing  

m ethods an d  w as n o t a su itab le  p rese rv a tiv e  fo r m ilk  sam ples 

m ean t fo r analy sis  by  dye -b ind ing  m ethod.

Y usa an d  T such iya  (1963) com pared  severa l m ilk  

p rese rv a tiv e s  viz. m ercu ric  ch loride, po tassium  d ichrom ate ,
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p o tassiu m  ch rom ate , sodium  ch rom ate  and  m ix tu re  of m ercu ric  

ch lo ride  a n d  po tassium  d ich rom ate  fo r th e  p re se rv a tio n  of m ilk 

sam ples. A m ix tu re  of m ercu ric  ch lo ride  and  po tassium  d ich rom ate  

(1:1) w as found  to  be th e  m ost effective, w hile  po tassium  

d ich ro m ate  a lone w as th e  le a s t effective.

Several w ork e rs  s tu d ied  th e  effect of po tassium  

d ich ro m ate  on th e  e s tim atio n  of fa t  by  M ilko -T ester. 

No s ig n ifican t effect w as observed  by  m any  of th e  w orkers (C erna 

an d  P isckey, 1966; S m ith  et a l.3 1969; B orsi an d  V arga, 1971; 

S o tla r  an d  Arsov, 1971 a n d  O TShevskii and  M en’Shikov, 1974).

P re se rv a tio n  of m ilk  sam ples w ith  0.5 p e r cen t 

p o tassiu m  d ich rom ate  fo r 14 days did n o t in te rfe re  w ith  th e  fa t  

te s t  by M ilko -T e s te r  (H edrick  an d  Koch, 1967).

B akke (1968) rep o rte d  s teady  decline in  fa t  p e r cen t as 

d e te rm in ed  by M ilko-T ester in  m ilk  sam ples p reserv ed  w ith  

p o tass iu m  d ich rom ate  a t  low level (0.05 p e r cen t) an d  s to red  for 

fo u r  weeks. No effect was observed  a t  h ig h e r level (0.3 p e r  cent).

A rm ando la  (1969) conducted  s to rage  experim en ts and  

found  th a t  0.1 p e r  cen t po tassium  d ich rom ate  w as th e  b est 

p rese rv a tiv e  fo r an a ly tica l m ilk  sam ples. D ensity  an d  fa t 

p e rcen tag e  rem ain ed  u n ch an g ed  fo r fo u r m on ths. T he a u th o r also
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suggested  th o ro u g h  m ix ing  of p rese rv a tiv e s  w ith  m ilk  sam ples for 

sa tis fac to ry  re su lts .

K roger (1971) observed  0.1 p e r cen t low er fa t  in 

sam ples p rese rv ed  w ith  0.08 to  0.8 p e r  cen t p o tassiu m  d ichrom ate  

fo r five days a t  21 to  27°C. T he a u th o r also rep o rte d  th a t  

coagu lated  m ilk  sam ples an d  th o se  in  w hich th e  o rig ina l yellow ish 

d ich rom ate  colour changed  could n o t be accu ra te ly  analysed  fo r fa t 

by M ilko-T ester.

U zonyi (1977) rep o rte d  0.05 p e r  cen t dep ression  in  fa t 

c o n te n t a f te r  seven days an d  0.1 p e r cen t a f te r  14 days o f s to rage  

of m ilk  p reserv ed  w ith  0.24 p e r cen t po tassium  d ich rom ate  and  

e s tim a ted  b y  M ilko -T e s te r .

D unham  et al. (1978) com pared  th e  efficiency of 

p o tassiu m  d ich rom ate  ag a in s t a  new  p ro d u c t (C h lo rina ted  

q u a te rn iz e d  hexam ine) an d  rep o rte d  th a t  fa t  p e rcen tag e  w as 0.102 

p e r  c e n t low er a f te r  tw o days an d  0.103 p e r  cen t low er a f te r  five 

days o f s to rage  in  p o tassiu m  d ich rom ate  p reserv ed  sam ples th a n  

th e  new  p roduct.

W olfschoon-Pom bo (1979) rep o rte d  th a t  th e  

p re se rv a tio n  of m ilk  w ith  0.1 p e r  cen t po tassium  d ich rom ate  did 

n o t a ffect th e  p ro -m ilk  re su lts  in  sam ples s to re d  fo r less th a n  th re e
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days a t  23°C b u t  a f te r  15 days o f sto rage , p ro te in  values d ropped 

by  0.02 p e r cen t. F oss E lec tric  Co., D en m ark  h a s  also 

recom m ended  th e  use  of 0.1 p e r cen t p o tassiu m  d ich rom ate  as a 

m ilk  p rese rv a tiv e  in  case any  p rese rv a tiv e  is to be  added, fo r the  

e s tim a tio n  of p ro te in  u s in g  P ro -m ilk  m ethod.

V aitn u s an d  K azlauska ite  (1982) rep o rte d  th a t  

p re se rv a tio n  of m ilk  w ith  po tassium  d ich rom ate  and  su b seq u en t 

s to rag e  fo r zero, th re e , six an d  n in e  days reduced  th e  M ilk o -T este r 

f a t  va lues by  0.01, 0.04, 0.03 an d  0.05 p e r  cen t respectively .

N g-K w ai-H ang an d  H ayes (1983) rep o rte d  a  lower 

p ro te in  c o n te n t in  m ilk  sam ples p rese rv ed  w ith  po tassium  

d ich ro m ate  w hen  analysed  by M ilko-scan th a n  th e  dye b in d in g  

m ethod . T he d ifference  in c reased  lin e a rly  w ith  in c reas in g  

p o tass iu m  d ich rom ate  co n cen tra tio n s.

H u ssa in  et al. (1984) p rese rv ed  th e  com posite m ilk  

sam ples w ith  30 p e r  cen t p o tassiu m  d ich rom ate  so lu tion  and  

analysed  th e  m ilk  sam ples by  G erber m ethod  a fte r  seven an d  te n  

days of sto rage. T hey re p o rte d  th a t  th e  m ean  fa t  va lues o f 

p reserv ed  sam ples w ere low er th a n  th e  co n tro l sam ples.

Lee et al. (1986) have  com pared  th e  efficiency of 

p o tassiu m  d ich rom ate  w ith  b ronopo l an d  rep o rte d  th a t  fa t  and  

p ro te in  p e rcen tag e  w as la rg e r  in  b ronopo l p reserved  sam ples th a n
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in  th e  p o tassiu m  d ich ro m ate  p reserv ed  sam ples. T hey have  also 

rep o rte d  th a t  effects o f p rese rv a tiv e , s to rage  tim e  an d  sto rage 

te m p e ra tu re  w ere sm aller fo r p ro te in  pe rcen tag e  th a n  fo r fa t 

pe rcen tage .

D esraj an d  S inghal (1990) rep o rte d  th a t  po tassium  

d ich rom ate  a t 0.4 p e r  cen t c o n ce n tra tio n  d id  n o t affect th e  G erber 

f a t  va lues ju s t  a f te r  ad d itio n . D u rin g  s to rag e  th e  fa t  values 

decreased  w ith  th e  in c rease  of s to rag e  period . B o th  G erber and  

R ose-G o ttlieb  m ethods gave low er fa t  va lues in  po tassium  

d ich ro m ate  p reserv ed  sam ples. T he R ose-G ottlieb  m ethod  gave 

m uch  low er fa t  re s u lts  th a n  th e  G erber m ethod  in  th e  s to red  m ilk 

sam ples. H e also observed  th a t  th e  decrease  in  fa t  va lues w as m ore 

in  bu ffa lo  m ilk  th a n  in  cow m ilk.

K arm ak ar an d  G h a tak  (1995) re p o rte d  no change in  fa t 

an d  p ro te in  c o n te n ts  e ith e r  on ad d itio n  of po tassium  d ich rom ate  or 

d u r in g  re fr ig e ra te d  s to rag e  fo r 30 days in  buffalo  m ilk. H ow ever 

lac tose  c o n te n t decreased  d u rin g  s to rage  an d  th e  sam ples becam e 

COB positive  a f te r  15 days of s to rag e  a n d  th e  in it ia l  t i t r a ta b le  

ac id ity  in c reased  from  0.16 to  0.18 p e r  c en t im m edia te ly  a fte r  th e  

ad d itio n  of 0.4 p e r  cen t p o tass iu m  d ich rom ate .

B enda (1996) s tu d ied  th e  effect of som e p reserv a tiv es 

on n a tu ra l  m icro  f lo ra  in  m ilk  sam ples. T he p rese rv a tiv e s  used 

w ere po tassium  d ich rom ate , a  m ilko fix p rep a ra tio n , sodium  azide



18

an d  b ronopo l. T h ere  w ere h igh ly  s ig n ifican t d ifferences betw een  

th e  p rese rv a tiv e  effects. B ronopol h ad  th e  b est p rese rv a tiv e  effect 

fo r a ll groups of m icro  o rgan ism s an d  a  low er p rese rv a tiv e  effect 

w as found  fo r po tassium  d ich rom ate .

E ffect of chem ical p rese rv a tiv es  on d iffe ren t 

c o n s titu e n ts  of cow m ilk  d u rin g  s to rage  u n d e r  re frig e ra ted  

cond ition  w as s tu d ied  by K arm ak ar an d  G h a tak  (1997). T hey have 

rep o rte d  th a t  po tassium  d ich rom ate  tre a te d  cow m ilk  sam ples 

exh ib ited  signs of c u rd lin g  a fte r  15 days of sto rage . In c rease  in  

acid ity  b o th  im m edia te ly  on ad d itio n  o f p o tassiu m  d ich rom ate  and  

d u rin g  s to rage  w as also rep o rted . No s ig n ifican t change in  fa t  and  

p ro te in  c o n te n t b u t  decrease  in  lac tose  c o n te n t w as rep o rted .

M ilk sam ples p rese rv ed  w ith  po tassium  d ich rom ate  

could n o t be  used  fo r e s tim a tio n  of som atic  cell coun t (SCC) by 

op tical m ethods like M em brane F ilte r-D N A  m ethod  (S a th ian , 

2001).

2.2*3 P u b l ic  h e a l th  a s p e c ts

P o tassiu m  d ich rom ate  genera lly  u sed  fo r th e  

p re se rv a tio n  of m ilk  sam ples is tox ic  and  can  cause allergic  

rea c tio n s  am ongst th e  lab o ra to ry  p e rso n n e l (K reuzer, 1981).
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M olecular s tru c tu re  of p o tassiu m  d ich rom ate  con ta in s 

“ch rom ium  V I” w hich  is a  know n i r r i t a n t  (K roger, 1985).

H erzog  e t a l. (1988) have op ined  th a t  m ilk -tes tin g  

lab o ra to ry  w ork e rs  a re  a t  su b s ta n tia l r isk  of acq u irin g  allergic  

co n tac t d e rm a titis  from  m ilk  p rese rv ed  w ith  po tassium  

d ich rom ate .

A n u m b er o f co u n trie s  d isco n tin u ed  th e  use  of 

p o tass iu m  d ich rom ate  because  of i ts  toxic , a llergen ic  and  

p o ten tia lly  carcinogenic  p ro p e rtie s  (G encurova e t a l., 1995).

2 .3  B r o n o p o l (2 -B r o m o -2 -  N itr o -1 , 3 P r o p a n e d io l)

2 .3 .1  P r e s e r v a t io n  e f f ic ie n c y  o f  b r o n o p o l

T he effect of b ronopo l as a  m ilk  p rese rv a tiv e  w as 

s tu d ied  by A rdo (1979). B ronopol so lu tio n  w ith  m ethy lene  b lue 

in d ica to r w as found  to  be  su itab le  fo r th e  analysis of fa t  and  

p ro te in  co n ten ts  u s in g  M ilko -T e s te r  au tom atic , P ro -m ilk  

au to m atic , M ilko -S c a n  300 a n d  IRMA up  to  9 days o f s to rage  a t 

room  te m p e ra tu re . H ow ever R ose-G ottlieb  m ethod  gave low fa t 

va lues a f te r  tw o days o f sto rage . T he a u th o r  concluded th a t  the  

p re se rv a tio n  efficiency of 0.02 p e r  c en t b ro nopo l w as as good as of 

0.1 p e r  cen t p o tassiu m  d ich rom ate  d u rin g  five days of s to rage  a t 

room  te m p e ra tu re .
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J e u n e t  an d  G rap p in  (1979) used  0:10 m l o f 12 p e r  cen t 

b ronopo l as aqueous so lu tio n  w ith  0.012 p e r  cen t m ethy lene  b lue  

p e r  60 m l of m ilk  sam ples. T he sam ples w ere  te s te d  fo r fa t  and 

p ro te in  u s in g  M ilko -S c an , IRMA, M ilko -T e s te r , Amido b lack  and  

G erb er m ethods in  com parison  to  sam ples p reserv ed  w ith  

p o tassiu m  d ich rom ate  an d  m ercu ric  ch loride. T hey concluded th a t  

b ro n o p o l w as effective in  m ilk  sam ples hav in g  good bacterio log ical 

q u a lity  an d  s to red  below  20° C up  to  te n  days.

B ru n t a n d  H ig ton  (1985) suggested  a  ta b le t  com prising  

of B ronopol an d  a  w ater-so lub le  solid  o rgan ic  carboxylic acids such 

as c itric , ta r ta r ic ,  m alic, ad ip ic, succinic an d  fum aric  acids w ith 

c itr ic  acid  be in g  p a rtic u la rly  p re fe rred .

R u tta n  (1993) recom m ended  b ro nopo l w ith  na tam ycin  

as a  m ilk  p rese rv a tiv e  to  s to re  th e  sam ples fo r five to  te n  days. He 

also recom m ended  m ix tu re  of 6-12m g b ronopo l and  0.3-0.6m g 

n a tam y c in  in  th e  ta b le t  fo rm  fo r th e  effective p re se rv a tio n  of m ilk 

sam ples.

2 .3 .2  B ro n o p o l a n d  m ilk  a n a ly s is

D unham  et al. (1978) rep o rte d  bronopo l as a 

sa tis fac to ry  p rese rv a tiv e  fo r c o u n tin g  som atic  cells by th e  

m icroscopic m ethod.
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A rdo (1979) rep o rte d  low fa t  va lues by R ose-G ottlieb 

m eth o d  in  b ronopo l p rese rv ed  sam ples a f te r  tw o days of sto rage.

Ardo (1982) in v estig a ted  th e  possib ility  of u s in g  th e  

b ronopo l p reserv ed  m ilk  sam ples to d e te rm in e  cell coun ts  w ith  a 

Fossom atic  in s tru m e n t. H e observed no s ig n ifican t change in  cell 

coun ts  up  to  five days a t  room  te m p e ra tu re  a n d  th e re a f te r  cell 

coun ts  w ere  abou t 10 p e r  cen t h ig h e r th a n  in  th e  u n tre a te d  m ilk.

K yla-S iu ro la  (1982) rep o rte d  th a t  ad d itio n  of b ronopo l 

h a d  no sign ifican t effect on  fa t, p ro te in  a n d  lac tose  d e te rm in a tio n  

by M ilko -S c a n  104. Cell coun ts of sam ples p reserv ed  w ith  

b ronopo l w ere 11 p e r cen t h ig h e r th a n  th e  u n p rese rv ed  sam ples.

Lee et al. (1986) rep o rte d  a  h ig h e r fa t  an d  p ro te in  

p e rcen tag e  in  b ronopo l p rese rv ed  sam ples th a n  in  th e  po tassium  

d ich rom ate  p reserv ed  sam ples. T hey also rep o rte d  th a t  freez in g  of 

m ilk  sam ples sign ifican tly  low ered  th e  fa t  pe rcen tag e  in  b ronopol 

p reserv ed  sam ples.

F o ltys et al. (1995) com pared  th e  effectiveness of 

b ro nopo l and  po tassium  d ich rom ate  fo r p rese rv in g  m ilk  p r io r  to 

in fra re d  analy sis  an d  th ey  s to re d  th e  sam ples fo r 14 days a t  20°C 

or 17 days a t  4°C. T hey  h ave  recom m ended  b ronopo l as a  less  toxic
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a lte rn a tiv e  to  po tassium  d ich rom ate  fo r th e  p rese rv a tio n  of th e  

m ilk  sam ples.

G encurova et al. (1995) re p o rte d  th a t  sam ples 

p rese rv ed  w ith  0.04 p e r  cen t b ronopo l la s ted  e igh t days 

a n d  sam ples w ith  0.1 p e r  cen t b ronopo l la s ted  10 days a t  4°C 

an d  five days a t  20°C w ith o u t s ig n ifican t change in  com position. 

T hey have also recom m ended  b ronopo l as a. less toxic 

a lte rn a tiv e  to  po tassium  d ich rom ate  fo r th e  p re se rv a tio n  of m ilk 

sam ples.

B enda (1996) s tu d ied  th e  efficiency of various 

p rese rv a tiv e s  like p o tassiu m  d ich rom ate , a  m ilko fix p rep a ra tio n , 

sod ium  azide an d  b ronopo l on th e  m icro  flo ra  o f m ilk . He 

concluded  th a t  b ronopo l h ad  th e  b e s t p rese rv a tiv e  effect a g a in st all 

n a tu ra lly  o ccu rrin g  g roups of m icro  organism s.

T he s tu d y  c a rried  o u t by  th e  Q uebec da iry  h e rd  

an a ly sis  service com pared  th e  p e rfo rm an ce  of th re e  p reserv a tiv es 

viz. p o tassiu m  d ich rom ate , b ronopo l m icro  tab  an d  b ro ad -sp ec tru m  

liq u id  b ronopo l. T he com ponen ts s tu d ied  w ere m ilk  fa t, p ro te in , 

a n d  som atic  cell coun t. Sam ples p reserv ed  w ith  e ith e r  o f th e  

b ro nopo l p re p a ra tio n s  gave h ig h er read in g s fo r m ilk  fa t  and  

p ro te in  co n te n ts  th a n  those  p reserv ed  w ith  po tassium  d ich rom ate  

(M onardes et al., 1996).
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2 .3 .3  P u b l ic  h e a l th  a s p e c ts

H erzog  et al. (1988) rep o rte d  th a t  h a n d  d e rm a titis  is a 

f re q u e n t p rob lem  am ong w ork ers  in  m ilk  te s tin g  lab o ra to ries . An 

epidem iological s tu d y  w as conducted  a t  th e  P en n sy lv an ia  DHIA 

m ilk -te s tin g  lab o ra to ry . Two of 15 sub jects who u n d e rw en t pa tch  

te s tin g  to  m ilk  p rese rv ed  w ith  p o tassiu m  d ich rom ate  h ad  positive 

reac tio n s . N one rea c te d  to  m ilk  a lone or b ronopo l p reserved  

sam ples.

M any co u n trie s  d isco n tin u ed  th e  use  o f po tassium  

d ich ro m ate  due to i ts  toxic, a llergen ic  and  p o ten tia lly  carcinogenic 

p ro p e rtie s  and  rep laced  i t  w ith  less p rob lem atic  p rese rv a tiv es  such 

as b ronopo l o r sodium  azide (G encurova et al., 1995).



Materials and Methods



3. MATERIALS AND METHODS

Pooled m ilk  sam ples w ere collected  from  cow and

buffaloes m a in ta in ed  a t  th e  U n iv e rs ity  L ivestock  F arm . A bout 3.5 

l i t r e  of raw  m ilk  w as collected  a t  w eekly in te rv a ls  an d  tra n s fe rre d  

to 200 m l sam ple b o ttle s . O ne sam ple from  each  cow and  buffalo  

m ilk  w as p a s teu rise d  in  th e  lab o ra to ry  (63°C fo r 30 m inu tes) before  

th e  ad d itio n  of p rese rv a tiv e  to  fin d  o u t th e  d u ra tio n  of 

p re se rv a tio n  of p a s teu rise d  sam ples.

3.1 Addition of preservatives

C alcu la ted  levels o f p rese rv a tiv es  w ere added  to th e  

m ilk  sam ples a t  th e  fo llow ing ra te s .

F o rm a lin  ■ 0.4 p e r cen t

P o ta ss iu m  d ich rom ate  - 0.4 p e r  cen t

B ronopol (2-Brom o- 2 -n itro - 1,3 p ropaned io l) - 0.1 p e r  cen t

A fter th e  ad d itio n  of p rese rv a tiv es , b o ttle s  w ere 

capped a ir t ig h t an d  gen tly  sh a k en  fo r th o ro u g h  m ix ing  of 

p re se rv a tiv e s  w ith  sam ple. T h en  th e  sam ple  b o ttle s  w ere s to red  a t 

room  te m p e ra tu re  in  a  d a rk  place.
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E ach  b o ttle  w as labe lled  w ith  th e  type  of m ilk  (cow or 

buffalo), nam e of th e  p rese rv a tiv e  an d  d a te  of collection. The 

e n tire  p rocedu re  w as rep ea ted  on six occasions.

3.2 Estimation of different parameters

M ilk sam ples w ere analysed  fo r  pH , lac tom ete r 

read in g , c lo t on bo iling  te s t, t i t r a ta b le  acid ity , fa t, to ta l  so lids and  

solids- n o t-fa t im m ed ia te ly  a f te r  th e  a d d itio n  of p rese rv a tiv e s  and  

th e re a f te r  a t  fo rtn ig h tly  in te rv a ls  in  fo rm alin  an d  po tassium  

d ich ro m ate  p reserv ed  sam ples. In  b ronopo l p rese rv ed  sam ples th e  

an a ly sis  w as done a t  fo u r days in te rv a l u n t i l  signs of spoilage 

appeared . B efore each analy sis  th e  m ilk  b o ttle s  were, sh ak en  w ell 

an d  w arm ed  to  40°C fo r five m in u te s  an d  cooled dow n to  27°C.

3.3 Estimation of pH

T he pH  of m ilk  sam ples w as analysed  by C yber Scan 

2500 d ig ita l pH  m e te r (E u ro tech ). A fter ca lib ra tio n , pH  electrode 

w as r in se d  u s in g  d is tilled  w a te r  to  rem ove th e  im p u ritie s . T hen  

m ea su re m e n t m ode w as se lec ted  an d  th e  e lectrode  w as d ipped  in to  

th e  sam ple u n ti l  th e  g lass bu lb  com pletely  im m ersed  in to  th e  

sam ple. T he read in g  w as d irec tly  n o ted  dow n from  th e  L ight 

C ry sta l D isplay.
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3.4 Titratable acidity

T itra ta b le  acid ity  o f m ilk  w as d e te rm in ed  by u s in g  the  

p ro ced u re  described  in  H an d  book of food analysis SP: 18 (P a r t  XI) 

1981(BIS).

T en  m l of th o ro u g h ly  m ixed m ilk  sam ple w as ta k e n  in  

tw o p o rce la in  b a sin s  and  equal volum e of fresh ly  bo iled  w a te r  was 

added  a fte r  cooling. T h en  1 m l of p h e n o lp h th a le in  in d ica to r 

so lu tio n  w as added  to  one b a s in  an d  one m l of b en ch  so lu tion  of 

ro sa n ilin e  a ce ta te  w as added  to  th e  o th e r. T he c o n te n ts  of th e  

b a s in  co n ta in in g  p h en o lp h th a le in  in d ic a to r  w as t i t r a te d  a g a in st 0.1 

N s ta n d a rd  sodium  hydrox ide  so lu tio n  ta k e n  on  th e  b u re tte , u n til  

th e  colour m atch es th e  p in k  t in t  of th e  so lu tio n  in  th e  b asin  

co n ta in in g  ro san ilin e  ace ta te  so lu tion . T h en  th e  t i t r a ta b le  acid ity  

w as ca lcu la ted  by u s in g  th e  follow ing form ula:

T itra ta b le  acid ity  (as p e rcen tag e  of lac tic  acid) 9V1N
V2

W here,

V I - V olum e in  m l of th e  Sodium  hydroxide req u ire d  

fo r t i t r a t io n

V2 - V olum e in  m l of th e  m ilk  ta k e n  fo r th e  te s t  

N - N o rm ality  of th e  Sodium  hydrox ide  so lu tion



27

3.5 Estimation of fat percentage

M ilk fa t  percentage, w as e s tim a ted  by G erber m ethod 

as p e r  th e  p ro ced u re  described  in  H an d  book of food analysis SP: 

18 (p a r t X I) 1981 a n d  also by M ilko- T es te r.

3.5.1 E s t im a tio n  o f  f a t  b y  G e rb e r  m e th o d

T en  m l o f G e rb e r 's  su lp h u ric  acid  w as ta k e n  in  a  clean 

d ry  b u ty ro m e te r . To th is  exactly  10.75 m l. o f w ell-m ixed m ilk 

sam ple w as added  follow ed by one m l of am yl alcohol. C on ten ts of 

b u ty ro m e te r  w ere m ixed w ell an d  m a in ta in ed  a t  a  te m p e ra tu re  of 

65°C fo r five m in u tes . T h en  th e  b u ty ro m e te r  w as cen trifu g ed  a t 

th e  m axim um  speed fo r fo u r m in u te s  in  a  G e rb e r 's  cen trifuge . 

A gain  th e  b u ty ro m e te r  w as k e p t in  th e  w a te r  b a th  a t  65°C fo r 

th re e  m in u tes . T h en  th e  fa t  colum n w as re a d  a fte r  a d ju s tin g  it 

in to  a  m ain  g rad u a tio n . In  fo rm alin  p rese rv ed  m ilk  sam ples 94 

p e r  cen t su lp h u ric  acid  w as u sed  in s te a d  of G e rb e r 's  su lphu ric  

acid.

3 .5 .2  E s t im a tio n  o f  f a t  by  e le c tr o n ic  m ilk o - te s te r

M ilk f a t  p e rcen tag e  w as e s tim a te d  by u s in g  E lectron ic  

M ilko- T es te r  as p e r th e  p ro ced u re  given in  th e  T echn ical M anual
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o f e lec tron ic  M ilko-T ester p rov ided  by  R a ja s th an  E lec tron ics and  

In s tru m e n ts  L im ited  (REIL), J a ip u r .

3 .5 .2 .1  P r e p a r a t io n  o f  d i lu e n t

D ilu en t w as used  to  d ilu te  th e  m ilk  sam ples and  

dissolve th e  p ro te in s . D ilu en t w as p rep a red  by u sin g  th e  follow ing 

chem icals an d  k e p t a t  room  te m p e ra tu re .

EDTA - 5.26g

T riton-X -100  (E m ulsifier) - 0.05m l

A n ti foam - 0.05m l

D istilled  w a te r _ 1000 m l

3 .5 .2 .2  P r o c e d u r e

T he in s tru m e n t -was allow ed to  w arm  up before  

s ta r t in g  th e  estim atio n . T h is w as done by sw itch ing  on th e  

in s tru m e n t h a lf  an  h o u r befo re  estim atio n . T h en  de a ir in g  was 

done by  p ress in g  th e  m ilk- in  and  m ix-ou t b u tto n s  a lte rn a tiv e ly  to 

rem ove th e  a ir  bub b les  p re se n t in  th e  syringes. A clean  em pty  m ix 

b e a k e r  w as filled  w ith  d ilu e n t by p re ss in g  m ilk- in  and  m ix- ou t 

b u tto n s  tw ice a lte rn a tiv e ly . T h en  th e  b eak e r w as m oved to  th e  m ix 

in ta k e  tu b e  an d  th e  h an d le  w as o p e ra ted  up  and  dow n fo r six 

tim es. T h en  th e  zero  knob  w as tu rn e d  to  a d ju s t th e  read  ou t to 

0.05. A fte r zero s e ttin g  th e  re p e a t b u tto n  w as p ressed  to get one
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decim al re a d  ou t. M ilk sam ple w as m ixed gen tly  an d  placed u n d e r 

th e  m ilk  in ta k e  tu b e  an d  th e  m ilk- in  b u tto n  w as p ressed  th e n  the  

sam ple w as rem oved an d  a  c lean  m ix b e ak e r w as p laced  u n d e r  m ilk 

in ta k e  tu b e . T he m ix- o u t b u tto n  w as p ressed  to d ispense th e  m ilk 

an d  d ilu e n t in to  th e  m ix b e ak e r and  i t  w as m oved to  m ix in ta k e  

tu b e . T h en  th e  hom ogen izer h an d le  w as o p e ra ted  up  a n d  down for 

th re e  tim es an d  rea d in g  w as n o ted  down.

3.6 Total solids

T o ta l solids pe rcen tag e  of m ilk  w as e s tim ated  by th e  

G rav im etric  m ethod  described  in  H an d  book of food analysis SP: 18 

(P a r t  X I ) - 1 9 8 1 .

3 .6 .1  P r o c e d u r e

C lean d ry  em pty  s ta in le ss  s tee l d ishes w ith  lids w ere 

w eighed. Five m l o f m ilk  w as p ip e tte d  in to  th e  d ish  and  again  

w eighed w ith  th e  lid . T h en  th e  uncovered  d ish  w as p laced  on a 

b o ilin g  w a te r  b a th . T he b ase  of th e  d ish  w as k e p t h o rizo n ta lly  to 

p rom o te  u n ifo rm  dry ing . A fter 30 m in u te s  th e  d ish  w as rem oved 

an d  tra n s fe r re d  to  a  w ell-v en tila ted  h o t a ir  oven a t  100°C. A fter 

th re e  h o u rs  th e  d ish  w as covered an d  tra n s fe r re d  im m edia te ly  to 

th e  desiccato r. T he d ish  w as allow ed to  cool fo r ab o u t 30 m inu tes 

an d  w eighed. T he d ish  w as again  tra n s fe r re d  to  th e  oven and
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h e a ted  fo r one h o u r an d  tra n s fe r re d  to  th e  desiccato r fo r cooling 

a n d  w eighed as before. P ro ced u re  w as rep ea ted  u n ti l  loss of 

w eigh t be tw een  successive w eighings d id  n o t exceed 0.5 mg. Low est 

w eigh t w as no ted . T he p e rcen tag e  of to ta l  solids w as calcu lated  by 

u s in g  th e  follow ing form ula:

100 w
T o ta l solids p e rc en t by  w eigh t =  ^

W here,

w -  W eight in  g  of res id u e  a fte r  dry ing .

W -  W eight in  g of p rep a red  sam ple ta k e n  fo r th e  te s t.

3.7 Solids-not-fat

S o lids-no t-fa t c o n te n t of m ilk  w as d e te rm in ed  by 

f in d in g  th e  d ifference  be tw een  to ta l  solids c o n te n t and  fa t  co n ten t 

o f m ilk .

3.8 Lactometer reading

L actom ete r read in g  w as ta k e n  by u s in g  a  certified  

Z eal’s lac to m ete r. W ell-m ixed sam ple of m ilk  w as filled  in  a  glass 

cy linder u p to  100 m l m ark . T he te m p e ra tu re  o f m ilk  w as b ro u g h t 

to  29°C. T hen  th e  lac to m e te r w as im m ersed  in to  th e  cylinder 

w ith o u t to u ch in g  th e  sides of th e  cy linder. T hen  th e  read ing
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co rresp o n d in g  to  th e  u p p e r m arg in  of th e  curved  m eniscus was 

n o ted  down.

3 .9  S t a t i s t i c a l  a n a ly s is

D ata  w ere analysed  by one- w ay classified  non- 

o rthogonal analy sis  of v a rian ce  to  s tu d y  th e  p rese rv a tiv e  effect on 

cow an d  buffalo  m ilk  sam ples. M ean an d  s ta n d a rd  e rro r  w ere 

e s tim a te d  fo r each p a ra m e te r . T he effects of th re e  p reserva tives 

w ere  s tu d ied  by u s in g  an a ly sis  o f v a rian ce  (Snedecor an d  C ochran, 

1980).



Results



4. R ESU LTS

In  th e  p re s e n t s tu d y  th re e  m ilk  sam ple p reserv a tiv es  

viz., fo rm alin , p o tassiu m  d ich rom ate  an d  b ronopo l w ere 

in v es tig a ted  fo r th e ir  effect on m ajo r m ilk  com ponen ts like  fa t, 

to ta l  so lids and  solids n o t fa t  a t  room  te m p e ra tu re . T he o th er 

p a ra m e te rs  like  pH , t i t r a ta b le  acid ity , clot on  bo iling  te s t  and  

lac to m e te r rea d in g  w ere also s tud ied . T he p re se rv a tio n  efficiency 

of each p rese rv a tiv e  u n d e r room  te m p e ra tu re  w as also recorded  in  

cow an d  buffalo  m ilk  sam ples. All th e se  p a ra m e te rs  w ere estim ated  

in  co n tro l an d  p rese rv ed  sam ples. T he analy sis  w as done a t 

fo rtn ig h tly  in te rv a ls  in  fo rm alin  a n d  po tassium  d ichrom ate  

p rese rv ed  m ilk  sam ples. In  b ronopo l p rese rv ed  m ilk  sam ples th e  

e s tim a tio n s  w ere  done a t  fo u r days in te rv a l.

4.1 Formalin

F o rm a lin  tre a te d  raw  a n d  p a s teu rise d  m ilk  sam ples 

could b e  p reserv ed  fo r th e  e n tire  s to rag e  period  of 90 days w ith o u t 

cu rd ling . T he sam ples show ed no colour change even a fte r  90 days 

of s to rag e  a t  room  te m p e ra tu re . C ream  p lu g  form ed w ith in  24 

h o u rs  of ad d itio n  of fo rm alin . A w h ite  sed im en ta tio n  ap p eared  a t 

th e  b o tto m  a fte r  one m o n th  an d  i t  co n tin u ed  to  in c rease  in  volum e 

w ith  th e  advancem en t o f s to rag e  period . T he m ean  values w ith
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s ta n d a rd  e rro rs  o f d iffe re n t p a ra m e te rs  fo r cow an d  buffalo  m ilk  

sam ples a re  p re se n te d  in  T able  4.1 an d  4.2 respectively .

4 ,1 .1  p H

T he average pH  va lues of f re sh  cow a n d  buffalo  m ilk  

sam ples w ere  6.58 ± 0.02 an d  6.76 ± 0.01 respectively . The values 

decreased  to  6.46 ± 0.01 an d  6.58 ± 0.03 im m ed ia te ly  a f te r  ad d ition  

of fo rm alin . T he pH  co n tin u ed  to  decrease  an d  th e  values becam e 

6.06 ± 0.02 an d  6.21 ± 0.01 a t  90 days of sto rage . T he pH  values 

decreased  g radually  w ith  th e  advancem en t o f s to rage  period  and  

reach ed  sign ifican tly  low value  a t  90 days. A nalysis of variance  

b e tw een  c o n tro l an d  . fo rm a lin  p rese rv ed  sam ples show ed 

s ig n ifican t (P < 0 .01 ) d ifference.

4 .1 .2  T i t r a ta b le  a c id i t y

T he m ean  values o f t i t r a ta b le  ac id ity  in  con tro l 

sam ples w ere 0.16 ± 0.01 an d  0.13 ± 0.0 in  cow an d  buffalo  m ilk 

sam ples respective ly . O n ad d itio n  of fo rm alin  th e  values increased  

to  0.21 ± 0.01 and  0.18 ± 0.01 a t  zero day an d  0.27 ± 0.0 and  

0.25 ± 0.01 a t  90 days o f sto rage . T itra ta b le  ac id ity  increased  

g rad u a lly  w ith  th e  advancem en t of s to rag e  p erio d  and  show ed 

sig n ifican tly  (P < 0 .0 1 ) d iffe ren t va lues w hen  com pared  to  con tro l 

sam ples.
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4 .1 .3  C lo t  on  b o il in g  te s t

F o rm alin  tre a te d  cow an d  buffalo  m ilk  sam ples 

rem a in ed  COB negative  th ro u g h o u t th e  e n tire  s to rage  period  of 90 

days.

4 .1 .4  F a t  p e r c e n ta g e  (G e rb e r  M e th o d )

T he m ean  f a t  p e rcen tag e  of fre sh  cow and  m ilk 

sam ples w ere 3.40 ± 0.09 a n d  6.20 ± 0.22. T he values becam e 

3.32 ± 0.10 and  6.13 ± 0.22 on zero day of ad d itio n  of fo rm alin . The 

va lues a t  90 days w ere 3.38 ± 0.09 an d  6.18 ± 0.22 in  cow and  

buffalo  m ilk  respectively . F a t  pe rcen tag e  of fo rm alin  p reserved  

sam ples d id  n o t va ry  sig n ifican tly  from  th e  co n tro l values.

4 .1 .5  F a t  p e r c e n ta g e  (M ilk o - te s te r )

T he average fa t  p e r  c en t in  co n tro l sam ples w ere 

3.40 ± 0.09 an d  6.20 ± 0.22 in  cow an d  buffalo  m ilk  sam ples 

respective ly . O n ad d itio n  of fo rm alin  th e  va lues becam e 3.33 ± 0.10 

a n d  6.13 ± 0.21 on  zero day. A t 90 days of sto rage , th e  va lues w ere 

3.43 + 0.27 an d  6.32 ± 0.34 in  cow a n d  buffalo  m ilk  respectively . 

T he read in g s  ta k e n  a t  d iffe re n t s tages o f s to rage  show ed 

in c o n s is te n t v a ria tio n .
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4 .1 .6  T o ta l  s o l id s

T he m ean  to ta l  solids pe rcen tag es of fre sh  cow and  

buffalo  m ilk  sam ples w ere 12.45 ± 0.12 an d  15.62 ± 0.48 

respective ly . O n a d d itio n  of fo rm alin  th e  values becam e 

12.46 ± 0.13 an d  15.58 ± 0.49 on zero day in  cow an d  buffalo  m ilk 

sam ples respectively . A t 90 days of s to rag e  th e  to ta l  solids 

c o n te n ts  w ere 12.51 ± 0.12 and  15.59 ± 0.49 in  cow and  buffalo 

m ilk  sam ples respectively . T o ta l solids c o n te n t be tw een  con tro l 

an d  fo rm alin  p rese rv ed  m ilk  sam ples did n o t va ry  sign ifican tly .

4 .1 .7  S o l id s  n o t  f a t

Solids n o t fa t  co n ten t of co n tro l sam ples w ere 

9.05 ± 0.10 an d  9.42 ± 0.27 in  cow an d  buffalo  m ilk  sam ples 

respective ly . O n ad d itio n  of fo rm alin  th e  values becam e 9.14 ± 0.12 

an d  9.45 ± 0.29 on zero day in  cow an d  buffalo  m ilk  sam ples 

respectively . T he e s tim a te d  values a t  90 days of s to rage  w ere 

9 .1 2 +  0.10 and  9.41' ± 0 .2 8  in  cow an d  buffalo  m ilk  sam ples 

respectively . Solids n o t fa t  c o n te n t of co n tro l an d  p rese rv ed  m ilk 

sam ples d id  n o t show any  s ig n ifican t d ifference.

4 .1 .8  L a c to m e te r  r e a d in g

T he average lac to m e te r re a d in g  of co n tro l cow and  

bu ffa lo  m ilk  sam ples w ere 29.67 ± 0.49 an d  28.0 ± 1.39
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respective ly . O n ad d itio n  of fo rm alin  th e  values becam e 29.0 ± 0.52 

an d  27.5 ± 1.09 on zero day. A t 90 days of s to rage  th e  values w ere 

28.67 ± 0.42 and  27.50 ± 1.09. L ac to m ete r re a d in g  of con tro l and  

p rese rv ed  sam ples d id  n o t va ry  sign ifican tly .

4 .1 ,9  P r e s e r v a t iv e  e ffe c t o f  f o r m a l in  on  p a s te u r i s e d  m ilk

T he p a s te u rise d  cow an d  buffalo  m ilk  sam ples could be 

p rese rv ed  by  fo rm alin  fo r th e  e n tire  pe riod  of 90 days w ith o u t any 

spoilage.

4.2 Potassium dichromate

P o tassiu m  d ich rom ate  p reserv ed  raw  m ilk  sam ples 

could  b e  s to red  fo r a  p e rio d  of 30 days an d  p a s teu rise d  m ilk 

sam ples could be s to red  fo r  38 days a t  room  tem p era tu re . T he raw  

m ilk  sam ples becam e g reen  in  colour an d  cu rd led  a fte r  30 days of 

sto rage . T he  average va lues w ith  s ta n d a rd  e rro rs  of d iffe ren t 

p a ra m e te r  in  cow an d  buffalo  m ilk  sam ples a re  dep icted  in  Table

4.3 a n d  4.4 respectively .

4.2 .1  p H

T he observed  average pH  va lues of con tro l cow and  

bu ffa lo  m ilk  sam ples w ere  6.58 ± 0.02 an d  6.76 ± 0.01 respectively .
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O n a d d itio n  of p o tassiu m  d ich rom ate  th e  values decreased  to 

6.19 ± 0.02 and  6.27 ± 0.01 on zero day in  cow and  buffalo  m ilk 

sam ples respectively . A fte rw ard s th e  values in creased  to 

6.42 ± 0.02 an d  6.44 ± 0.02 a t  30 days o f s to rage  in  cow an d  buffalo  

m ilk  respectively . Cow an d  buffalo  m ilk  sam ples p reserved  w ith  

p o tassiu m  d ich rom ate  show ed a h igh ly  s ig n ifican t d ifference 

(p < 0 .0 1 ) in  pH  w hen  com pared  to  con tro l.

4 .2 .2  T i t r a ta b le  a c id i t y

T he e s tim ated  m ean  values o f t i t r a ta b le  acid ity  in 

c o n tro l cow an d  buffalo  m ilk  sam ples w ere 0.16 ± 0.01 and  

0.013 ± 0.0. O n ad d itio n  of po tassium  d ich rom ate  th e  values 

in c reased  to  0.38 ± 0.01 an d  0.36 + 0.01 on zero  day. A t 30 days of 

s to rag e  th e  values becam e 0.28 ± 0.01 an d  0.28± 0.01 in  cow and  

buffalo  m ilk  sam ples respectively . P o tassiu m  d ich rom ate  p reserved  

cow a n d  buffalo  m ilk  sam ples h a d  sign ifican tly  (P < 0 .01 ) h ig h er 

t i t r a tb le  ac id ity  w hen  com pared  to  contro l.

4 .2 .3  C lo t  on  b o il in g  te s t

P o tassiu m  d ich rom ate  tr e a te d  cow an d  buffalo  m ilk 

sam ples rem ain ed  COB negative  up  to  15 days of sto rage. 

T h e re a f te r , i t  becam e COB positive.
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4 .2 .4  F a t  p e r c e n ta g e  (G e rb e r  m e th o d )

T he m ean  fa t  p e rcen tag e  of co n tro l cow an d  m ilk  

sam ples w ere 3.40 ± 0.09 and  6.20 ± 0.22 respectively . F a t 

p e rcen tag e  of p o tassiu m  d ich rom ate  added  sam ples on zero day 

w ere  3.40 ± 0.09 an d  6.20 + 0.22 in  cow an d  buffalo . A t th e  end  of 

30 days th e  values w ere  3.34 + 0.09 an d  6.13 ± 0.21. F a t  p ercen tage  

of co n tro l and  p reserv ed  sam ples d id  n o t show  an y  sign ifican t 

v a ria tio n .

4 .2 .5  F a t  p e r c e n ta g e  (M ilk o -T e s te r )

T he e s tim a te d  m ean  fa t  p e rcen tag e  of con tro l sam ples 

w ere 3.40 ± 0.09 an d  6.20 ± 0.22 in  cow an d  buffalo  m ilk 

respectively . O n ad d itio n  of p o tassiu m  d ich ro m ate  th e  fa t  co n ten ts  

becam e 3.38 ± 0.10 an d  6.20 ± 0.22 on  zero day in  cow an d  buffalo  

m ilk  respectively . A t 30 days o f s to rag e  th e  va lues w ere 3.25 ± 0.10 

an d  5.77 ± 0.21 in  cow a n d  buffalo  respectively . F a t  e s tim atio n  by 

M ilko-T ester show ed no s ig n ifican t v a ria tio n  be tw een  con tro l and  

p o tassiu m  d ich rom ate  p rese rv ed  sam ples.

4 .2 .6  T o ta l  s o l id s

T he e s tim ated  m ean  to ta l  solids pe rcen tag es o f con tro l 

cow an d  buffalo  m ilk  sam ples w ere  12.45 ± 0.12 and  15.62 ± 0.48
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respective ly . O n ad d itio n  of p o tassiu m  d ich rom ate , to ta l  solids 

c o n te n t in creased  to  12.50 ± 0.13 and  15.66 ± 0.48 on zero day in  

cow an d  buffalo  m ilk  respectively . A fte r 30 days of s to rage  th e  

values w ere 12.54 ± 0.14 and  15.70 ± 0.48 in  cow an d  buffalo  m ilk 

respective ly . T o ta l solids c o n te n t be tw een  co n tro l an d  po tassium  

d ich ro m ate  p rese rv ed  m ilk  sam ples d id  n o t va ry  sign ifican tly .

4 .2 .7  S o l id s  n o t  f a t

T he m ean  solids n o t fa t  c o n te n t of co n tro l m ilk 

sam ples w ere  9.05 ± 0.10 an d  9.42 ± 0.27 in  cow and  buffalo  

respectively . As soon as th e  ad d itio n  of p o tassiu m  d ich rom ate  th e  

so lids n o t fa t  c o n te n t becam e 9.10 ± 0.11 an d  9.46 ± 0.27 on zero 

day in  cow an d  buffalo  m ilk  respective ly . A t 30 days of s to rage  th e  

m ean  va lues w ere 9.19 ± 0.13 an d  9.58 ± 0.27 on zero  day in  cow 

an d  bu ffa lo  m ilk  respectively . Solids n o t fa t  c o n te n t did n o t 

show  any  s ig n ifican t d ifference  b e tw een  co n tro l an d  p reserved  

sam ples.

4 .2 .8  L a c to m e te r  r e a d in g

T he observed  m ean  lac to m e te r rea d in g  of con tro l 

sam ples w ere 29.67 ± 0.49 an d  28.0 ± 1.39 in  cow an d  buffalo  m ilk  

respec tive ly . I t  in c reased  to  32.33 ± 0.67 a n d  30.83 ± 1.08 on zero 

day  a n d  32.83 ± 0.54 an d  31.67 ± 1.02 on 30th day of ad d itio n  of 

p o tass iu m  d ich rom ate . L ac to m ete r rea d in g  show ed sign ifican t
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(P < 0 .0 5 ) d ifference  be tw een  po tassium  d ich rom ate  p reserved  m ilk 

sam ples an d  contro l.

4 .2 ,9  P r e s e r v a t iv e  e ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  
p a s te u r i s e d  m ilk

T he p a s teu rise d  cow an d  buffalo  m ilk  sam ples could be 

p rese rv ed  by  po tassium  d ich rom ate  fo r a  period  of 38 days w ith o u t 

any  spoilage.

4.3 Bronopol

B ronopol tr e a te d  raw  cow m ilk  sam ples could be 

p rese rv ed  fo r 24 days an d  raw  buffalo  m ilk  sam ples could be  sto red  

fo r 16 days a t  room  te m p e ra tu re . B ronopol tre a te d  p a s teu rise d  cow 

m ilk  sam ples could be s to re d  fo r 30 days and  p a s teu rise d  buffalo  

m ilk  sam ples could be s to red  fo r 20 days a t  room  tem p era tu re . 

B o th  cow an d  buffalo  m ilk  sam ples becam e m ild  p in k  in  colour 

d u rin g  sto rage . T he ‘ average va lues w ith  s ta n d a rd  e rro rs  of 

d iffe re n t p a ra m e te rs  fo r cow an d  buffalo  m ilk  sam ples a re  depicted  

in  T ab le  4.5 an d  4.6 respectively .

4 .3 .1  p H

T he average  pH  values of co n tro l cow an d  buffalo  m ilk  

sam ples w ere  6.62 ± 0.04 arid 6.59 ± 0.04 respectively . O n ad d ition
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of b ro nopo l th e  values decreased  to  6.64 ± 0.03 and  6.56 ± 0.04 on 

zero day in  cow an d  buffalo  m ilk  respectively . T he values 

c o n tin u ed  to  decrease  and  becam e 6.04 ± 0.02 a t  24 days in  cow 

m ilk  a n d  6.08 ± 0.03 a t  16 days in  buffalo  m ilk  sam ples. A nalysis of 

v a rian ce  be tw een  con tro l an d  b ronopo l p rese rv ed  sam ples showed 

sig n ifican t (PcO .O l) d ifference  in  pH  values.

4*3.2 T i t r a ta b le  a c id i t y

T he e s tim a te d  m ean  t i t ra ta b le  acid ity  of con tro l 

sam ples w ere 0.17 + 0.01 in  cow an d  0.017 ± 0.01 in  buffalo  m ilk 

sam ples. O n ad d ition  of b ronopo l th e  values becam e 0.16 ± 0.0 and  

0.18 ± 0.01 a t  zero day. T he va lues becam e 0.29 ± 0.01 and 

0.28 ± 0.01 a t  24, 16 days in  cow a n d  buffalo  m ilk  sam ples. 

T itra ta b le  acid ity  in creased  g rad u a lly  w ith  th e  advancem en t of 

s to rag e  period . P o ta ss iu m  d ich rom ate  p rese rv ed  sam ples showed 

sig n ifican tly  (PcO .O l) d iffe ren t t i t r a ta b le  ac id ity  va lues w hen 

com pared  to  con tro l m ilk  sam ples.

4 .3 .3  C lo t  on  b o i l in g  te s t

B ronopol tre a te d  cow an d  buffalo  m ilk  sam ples 

rem a in ed  COB negative  up  to e igh t days. T he sam ples becam e COB 

positive  a f te r  e ig h t days of s to rag e  a t  room  te m p e ra tu re .
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4 .3 .4  F a t  p e r c e n ta g e  (G e rb e r  m e th o d )

T he m ean  fa t  p e rcen tage  of co n tro l cow an d  m ilk  

sam ples w ere 3.77 ± 0.13 an d  6.43 ± 0.12 respectively . O n add ition  

of b ronopo l th e  values becam e 3.81 ± 0.14 an d  6.42 ± 0.12 a t  zero 

day. T he values a t  24 days of s to rage  in  cow m ilk  an d  16 days of 

s to rag e  in  buffalo  m ilk  w ere  3.78 ± 0.12 and  6.50 ± 0.13 

respectively . M ilk fa t  c o n te n t be tw een  co n tro l an d  bronopo l 

p rese rv ed  sam ples did n o t v a ry  sign ifican tly .

4 .3 .5  F a t  p e r c e n ta g e  (M ilk o -T e s te r )

T he m ean  fa t  pe rcen tag e  of co n tro l sam ples w ere 

3.75 ± 0.14 an d  6.43 ± 0.12 in  cow an d  buffalo  m ilk  sam ples 

respective ly . O n ad d itio n  of b ronopo l th e  va lues becam e 3.80 ± 0.10 

an d  6.47 ± 0.13 a t  zero day. T he values becam e 3.80 ± 0.12, 

6.50 ± 0.12 a fte r  24, 16 days of s to rage  in  cow and  buffalo  m ilk 

respective ly . F a t  p e rcen tag e  in  b ronopo l p rese rv ed  m ilk  sam ples 

d id  n o t va ry  sign ifican tly  w ith  contro l.

4 .3 .6  T o ta l  s o l id s

T he average to ta l  solids p e rcen tag es  of con tro l cow and  

bu ffa lo  m ilk  sam ples w ere  13.19 ± 0.16 and  16.72 ± 0.32 

respec tive ly . O n ad d itio n  of b ronopo l th e  values
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becam e 13.17 ± 0.15 and  16.77 ± 0.31 a t  zero  day. F u r th e r  

th e  values becam e 13.23 ± 0.13 a t  24 days in  cow m ilk  and  

16.78 + 0.33 a t  16 days o f s to rage  in  buffalo  m ilk. T o ta l solids 

c o n te n t be tw een  con tro l and  p reserv ed  sam ples did n o t vary  

sign ifican tly .

4.3*7 S o l id s  n o t  f a t

T he ca lcu la ted  average solids n o t f a t  co n ten t o f con tro l 

m ilk  sam ples w ere 9.42 ± 0.11 in  cow an d  10.29 ± 0.29 in  buffalo . 

O n ad d itio n  of b ronopo l th e  solids n o t fa t  co n ten t becam e 

9.36 ± 0.07 and  10.35 ± 0.28 a t  zero day. T he values were 

9.46 ± 0.11 and  10.28 ± 0.29 a t  24 and  16 days of s to rage  in cow 

a n d  buffalo  m ilk  sam ples respectively . Solids n o t fa t  c o n te n t did 

n o t show  any  sign ifican t d ifference  be tw een  co n tro l an d  bronopo l 

p rese rv ed  m ilk  sam ples.

4 .3 .8  L a c to m e te r  r e a d in g

T he average lac to m ete r rea d in g  of c o n tro l cow an d  

buffalo  m ilk  sam ples w ere 28.17 + 0.31 and  29.33 ± 0.56. On 

ad d itio n  of b ronopo l th e  va lues becam e 28.83 ± 0.31 and  

29.17 ± 0.48 a t  zero day. T he va lue  a t  24 days in  cow m ilk  was 

28.33 ± 0.33 and  a t  16 days in  buffalo  m ilk  w as 28.83 ± 0.48. 

B ronopo l p rese rv ed  cow an d  buffalo  m ilk  sam ples did n o t have  any
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sig n ifican t change in  lac to m ete r rea d in g  w hen com pared to 

con tro l.

4 .3 ,9  P r e s e r v a t iv e  e ffe c t o f  b r o n o p o l on  p a s te u r i s e d  m ilk

T he p a s te u rise d  cow m ilk  could be p reserved  by 

b ro nopo l fo r a  pe riod  of 30 days w ith o u t any  spoilage w hile buffalo 

m ilk  sam ple could be  p rese rv ed  fo r 20 days.



Table 4.1. Mean values* of different parameters in formalin preserved cow milk

Parameter Control
Storage period in days

0 15 30 45 60 75 90

6.58 ±0.02a 6.46±0.01b 6.21±0.01b 6.11 ±0.02b 6.09 ±0.02b 6.08 ±0.02b 6.06 ±0.03b 6.06 ±0.02 b

Titratable 
acidity (% 
lactic acid)

0.16 ±0.01a 0.21 ±0.01b 0.22 ±0.0 b 0.24 ±0.0b 0.25 ±0.01b 0.26 ±0.0 b 0.27 ±0.0b 0.27 ±0.0b

Clot on boiling
test (COB)

-  ve -  ve -  ve -  ve -  ve -  ve -  ve -  ve

Fat % (Gerber) 3.40 ±0.09 3.32 ±0.1 3.33±0.09 3.36+0.09 3.38±0.09 3.39±0.08 3.38±0.09 S.38±0.09

Fat % (Milko- 
Tester)

3.4 ±0.09a 3.33±0.10a 3.35±0.11a 3.38±0.01a 3.28±0.24a 3.88±0.17b 3.35 ±0.24a 3.43±0.27a

Total solids % 12.45±0.12 12.46±0.13 12.45±0.11 12.46±0.11 12.45±0.12 12.48±0.12 12.50±0.12 12.51±0.12

SNF % 9.05 ±0.10 9.14 ±0.12 9.1210.10 9.10 ±0.10 9.07 ±0.11 9.09 ±0.10 9.11 ±0.10 9.12 ±0.10

Lactometer
Reading

29.7±0.49 29.0±0.52 28.7±0.42 29.2±0.60 28.7 ±0.42 28.7 ±0.42 28.7+0.42 28.7 ±0.42

* Values are averages of six observations
ab Means bearing same superscript within the same row do not differ significantly (P<0.05)



Table 4.2. Mean values *of different parameters in formalin preserved buffalo milk

P a r a m e t e r C o n t r o l
S t o r a g e  p e r i o d  i n  d a y s

0 1 5 3 0 4 5 6 0 7 5 9 0

P H 6 . 7 6 ± 0 . 0 1 n 6 . 5 8 ± 0 . 0 3 b 6 . 2 8 + 0 . 0 1 b 6 . 2 6  ± 0 . 0 1 b 6 . 2 4  ± 0 . 0 1 b 6 . 2 3  ± 0 . 0 1 b 6 . 2 1  ± 0 . 0 1 b 6 . 2 1  ± 0 . 0 1 b

T i t r a t a b l e  
a c i d i t y  ( %  l a c t i c  
a c i d )

0 . 1 3  ± 0 . 0 a 0 . 1 8 ± 0 . 0 1 b 0 . 2 0  ± 0 . 0 b 0 . 2 1  ± 0 . 0 b 0 . 2 2  ± 0 . 0 b 0 . 2 4  ± 0 . 0 1 b 0 . 2 5  ± 0 . 0 1 b 0 . 2 5  ± 0 . 0 1 b

C l o t  o n  b o i l i n g
t e s t  ( C O B )

-  v e -  v e -  v e -  v e -  v e -  v e -  v e -  v e

F a t  %  ( G e r b e r ) 6 . 2 0  ±  0 . 2 2 6 . 1 3  ± 0 . 2 2 6 . 1 2  +  0 . 2 2 6 . 1 3  +  0 . 2 3 6 . 1 8  +  0 . 2 2 6 . 1 8  +  0 . 2 3 6 . 1 8  +  0 . 2 2 6 . 1 8  +  0 . 2 2

F a t  %  ( M i l k o -  
T e s t e r )

6 . 2 0  ± 0 . 2 2 6 . 1 3  ± 0 . 2 1 6 . 1 0  ± 0 . 2 2 6 . 1 0  ± 0 . 2 2 6 . 4 5  ± 0 . 3 2 6 . 1 8 + 0 . 2 8 , 6 . 1 5  ± 0 . 4 2 6 . 3 2 + 0 . 3 4

T o t a l  s o l i d s  % 1 5 . 6 2 ± 0 . 4 8 1 5 . 5 8 + 0 . 4 9 1 5 . 6 0 + 0 . 5 0 1 5 . 5 9 + 0 . 4 8 1 5 . 5 8 + 0 . 4 8 1 5 . 6 0 + 0 . 5 0 1 5 . 6 3 + 0 . 5 0 1 5 . 5 9 + 0 . 4 9

S N F  % 9 . 4 2  ± 0 . 2 7 9 . 4 5  ± 0 . 2 9 9 . 4 8  ± 0 . 2 9 9 . 4 6  +  0 . 2 6 9 . 4 0  ± 0 . 2 7 9 . 4 0  ± 0 . 2 8 9 . 4 5  ± 0 . 2 9 9 . 4 1  ± 0 . 2 8

L a c t o m e t e r
R e a d i n g

2 8 . 0  ± 1 . 3 9 2 7 . 5  ± 1 . 0 9 2 7 . 3 + 1 . 0 9 2 7 . 7 + 1 . 1 5 2 7 . 5  ± 1 . 0 9 2 7 . 5  ± 1 . 0 9 2 7 . 5  ± 1 . 0 9 2 7 . 5  ± 1 . 0 9

* Values are averages of six observations
nb Means bearing same superscript within the same row do not differ significantly (P<0.05)



Table 4.3. Mean values *of different parameters in potassium dichromate preserved cow milk

Param eter Control
Storage period in  days

Zero 15 30

P H 6.58 ±0.02a 6.19+0.02 b 6.33±0.01b 6.42 +0.02b

Titratable acidity (% lactic 
acid)

0.16 ±0.01'“ 0.38 ±0.01b 0.31 ±0.01b 0.28+0.01b

Clot on boiling test (COB) -  ve -  ve -  ve + ve

F at % (Gerber) 3.40 + 0.09 3.40 + 0.09 3.38 ±0.10 3.34 ± 0.09

F at % (Milko-Tester) 3.40 ±0.09 3.38 ±0.10 3.33 ±0.10 3.25 ±0.10

Total solids % 12.45+0.12 12.50±0.13 12.53±0.14 12.54±0.14

SNF % 9.05 ±0.10 9.10 ±0.11 9.15 ±0.13 9.19 ±0.13

Lactometer Reading 29.7+0.49a 32.3 ±0.67 b 32.7+.49b 32.8±0.54b

* Values are averages of six observations
ob Means bearing same superscript w ithin the  same row do not differ significantly (P<0.05)



Table 4.4. Mean values* of different parameters in potassium dichromate preserved buffalo milk

Param eter Control
Storage period in days

Zero 15 30

PH 6.76 ±0.01a 6.27 ±0.01b 6.37+0.01b 6.44 ±0.02 b

Titratable acidity (% lactic 
acid)

• 0.13 ±0.0 a 0.36 ±0.01b 0.31 ±0.0b 0.28 ±0.01b

Clot on boiling test (COB) -  ve -  ve -  ve + ve

Fat % (Gerber) 6.20 ± 0.22 6.20 ± 0.22 6.18 ±0.23 6.13 ±0.21

Fat % (Milko-Tester) 6.20 ±0.22 6.20 ±0.22 5.90 ±0.21 5.77 ±0.21

Total solids % 15.62±0.48 15.66±0.48 15.67±0.48 15.70±0.48

SNF % 9.42 ±0.27 9.46 ±0.27 9.49 ±0.27 9:58 ±0.27

Lactometer Reading 28.0±1.39s 30.8 ±1.08b 31.3±0.99b 31.7±1.02b

* Values are averages of six observations
ab Means bearing same superscript w ithin the  same row do not differ significantly (P<0.05)

00



Table 4.5. Mean values* of different parameters in bronopol preserved cow milk

Parameter Control
Storage period in days

0 4 8 12 16 20 24

PH 6.62+0.04Q 6.6410.03 b 648±0.04b 6.2810.03h 6.23 ±0.03 b 6.17±0.04b 6.09 ±0.01b 6.04 ±0.02 b

Titratable 
acidity(% lactic 
acid)

0.17 ±0.01a 0.16 ±0.0 b 0.21 ±0.01b 0.23 ±0.01b 0.24 ±0.01b 0.26 ±0.01b 0.29 ±0.01b 0.29 ±0.01b

Clot on boiling
test (COB)

-  ve -  ve -  ve -  ve -  ve — ve -  ve -  ve

Fat % (Gerber) 3.77 + 0.13 3.8110.14 3.8210.13 3.8210.14- 3.7910.12 3.7810.13 3.7810.12 3.7810.12

Fat % (Milko- 
Tester)

3.75 ±0.14 3.80 ±0.10 3.77 ±0.14 3.8010.12 3.80 ±0.13 3.80 ±0.12 3.80 ±0.12 3.8010.12

Total solids % 13.1910.16 13.1710.15 13.1810.16 13.2210.15 13.2310.14 13.2210.14 13.2510.14 13.2310.13

SNF % 9.42 ±0.11 9.3610.07 9.36 ±0.09 9.4010.09 9.44 ±0.08 9.4410.12 9.4810.11 9.4610.11

Lactometer
Reading

28.210.31 28.8 ±0.31 28.510.22 28.510.22 28.3 ±0.33 28.3 ±0.33 28.2 ±0.31 28.3 ±0.33

* Values are average of six observations
ab Means bearing same superscript within the same row do not differ significantly (P<0.05)

-C *
O



Table 4.6. Mean values* of different parameters in bronopol preserved buffalo milk

Param eter Control
Storage period in days

0 4 8 12 16

P H 6.59±0.04a 6.56+0.04b 6.33+0.03 b 6.22+0.02b 6.16 +0.02b 6.08±0.03b

Titratable acidity (% lactic 
acid)

0.17 ±0.01
a

0.18 ±0.01b 0.21 ±0.01b 0.25 +0.02b 0.27 +0.02b 0.28 ±0.01b

Clot on boiling test (COB) -  ve -  ve -  ve -  ve + ve + ve

Total solids % 16.72±0.32 16.7710.31 16.7610.32 16.7710.31 16.7610.34 16.7810.33

F at % (Gerber) 6 .4310 .12 6.42± 0.12 6.43 ±0.12 6.48 ± 0.14 6.50 1 0.13 6.5010.13

F at % (Milko-Tester) 6.43 ±0.12 6.47 ±0.13 6.4310.11 6.5010.11 6.4810.11 6.50 ±0.12

SNF % 10.2910.29 10.35
±0.28

10.33
±0.27

10.30 ± 
0.28

10.26
±0.30

10.28
±0.29

Lactometer Reading 29.3 ±0.56 29.2 ±0.48 29.510.56 28.710.49 28.8 ±0.48 28.8 ±0.48

* Values are averages of six observations
cb Means bearing same superscript within the same row do not differ significantly (P<0.05)



Table 4.7. Comparison between three preservatives

Preservative Species

Duration 
of prese­
rvation
(Days)

pH
Titratable 
acidity (% 
lactic acid)

Fat%
(Gerber)

Fat % 
(Milko- 
Tester)

Total
solids SNF Lactometer j 

Reading I

Zero
day

Last
day

Zero
day

Last
day

Zero
day

Last
day

Zero
day

Last
day

Zero
day

Last
day

Zero
day

Last
day

Zero
day

Last 1 
day !

Formalin
Cow 90 6.46 6.06 0.21 0.27 3.32 3.38 3.33 3.43 12.46 12.51 9.14 9.12 27.5 27.5 j

Buffalo
90

6.58 6.21 0.18 0.25 6.13 6.18 6.13 6.32 15.58 15.59 9.45 9.41 27.5
i

27.5

Potassium
dichromate

Cow 30 6.19 6.42 0.38 0.28 3.40 3.34 3.38 3.25 12.50 12.54 9.10 9.19 32.3 32.8

Buffalo
30

6.27 6.44 0.36 0.28 6.20 6.13 6.20 5.77 15.66 15.70 9.46 9.58 30.8 31.7

Bronopol
Cow

24
6.64 6.04 0.16 0.29 3.81 3.78 3.80 3.80 13.17 13.23 9.36 9.46 28.8 28.3

Buffalo 16 6.56 6.08 0.18 0.28 6.42 6.50 6.47 6.50 16.77 16.78 10.35 10.28 29.2 28.8
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Fig. 4.1 Effect of formalin on pH in cow and buffalo milk
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Fig. 4,2 Effect of formalin on titratable acidity in cow and buffalo milk
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Fig. 4.3. E ffect of form alin  on fa t percen tage  (Milko-Tester) in  cow and  buffalo m ilk
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Fig. 4.4 Effect of potassium dichromate on pH in cow and buffalo milk
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Fig.4.5 Effect of potassium dichromate on titratable acidity in cow and buffalo milk
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Fig 4.6 Effect of potassium dichromate on lactometer reading in cow and buffalo milU
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Fig. 4.7 Effect of bronopol on pH in cow and buffalo milk
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Fig. 4.8 Effect of bronopol on titratable acidity in cow and buffalo milk
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Discussion



5. D ISC U SSIO N

5 .1  F o r m a lin

No colour change w as no ticed  in  cow and  buffalo  m ilk  

sam ples p reserv ed  w ith  fo rm alin  even a fte r  th e  s to rage  period  of 

90 days a t  room  te m p e ra tu re . C ream  p lug  form ed in  a ll th e  

sam ples a f te r  24 h o u rs . D u rin g  s to rage  th e  m ilk  sam ples s ta r te d  

se p a ra tin g  in to  th re e  layers a f te r  ab o u t a m onth . T he upper 

cream y layer w as q u ite  p ro m in e n t b u t, th e  m iddle layer w as n o t so 

d is tin c t. T he b o tto m  lay e r w as a  w h ite  sed im en ta tio n  probably  

due to  casein , an d  w hey p ro te in s , w hich  ap p ea red  a fte r  one m on th  

of sto rage.

S andhu  et al. (1984) an d  B ansa l (1989) have rep o rte d  

no colour change in  fo rm alin  p rese rv ed  sam ples even a fte r  th e  

s to rag e  period  of one -year a t  room  te m p e ra tu re . They have also 

re p o rte d  th re e  d is tin c t layers in  th e  m ilk  sam ples a fte r  one y ea r of 

s to rage . T he layers w ere top  layer of cream  plug, m iddle layer of 

m ilk  se rum  and  b o tto m  lay e r o f casein  an d  w hey p ro te in s . O ther 

w o rk e rs  also rep o rte d  s im ila r o b serva tions (Ja n d a l an d  Rai, 1989; 

Bajaj an d  R ai, 1993).
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5.1.2 E ffe c t o f  f o r m a l in  on  p H

T he pH  value  or hydrogen  ion  c o n cen tra tio n  gives a 

m easu re  of th e  t ru e  ac id ity  of m ilk. N orm al pH  values of cow and  

buffalo  m ilk  a re  6.6 a n d  6.8 respec tive ly  (BIS, 1981).

A verage pH  values of con tro l m ilk  sam ples w ere 

6.58 ±  0.02 and  6.76 ±  0.01 fo r cow an d  buffalo . T he values 

decreased  to  6.46 ±  0.01 an d  6.58 ± 0.03 on zero  day and  th e n  to

6.06 ±  0.02 an d  6.21 ±  0.01 a t  90 days of s to rag e  (Table 4.1 

an d  4.2). T h is decrease  in  pH  w as s ta tis tic a lly  sign ifican t 

(P < 0 .01 ). R ate  of decrease  w as fa s te r  up  to f i r s t  15 days (0.25, 

0.30 u n its )  an d  th e re a f te r  i t  slowed dow n. D ecrease in  pH  

im m edia te ly  on ad d itio n  of fo rm alin  is due to  th e  acid ity  of 

fo rm alin  and  la te r  decrease  m ay be due to  th e  rea c tio n  of fo rm alin  

w ith  m ilk  p ro te in s .

D ecrease in  pH  in  th e  fo rm alin  p reserv ed  m ilk  sam ples 

w as also rep o rte d  by  J a n d a l  an d  R ai (1988), b u t  th ey  have  no t 

suggested  any  reaso n  fo r th is  phenom enon . T hese a u th o rs  

no ticed  a  s ig n ifican t drop in  pH  even u n d e r  re fr ig e ra tio n  p o in tin g  

o u t th a t  b a c te ria l m u ltip lica tio n  is n o t th e  reaso n  fo r decrease  

in  pH .
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5 .1 .2  E ffe c t f o r m a l in  on  t i t r a t a b l e  a c id i t y

T he es tim atio n  of t i t r a ta b le  acid ity  is a  c rite r io n  to 

assess th e  su itab ility  of m ilk  fo r p rocessing . H igher t it ra ta b le  

acid ity  of m ilk  in d ica te s  i ts  low er keep ing  q u a lity  an d  h ig h er 

chances fo r c u rd lin g  on h ea tin g .

T he acid ity  of co n tro l an d  p rese rv ed  m ilk  sam ples has 

b een  expressed  as p e rc en t lac tic  acid  an d  p re sen te d  in  T able 4.1 

and  4.2 fo r cow and  buffalo . T he average acid ity  of fre sh  cow and  

buffalo  m ilk  sam ples w ere 0.16 ± 0.01 and  0.13 ± 0.0 respectively . 

O n ad d itio n  of fo rm alin  th e  t i t r a ta b le  acid ity  of b o th  cow and  

buffalo  m ilk  in creased  to  0.21 ±  0.01 an d  0.18 ± 0.01 on  zero day. 

O n su b seq u en t s to rage  th e  acid ity  co n tin u ed  to  increase  slowly and  

a t  90 days th e  va lues becam e 0.27 ±  0.00 an d  0.25 ±  0.01. A fte r 75 

days of s to rage  no fu r th e r  increase  in  acid ity  w as no ticed . T his 

t r e n d  w as com m on fo r b o th  cow an d  buffalo  m ilk  sam ples. Increase  

in  t i t r a ta b le  ac id ity  w as s ta tis tic a lly  s ig n ifican t (P < 0 .01 ).

In c re a se  in  ac id ity  in  th e  m ilk  sam ples on ad d ition  of 

fo rm alin  can  be exp la ined  w ith  th e  sam e reaso n s p o in ted  o u t for 

decrease  in  pH . F o rm a lin  co n ta in s  form ic acid  as free  acid. T h is 

m ay be  th e  rea so n  fo r in c rease  in  ac id ity  im m edia te ly  a fte r  th e  

ad d itio n  of fo rm alin . B ecause of th is , fo rm alin  is n e u tra liz ed  in  

form ol t i t r a t io n  m ethod  fo r e s tim a tio n  of p ro te in  in  o rd e r to  avoid
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e rro rs  in  re su lts . J a n d a l and  R ai (1988) com pared  th e  changes in 

t i t r a ta b le  acid ity  of fo rm alin  p rese rv ed  m ilk  sam ples a t 30°C and  

5°C fo r 90 days. T hey fo u n d  th a t  t i t r a ta b le  acid ity  w as 0.28 and 

0.22 respective ly  w hile  th e  co n tro l va lue  w as 0.16. So, re fr ig e ra tio n  

could n o t p rev e n t th e  developm ent of ac id ity  even th o u g h  b a c te ria l 

m u ltip lic a tio n  w as very  slow a t  th is  te m p e ra tu re . J a n d a l an d  Rai 

(1989) could no tice  only  0.1 p e r  cen t increase  in  t i t r a ta b le  acid ity  

of cow’s m ilk  im m ed ia te ly  on ad d itio n  of fo rm alin  an d  they  

a t t r ib u te d  th is  in c rease  to  rea c tio n  of fo rm alin  w ith  d iffe ren t 

fu n c tio n a l g roups of p ro te in s . In  th e  p re s e n t study  increase  in  

acid ity  w as m uch  m ore (0.5 p e r  cen t) b o th  in  cow an d  buffalo  m ilk 

im m ed ia te ly  on ad d itio n  of fo rm alin . Since sam e w orkers got an 

increase  o f 0.12 p e r  cen t increase  in  ac id ity  a t  th e  end  of 90 days as 

we have  observed in  th e  p re se n t study , i t  is assum ed th a t  th e  

ac id ity  o f fo rm alin  u sed  by  th em  m ay be d iffe ren t.

B ansa l an d  S inghal (1991) rep o rte d  very  low b ac te ria l 

co u n ts  (650/m l) in  fo rm a lin  p rese rv ed  sam ples even  th o u g h  th e  

ac id ity  o f th e  sam ples w ere  h igh . T he rep o rte d  b a c te ria l counts 

w ere too less to be considered  responsib le  fo r th e  deg radation / 

hydro lysis  o f lac tose  p ro d u cin g  lac tic  acid. T hey  have also rep o rted  

h ig h e r p ro teo ly tic  ac tiv ity  in  fo rm alin  p rese rv ed  sam ples. T hese 

a u th o rs  no ticed  a  h ig h e r ac id ity  on zero  day w hen  th e  level of 

fo rm alin  w as in creased  from  0.2 p e r c en t to  0.5 p e r  cen t. B u t a fte r  

th re e  m o n th s  th e  ac id ity  w as a lm ost sam e w ith  a ll levels of
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fo rm alin . F u r th e r , o th e r  w ork e rs  rep o rte d  no change in  lactose 

c o n te n t of fo rm alin  p reserv ed  sam ples (S andhu  et al., 1984; Bajaj 

a n d  R ai, 1993). T h is excludes th e  poss ib ility  o f lac tic  fe rm en ta tio n  

as th e  cause of increase  in  acidity . T h is in d ica te s  th a t  acid ity  of 

fo rm alin  is m ore c o n tr ib u tin g  to  a h ig h er acid ity  in  m ilk  th a n  the  

p ro teo lysis  caused  by fo rm alin  w hich  is a  g rad u a l process.

Bajaj an d  Rai (1993) rep o rte d  th a t  th e  sudden  increase  

in  acid ity  im m edia te ly  a f te r  th e  ad d itio n  of fo rm alin  is due to  the  

fac t th a t  fo rm alin  re a c ts  w ith  p rim a ry  am ino , am ide an d  guanidyl 

groups, w hereas i t  does n o t re a c t w ith  secondary  am ide groups 

(pep tide  linkages). K arm ak ar an d  G h a tak  (1995, 1997) have 

rep o rte d  increase  in  ty ro sin e  value  in  fo rm alin  p reserved  sam ples 

w hich  in d ica te s  p ro teo lysis  and  th is  m ay be  th e  reaso n  for slow 

in crease  in  acid ity  on fu r th e r  sto rage.

5.1.3 E ffe c t o f  f o r m a l in  on  c lo t  on  b o i l in g  te s t

T he clo t on bo iling  te s t  w as p e rfo rm ed  to  assess 

w h e th e r th e  m ilk  sam ples p rese rv ed  w ith  fo rm alin  w ere in  th e  

con d itio n  su itab le  fo r analysis , as th e  COB positive  sam ples a re  

considered  u n f it  fo r analysis. B o th  cow an d  buffalo  m ilk  sam ples 

rem a in ed  COB negative  fo r th e  e n tire  s to rag e  period  of th re e  

m o n th s  a t  room  te m p e ra tu re .
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N orm ally  m ilk  sam ples w ill becom e COB positive  a t  an 

ac id ity  of above 0.17 p e r cen t lac tic  acid. H ow ever in  th e  p re se n t 

s tu d y  m ilk  sam ples p reserv ed  w ith  fo rm alin  d id  n o t becam e COB 

positive  even a t  an  acid ity  of 0.27 p e r  cent.

As d iscussed  above, th e  in it ia l  increase  in  acid ity  in  

th e  fo rm alin  p reserv ed  m ilk  sam ples w as n o t due to  lactic 

fe rm e n ta tio n , b u t  because  of th e  form ic acid  in  fo rm alin  as 

rev ea led  in  th e  s tu d y  of Ja n d a l and  R ai (1988) w here, fo rm alin  

p rese rv ed  sam ples w ere COB negative  up to  90 days u n d er 

re fr ig e ra te d  sto rage. J a n d a l and  R ai (1989) observed  th a t  fo rm alin  

in c reases  th e  h e a t s ta b ility  of m ilk  and  th is  m ay be th e  reaso n  for 

COB negative  te s t.

T he re su lts  a re  in  ag reem en t w ith  Ja n d a l an d  Rai 

(1989); K a rm ak ar an d  G h a tak  (1995 an d  1997).

B ansal an d  S inghal (1991) rep o rte d  COB negative  te s t 

in  fo rm alin  p reserv ed  sam ples even a t  an  acid ity  of 0.34 p e r  cen t 

lac tic  acid. H ow ever th ey  have rep o rte d  a  positive  COB te s t  in  

fo rm alin  p reserv ed  buffalo  m ilk  sam ples a f te r  five m on th s of 

s to rag e  a t  room  te m p e ra tu re  w hile  th ey  could n o t observe positive 

te s t  in  sam ples of cow m ilk  even a fte r  s to rag e  of one year. They 

have also rep o rte d  p ro teo ly tic  ac tiv ity  in  COB positive  sam ples. 

Bajaj an d  R ai (1993) have  also rep o rte d  a  positive  COB te s t  in
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buffalo  m ilk  sam ples a f te r  one m o n th  of sto rage. They have 

rep o rte d  p ro teo lysis as th e  reaso n  fo r COB positive  tes t.

5 .1 .4  E ffe c t o f  f o r m a l in  on  m ilk  f a t  p e r c e n ta g e  by  G erb er  
m e th o d

T he m ilk  sam ples d e ta in ed  by PFA  a u th o ritie s  a re  

p rese rv ed  w ith  fo rm alin  a n d  judged  fo r i ts  q u a lity  on th e  basis  of 

fa t  a n d  solids n o t fa t  co n ten t. T he effect o f fo rm alin  on  G erber fa t 

t e s t  h a s  b een  a  co n tro v ersia l sub ject in  th e  re c e n t p ast. I t  is  th e re  

fo re  e sse n tia l to  s tu d y  th e  effect o f fo rm alin  on  th e  fa t  values 

d e te rm in ed  by G erber m ethod.

F a t pe rcen tag e  in  th e  co n tro l an d  p reserv ed  m ilk 

sam ples w as d e te rm in ed  by G erber m ethod  a fte r  in c reas in g  th e  

co n ce n tra tio n  of G e rb e r’s S u lp h u ric  acid  to  94 p e r cen t as 

suggested  by Ja n d a l an d  R ai (1988) an d  B ansal (1989).

T he e s tim a ted  m ean  fa t  p e rcen tag e  of co n tro l sam ples 

w ere  3.4 ±  0.09 an d  6.2 ±  0.22 in  cow a n d  buffalo  m ilk  sam ples. 

Im m ed ia te ly  on ad d itio n  of fo rm alin  th e  fa t  pe rcen tag e  decreased  

to  3.32 ±  0.1 an d  6.13 ±  0.22. A t 90 days of s to rage  th e  values 

becam e 3.38 ±  0.09, 6.18 ±  0.22 (T able 4.1 an d  4.2). T he e x te n t of 

d ecrease  o f fa t co n ten t a t  th e  end  of s to rag e  w as 0.02 u n its  in  b o th  

cow a n d  buffalo  m ilk  sam ples respectively . T hese changes were
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n o t s ta tis tic a lly  sign ifican t. T he re su lts  of th is  study  a re  in 

ag reem en t w ith  H u ssa in  et al. (1984).

S andhu  e t al. (1984) observed no sign ifican t change in 

fa t  p e rcen tag e  of fo rm alin  p reserv ed  sam ples even up  to  a  sto rage 

p e rio d  of tw elve m o n th s  a t  room  te m p e ra tu re  w hich  fu lly  supports 

th e  p re se n t find ings.

No sig n ifican t change in  fa t  p e rcen tage  by  G erber 

m eth o d  fo r th e  e n tire  s to rage  p e rio d  of th re e  m o n th s  w as also 

rep o rte d  b y  Ja n d a l and  R ai (1989).

H ow ever severa l o th e r a u th o rs  rep o rte d  a  s ign ifican t 

decrease  in  th e  fa t  p e rcen tag e  of fo rm alin  p reserv ed  m ilk  sam ples. 

D esraj an d  S inghal (1987) rep o rte d  co n sis ten tly  low fa t  va lues in  

b o th  cow and  buffalo  m ilk  sam ples p reserv ed  w ith  form alin . 

B ansal, (1989) rep o rte d  a  s ig n ifican t (17%) decrease  in  fa t  

p e rcen tag e  in  fo rm alin  p rese rv ed  sam ples a f te r  one y ear of sto rage 

a t  room  te m p e ra tu re . T hey u sed  s ta n d a rd  G erb er m ethod  fo r the  

e s tim a tio n  of fa t  pe rcen tage . Bajaj an d  R ai (1992) rep o rte d  4.16 

an d  1.9 p e r  cen t decrease  in  fa t  values o f cow and  buffalo  m ilk 

sam ples a fte r  th re e  m o n th s  of s to rag e  a t  room  te m p e ra tu re  w hen 

ana ly sed  by  m odified  G erb er m ethod . So i t  can  be  concluded th a t  

by u s in g  94 p e r  cen t su lp h u ric  acid, fo rm alin  p reserv ed  m ilk
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sam ples can  be  read ily  te s te d  by G erb er m ethod  w ith  o u t any 

s ig n ifican t change in  fa t  re su lts  up to  90 days of sto rage.

5.1*5 E ffe c t o f  f o r m a l in  on  M ilk o -T e s te r  m e th o d

M ilko-T ester m ethod  of fa t  e s tim atio n  is fa s t and  

avoids th e  u se  of h aza rd o u s chem icals. I t  is a  p o p u la r in s tru m e n ta l 

m eth o d  used  even a t  m ilk  co-operatives. I t  is th e re fo re  essen tia l to 

ev a lu a te  th e  in fluence  of p re se rv a tio n  of m ilk  sam ples w ith  

fo rm alin  on th e  fa t  re su lts  of M ilko-T ester.

W ork ing  p rin c ip le  of M ilko-T ester is based  on th e

p h o to m e tric  m easu rem en t o f lig h t sc a tte re d  by th e  f a t  g lobules in 

m ilk . T he m ilk  sam ple is d ilu ted  by a  c h e la tin g  ag en t like  EDTA 

dissolves th e  p ro te in  to  avoid th e  in fluence  of p ro te in  co n ten t. The 

m ea su rin g  system  re q u ire s  a  c o n s tan t g lobule size to  p rov ide a 

fixed re la tio n  be tw een  th e  am o u n t of lig h t sc a tte re d  to  th e  fa t 

c o n te n t. T h is is achieved by  th e  hom ogen iza tion  of d ilu ted  m ilk 

sam ple.

T he fa t  pe rcen tag e  of fre sh  m ilk  sam ples w ere

3.4 ±  0.09 an d  6.2 ± 0.22 in  cow a n d  buffalo  respectively . 

Im m ed ia te ly  on ad d itio n  of fo rm alin  th e re  w as a  s ligh t decrease  in  

f a t  p e rcen tag e  an d  i t  w as 3.33 ±  0.10 an d  6.13 ± 0.21. U p to  30 

days o f s to rag e  no s ig n ifican t change in  fa t  pe rcen tag e  w as noticed .
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A fte rw ard s th e  change in  fa t  p e rcen tag e  w as in co n s is ten t. The 

va lues a t  45, 60, 75 and  90 days w ere 3.28 ± 0.24, 3.88 ±  0.17, 

3.35 ± 0.24 an d  3.43 ± 0.27 fo r cow m ilk  an d  6.45 ±  0.32, 

6.18 ± 0.28, 6.15 ± 0.42 an d  6.32 ±  0.34 fo r buffalo  m ilk  

(T able 4.1 an d  4.2).

H igher fa t  va lues by M ilko-T ester m ay be  due to th e  

red u ced  so lub ility  of m ilk  p ro te in  in  th e  d ilu e n t so lu tion . W here as 

low er fa t  va lues m ay be due to  th e  changes in  n a tu re  of fa t  globule 

m em b ran e . T he d e n a tu ra tio n  or dam age to  th e  fa t  globules caused  

by th e  rea c tio n  of fo rm alin  w ith  m ilk  p ro te in s  m ay reduce  b o th  th e  

n u m b er a n d  su rface  a re a  of fa t  globules. T h is m ay be  th e  reason  

fo r  d ecrease  in  fa t  pe rcen tag e  by M ilko-T ester as rep o rte d  by 

B ansa l (1989).

M ilk p ro te in s  m igh t have u n d e rw en t po lym erisa tion  

w hich m ade th e  m olecules d ifficu lt to  d issolve w ith  che la ting  

agen t. So p ro te in  m olecules also sc a tte re d  som e q u a n tity  of ligh t 

lead ing  to  h ig h e r fa t  pe rcen tage . A fterw ards p ro teo ly sis  m ay lead  

to  d isso lu tio n  of th ese  p ro te in  m olecules an d  we could ge t va lues 

w hich  a re  n o t sign ifican tly  d iffe ren t from  co n tro l values.

U se of M ilko-T ester fo r th e  e s tim a tio n  of fa t  in  th e  

fo rm alin  p reserv ed  m ilk  sam ples w as rep o rte d  u n sa tis fac to ry  by 

m ost o f th e  w ork e rs  (K vapilik  an d  S achanek , 1975; B ansal, 1989 ;
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Bajaj and  R ai, 1992). Incom plete  d isso lu tion  of h a rd e n ed  p ro te in  in  

th e  d ilu e n t so lu tio n  is th e  suggested  reason  by Bajaj an d  Rai 

(1992) fo r  e rra tic  values.

5 .1 .6  E ffe c t o f  f o r m a l in  on  th e  t o ta l  s o l id s

T he to ta l  solids c o n te n t of m ilk  is an  im p o rta n t fac to r 

in  assess in g  th e  q u a lity  of th e  m ilk . T he to ta l  solids p e rcen tag e  of 

fre sh  cow an d  buffalo  m ilk  sam ples w ere 12.45 ±  0.12 and  

15.62 ± 0.48 respectively . O n ad d ition  of fo rm alin  th e  values 

becam e 12.46 ± 0.13 an d  15.58 ±  0.49. A t 90 days of s to rage  th e  

va lues w ere  12.51 ±  0.12 an d  15.59 ±  0.49. T o ta l solids c o n te n t did 

n o t show  any  s ig n ifican t change n e ith e r  on ad d itio n  of fo rm alin  

n o r d u rin g  s to rag e  as show n in  T able  4.1 and  4.2. As th e  level of 

fo rm alin  added  w as very  low, th is  m ig h t n o t have in c reased  th e  

w eigh t of th e  sam ples appreciab ly . T h ere fo re  no su b s ta n tia l change 

in  to ta l  solids pe rcen tag e  w as no ticed . T he re su lts  a re  in  

ag reem en t w ith  B ector and  N aray an an  (1973), B ansa l (1989), Bajaj 

an d  Rai (1992). K vapilik  an d  S uchanek  (1975) recom m ended  th e  

u se  of fo rm alin  as a  p rese rv a tiv e  fo r m ilk  sam ples in te n d ed  fo r 

to ta l  so lids estim ation .

5 .1 .7  E ffe c t on  s o l id s - n o t- f a t  p e r c e n ta g e

T he m ilk  sam ples d e ta in ed  u n d e r  PFA  A ct are  

p reserv ed  w ith  fo rm alin  an d  a re  judged  on th e  b asis  of th e ir  fa t
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a n d  solids n o t fa t  pe rcen tages. M inim um  s ta n d a rd s  fo r solids n o t 

fa t  c o n te n t of cow an d  buffalo  m ilk  a re  8.5 and  n ine  p e r cen t 

respective ly  th ro u g h o u t th e  coun try . H ence i t  is u tm o s t im p o rtan t 

to  s tu d y  th e  in fluence  of fo rm alin  on solids not. f a t  co n ten t of m ilk. 

Solids n o t fa t  pe rcen tag e  of fre sh  cow an d  buffalo  m ilk  sam ples 

w ere  9.05 ±  0.10 and  9.42 ± 0.27. O n add ition  of fo rm alin  the  

va lues in creased  to  9.14 ±  0.12 an d  9.45 ± 0.29 and  a t  90 days of 

s to rage , th e  values w ere 9.12 ± 0.10 an d  9.41 ± 0.28 (T able 4.1 

a n d  4.2).

C hange in  solids n o t fa t  p e rc e n t w as n o t s ta tis tica lly  

s ig n ifican t as show n in  T able  4.1 an d  4.2. T he slig h t increase  in 

solids n o t fa t  m ay be due to  changes in  m ilk  p ro te in s . S im ilar 

re s u lts  w ere also rep o rte d  by e a rlie r  w ork e rs  (S andhu  et a l., 1984 

a n d  J a n d a l  a n d  R ai, 1989). J a n d a l an d  R ai (1988) found  o u t SN F 

p e rcen tag e  of fo rm alin  p rese rv ed  m ilk  sam ples by lac tom ete r 

rea d in g  an d  th ey  could fin d  only a  n o n -s ig n ifican t d ifference of 

0.09% in  SN F pe rcen t. H ow ever H u ssa in  et al. (1984) and  B ansal 

(1989) rep o rte d  a s ig n ifican t increase  in  solids n o t fa t  co n ten t of 

fo rm alin  p rese rv ed  sam ples due to th e  low fa t  va lues ob ta in ed  by 

G erb er m ethod.

5 .1 .8  E ffe c t o f  fo r m a l in  on  L a c to m e te r  r e a d in g

T he es tim ated  m ean  lac to m e te r read in g  of fre sh  cow 

an d  buffalo  m ilk  w as 29.67 ±  0.49 an d  28 ±  1.39 respectively . On
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ad d itio n  of fo rm alin  lac to m e te r rea d in g  decreased  to  29.0 ± 0.52 

an d  27.5 ± 1.09. A t 90 days of sto rage  th e  values becam e 

28.67 ±  0.42 an d  27.50 ±  1.09 (Table 4.1 an d  4.2). T h is re su lt  fully 

ag rees w ith  th e  re p o r t  of J a n d a l and  R ai (1988). T he changes in  fa t 

a n d  solids n o t fa t  co n te n ts  of fo rm alin  added  m ilk  a long  w ith  th e  

d ilu tio n  of m ilk  m ay be th e  reaso n  fo r decrease  in  lac tom ete r 

read ing .

5.1.9 P r e s e r v a t iv e  e ffe c t  o f  f o r m a l in  on  p a s te u r i s e d  m ilk

T he p a s teu rise d  cow an d  buffalo  m ilk  sam ples could be 

p rese rv ed  by  fo rm alin  fo r th e  e n tire  p e rio d  of 90 days w ith o u t any  

spoilage. I t  is very  c lear th a t  fo rm alin  p rev e n ts  any  m icrobial 

g row th  in  m ilk  sam ples an d  no a d d itio n a l effect is no ticed  on 

p a s te u risa tio n  of sam ples.

5.2 Potassium dichromate

Cow an d  buffalo  m ilk  sam ples p reserv ed  w ith  

p o tass iu m  d ich rom ate  could be s to re d  fo r 30 days a t  room  

te m p e ra tu re . M ilk sam ples becam e o range yellow in  colour 

im m ed ia te ly  a f te r  th e  ad d itio n  of p o tassiu m  d ich rom ate . Cream  

p lug  fo rm ed  w ith  in  24 h o u rs  of sto rage. T h ere  w as a  g radua l 

change in  colour an d  m ilk  sam ples becam e g reen  in  colour from  its  

o rig in a l o range yellow  colour to w ard s th e  end  of s to rage  period . A t
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ab o u t 30 days signs of cu rd lin g  ap p eared  an d  m ilk  sam ples becam e 

too viscous.

K roger (1971) also rep o rte d  sim ila r colour change in  

p o tass iu m  d ich rom ate  tr e a te d  cow m ilk  sam ples sto red  a t room  

te m p e ra tu re . T he colour change from  yellow to  g reen  w as an  

in d ica tio n  of red u c tio n  of th e  o range h exava len t chrom ium  an ion  

(C r20 7) in  th e  d ich rom ate  to  th e  tr iv a le n t  chrom ium  ion (C r+++ or 

C r (OH)~4), w hich  m ay ap p ea r as g reen  in  so lu tion . T his red u c tio n  

is m ost likely  caused  by  red u c in g  b a c te r ia  as rep o rte d  by K roger 

(1971).

In  th e  p re s e n t s tu d y  m ilk  sam ples tre a te d  w ith  

p o tass iu m  d ich rom ate  show ed signs of c u rd lin g  a fte r  30 days of 

s to rag e  a t  room  te m p e ra tu re . S im ila r changes w ere also rep o rted  

by  e a r lie r  w orkers (D esraj and  S inghal, 1990) a t  room  te m p e ra tu re  

an d  (K arm ak ar a n d  G h a tak  1995) a t  re fr ig e ra te d  cond ition  in  cow 

a n d  buffalo  m ilk  sam ples.

5.2.1 E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  p H

T he average pH  values o f fre sh  cow an d  buffalo  m ilk 

sam ples w ere 6.58 ± 0.02 an d  6.76 ± 0.01. T he values decreased  to 

6.19 ±  0.02 an d  6.27 ± 0.01 im m edia te ly  a f te r  th e  add ition  of 

p o tass iu m  d ich rom ate  a t  zero day. T h e re a f te r  pH  gradually
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in c reased  to  6.42 ±  0.02 and  6.44 ±  0.02 a t  30 days o f s to rage  in 

cow a n d  buffalo  m ilk  sam ples respec tive ly  (T able 4.3 and  4.4). The 

decrease  iii pH  w as s ta tis tic a lly  s ig n ifican t (P < 0 .01 ) in  cow and 

buffalo  m ilk  sam ples.

In  th e  p re se n t s tu d y  a  s ig n ifican t sudden  decrease  in  

pH  w as no ticed  im m edia te ly  a fte r  th e  ad d itio n  of po tassium  

d ich rom ate . T he ra te  of decrease  w as h ig h e r (0.49 u n its )  in  buffalo  

th a n  in  cow m ilk  (0.39 u n its ) . T h e re a f te r  a  s ligh t b u t  successive 

in c rease  in  pH  w as no ticed  w ith  th e  advancem en t in  sto rage  

period . T he pH  a t  th e  end  of 30 days s to rag e  period  w as 0.16 u n its  

an d  0.32 u n its  le sse r th a n  th e  - co n tro l in  cow and  buffalo  

m ilk  sam ples respectively . T he reaso n s fo r decrease  in  pH  a re  n o t 

clear.

5.2*2 E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  t i t r a t a b l e  a c id i t y

T he es tim ated  m ean  va lues o f t i t r a ta b le  acid ity  for 

co n tro l cow and  buffalo  m ilk  sam ples w ere 0.16 ± 0.01 and  

0.13 ± 0.0. A fter th e  ad d itio n  of po tassium  d ich rom ate  th e  values 

in c reased  to  0.38 ± 0.01 a n d  0.36 ±  0.01 a t  zero  day. A t 30th day it  

becam e 0.28 ± 0 .01  in  b o th  cow an d  buffalo  m ilk  sam ples (T able 4.3 

an d  4.4).
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T h ere  w as a  sudden  in crease  in  t i t r a ta b le  acid ity  of 

cow an d  buffalo  m ilk  sam ples im m edia te ly  on ad d itio n  of 

p o tassiu m  d ich rom ate . T he increase  w as 0.22 u n its  in cow m ilk 

an d  0.23 u n its  in  buffalo  m ilk  sam ples. T he level of acid ity  showed 

a slow b u t  g rad u a l decreasing  t re n d  tow ards th e  end  of 30 days 

sto rage . T he in c rease  in  t i t r a ta b le  acid ity  w as s ta tis tica lly  

s ig n ifican t (P < 0 .01 ).

K arm ak ar an d  G h atak  (1995, 1997) rep o rte d  very  little  

change in  acid ity  im m ed ia te ly  on  ad d itio n  of p o tassiu m  d ichrom ate  

b u t  th e re  a f te r  th ey  observed  a  s teady  an d  p rogressive  increase  in  

t i t r a ta b le  acid ity . T he increase  in  ac id ity  of p rese rv ed  sam ples is 

n o t  due  to  b a c te r ia l g row th  because, level decreased  w ith  the  

in c rease  of s to rage  period . F u r th e r , D unham  a n d  B echtle  (1978) 

re p o rte d  a drop in  s ta n d a rd  p la te  co u n t from  1500/m l to  300/m l a t 

th e  end  of 10 days of p re se rv a tio n  by  p o tassiu m  d ich rom ate . T his 

excludes th e  b a c te ria l spoilage. T he reasons fo r increase  in  

t i t r a ta b le  ac id ity  in  p o tass iu m  d ich ro m ate  p rese rv ed  sam ples has 

to  be  in v es tig a ted  fu r th e r .

5.2.3 E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  C lo t  on  b o i l in g  te s t

P o tassiu m  d ich rom ate  tre a te d  cow a n d  buffalo  m ilk  

sam ples rem a in ed  COB negative  u p  to  15 days of s to rage  an d  th e re  

a f te r  th ey  becam e COB positive  as show n in  T able  4.3 an d  4.4.
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T he p re se n t re su lts  a re  in  ag reem en t w ith  th e  find ings 

of tw o s tu d ies  by K arm ak ar and  G h a tak  (1995 and  1997). Who 

rep o rte d  a  COB P ositive  te s t  a f te r  15 days of s to rage  in  cow and  

buffalo  m ilk  sam ples p reserv ed  w ith  po tassium  d ich rom ate  a t 

re fr ig e ra te d  condition .

T h e ir  re p o rts  fu r th e r  in d ica te  th a t  th e  sam ples were 

becom ing  COB positive  n o t due to  b a c te r ia l spoilage because 

o b se rv a tio n s w ere sam e u n d e r  re f r ig e ra te d  sto rage.

5 .2 .4  E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  m ilk  f a t  p e r c e n ta g e  
by G e rb e r  m e th o d

T he es tim ated  m ean  fa t  pe rcen tag e  of cow and  buffalo 

m ilk  sam ples w ere 3.40 ± 0 .09  an d  6.20 ± 0 .22  befo re  th e  add ition  

of p o tassiu m  d ich rom ate . No change in  f a t  pe rcen tag e  w as no ticed  

im m ed ia te ly  a f te r  th e  add ition . F a t  pe rcen tag e  sligh tly  decreased  

to  3 .34± 0 .09  and  6 .13± 0 .21  a fte r  30 days of s to rage  in  cow and 

buffalo  m ilk  sam ples respective ly  (T able 4.3 an d  4.4).

A g rad u a l b u t  n o n -s ig n ifican t decrease  in  fa t  co n ten t 

w as no ticed  in  cow and  buffalo  m ilk  sam ples (0.06, 0.07 u n its). 

T he  d ecrease  in  fa t  c o n te n t can  be  a tt r ib u te d  to  th e  d eg rad a tio n  

of m ilk  fa t  by th e  s tro n g  ox idative  p ro p e rty  of po tassium  

d ich rom ate .
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Such fin d in g s w ere also rep o rte d  by several ea rlie r 

w orkers. D esraj and  S inghal (1990) rep o rte d  0.2 and  0.1 p e r cen t 

decrease  in  fa t  c o n te n t of buffalo  an d  cow m ilk  sam ples a fte r  30 

days o f s to rage  a t  am b ien t te m p e ra tu re . T hey opined th a t  

h a rd e n in g  of p ro te in s  as w ell as d eg rad a tio n  of m ilk  fa t by 

ox idative  p ro p e rty  o f po tassium  d ich rom ate  m ay  be th e  reasons for 

decrease  in  fa t  pe rcen tage . B u t th e  effect w as a lm ost sam e fo r bo th  

cow an d  buffalo  m ilk  in  th is  study . K a rm a k ar and  G h atak  (1995 

an d  1997) rep o rte d  s im ila r fin d in g s w ith  buffalo  m ilk  a t 

re fr ig e ra te d  te m p e ra tu re . B u t th ey  observed a  non -sign ifican t 

in c rease  in  fa t  c o n te n t of p reserv ed  cow m ilk  sam ples s to red  a t 

re fr ig e ra te d  tem p era tu re .

5 ,2 ,5  E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  M ilk o -T e s te r

T he e s tim a te d  m ean  fa t  p e rcen tag e  of co n tro l sam ples 

w ere  3.40 ±  0.09 and  6.20 ±  0.22. A fte r th e  add ition  of po tassium  

d ich rom ate  th e  fa t  p e rcen tag e  w as 3.38 ± 0.10 and  6.20 ±  0.22 a t 

zero day. I t  decreased  fu r th e r  to  3.25 ±  0.10 an d  5.77 ±  0.21 a t 30 

days in  cow and  buffalo  m ilk  sam ples respective ly  (T able 4.3 

an d  4.4).

T he decrease  in  fa t  co n ten t w as 0.15 u n its  in  cow and  

0.43 u n its  in  buffalo  m ilk . T he decline  w as p rogressive  in  b o th  cow 

an d  bu ffa lo  m ilk  sam ples. In  cow m ilk  m axim um  decrease  of 0.08
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u n its  w as no ticed  be tw een  15 and  30 days of sto rage. In  buffalo 

m ilk  sam ples m axim um  decrease  of 0.30 u n its  w as no ticed  betw een  

zero  an d  15th day. C hanges w ere n o t s ta tis tic a lly  sign ifican t.

T he decrease  in  fa t  pe rcen tag e  m ay be due to changes 

in  physical s tru c tu re  of aged m ilk  sam ples. K roger (1971) rep o rted  

0.18 p e r  cen t dep ression  in  m ilk  fa t a f te r  seven days o f storage. 

D unham  an d  B echtle  (1978) rep o rte d  a  g rad u a l decline in  fa t 

p e rcen tag e  in  m ilk  sam ples p reserv ed  w ith  po tassium  d ich rom ate  

w hen  te s tin g  w as done by  M ilko-T ester. S im ila r observations w ere 

m ade in  re fr ig e ra te d  sam ples also. S im ila r t re n d  of steady  decline 

w as also rep o rte d  by m any  a u th o rs  (Bakke, 1968; U zonyi, 1977; 

V a itn u s  an d  K azlanska ite , 1982).

5 .2 ,6  E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  t o ta l  s o l id s  
p e r c e n ta g e

T he m ean  to ta l  solids p ercen tage  of con tro l sam ples 

w ere 12.45 ±  0.12 an d  15.62 ± 0 .48  in  cow and  buffalo  m ilk 

sam ples respectively . T he to ta l  solids pe rcen tag e  a t  zero and  30 

days a f te r  ad d itio n  of po tassium  d ich rom ate  w ere 12.50 ± 0.13, 

12.54 ±  0.14 in  cow m ilk  an d  15.66 ± 0.48, 15.70 ± 0.48 in  buffalo  

m ilk  sam ples respective ly  (T able 4.3 an d  4.4).

T he to ta l  solids pe rcen tag e  show ed a  non -sign ifican t 

in c rease  in  po tassium  d ich rom ate  tre a te d  cow and  buffalo  m ilk
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sam ples. T he increase  w as m axim um  im m edia te ly  a f te r  the  

ad d itio n  of po tassium  d ich rom ate . T h e re a fte r  a  slig h t increase  w as 

no ticed  an d  th e  e x te n t o f in c rease  w as Q.09 u n its  in  cow and  0.08 

u n its  in  buffalo  m ilk  sam ples. T he slig h t increase  in  to ta l solids 

c o n te n t m ay be due to  th e  w eigh t c o n trib u te d  by th e  solid 

p reserv a tiv e .

T he p re se n t find ings a re  in  ag reem en t w ith  th e  rep o rts  

m ade by K roger (1985) in  po tassium  d ich rom ate  tre a te d  cow m ilk 

sam ples s to red  a t  re fr ig e ra te d  te m p e ra tu re .

5 .2 .7  E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  s o l id s  n o t  f a t  
p e r c e n ta g e

M ean solids n o t fa t  pe rcen tag e  of co n tro l sam ples w ere

9.05 ±  0.1 an d  9.42 ±  0.27 in  cow and  buffalo  m ilk  sam ples. A fter 

ad d itio n  of p o tassiu m  d ich rom ate  th e  values in creased  to 

9.10 ±  0.11 an d  9.46 ±  0.27 a t  zero  day and  th e re a f te r  to 

9.19 ± 0.13 an d  9.58 ± 0 .27  a t  30 days o f s to rag e  (T able 4.3 and  

4.4). Solids n o t fa t  o f c o n te n t of p o tassiu m  d ich rom ate  tre a te d  cow 

an d  buffalo  m ilk  sam ples show ed an  in c reas in g  tre n d  th ro u g h o u t 

th e  e n tire  s to rag e  period . B u t th e  increase  w as n o t s ta tis tica lly  

s ig n ifican t.

T he ra te  o f increase  in  so lids n o t f a t  p e rcen tag e  was 

c o n s ta n t in  cow m ilk  b u t  i t  w as n o t u n ifo rm  in  buffalo  m ilk
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sam ples. T he e x te n t of in c rease  w as 0.16 u n its  in  buffalo  and  0.14 

u n its  in  cow m ilk  sam ples a f te r  30 days of s to rage  w hen com pared 

to  co n tro l sam ples. T hese fin d in g s a re  in  ag reem en t w ith  H ussa in  

et al. (1984). T he slig h t in c rease  in  solids n o t fa t  co n ten t in  

p o tassiu m  d ich rom ate  tre a te d  m ilk  sam ples m ay be  due to  th e  

w eigh t c o n tr ib u te d  by th e  solid p reserva tive .

5 .2 .8  E ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  la c to m e te r  r e a d in g

T he m ean  L ac to m ete r rea d in g  of co n tro l sam ples w ere

29.7 ±  0.49 and  28 ± 1 .39  in  cow an d  buffalo  m ilk  sam ples 

respective ly . T he average  L ac to m ete r rea d in g  a t zero , 30 days 

w ere 32.3 ± 0.67 an d  32.8 ±  0.54 in  cow m ilk . T he co rrespond ing  

va lues in  buffalo  m ilk  w ere 30.8 ±  1.08 and  31.7 ± 1.02 

respec tive ly  (Table 4.3 a n d  4.4).

T he ra te  o f in c rease  w as m axim um  im m edia te ly  a fte r  

th e  a d d itio n  of p o tassiu m  d ich rom ate . T h e re a fte r  a  s ligh t b u t 

p rog ressive  in c rease  w as no ticed  in  cow an d  bu ffa lo  m ilk  sam ples 

u p  to 30 days of sto rage. T he increase  w as m ore in  buffalo  m ilk  

(3.7 u n its )  th a n  in  cow m ilk  (3.1 u n its ) . In c rease  in  lac to m ete r 

re a d in g  w as s ta tis tic a lly  s ig n ifican t in  cow and  buffalo  m ilk  

sam p les (P < 0 .05 ).

D esraj an d  S inghal (1990) m ade s im ila r observations 

an d  th e y  op ined  th a t  m ilk  sam ples p rese rv ed  w ith  po tassium
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d ich ro m ate  a re  n o t su itab le  fo r lac to m ete r m easu rem en ts  because 

sam ples h ad  becom e too viscous. Since po tassium  d ich rom ate  is a 

so lub le  sa lt  i t  in creased  th e  specific g rav ity  o f m ilk  and  th e re  by 

in c reased  th e  lac to m ete r read ing . H ow ever A rm andola  (1969) 

described  po tassium  d ich rom ate  as a  chem ical p reserv a tiv e  w ith  

lea s t e ffect on d en sity  of m ilk.

5*2*9 P r e s e r v a t iv e  e ffe c t o f  p o ta s s iu m  d ic h r o m a te  on  
p a s te u r i s e d  m ilk

T he p a s te u rise d  cow an d  buffalo  m ilk  sam ples could be 

p rese rv ed  by  po tassium  d ich rom ate  fo r a  pe riod  of 38 days w ith o u t 

any  spoilage. H ence p a s te u r isa tio n  is in flu en c in g  period  of sto rage 

by red u c in g  in itia l coun t of b a c te r ia  in  th o se  m ilk  sam ples.

5 .3  B r o n o p o l

B ronopol tre a te d  cow m ilk  sam ples could be p reserved  

fo r 24 days an d  buffalo  m ilk  sam ples could be  p reserved  fo r 16 

days a t  room  te m p e ra tu re . T he sam ples becam e m ild  p in k  in  colour 

an d  signs of c u rd lin g  ap p eared  to w ard s th e  end  of th e  sto rage  

period .

Several w ork e rs  (Ardo, 1979; J e u n e t  and  G rapp in , 

1979; R u tta n , 1993 an d  G encurova et al. 1995) p reserv ed  m ilk 

sam ples w ith  0.02 p e r  c en t b ronopo l up  to te n  days a t  room
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te m p e ra tu re . In  th e  p re s e n t study  th e  m ilk  sam ples w ere p reserved  

w ith  0.1 p e r cen t b ronopol.

F o ltys et al. (1995) p reserv ed  m ilk  sam ples w ith  

b ronopo l fo r 14 days a t  room  te m p e ra tu re  and  17 days a t 

re f r ig e ra te d  te m p e ra tu re . F ro m  th e  availab le  l i te ra tu re  it  was 

fo u n d  th a t  m any  w ork ers  rep o rte d  a sh o rte r  d u ra tio n  of 

p re se rv a tio n  by b ronopo l even a t  re fr ig e ra te d  te m p e ra tu re .

5.3.1 E ffe c t o f  b ro n o p o l on  p H

T he average  pH  va lues of co n tro l sam ples w ere 

6.62 ± 0.04 and  6.59 ±  0.04 in  cow a n d  buffalo  m ilk  respectively . 

T he va lues changed  to 6.64 ± 0.03 an d  6.56 ±  0.04 on zero day of 

a d d itio n  of b ronopo l. F u r th e r  th e  values decreased  to  6.04 ± 0.02 

a t  24th day in  cow m ilk  an d  6.08 ± 0.03 a t  16th- day  in  buffalo  m ilk  

sam ples (T able 4.5 a n d  4.6). T h ere  w as a  decreasing  tr e n d  in  pH  of 

b ronopo l p reserv ed  m ilk  sam ples.

A n overall 0.58 u n it  declined  w as no ticed  in  cow m ilk 

sam ples a t  24th day. T he  value  w as 0.51 u n its  a t  16th day in  buffalo  

m ilk . T h ere  w as no no ticeab le  change in  pH  im m edia te ly  a f te r  th e  

a d d itio n  of b ronopol. T h is in d ica te s  th a t  th e  decrease  in  pH  is  n o t 

due  to  th e  chem ical n a tu re  o f b ronopol, b u t  due  to  m u ltip lica tio n
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of b a c te r ia  in  m ilk  and  p ro d u c tio n  of lac tic  acid. T he decrease  in  

pH  w as s ta tis tic a lly  s ig n ifican t (P < 0 .01 ).

5 .3 .2  E ffe c t o f  b r o n o p o l on  t i t r a t a b l e  a c id i t y

T he e s tim a ted  m ean  t i t r a ta b le  ac id ity  of con tro l 

sam ples w ere 0.17 ±  0.01 an d  0.17 ±  0.01 in  cow and  buffalo  m ilk 

sam ples. Im m ed ia te ly  a f te r  ad d itio n  of b ronopo l th e  values 

changed  to  0.16 an d  0.18 ±  0.01 respectively . T he acid ity  increased  

to  0.29 ±  0.01 a fte r  24 days of s to rag e  in  cow m ilk  and  0.28 ±  0.01 

a t  16 days in  buffalo  m ilk  sam ples (T able 4.5 an d  4.6). T itra ta b le  

ac id ity  in creased  g radua lly  as th e  s to rage  period  progressed . The 

buffalo  m ilk  sam ples a tta in e d  m axim um  acid ity  by 16th day and 

cu rd led . T h is in d ica tes  h ig h e r ra te  of in c rease  in  acid ity  in  buffalo  

m ilk  sam ples. T he reaso n  fo r th is  m ay be th e  h ig h e r to ta l  solids 

c o n te n t in  buffalo  m ilk  fac ilita tin g  m ore rap id  m u ltip lica tio n  of 

b a c te ria . T he increase  in  acid ity  w as s ta tis tic a lly  s ign ifican t 

(P < 0 .0 1 ). T h ere  w as no appreciab le  change in  t i t r a ta b le  acid ity  

im m edia te ly  a f te r  th e  ad d itio n  of b ronopo l. T he  increase  in  acidity  

d u rin g  s to rage  m ay be due to  th e  m u ltip lica tio n  of b a c te ria  and  

p ro d u c tio n  of lac tic  acid.

5 .3 .3  E ffe c t o f  b ro n o p o l on  c lo t  on  b o i l in g  te s t

B ronopol tre a te d  cow an d  buffalo  m ilk  sam ples 

rem a in e d  COB negative  im m ed ia te ly  a f te r  th e  add ition . The



84

sam ples rem ain ed  COB negative  up  to e igh t days of sto rage  and  

th e re  a f te r  th e  sam ples becam e COB positive  as show n in  T ab le  4.5 

an d  4.6. In c rease  in  acid ity  due to  th e  b a c te r ia l m u ltip lica tio n  m ay 

be  th e  reason  fo r COB positive  te s t  a t  an  e a rlie r  stage.

5 .3 ,4  E ffe c t o f  b r o n o p o l on  m ilk  f a t  p e r c e n ta g e  by G erb er  
m e th o d

T he in it ia l  fa t  p e rcen tag e  of fresh  cow an d  buffalo  m ilk 

sam ples w ere 3.77 ± 0.13 and  6.43 ± 0.12 respectively . O n add ition  

of b ronopo l th e  values becam e 3.81 ±  0.14 an d  6.42 ±  0.12. The 

va lues a t  24 days of s to rage  in  cow m ilk  and  16 days of s to rage  in 

buffalo  m ilk  w ere 3.78 ± 0.12 an d  6.50 ± 0.13 respective ly  (Table

4.5 and  4.6).

T he changes in  f a t  pe rcen tag e  w ere n o n  s ig n ifican t. So 

i t  can  b e  concluded th a t  b ro n o p o l h a d  no in fluence  on fa t 

p e rcen tag e  of th e  p reserv ed  sam ples. T h ere  a re  d iffe ren t rep o rts  

on changes in  fa t  p e rcen tag e  in  m ilk  sam ples p reserv ed  w ith  

b ronopol. A ll th ese  w orkers u sed  m ethods o th e r  th a n  G erber 

m ethod  fo r analysis of fa t. A rdo (1979) rep o rte d  th a t  b ronopo l a t 

0.02 p e r  cen t co n cen tra tio n  affects fa t  e s tim a tio n  by R ose-G ottlieb 

m ethod , b u t  n o t th e  in s tru m e n ta l m ethods. H e also observed  th a t  

decrease  in  fa t  c o n te n t in c reased  w ith  th e  increase  in  

c o n c e n tra tio n  of b ronopol. In  th e  p re s e n t s tu d y  b ronopo l h a d  no t 

a ffected  th e  fa t  p e rcen tag e  even a t  a  co n cen tra tio n  of 0.1 p e r  cent.
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T his s tu d y  p roves th a t  G erber m ethod  can be used  as a  reference  

m ethod  in  sam ples p reserv ed  w ith  b ronopol.

5 .3 .5  E ffe c t o f  b r o n o p o l on  m ilk  f a t  p e r c e n ta g e  b y  M ilk o -
T e s te r

T he m ean  fa t  p e rcen tage  of co n tro l cow and  buffalo 

m ilk  sam ples w ere 3.75 ±  0.14 and  6.43 ± 0.12 respectively . A t 

zero  day th e  fa t  c o n te n t w as 3.80 ±  0.1 an d  6.47 ±  0.13 and  th e  

va lues becam e 3.80 ± 0.12 a fte r  24 days of s to rage  in  cow m ilk  and 

6.50 ± 0.12 a fte r  16 days of s to rage  in  buffalo  m ilk  sam ples (Table

4.5 a n d  4.6).

A sligh t increase  in  fa t  p e rcen tage  by M ilko-T ester was 

no ticed  in  b ronopo l p reserv ed  cow an d  buffalo  m ilk  sam ples. 

H ow ever th is  increase  w as n o t s ta tis tic a lly  sign ifican t. Ardo (1979) 

rep o rte d  th a t  u se  of 0.02 p e r  c en t bronopoL h a d  n o t a t  a ll affected  

th e  fa t  p e rc e n t by M ilko-T ester m ethod  on  th e  sam e day. Several 

e a r lie r  w ork e rs  have also re p o rte d  s im ila r fin d in g s  (K yla-S iurola, 

1982; L ee et. al., 1986; M onardes et. a l ., 1996). T he re su lts  of th is  

s tu d y  recom m end  th e  u se  of b ronopo l fo r th e  p re se rv a tio n  of m ilk 

sam ples m e a n t fo r fa t  e s tim a tio n  by  M ilko-T ester.

5 ,3 ,6  E ffe c t o f  b ro n o p o l on  to ta l  s o l id s  p e r c e n ta g e

T he average  to ta l  so lids p e rcen tag e  of fre sh  cow and 

buffalo  m ilk  sam ples w ere 13.19 ±  0.16 and  16.72 ±  0.32
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respective ly . O n ad d itio n  of b ronopo l th e  values becam e 

13.17 ± 0.15 an d  16.77 ± 0.31 a t zero day. F u r th e r  th e  values 

becam e 13.23 ± 0.13 a t  24 days in  cow m ilk  and  16.78 ± 0.33 a t 16 

days of sto rage  in  buffalo  m ilk  (T able 4.5 and  4.6). T he increase  in 

to ta l  solid  p ercen tage  w as n o t s ta tis tic a lly  sign ifican t.

As th e  level of p rese rv a tiv e  added  w as very  low it 

m ig h t n o t have added any  m easu rab le  w eigh t to  th e  sam ple. Hence 

no s ig n ifican t increase  in  to ta l  solid  c o n te n t w as noticed . The 

ava ilab le  l i te ra tu re  did n o t give any  in fo rm a tio n  reg a rd in g  the  

effect of b ronopo l on to ta l  solids co n ten t.

5 .3 ,7  E ffec t o f  b r o n o p o l on  s o l id s  n o t  f a t  p e r c e n ta g e

T he ca lcu la ted  average solids n o t fa t  co n ten t of fresh  

m ilk  sam ples w ere 9.42 ±  0.11 in  cow m ilk  an d  10.29 ±  0.29 in 

buffalo  m ilk . A t zero day of s to rage  th e  solids n o t c o n te n t was 

9.36 ±  0.07 an d  10.35' ±  0.28. T he va lues becam e 9.46 ±  0.11 in 

cow m ilk  a t  24 days of s to rage  an d  10.28 ± 0.29 a t  16 days of 

s to rag e  in  buffalo  m ilk  (T able 4.5 an d  4.6).

No appreciab le  change in  solids n o t fa t  p e rcen tage  was 

observed  e ith e r  im m ed ia te ly  on a d d itio n  of b ronopo l o r d u rin g  

s to rage . T he changes w ere n o t s ta tis tic a lly  sign ifican t. Ardo (1979) 

rep o rte d  no change in  p ro te in  p e rcen tag e  of sam ples p reserved
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w ith  b ronopo l up  to  n in e  days of sto rage . T his su p p o rts  th e  

fin d in g s of th is  study.

5 .3 .8  E ffe c t o f  b ro n o p o l on  la c to m e te r  r e a d in g

The average L ac tom ete r rea d in g  of con tro l cow and  

buffalo  m ilk  sam ples w ere  28.2 ± 0.31 and  29.3 ±  0.56. 

Im m ed ia te ly  a f te r  th e  ad d itio n  of b ronopo l th e  values becam e

28.8 ±  0.31 an d  29.2 ±  0.48 and  th e  value  a t  24 days in  cow m ilk 

w as 28.3 ±  0.33 and  a t  16 days in  buffalo  m ilk  w as 28.8 ± 0.48 

(T able 4.5 and  4.6). B ronopol p reserv ed  cow and  buffalo  m ilk 

sam ples did n o t show  any  s ig n ifican t change in  L ac tom eter read in g  

com pared  to  contro l.

5 .3 .9  P r e s e r v a t iv e  e ffe c t  o f  b ro n o p o l on  p a s te u r i s e d  m ilk

T he p a s teu rise d  cow m ilk  could be  p reserv ed  by 

b ronopo l fo r a period  of 30 days w ith o u t any  spoilage w hile buffalo  

m ilk  sam ple could be p rese rv ed  fo r 20 days. T h is  is a  sa tis fac to ry  

p e rio d  fo r  ca rry in g  o u t ro u tin e  analyses on m ilk. P a s te u risa tio n  

could p ro long  th e  keep ing  q u a lity  of b ronopo l p reserv ed  sam ples by 

six  days in  cow m ilk  a n d  fo u r days in  buffalo  m ilk . T h is fin d in g  

also suggests th e  slow m u ltip lica tio n  of m icrobes in  b ronopol 

p rese rv ed  p a s teu rise d  m ilk  sam ples.
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C o n c lu s io n

B ased on th e  re su lts  of th e  s tu d y  i t  can  be seen  th a t  all 

th e  th re e  p rese rv a tiv es  a re  hav in g  in fluence  over th e  pH  and 

t i t r a ta b le  acid ity  of m ilk  sam ples to  v ary in g  ex ten ts . All these  

p rese rv a tiv e s  in creased  th e  ac id ity  an d  decreased  th e  pH  of the  

m ilk  sam ples. P a s te u r is a tio n  of m ilk  sam ples befo re  ad d ition  of 

p rese rv a tiv e s  p ro longed  th e  d u ra tio n  of p re se rv a tio n  in  case of 

p o tassiu m  d ich rom ate  an d  bronopol.

A m ong th e  th re e  p rese rv a tiv e s  fo rm alin  h ad  th e  

m axim um  d u ra tio n  of p rese rv a tiv e  effect. W hen fo rm alin  w as used, 

in  sp ite  of th e  in c rease  in  acid ity , k eep in g  q u a lity  w as n o t affected. 

Also fo rm alin  h a d  no adverse  effect on th e  e s tim a tio n  of im p o rta n t 

p a ra m e te rs  lik e  f a t  (m odified G erber m ethod) an d  solids n o t fa t 

(G rav im etric  m ethod). B u t m odified  G erb er m ethod  is n o t an  

officially  approved  m ethod .

H ow ever fo rm alin  h a d  in te rfe re d  w ith  th e  e s tim atio n  

of fa t  by M ilko-T ester m ethod . T h ere  a re  re p o rts  in d ica tin g  

in te rfe re n c e  of fo rm alin  on e s tim a tio n  of p ro te in , lactose  an d  o th er 

c o n s titu e n ts  by in s tru m e n ta l m ethods. A p art from  th is  fo rm alin  

h a s  b een  considered  as a p o te n tia l carcinogen  by  th e  In te rn a tio n a l 

A gency fo r R esearch  on C ancer (IARC).



P o ta ss iu m  d ich rom ate  h a d  sh o rte r  d u ra tio n  of 

p rese rv a tiv e  effect th a n  fo rm alin . I t  d id  n o t in te rfe re  w ith  th e  

e s tim a tio n  of fa t  by  G erber m ethod  and  solids n o t fa t  by 

g rav im etric  m ethod  th o u g h  a n o n -sig n ifican t decrease  in  fa t 

p e rc e n t an d  a  p ro p o rtio n a l increase  in  solids n o t fa t  percen tage  

w ere noticed . B u t i t  caused  sign ifican t changes in  lac tom eter 

read ing .

$ 9

T he m ajor d isadvan tage  w ith  po tassium  d ich rom ate  is 

i t  is h igh ly  toxic, a lle rgen ic  an d  carcinogenic. F u r th e r  i t  is d ifficu lt 

to e s tim a te  titra b le  acid ity  in  m ilk  sam ples p reserved  w ith  

p o tassiu m  d ich rom ate  because, th e  colour of th e  sam ple w as too 

in te n se  to  d e tec t th e  c o rrec t en d p o in t.

B ronopol h ad  very  sh o rt d u ra tio n  of p rese rv a tiv e  effect 

th a n  th e  o th e r  tw o p rese rv a tiv es . I t  h a d  n o t in te rfe re d  w ith  th e  

e s tim a tio n  of im p o rta n t p a ra m e te rs  like  f a t  a n d  solids n o t fa t. I t  

w as also su itab le  fo r th e  e s tim a tio n  of fa t  by M ilko-T ester. Am ong 

th e  th re e  p rese rv a tiv es  s tu d ied  b ronopo l is less toxic. Because 

of i ts  less tox ic ity  an d  su itab ility  fo r in s tru m e n ta l m ethods i t  is 

p re fe rre d  in  severa l developed co u n tries . B ut b ronopo l is 

expensive.

W ith  th e  developm ent of technology, th e  conven tional 

g rav im etric  an d  v o lum etric  m ethods a re  be ing  rep laced  by
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in s tru m e n ta l m ethods. So b ronopo l w ill be th e  p reserv a tiv e  of 

choice in  fu tu re , since i t  is th e  only p rese rv a tiv e  su itab le  for 

in s tru m e n ta l m ethods.

In  re c e n t y ears  d a iry  p la n ts  a re  ce rtified  by agencies 

like  ISO , n o t only fo r q u a lity  o f d a iry  p ro d u c ts  b u t  also fo r quality  

of service. So u se  of chem ical p rese rv a tiv e s  w hich  a re  p o ten tia lly  

toxic, i r r i t a n t  or causing  en v iro n m en ta l p o llu tio n  a re  also to  be 

d iscouraged .



Summary



6. SUMMARY

C hem ical p rese rv a tiv e s  such  as fo rm alin , po tassium  

d ich rom ate  an d  b ro nopo l w ere s tu d ied  to  know  th e ir  efficiency of 

p re se rv a tio n  of m ilk  a t  room  te m p e ra tu re . T he  in fluence  of these  

p rese rv a tiv e s  on m ilk  com ponen ts like fa t, to ta l  solids an d  solids 

n o t fa t  w ere assessed  fo r d iffe ren t s to rag e  periods. Physical 

p ro p e rtie s  of m ilk  such  as pH , t i t r a ta b le  acid ity , c lo t on bo iling  

te s t  an d  lac to m ete r read in g  w ere also stud ied . D u ra tio n  of 

p re se rv a tio n  fo r each p rese rv a tiv e  w as also n o ted  down.

Pooled m ilk  sam ples w ere collected from  cow and  

buffaloes m a in ta in ed  a t  th e  U n iv e rs ity  L ivestock  F a rm  a t  weekly 

in te rv a ls . C alcu la ted  levels o f p rese rv a tiv e s  viz. fo rm alin  (0.4 

p e r  cen t), p o tassiu m  d ich ro m ate  (0.4 p e r  cen t) and  b ro nopo l (0.1 

p e r cen t) w ere  added  to  sam ples an d  s to re d  a t  room  te m p e ra tu re . 

T he re s u lts  of th e  p re s e n t in v es tig a tio n  a re  sum m arized  below:

1. M ilk sam ples tre a te d  w ith  fo rm alin  could be s to red  up to  90 

days w ith o u t any  change in  colour. B u t, a  cream  p lu g  a fte r  

24 h o u rs  an d  a  w h ite  sed im en ta tio n  a t  th e  bo ttom  a fte r  one 

m o n th  w ere no ticed . P o tassiu m  d ich rom ate  added sam ples 

could be s to red  fo r 30 days a n d  th e  colour becam e g reen  w ith  

signs of c u rd lin g  a t  th e  end  of s to rag e  period . Cow and
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buffalo  m ilk  sam ples p reserv ed  w ith  b ronopol could be sto red  

for 24 and  16 days respectively . Sam ples becam e m ild  p in k  in  

colour as th e  s to rage  period  p rogressed .

2. T he average pH  values of m ilk  sam ples w ere, 6.58 ± 0.02, 

6.76 ± 0 . 0 1  in  c o n tro l m ilk  sam ples o f cow an d  buffalo  

respectively . T he values becam e 6.46 ± 0.01, 6.58 ± 0.03 a t 

zero  day an d  6.06 ± 0.02, 6.21 ±  0.01 a t  90 days of sto rage in 

fo rm alin  tre a te d  cow an d  buffalo  m ilk  sam ples respectively . 

T he co rrespond ing  values fo r po tassium  d ich rom ate  added 

m ilk  sam ples w ere , 6 .1 9 ± 0 .0 2 , 6.27 + 0.01 a t  zero day and  

6.42 ±  0.02, 6.44 ±  0.02 a t  30 days o f sto rage. C ontrol 

sam ples h ad  pH  value  of 6.58 ±  0.02, 6 .76± 0 .01 . B ronopol 

p reserv ed  sam ples h ad  m ean  pH  va lues of 6.64 ±  0.03, 

6.56 ±  0.04 a t  zero day in  cow an d  buffalo  m ilk  sam ples 

respectively . T he values becam e 6.04 + 0.02 a t  24 days in  

cow m ilk  an d  6 .08± 0 .03  a t  16 days in  buffalo  m ilk 

respectively . C on tro l sam ples h ad  a  pH  value  of 6.62 ±  0.04 

an d  6.59 ± 0.04 fo r cow an d  buffalo  m ilk  sam ples.

3. S ign ifican t decrease  in  pH  w as observed  in  a ll th e  p reserved  

m ilk  sam ples (P < 0 .01 ). T he decrease  in  pH  w as s teady  and  

p rog ressive  in  fo rm alin  and  b ronopo l tre a te d  sam ples 

w hereas, p o tassiu m  d ich rom ate  p rese rv ed  sam ples show ed a 

sudden  decrease  in  pH  im m ed ia te ly  a f te r  th e  ad d itio n  and  

th e re a f te r  th e  va lues in c reased  sligh tly .
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4. ' T he  e stim ated  t i t r a ta b le  ac id ity  of con tro l sam ples were

0.16 ±  0.01 and  0.13 ± 0.0 in  cow an d  buffalo  m ilk  sam ples 

respectively . O n ad d itio n  of fo rm alin  th e  acid ity  increased  to 

0.21 ±  0,01, 0.18 ±  0.01 a t  zero  day and  0.27 ± 0.0,

0.25 ±  0.01 a t  90 days of s to rag e  in  cow and  buffalo  m ilk 

sam ples respectively . P o tassiu m  d ich rom ate  p reserved  cow 

an d  buffalo  m ilk  sam ples h ad  0.38 ±  0.01, 0.36 ±  0.01 

p e r  cen t acid ity  a t  zero  day an d  0.28 ± 0.01, 0.28 ± 0.01 

p e r cen t a t  30 days o f sto rage . T he m ean  acid ity  of contro l 

sam ples fo r b ro n o p o l w as 0.17 ±  0.01 in  b o th  cow and  

buffalo  m ilk  sam ples. A fte r th e  ad d itio n  of b ronopo l the  

acid ity  becam e 0.16 ± 0.0, 0.18 ± 0.01 a t  zero day and 

0.29 ± 0.01, 0.28 ±  0.01 a t  24, 16 days in  cow an d  buffalo 

m ilk  respectively .

5. T he increase  in  t i t r a ta b le  acid ity  w as h igh ly  s ign ifican t 

(P < 0 .01 ). T he increase  in  acid ity  w as g rad u a l and 

p rog ressive  in  fo rm alin  an d  b ronopo l p reserv ed  m ilk  sam ples 

w hereas, po tassium  d ich rom ate  p reserv ed  sam ples show ed a 

su d d en  increase  in  acid ity  im m edia te ly  a fte r  th e  ad d itio n  

of p rese rv a tiv e  and  th e re a f te r  a successive decrease  was 

noticed .

6. F o rm a lin  tre a te d  cow an d  buffalo  m ilk  sam ples rem ain ed  

COB negative  th ro u g h o u t th e  e n tire  s to rage  period  of 90 

days. P o tassiu m  d ich rom ate  added  sam ples rem ained  COB
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negative  up to 15 days of s to rag e  and  th e re a f te r  i t  becam e 

COB positive. B ronopol p reserv ed  sam ples rem ained  COB 

negative  up  to e ig h t days of s to rage  and  becam e COB 

positive  th e re a f te r .

7. F a t  pe rcen tag e  e s tim ated  by  G erber m ethod  in  con tro l m ilk 

sam ples w ere 3.40 ± 0.09, 6.20 ±  0.22 in  cow and  buffalo 

m ilk  respectively . A t zero day th e  values becam e 3.32 ± 0.10, 

6.13 ± 0.22 an d  a t  90 days o f s to rag e  th e  values were 

3.38 ± 0 .0 9 ,6 .1 8  ±  0.22 in  cow an d  buffalo  m ilk  respectively . 

In  po tassium  d ich rom ate  added sam ples th e  values a t  zero 

day w ere 3.40 ± 0.09, 6.20 ± 0.22 and  a t  30 days of sto rage 

w ere 3.34 ± 0.09, 6.13 ± 0.21 p e rcen tag e  in  cow and  buffalo 

m ilk  respectively . M ilk fa t  pe rcen tag e  before  an d  a fte r  

ad d itio n  of b ronopo l w ere 3.77 ±  0.13, 6.43 ±  0.12 and  

3.81 ±  0.14, 6.42 ±  0.12 in  cow an d  buffalo  m ilk  sam ples 

respectively . T he va lues becam e 3.78 ± 0.12 and  6.50 ± 0.13 

a fte r  24 and  16 days of s to rag e  in  cow and  buffalo  m ilk  

sam ples respectively .

8. No sign ifican t v a ria tio n  w as observed  in  m ilk  fa t  p ercen tage  

e s tim ated  by G erber m ethod  due to  th e  ad d itio n  of chem ical 

p reserva tives, though  a  slig h t decrease  w as no ticed  in  

po tassium  d ich rom ate  p rese rv ed  cow and  buffalo  m ilk 

sam ples.



9 5

9. T he fa t  p e rcen tage  e s tim ated  by  M ilko-T ester in  con tro l 

sam ples w ere 3.40 ±  0.09, 6.20 ± 0.22 in  cow an d  buffalo  

m ilk  respectively . A fter ad d itio n  of fo rm alin  th e  fa t 

p e rcen tages w ere 3.33 ± 0.10, 6.13 ± 0.21 a t  zero day and  

3.43 ±  0.27, 6.32 ±  0.34 a t  90 days of s to rage  in  cow and 

buffalo  m ilk  sam ples respectively . P o tassiu m  d ichrom ate  

added sam ples had  fa t  p e rcen tages of 3.38 ± 0.10, 

6.20 ±  0.22 a t  zero  day and  3.25 ± 0.10, 5.77 ±  0.21 a t 30 

days o f sto rage  in  cow a n d  buffalo  m ilk  respectively . Cow and  

buffalo  m ilk  sam ples p reserved  w ith  b ronopo l h ad  m ean  fa t 

p e rcen tages of 3.80 ± 0.10, 6.47 ± 0.13 a t  zero day. The 

values a f te r  24 an d  16 days in  cow and  buffalo  m ilk  sam ples 

w ere 3.80 ±  0.12 an d  6.50 ±  0.12 respectively . C ontro l 

sam ples h ad  fa t  p e rcen tag e  of 3.75 ± 0.14 and  6.43 ± 0.12.

10. S ig n ifican t d ifference  w as no ticed  in  th e  m ilk  fa t  p e rcen tage  

of fo rm alin  p reserv ed  sam ples by M ilko-T ester m ethod 

(P < 0 .05 ). T he values w ere in co n s is te n t a f te r  30 days of 

s to rag e  in  fo rm alin  tre a te d  sam ples.

11. T o ta l solids p ercen tage  of f re sh  cow an d  buffalo  m ilk 

sam ples w ere 12.45 ±  0.12, 15.62 ±  0.48 respective ly . The 

p e rcen tag es a f te r  th e  ad d itio n  of fo rm alin  w ere 12.46 ±  0.13, 

15.58 ±  0.49 a t  zero day and  12.51 ± 0.12, 15.59 ±  0.49 a t 90 

days of s to rage  in  cow an d  buffalo  m ilk  sam ples respectively . 

T o ta l solids c o n te n t o f po tassium  d ich rom ate  tre a te d  cow
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an d  buffalo  m ilk  sam ples w ere 12.50 ± 0.13, 15.66 ± 0.48 on 

zero day an d  12.54 ± 0.14, 15.70 ±  0.48 a t  30 days of sto rage  

respectively . B ronopol p reserv ed  sam ples h a d  to ta l  solids 

p e rcen tag e  of 13.17 ±  0.15, 16.77 ±  0.31 a t  zero day and  

13.23 ± 0.13, 16.78 ±  0.33 a t  24 and  16 days of sto rage  in 

cow an d  buffalo  m ilk  sam ples.

12. A n o n -s ig n ifican t in c rease  in  to ta l  solids c o n te n t was 

observed  in  p o tassiu m  d ich rom ate  p reserv ed  m ilk  sam ples.

13. Solids n o t fa t  co n te n ts  of con tro l sam ples w ere 9.05 ±  0.10, 

9.42 ± 0.27 in  cow an d  buffalo  m ilk  sam ples respectively . 

T he e s tim ated  values a t  zero day on add ition  of fo rm alin  

w ere 9.14 ± 0.12, 9.45 ± 0.29 an d  a t  90 days of s to rage  w ere 

9.12 ±  0.10, 9.41 ±  0.28 in  cow an d  buffalo  m ilk  sam ples 

respective ly . P o ta ss iu m  d ich ro m ate  tr e a te d  sam ples h ad  

solids no t fa t  pe rcen tag e  of 9.10 ±  0.11, 9.46 ± 0.27 a t  zero 

day an d  9.19 ±  0.13, 9.58 ±  0.27 a t  30 days of s to rag e  in  cow 

an d  buffalo  m ilk  respectively . B ronopol p reserv ed  sam ples 

h a d  solids n o t fa t  p e rcen tag e  of 9.36 ± 0 .07 , 10 .35± 0 .28  a t 

zero day an d  9.46 ± 0.11, 10.28 ±  0.29 a t  24 an d  16 days of 

sto rage. T he co n tro l sam ples had  values of 9.42 ± 0.11, 

10.29 ± 0.29 fo r cow an d  buffalo  m ilk  sam ples respectively .

14. A n o n -s ig n ifican t increase  in  solids n o t fa t  p e rcen tag e  was 

no ticed  in  p o tass iu m  d ich ro m ate  tre a te d  m ilk  sam ples.
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15. T he average lac to m e te r read in g  of fre sh  cow and  buffalo 

m ilk  sam ples w ere 29.7 ±  0.49, 28.0 ±  1.39 respectively . T he 

lac to m e te r rea d in g  of fo rm alin  added sam ples a t  zero  and 

90 days w ere 29.0 ±  0.52, 27.5 ±  1.09 and  28.7 ±  0.42,

27.5 ± 1.09 in  cow an d  buffalo  m ilk  sam ples respectively . 

P o ta ss iu m  d ich rom ate  added  m ilk  sam ples h a d  lac tom ete r 

read in g  of 32.3 ± 0.67, 30.8 ± 1.08 a t  zero day and

32.8 ±  0.54, 31.7 ±  1.02 a t  30 days of s to rage  in  cow and  

buffalo  m ilk  respectively . B ronopol p reserv ed  sam ples had  

lac to m ete r rea d in g  of 28.8 ±  0.31, 29.2 ±  0.48 a t  zero day 

and  28.3 ±  0.33, 28.8 ±  0.48 a t  24 an d  16 days of s to rage  in  

cow an d  buffalo  m ilk  sam ples respectively .

16. A sign ifican t v a ria tio n  (P < 0 .05 ) w as no ticed  in  lac tom ete r 

rea d in g  of p o tassiu m  d ich rom ate  p reserv ed  m ilk  sam ples.

17. P a s te u ris a tio n  of m ilk  sam ples befo re  ad d itio n  of 

p rese rv a tiv es p ro longed  th e  d u ra tio n  of p re se rv a tio n  in  case 

of p o tassiu m  d ich rom ate  an d  b ronopo l.

F rom  th e  above find ings, i t  can b e  sum m arized  th a t  

fo rm alin  is th e  p rese rv a tiv e  w ith  longest p rese rv a tiv e  effect and  it  

can  be  u sed  w ith o u t m uch  im p act on fa t  an d  solids n o t f a t  co n ten t 

o f m ilk  sam ples. P o tassiu m  d ich rom ate  h a s  com paratively  sh o rte r  

d u ra tio n  of p rese rv a tiv e  e ffect th a n  fo rm alin . I t  can  also be used  

w ith o u t m uch  in fluence  on m ilk  solids. B ronopol is a sh o r t  te rm
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p rese rv a tiv e  and  i t  is su itab le  fo r conven tional as w ell as 

in s tru m e n ta l m ethods of e s tim a tin g  m ilk  solids. T h is s tu d y  h as 

revealed  th a t  b ronopo l can be  used  in  m ilk  sam ples fo r e stim atio n  

of fa t by G erber m ethod  w hich  is also a refe ren ce  m ethod , w hile 

e a r lie r  re p o rts  in d ica ted  th a t  th is  p rese rv a tiv e  is n o t su itab le  for 

fa t  e s tim a tio n  by R ose-G ottlieb  m ethod.

F o rm alin  ap p ea rs  to  be ideal fo r th e  ex is ting  s tan d ard  

m ethods of e s tim a tin g  m ilk  solids. W ith  th e  p o p u la riza tio n  of 

in s tru m e n ta l m ethods fo r  fa s t  an d  accu ra te  analysis o f m ilk 

co n s titu en ts , fo rm alin  w ill n o t be su itab le  as a  m ilk  sam ple 

p rese rv a tiv e  in  fu tu re . F u r th e r , fo rm a lin  an d  potassium  

d ich rom ate  have d e le te rio u s  effects on h u m an  h e a lth  and  

en v iro n m en t. E ven  th o u g h  b ronopo l is l it t le  expensive, i t  is b es t 

su ited  fo r in s tru m e n ta l analy sis  of m ilk  c o n s titu e n ts  and  safe for 

h a n d le rs . So, b ronopo l is recom m ended  as a  p reserv a tiv e  for the  

n e a r  fu tu re .
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ABSTRACT

Pooled m ilk  sam ples w ere collected from  cow and 

bu ffa loes m a in ta in ed  a t  th e  U n iv e rs ity  L ivestock  F a rm  a t  weekly 

in te rv a ls . T h ree  chem ical p rese rv a tiv e s  viz., fo rm alin  (0.4 

p e r  cen t), po tassium  d ich rom ate  (0.4 p e r  cent) and  bronopol (0.1 

p e r  cen t) w ere  s tu d ied  fo r  th e ir  efficiency of p rese rv a tio n .

C alcu la ted  levels of p rese rv a tiv es  w ere added and  th e  

sam ples w ere  s to red  a t  room  te m p e ra tu re  in  d a rk  place. M ajor m ilk 

c o n s titu e n ts  like  fa t, to ta l  solids an d  solids n o t fa t  w ere e stim ated  

in  c o n tro l and  p reserv ed  sam ples. Physica l p ro p e rtie s  of m ilk  such 

as pH , t i t r a ta b le  acid ity , c lo t on bo iling  te s t, lac to m ete r rea d in g  as 

w ell as efficiency of p re se rv a tio n  w ere s tu d ied  in  con tro l and  

p rese rv ed  m ilk  sam ples. .

M ilk sam ples tre a te d  w ith  fo rm alin  could be s to red  up 

to  90 days w ith o u t any  spoilage changes. A cream  p lug  form ed 

a fte r  24 hour's of s to rag e  an d  a w h ite  sed im en ta tio n  a t  th e  bo ttom  

ap p eared  a fte r  one m o n th  of sto rage.

P o tassiu m  d ich rom ate  tr e a te d  sam ples could be sto red  

fo r  30 days. T h ere  a f te r  th e  sam ples cu rd led  an d  becam e g reen  in  

colour tow ards th e  en d  of th e  s to rage  period .



B ronopol p reserv ed  cow an d  buffalo  m ilk  sam ples 

could  be  s to re d  fo r 24 an d  16 days respective ly  an d  sam ples becam e 

m ild  p in k  in  colour as th e  s to rage  period  advanced.

T h ere  w as a  s ig n ifican t increase  in  t i t r a ta b le  acid ity  in 

cow an d  buffalo  m ilk  sam ples p reserv ed  w ith  a ll th e  th re e  chem ical 

p reserv a tiv es . T he increase  in  acid ity  w as s tead y  and  progressive 

in  fo rm alin  an d  b ronopo l p reserved  sam ples. B u t an  a b ru p t 

in c rease  in  acid ity  w as no ticed  in  p o tassiu m  d ich rom ate  p reserved  

sam ples im m edia te ly  a f te r  th e  ad d itio n  of p rese rv a tiv e  and  th e re  

a f te r  a successive decrease  w as no ticed . 4

T he pH  va lues show ed a  s ig n ifican t decline  d u ring  

s to rag e  in  p reserv ed  m ilk  sam ples. D ecline in  pH  w as a b ru p t in  

p o tassiu m  d ich rom ate  tre a te d  sam ples w hereas i t  w as g rad u a l in 

sam ples tre a te d  w ith  th e  o th e r  tw o p reserv a tiv es .

F o rm a lin  tre a te d  m ilk  sam ples rem a in ed  COB negative  

th ro u g h o u t th e  s to rage  p erio d  of 90 days, w hereas po tassium  

d ich ro m ate  an d  b ro nopo l tr e a te d  sam ples becam e COB positive 

a f te r  15 an d  e igh t days of s to rag e  respectively .

No sig n ifican t v a ria tio n  w as no ticed  in  fa t  percen tage  

of p rese rv ed  m ilk  sam ples e s tim a te d  by  G erber m ethod . B u t a 

s lig h t decrease  in  fa t  p e r  cen t w as observed  in  fo rm alin  and

ii



I l l

potassium  dichrom ate trea ted  samples. The concentration of Sulphuric 

acid used was increased to 94 per cent for estim ating  fa t percentage in 

form alin preserved m ilk samples.

Form alin preserved samples showed inconsistent changes 

in  fa t percentage estim ated by  Milko-Tester. So th is  m ethod cannot be 

recom m ended for form alin preserved m ilk samples. Bronopol trea ted  

m ilk sam ples showed lesser variation  in  m ilk fa t percentage estim ated 

by M ilko-Tester w hen compared to potassium  dichrom ate and form alin.

T here  was a  non-significant increase in  to ta l solids and 

solids no t fa t con ten t in  potassium  dichrom ate preserved samples.

Potassium  dichrom ate preserved samples showed 

significant increase in  lactom eter reading, w here as form alin and 

bronopol trea ted  samples did not show any significant changes in  

lactom eter reading.

Form alin appears to be  ideal for th e  existing standard  

m ethods of estim ating m ilk solids. W ith the  popularization of 

in strum en ta l m ethods for fast and  accurate analysis of milk 

constituents, form alin will not be suitable as a  m ilk sam ple preservative 

in fu ture. F u rth e r, form alin and potassium  dichrom ate have deleterious 

effects on hum an  health  and  environm ent. Even though bronopol is 

little  expensive, it  is best suited  for in strum en ta l analysis of milk 

constituen ts and  safe for handlers. So, bronopol is recom m ended as a 

preservative for th e  near fu ture.


