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CHAPTER I 

I N T R O D U C T I O N 



CHAPTER I 

INTRODtrCTIOH 

Milk occupies an unique posi t ion In th© diet of 

most of peoples In the world. This Is because of the fact 

that I t contains a l l the essentials of a per fec t food for 

any type of person. In addit ion to th ls i I t s f a c i l i t y of 

Ingestion and comparative ease of digestloni I t constItu-

- t e s an Important food f o r the s ick, Inval ids , Infants and 

persons ulth weak digest ive systems. 

Unfortunately, these v irtues of milk act as foe and 

f r iend of human race as the inllk Is also an excel lent medium 

for the growth of both pathogenic and non-pathogenic organl-

-sms. The t o t a l nianber of bacteria present In milk gives a 

rough Idea about the conditions under which the milk has 

been obtained* Hence, the bacter io log ica l quality of milk 

Is better fudged by determining the t o ta l number of bacteria 

present in I t . 

The standard plate count i s one of the oldest and 

most frequently used quantitative methods f o r enumerating 

bacteria In milk. When It was or ig ina l l y Introduced, I t s 

purpose was to count a l l bacteria contained In a portion of 

milk plated. During last few decades, many changes have 

been Included In respect of media, Incubation temperature 

and Incubation period e t c . . As a result of these changes, 

the present method followed Is far superior to older ones 



f o r estimatjUig tb© baeter la l count in milk. 

Under spec i f l e d conditions pertaining to apparatust 

technique of p la t ing , Incubation, counting and reporting 

of counts e t c . , the nutnher of colonies per ml of milk Is 

reported as •Standard Plate Count . . (SPC/ml) or (SPC/gram). 

In other words S.P.G. Is the estimate of number o f viable 

organlsffis per ml or gram of rallk or any other milk products* 

Although, th is method Is tljae consuming and compara-

- t lTOly more expensive, I t has been I'^ldely used with sat is-

- f ac to ry resul ts and Is part icular ly suitable where lots 

bacter ia l population Is expected. This method Is special ly 

useful for pasteurised milk and for l ine tes t ing at various 

stages of processing f o r detecting the possible source of 

contamination* I t Is also commonly used for determining 

the e f f i c i ency of pasteurised milk, for examining raw tallk, 

part icular ly of I m bacter ia l densit ies and vshere premiums 

are paid to the producers on the basis of bacter ia l qual i ty . 

In some countries, this method haa also been adopted as 

standard method for the routine examination of 'designated* 

milks and ' c e r t i f i e d * milks. 

In order to get the r ea l bacter ia l count In milk, 

besides the proper food and moisture, bacteria require 

favourable temperature fo r their mult ip l icat ion. The opt l -

-mum temperature varies over islde l imits with d i f f e rent 

kinds of bacter ia. Roughly, bacteria may be grouped into 



three eatagor les t the psycbrophlllG which oan grow at 

temperatare down t o 32 the mesopbllic or coBitnon baote-

- r i a Tshlcb ar© more prevalent In a i l k and grow best between 

?0 and 100 and the thermopblllo or beat^lovlng bacteria 

which can grow at the pasteuriz ing temperature of 143 

Although, they grow best at the i r optimum temperatures, 

Kul t lp l lGat lon of bacter ia takes place more slowly at el-toer 

lower or at higher temperatures. I t I s , thus evident that 

d i f f e r e n t types o f microorganisms are present In milk with 

varying temperature requirements f o r the i r growth. For th i s 

reason from time to time, temperature of Incubation, Incuba-

- t l o n period and growth laedla have been c r i t i c a l l y studied 

and the resu l ts have been published In technical magazines* 

The Invest igat ions made during l as t few decades revealed 

that the Incubation temperatures of 30^ or 32 °G could g ive 

higher bac te r ia l counts In milk than at 37 Incubation 

temperature, 

Becently, the countries l i k e U.K., U.S.A. and Columbia 

have changed the Incubation teiaperature o f 37 °C to 32 

They are further suggesting to brJug I t down to 30 The 

Indian Standards Inst i tute In the i r publ icat ion of 2Q62 has 

recofflmended the 37,0 + 0»6 Incubation temperature and 48 

hour Incubation period f o r determining the standard P late 

Count In milk. Looking to the t rop i ca l nature o f climate in 

th i s country and the ove ra l l trend In d i f f e r e n t parts o f 



world to reduoe the Incubation temperature, i t was f e l t 

necessary to v e r i f y these reoommendatlons under Poona 

conditions. 

An attempt has* therefor®, been made to use three 

Incubation temperatures namely 32®, and 37 and the 

Incubation period of 42, 48, 60 and 72 hours by using a 

Tryptone Glucose Extract Agar fnedlum suggested by Dlfco 

manual. The work undertaken In this study may prove the 

r e l i a b i l i t y or otherviJlse, of the recomtnendatlons made by 

I . S » I . (1962). 



C H A P T E R I I 

REVIEW OF LITERATURE 



CHAPTER I I 

BEVOT OP LITERATTOE 

Of the various factors irablch contribute to Inacoura-

- c l e s In plate counts, the Incubation teraperature and the 

period of Incubation have the greatest Impact on Standard 

Plate Count of milk. The l i t e ra ture regarding the e f f e c t 

of Incubation temperature and period of Incubation on the 

Standard Plate Count of milk and milk products, have been 

reviewed In the foregoing pages* 

In the bacter io log ica l study of milk, m t e r and sewage, 

the Incubation temperature o f 37 for 48 hours was generally 

fol lowed In the past. Use of 37 ag Incubation temperature 

vjas f i r s t adopted at the 1915 (Jacksonvi l le ) meeting of Atnerl-

-can Public Health Association. I t ?/as generally assumed that 

Incubators were quite accurate and Incubating plates at 37 

fo r 2 days î 'as sat is factory* 

Kudge (1927) suggested an Incubation temperature o f 

30 °C for 48 hours and pointed out that larger colonies and 

higher counts could be obtained at 32 ®C than at 37 

Norton (1928) worked on Incubation temperatures of 

milk and reported that higher counts were of minor Importance 

In milk contro l , but he emphasized that there should be 

uniformity In the counts. The new proposed Incubation tempe-

-rature as recommended by Pederson and Yale Is 32 He 



suggested to keep the temperature o f the ordinary Incubators 

down to 32 °C (89.6 on hot days In the country. 

Hiscox et (1933) studied the e f f e c t of time and 

Incubation temperature on the bacter ia l count of tnllk. They 

Incubated the plates at 37 for 48 hours and at 22 for 

4B hours and reported that the count m s very d i f f i cu l t ,when 

the counting was made a f t e r 48 hours, part icular ly « i t h 

pasteurised milk samples which made work troublesome due to 

minute size and transparancy of the colonies. Method of 

counting at the end of 48 hours period was retained for 

reason of economy of time and incubator space* There was 

more increase in the number of colonies at 22 than at 37 

V/hen the period of incubation I'as further extended by 18 hours 

for the plates Incubated at 22 ^C, there was not only a 

de f in i t e Increase In the number of colonies but there was a 

marked v i s i b i l i t y in the colonies. This was observed both 

on standard agar and on standard agar + milk. 

Pederson and Yale (1934) made a comparative counts 

on 78 samples of pasteurised and raw milki cream and ice 

cream a f ter 48 hours incubation period at d i f f e ren t tempera-

-tures v i z . , 21°, 26°, 30°, 32°, 35°, 37°, 398, 45° and 65 °C. 

The highest count was obtained at 32 °C with pasteurized milk. 

Hence, they concluded that the optimum temperature for raw 

milk samples lay around 32 °C and that the counts at 37 °C 

were approximately only 60 per cent of the 32 °C. Ice-cream 



and other produots also gave signlflGantly higher counts 

at 32 °G than at 37 °C temperature. 

Bowers and Hucker (1936) observed higher counts on 

Standard Agar employed In milk control Tisork, when the 

p lates were incubated at 32 than at 37 

Wilson gt, aj,. (1936) made a comparative study on the 

optimum tetnperature o f growth of milk organisms In United 

Kingdom with the temperature used In U.S.A. and concluded 

that incubation at about 30 fo r 3 days gave higher 

counts than at 37 with ra?i? and pasteurised rallk samples. 

In a subsequent study, Ys/ilson and Co-isorkers (2B35) 

reported that 37 -was the most prac t i ca l incubation 

tetnperature f o r pathogenic bacteria as they found I t quite 

optimum f o r the ir groisth. 

McDonald and liale (1935) studied the r e l a t i on o f 

keeping qual ity of milk and low bacter ia l counts. They 

found that both t i t r ab l e ac id i t y and agar plate counts Tsere 

much higher in milk samples and plates incubated at 68 

(20 "^O than at 98 °F(37 °C ) . They concluded that the 68 °F 

gave better indication of bac ter ia l f l o r a than the 98 

(37 °C) temperature. 

Optimum temperature o f incubation for standard 

methods o f milk analysis as influenced by the medium wag 

studied by Yale and Pederson (1936). The authors previously 
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recoffimended an Incubation temperature o f 32 for 48 hours 

rather than 37 "̂ C for standard beef extract agar* They 

noticed that the optltnuBi temperature In cage o f rais milk 

was s l ight ly below 30 and In the case o f pasteurised 

milk, s l i ght ly above 31 The conclusion m s dra-wn that 

an Incubation temperature of 32 or s l i gh t l y lower Is 

f u l l y as desirable with tryptone agar as with the present 

standard agar because (1 ) I t y ie lded at least 95 per cent 

on the average of the maximum 2 day count In comparison to 

only about 50 per cent In the case of 37 ®C Incubation, 

(2 ) less errors were caused by temperature variations In 

32 °C than In 37 °C Incubators, (3 ) the percentage of the 

maxlfflUB 48 hour count did not vary great ly between samples 

In the case o f 32 °C Incubation whereas I t varied great ly 

In the case of 37 Incubation. 

Alec Bradf le ld and Ellenberger (1936) compared 2 

Incubation temperatures as 32 and 37 on standard 

medium and tryptone glucose skim lallk agar. They reported 

that 32 Incubation temperature with tryptone-glucose 

agar as a medium gave the highest counts In the greatest 

number of Instances. The 32 °G Incubation temperature gave 

a more marked advantage than the Incubation temperature at 

37 

Breed (1836), In an appraisal of the work done on 

optimum Incubation temperature, reported that a lowering of 

the temperature of incubation fpotn 37 to 32 °C Increased 



ill 

Qounts In comparison with a change In coBiposltlon of the 

agar. This increase in counts seemed to be due to the 

better growth of Streptococci In case o f raw milk. In 

pasteurised products such as cream and Ice-cream mix, 

th is Increase In count was attributed large ly to the 

growth o f bacteria that f ind 37 too warm. He commented 

that 37 °C temperature I s poorly selected as I t I s too 

warm tor many types o f bacteria and too cold for the 

thermophilic types. 

Joseph Phelan (1936) examined 1962 samples o f 

d i f f e r en t dairy products such as grade A, grade A paste-

urised and bottled milk, grade B tank raw milk, grade B 

producers can milk e t c . , with 2 media v i z . , standard agar 

and tryptone skim milk agar and 2 incubation temperatures 

v i z . , 32 and 37 °C for 48 hours. With the combination 

of tryptone agar and 32 temperature there was a tremen-

dous increase in the bacter ia l count. Cer t i f i ed milk which 

showed an Increase of 23 per cent where a l l of the other 

types showed serious percentage Increase over 37 The 

percentage was higher in nearly every case and sharply 

higher in many cases v i z . , in grade A milk from 45 to 68 

per cent I in grade B cans from 40 to 84 per centj in cream 

cans from 73 to 92 per cent and in c e r t i f i e d milk from 

21 to 40 per cent increase i?as observed. 

Demester et a^. (1937) worked on standard agar, 

standard agar plus lactose and tryptone-glucose skim milk 



ill 

agar and shoi?ed that the Incubation f o r 2 days at 30 gave 

more sat is factory results as compared to the Incubation for 

3 days. 

Powers (1937) proposed to change the standard nutr l -

-ent agar to tryptone-glucose skim milk agar and lower the 

Incubation temperature from 37 to 32 ^C. 

Kelly (1937) presented a summary of extensive TOrk 

done by d i f f e r en t laboratories which compared standard 

nutrient agar with tryptone skim milk agar at 37 and 32 °C 

Incubation temperatures. Raw milk \¥lth standard agar gave 

higher counts with an average Increase o f 44 per cent In 

count with plates held fo r 48 hours at 32 compared with 

37 Grade A pasteurised milk under the same conditions 

gave with an average Increase of 72 per cent. He stated that 

lowering the temperature o f Incubation from 37 ''c was the 

greatest s ingle factor In Increasing counts Irrespective of 

culture media used. 

Yale and Hlckey (1937) studied the e f f e c t of using 

Tryptone-glucose skim milk agar and 32 Incubation tempera-

-ture on the bacter ia l colony count of 112 samples o f Ice-

cream. There v/as an average 162 per cent Increase In count 

In favour of tryptone agar and 32 Incubation temperature. 

These results were highly s ign i f i cant . 

Dennis and Welser (1937) determined the bacter ia l 

counts of 37 samples of raw milk at the incubation tempera-

-tures of 20°, 30°and 37 °C on d i f f e rent culture media fo r 
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My and Homrds made several series of 

para l l e l determinations of various milk grades using 

tryptone-glucose beef extract milk agar and Incubating at 

32 "̂ C and 37 Higher counts were obtained at 32 as 

compared to those at 37 I t was observed that the use 

o f Incubation temperature o f 32 Increased the bacter ia l 

counts and hence they suggested to adopt 32 temperature 

for Incubating the samples. 

S imi lar ly , Abele (1940) made a comparative study of 

plate counts on 3 media v i z . , the old standard agar, the 

ne?? standard agar and the agar recommended by the American 

Association Milk Committee and at 2 tetaflieratures of Incuba-

- t l on v i z . , 37 and 32 Incubation at 32 °C In comblna-

- t l on v;itb the modified agars gave greater Increase In p late 

counts than the use of any o f these agars at 37 

Nelson (1940) noted that except In the case o f raw 

milk, use o f the Improved agar tended to lessen the Increase 

In count commonly observed ?Jhen an Incubation temperature o f 

32 was used Instead o f 37 However, the colonies 

developed on new agar were larger and eas i ly countable. 

Abele (1940) summarised the pr incipal arguments f o r 

change In medium composition and temperature of Incubation. 

He reported that Incubation on modified agar at 32 resul t -

-ed In greater uniformity In the counts o f divided samples 

and appeared to favour the development on the plates of the 



ill 

types of organisms found In Incompletely cleaned milk 

vessels and those predoralnatlng in Improperly cooled milk. 

Marcus (1940) stated that using the new typtone 

agar at 32 I t was possible to obtain low bacter ia l 

counts In ccwimerclal practice* 

Hastings (1941) surveyed the studies made on re la -

t ion of the o ld and new methods for the bacter io log ica l 

analysis of milk and reported that higher bacter ia l counts 

were obtained when plates were Incubated at 32 ^C In place 

of 37 on the new tryptone glucose-medium. 

Thomas and Jenkins (1941) compared the colony counts 

In milk agar of ascept lcal ly drarai udder milk, raw bulk milk, 

pasteurised milk, utensi l r insings, Ice-cream, milk powder 

and water at 3 temperatures v i z . , 25°, 30® and 37 °C. 

Counting was done at the 3rd day and 5tb day of Incubation. 

The resul ts showed that except for udder milk, Incubation 

f o r 3 days at 30 gave a s igni f icant increase In colony 

count as compared with 37 . An Increase In counts of 

approximately were twice for bulk raw milk, 6 times f o r 

pasteurised milk, 5 t taes fer r insings o f dairy utensi ls 

and 11 times for dairy farm water supplies. 

In the Incubation for 3 days at 30 °G as compared with 

37 °C, d i f ferences were more marked In pasteurised milk than 

In raw milk. This was attributed to the louver optimum 

temperature of the thermodurlc organisms present in pasteu-

r ised milk. 
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HlXetnan ^ a i . (1941) exanilaed 100 l o t s o f mlllc 

from each l o t o f about 300 gallons of raw milk. Jtour p la tes 

were mad© on each sample or 1600 p lates f o r the 100 l o t s o f 

milk* One p late with each agar was incubated at 37 the 

other at 32 the Incubation period being very close to 48 

hours. They showd that lowering the temperature of Incuba-

- t l o n for p la te counts from 37 °C to 32 or changing from 

the old standard agar to tryptone-glucose-extract milk agar , 

or making both changes simultaneously not only resulted In 

higher counts of organisms on both rav/ and pasteurised mi lk, 

but also In a higher percentages of organisms In the raw 

milk being c l a s s i f i e d as thermodurlc. The percentage Increa-

-se was considerably more In pasteurised milk I . e . tvom 2 to 

5 times as great as u'lth raw milk. This was stated to be due 

to ffluch greater percentage o f thermodurlc bacter ia in pasteu-

- r l s e d milk than In raw milk. 

Hlleman and Leber (1941) noted that Incubation o f 

p la tes at 32 caused a much larger Increase in count with 

the samples o f pasteurised milk at 143 f o r 35 minutes than 

with those pasteurised at the higher temperature. 

El izabeth D and Elizabeth F (1943) carr ied out ©xperl-

-ment on the e f f e c t o f Incubation temperature upon cer ta in 

organisms In cream. They showed that higher counts could be 

obtained at 20 °G than Incubating at 37 temperature. 

Hunter (1944) concluded that Streptococci grew more 

rapidly at 30 °C than at 22 but were Inhibi ted to a greater 

or l ess degree at 3? °C temperature. 
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Murray and Horvsood (1944) reoommended 35-37 

temperature fo r the bacter io log ica l examination on tryptone-

glucose agar of f ine grounded edible ge lat in at ^ hours 

Incubation period. 

Abdel-Malek (1945) studied the bacter ia l f l o r a of 

pasteurised milk. He showed that Incubation of post-pasteu-

- r l za t l on plates at 30 for 5 - 6 days usually resulted In 

s ign i f i cant ly higher counts than at 37 for 2 - 3 days. 

The Corynebacterla and many micrococci did not grô w at 37 ^C* 

He concluded that fo r estimating thermodurlc organisms, 30 

was de f in i t e l y a better Incubation temperature than 37 

Crossley (1945) examined 186 samples of sweetened 

condensed milk and observed that colonies w r e eliminated by 
o o 

lowering the Incubation temperature from 37 C to 32 C or 

lower. Major i ty of samples yie lded s l i ght l y higher counts at 

22 than at 32 when p lates were Incubated for 5 days. 

Messner (1945) carr ied out comparative counts on 

1,279 samples of pasteurised milk using Incubation tempera-

-tures of 37 °C and 32 Three samples were tested at each 

temperature and Incubated for 48 hours. He reported that 

there laas low count at 37 as compared to 32 Incubation 

temperature. Sometimes, the count was as high as 45 per cent. 

Hlscox (1945) studied the e f f e c t o f the method of 

reconstltutIon and the t emperature o f Incubation on the plate 

count of spray-dried milk powder. He Incubated plates at 
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temperature from 22 to 37 ®C and shoi?ed that the highest 

counts at 30 with a s l ight decrease at 35 fol lowed 

by a sharp decrease between 35 and 37 temperature. 

Many organisms growing at 30 f a i l e d to grow at 37 

Eoblnton e^ aj,. (1946) showed rauch higher counts at 

20 than duplicate plates at 37 for 48 hours In milk 

and cream 

Pestana and DeLlma (1948) made a comparative study 

of plate counts on samples of pasteurised milk. They compar-

-ed 2 ciedla and Incubation temperature. A l l samples gave a 

higher count on tryptone-glucose milk agar than on standard 

agar at 32 than at 37 temperature. 

Thoaas et. a^. (1948) reported that plate counts at 

37 were materially lower than 32 A greater percentage 

of pasteurised fnllk was placed In lower grades by lowering 

the Incubation temperature from 37 °C to 35 

Verone 0. (1948) suggested a count a f t e r 48 hours of 

Incubation at 37 °G Instead of 24 hours of Incubation. 

Keeping In view the above studies? the American 

Public Health Association (1948) recommended the use of 32 

In place of 37 °G as temperature of Incubation for estimating 

standard plate count of milk and milk products for 48 hours 

incubation period. 
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Erlobsen and Goldlng (1949) studied 37 samples of 

raw milk f̂ pDjn d i f f e rent producers to determine the e f f e c t 

of 2 Incubation temperatures v i z . , 30 and 37 on plate 

counts. The former Incubation temperature had a marked 

Influence on raw milk counts. 

Thomas e i aj,. (1949) stated that thermodurlc colony 

counts on yeagtre l Kl lk agar Incubated for 4 days at 30 

were nearly 12 times o f those obtained at 37 

Chandrasekhar (1950) studied the mlcr©population o f 

ra^ and pasteurised milk and showd optimum temperature fo r 

growth was 30 

Thomas £t (1950) suggested that large d i f ferences 

In 2 counts mre due to the presence of mlcrobacterla and 

possibly some types of micrococci ?Jhlch were unable to grow 

at 37 They recommended that colony counts of commercla-

- l l y pasteurised milk, unpasteurlsed o l l k should be also 

obtained by Incubating on yeastre l milk agar at 30 f o r 

4 days. 

Asthon (1950) carried out 36 experiments at the 3 

temperatures of Incubation and showed that plate counts o f 

freshly pasteurised tnllk samples were highest at 22 °C and 

lowest at 37 Maximum mean plate count on the raw milk 

samples was observed at 30 

Thomas, Irv ine and Black (3S50) carr ied out a direct 

comparison of plate counts at 37 35 and 32 °C and 
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showed that counts at 37 were considerably lower t ten 

at 32 °C while the counts at 35 were only s l i gh t l y lower. 

Todoroff and Assenowa (1960) suggested Incubation 

period of 48 hours at 32 to 35 °G for bacter ia l p late 

counts. 

Quencer (1951) showed by examining a t o t a l o f 1,175 

samples of raw, pasteurised unhomogenlzed and homogenized 

milk at 6 dairy laboratories for colony plate counts a f t e r 

Incubation at 35 °C and 37 that the former Incubation 

temperature gave higher counts than at the l a t t e r . However, 

the magnitude of the Increase in count varied considerably 

and was stated to be dependent upon the spec i f i c f l o r a 

present in milk under examination. 

Nelson and Baker (1953) studied Influence of time 

and temperature of p late Incubation, upon bacter ia l counts 

of market milk and re lated products. Plates were Incubated 

at 35 °C for 2 days | 32 °C for 2 days | 25 °C f o r 2 and 3 

days and 21 for 2, 3 and 4 days e t . . The shorter Incuba-

t ion periods gave counts much below t tose o f the longest 

Incubation periods and the colonies also were much more 

d i f f i c u l t to count. Samples In which considerable bacter ia l 

growth occurred at 5 usually gave the same counts at 

a l l temperatures of p late incubation except at 35 Counts 

at 35 °C frequently were less than 1 per cent of the 

counts at other temperatures. With few -
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exceptioGs» the shorter Incubation periods gave counts 

essent ia l l y equal to those a f t e r maxifflua Incubation periods. 

The colonies were very small which toade counting more 

d i f f i c u l t In samples Incubated f o r shorter periods. 

Fqtv&z and Sllva (1963) made a comparison on plates 

o f peptone beef extract agar at 37 °G and tryptone glucose 

El Ik agar at 35 ©C giv ing 48 hours Incubation period. 

Counts were nearly tirlce as high as on tryptone glucose 

milk agar at 35 However, the colonies on T.G.M. agar 

were easier to count. 

Lakshmlnaraslin (1953) studied biochemical propert ies 

of cocci In milk. He observed that the t o t a l counts obtain-

-ed at 30 were always greater than at 37 the average 

Increase being about 60 per cent. He reasoned that the 

majority of bacteria normally found In milk bad a lower 

optimum temperature for growth e . g . optlaium temperature of 

growth for micrococci was reported to be 25 - 30 °C, which 

also approximated to the average atmospheric temperature 

preva i l ing In the region during major part o f the year. 

Atherton et §^.(1953) took observations on bacter ia l 

population. P lates incubated at 10 25 and 35 fo r 

10, 3 and 2 days respect i ve ly , then bacter ia l plates were 

Incubated at 30 26 °G and 20 almost Ident ical 

counts were obtained. At 35 Incubation, the counts lagged 

fa r behind a f t e r 3 days holding. Counts at 37 °C were 

consistently low. 
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Barber and Debaun (1954) carr ied experiments on a 

new plate count media in routine plate counts on milk. A 

comparison •was made atjiong 3 media in which duplicate p la tes 

of each medium were Incubated at 37 35 ^C and 32 

The result summarised showd that the same media d l f f e r en -

- ces were obtained at each temperature. 

Cuthbert jgJ, s^. (1954) studied counts o f thermbdurlc 

organisms obtained by employing d i f f e r en t Incubation periods 

at 30 and I t m s concluded that 3 days Incubation at 30 

TOs adequate for any routine purpose. The colonies uhlcb 

developed within 2 days were of the same type as those 

which developed l a t e r . 

Tewes §X (1^54) studied the consumer's milk f o r 

colony counts. They examined the e f f e c t o f Incubation time 

on the p late count of ra?v and pasteurised milk and reported 

that the count a f t e r 48 hours Incubation was greater . In 

pasteurised milk, the predominant therraodurlc organlatjs w r e 

mlcrobacterla whose slow groTith rate was demonstrated. 

LeiJton (1955) compared Incubation temperatures of 

32 and 35 on 416 samples o f milk and cream for the 

col l form count. I t vi&s concluded that there v^ere no d l f f e -

-rences between the count obtained on a sample a f t e r Incuba-

- t l o n at 32 or 35 I t was suggested that for routine 

analys is , 3 2 m s a suitable temperature for the lncuba~ 

- t l o n of col l form p lates . The adoption o f 32 as the 

Incubation temperature would also reduce the equipment. 
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In Netherlandst the s c i en t i f i c Committee for tb® 

standardization of aethods for the analysis of milk and 

dairy products» suggested 30 + 2 ®G as an Incubation 

temperature for the p late count of bacteria In milk. 

Murray (1955) compared incubation temperatures In 

the presumptive coll-acrogenes test for raw and pasteuri-

sed milk. He stated that Incubation at 30 °C provided a 

better guide to the hygienic quality of both raw and paste-

urised milk. The d i f f e rence between the counts was greater 

than 35 per cent, 

Vanderzant and Moore (1955) studied the Influence 

of time and temperature of plate Incubation on bacter ia l 

counts. For p lat ing i tryptone-glucose extract agar was 

used. The counts at the shorter incubation periods usually 

were some-what lower than at maximum plate Incubation time 

and the colonies frequently were more d i f f i c u l t to count 

because of the small s i ze . This was more frequently 

observed at the lower plate incubation temperatures. The 

Incubation at 32 and 25 °C gave maximum counts. The 

counts at 35 °G were much lower than at the other Incu-

bation temperatures. 

Babel et ajL. (1955) conducted t r i a l s to ascertain 

the r e l i a b i l i t y of 32 °G or 35 temperature for 48 + 3 

hours of Incubation In the standard p late count of milk. 

They also aimed to determine the time and temperature other 
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than the standara isihloh would glv® the highest plate count 

of milk. Temperatures selected were 10°, 20°, 26°, 32°, 35°, 

37°, 45 °G and for each temperature 4 periods of tlrae of 

Incubation mre chosen. The timings ^ere 4, 6, 8 and 10 

days for 10 °Cj 2, 4, 6 and 8 days for 20 °C; 1, 2, 3 and 

5 days for 26°, 32 °C and 35 ^C and 1, 1.5, 2 and 3 days 

for 37 °C and 45 The studies mre made with raw and 

pasteurised El lk saraples. I t TOS found that the highest 

mean count for raw milk was obtained on plates incubated at 

20 °G for 8 days and was only s l ight ly lower at 32 °C for 

5 days. The mean count at 32 °C was generally higher than 

that at 35 °C. The mean count at 32 °C was higher than at 

26 °G a f t e r 2 days Incubation. Eor pasteurised milk samples, 

the highest mean count was given by incubating at 32 °C f o r 

5 days, although only s l i ght l y higher than at 20 °C f o r 8 

days. The counts at 32 °C and 35 °C Increased at about the 

same rates a f t e r the various Incubation times, but the counts 

at 32 °C were higher. The development of colonies from 

pasteurised milk samples was slower than from raw milk, 

because bacter ia l f l o ra of pasteurised milk was slow growing 

than the f l o ra o f ravi/ milk. The cean count at 32 ?/as 

generally higher for raw and pasteurised milk than at 35 

In using a single Incubation temperature for raw and pasteu-

- r l s ed milk samples, the 32 °C was found to be the most sulta-

-b l e . They suggested that use of 37 °C should de f in i t e l y be 

discontinued. There vjas a marked Increase in counts of the 

pasteurised milk betf^een 1 and 2 days. I t was decided that 
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the possible e f f e c t of this Inorease on the plus or minus 

-3 hour tolerance from the standard of 48 hours Incubation. 

The pasteurised plates ^ere counted a f te r 42» 45, 48, 51 

and 54 hours of Incubation at 32 '̂ C. A t o ta l of 84 samples 

of pasteurised milk were used In this phase of the study. 

The results ^ere 93.8, 98.6, 100.0, 102.8 and 104.2 percent-

-ages for the Incubation time 42, 46, 48, 51 and 54 hours 

respect ive ly . 

Although there vjas a gradual increase In the colony 

counts from 'ffi to 51 hours, th is Increase wag not marked. A 

gradual Increase In colony size generallywas noted as the 

Incubation time was increased. The plates Incubated for 42 

and 45 hours needed closer scrutiny to detect the small 

colonies present, 

Galesloot (1956) studied the cause of Increased plate 

counts at 30 °C of spray-dried milk p©wder. He concluded 

that the d i f f erence between plate counts at 37 °C and at 30 

Is caused bv Microbacterlum lac t i c urn vshlch does not grow at 

37 

Sa lnc l lv ler (1956) determined the bacter ia l counts, 

a f t e r 8 hours Incubation at 6 temperatures between 16° and 

31 The mean growth rate ms calculated at 22.5 

Jazeskl (1956) reported methods for the examination 

of milk, cream and butter, In the agar plate count. The 

temperatures of incubation were recognised as standard v i z . , 

32 ° and 37 for 48 hours. 



Ihotnas et a^.(1957) carried out ooli-aerogenes 

bacteria in farm milk supplies test at 30 The 6 day 

30 test vas preferred to the 2 days 37 t e s t , because 

many of bacteria did not form gas at 37 

Mallmann (1957) determined the bacter ia l population 

of milk by surface plat ing technique and claimed that p lates 

Incubated by surface technique method at 35 °C for 3 6 - 4 8 

hoursj were comparable to those obtained by pouring method. 

He used tryptone-glucose extract agar as a medium. 

Tentonl (1957) reported that f o r I t a l i an conditions, 

an Incubation temperature o f 32 °C Instead of 37 '̂ C Is 

recommended. He concluded that an Incubation period o f 48 

hours was too short and not less than 72 hours Is required 

fo r plates Incubated at 32 

Heather and Vanderzant (1957) made a study to deter-

-mine the e f f e c t s of time and temperature of Incubation on 

heat-treated psycrophlllc bacteria. Ik>wer counts were found 

when the Incubation time was shortened. At 32 counts 

were comparable to those observed at 25 They concluded 

that non-heated psycrophlles grew readi ly on plates during 

the early phase of the Incubation period. 

Murray et. a2,. (1958), carried out bacter ia l count at 

37 and 30 An Increase of 50 per cent In bacter ia l 

numbers being recorded at 30 on the farm milk samples. 

In the case of collform t e s t s , the lowering of the incubation 
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temperature to 30 °C resulted In an Increase of 50 per oent. 

Mossel et a l , (1958) compared Inoubatlon temperature 

of 31 ° 1 for t o t a l colony count a f t e r Incubation f o r 

18-72 hours. They found that psycrophl l lc bacteria did not 

develop at 37 °G f o r 72 hours? but grew we l l ushen Incubated 

at 31 ° + 1 fo r 48 hours. They a lso recommended Incuba-

- t l o n temperature o f 31 ° + 1 fo r food spoilage bacter ia 

except fo r se l ec t i ve enrichment and specia l groups o f organl-

-sms. 

Atherton (1968) tested the temperatures and periods 

o f Incubation at 32 f o r 48 hours', 20 f o r 48 hoursi 20 

f o r 72 hours and 5 for 10 days. He reported that counts 

made on milk samples rmre quite comparable regardless of the 

p lat ing medium or temperature o f Incubation, except with 5 

f o r ID days or 20 f o r 3 days. 

Madelung (1959) conducted research for content of 
0 

thermodurlc organisms In bulk milk and reported that 30 C 

f o r 3 days "was optimum temperature for thermodurlc organisms. 

Murray (1959) studied a temperature o f Incubation on 

9 , 497 samples of pasteurised milk, par t i cu lar ly f o r the 

presumptive col l -aerogene organisms. He showed that the 

processing plants with the better counts could maintain the 

bac t e r i o l og i ca l standard o f absence o f Coll-Aerogene organisms, 

i f the Incubation temperature In the test was lowered from 

37 °C to 30 

i 
i . I * ~ 
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Buchanan and Nelson (1960), while carrying out 

comparative counts on thermodurlc microorganisms present 

in bulk-tank farm rallk, observed that when streptococci 

predominated} the count at 35 °C wag approximately the same 

as the count at 32 When micrococci predominated, the 

count at 32 '̂ C was s i gn i f i cant ly higher than the count at 

35 They recommended the temperature of 32 "̂ C as I t was 

more satisfactory than 35 for incubating plates for the 

standard plate count. 

The Incubation temperature recommended for standard 

plate count by the American Publlo Health Association 

was 32 °C or 35 °C f o r 4 8 + 3 hours but preferably at 32 

while In United Kingdom, the Incubation temperature of 30 

to 32 °G f o r 72 hours or 37 ° for 48 hours was favoured 

(Davis 1959). 

Vester (2962) f i xed the Incubation temperature at 

30 °C as a standard method f o r analysis o f milk and milk 

products In the Netherlands as some types of collform bacte-

- r l a producing gas at 30 did not produce I t at 37 

For plate counts, the Incubation temperature was also 30 

and thus the same Incubator could be used for both purposes. 

Paulslmonart g i aj,. (1962) carried out series of 8 

experiments on bacter ia l f l o ra of milk. Total colony counts 

were made a f t e r incubation for 2 days at 37 "̂ C and for 3 days 



at 30 using plate count agar mediuin. They compared the 

colony counts at 30 v;ith those at 37 There was a 

much higher proportion of microbacteria at 30 °C Incubation 

temperature. 

Mekenzle (1962) carried out experiments to ascertain 

plate counts of milk at 86 (30 and 89.6 (32 

on ISO raw farm milk samples. He pointed out that the adop-

- t l on of 89.6 (32 ' 'c ) f o r adversory and o f f i c i a l test ing 

purposes vjould avoid the addit ional 24 hours Incubation 

period; required at present when Incubating at 86 (30 °C) 

f o r 3 days. 

In India the Incubation temperature at present, 

recommended by I . S . I . (1962) Is 37 + 0.5 for 48 hours 

although the r e l i a b i l i t y o f th is temperature need further 

Invest igat ion under the control led conditions. 

Thomas et a^. (1963) showed that colony production 

by arthrobacter and micrococcus was favoured more at 

and 28 °C than at 35 Thermodurlc count Increased upon 

extended plate Incubation at 35 and 32 °C temperatures. 

Samagh and Dudanl (1966) studied the e f f e c t of tempe-

-rature and growth medium on standard plate count of milk. 

They carried out experiments at 32 and 37 for 48 hours 

Incubation period, f o r pa l l milk samples, farm bulk tank, 

pasteurised and v i l lage milk samples on tryptone dextrose 

agar and milk agar. They noted that 32 °G temperature of 
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Incubation gave s ign i f i cant ly b l gh^ standard plat© count 

than 37 f o r a l l the 4 categories of wilk samples* 

Similar ly, both media Tryptone dextrose agar and Ei lk agar 

used, gave ident ical plate counts for a l l of the 4 catego-

- r l e s of milk investigated. Some d i f f i c u l t y v̂ as experienc-

-ed in use of milk agar in counting of colonies. No Inter-

-act lon was found between the types of milk and temperature 

or grovjth media. They reported that the increased counts In 

pasteurised milk samples might be due to high incidence of 

thermodurlc organisms present ¥ihlch were known to have lower 

temperature of growth. This invest igat ion indicated that 

32 "̂ C for 48 hours incubation period with tryptone-dextrose 

agar, presented better picture o f the bacter io log ica l quality 

of milk. 

Pedraja and Mengells (1967) made a comparative study 

on e f f e c t of time and temperature of incubation on the plate 

count of 167 dried sklm-tiillk samples and 54 samples of dried 

butter milk. The plates were Incubated at 35 fo r 48 hours, 

32 for 48 or 72 hours. In a l l cases, the highest plate 

counts/g product were obtained a t 32 for 72 hours. 

Pack and Sandlne (1968) reported that the population 

of aroraa bacteria were greater at 30 than at 21 

Hartley et aj,. (1969) studied the e f f e c t s of Bedium 

and Incubation temperature on recovery of microorganisms from 

manufacturing grade, Grade A and pasteurised milk. They 

carried out the comparative study by using 7, 21, 28 and 
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and 32 Incubation temperatures f o r 10, 5, 4 and 2 days 

incubation periods r espec t i v e l y . The highest count wag 

obtained at 21 °C f o r Grade A rallk. Jbr pasteurised rallk, 

the highest count m s obtained at 88 with standard agar. 

He reported that the optimum temperature and time combination 

was 28 f o r 4 days. 

Ma l l e t t t t a^. (1969) carr ied out comparative exper l -

-raents on counts of col l form bacteria of milk at 32 and 

37 Incubation temperatures* Samples of raw and pasteurls-

-ed rallk were plated In desoxycholate lactose agar and 

Incubated at 32° + 1 and 37° + 1 f o r col l form bacter ia . 
mm 

They reported that the lower temperature I . e . 32 ^C produced 

counts comparable to those at 37 
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MATMI&LS ATO METHODS 

The present Invest igat ion was undertaken and 

Qompleted at the post-graduate laboratory of the Agrlcul-

- tura l College Dairy, Poona. The various researoh teohnl-

-ques used during the course of study are b r i e f l y described 

In the fol lowing paragraphs s 

1 ) Col lect ion of raw milk samples* 

K l lk samples frotn cows and buffaloes were col lected 

from the Agricultural College Dairy fferra, Poona during the 

period of July 3S69 and September 1969. The samples were 

drawn soon a f t e r the fresh milk was f i l l e d In the can. 

Before the samples were taken from the can, the milk In 

the cans was thoroughly mixed with the help of a stainless 

s tee l plunger having a perforated disc of 150 mm diameter 

and a metal rod of su f f i c i en t length* The sample was then 

co l l ec ted asept lca l ly with the help of one l i t r e capacity 

dipper In 250 e I s t e r i l i z ed f l a sk . A f ter co l l ec t i on of 

bu f fa lo and cow milk In stoppered s t e r i l i z ed flasks? then 

I t was kept In the r e f r i ge ra to r and the plat ing for the 

standard plate count was completed within 2 to 3 hours. 

In a l l , 30 raw milk samples from cows and 30 raw 

milk samples from buffaloes were examined for studying the 

e f f e c t of Incubation Temperature and Timings on the stand-

-ard plate count o f milk. 
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2) Ion of pasteurized bott led milk aataplggt 

The Ciovernment Milk Supply Scheme| Poona supplies 

pasteurized bott led milk to Poona o l t y . In th is dairy 

p lant , pasteurization of o l l k Is done by High Temperature 

short time method In t^hlch milk Is heated at 163 for 

16 seconds. The pasteurized milk Is f i l l e d In bot t les and 

stored at 3 to 4 ° c unt i l It Is despatched to various booths 

fo r distr ibut ion. 

Sometlines, previous day pasteurized tnllk bot t les are 

also sold at th is booth. Thirty samples o f pasteurized 

Rillk mvQ co l lected from the Central Dairy Milk Sohetne 

booth for the standard plate countt 

3 ) Goj,3L,ectlon o f a.Uk j3amp3,es f̂r,pro vll.j^a^e, rait 
tank. 

The samples of milk produced under v i l l a ge condl* 

- t l ons were co l l ec ted from the Central Dairy Milk Scheme, 

PGona-3 which co l l ec t s milk from the neighbouring v i l l ages 

and from d i f f e rent towns, located at longer distances* In 

the morning, the milk Is co l l ec ted at the d i f f e r en t centres 

and Is ch i l l ed In Ice-chambered cans which are loaded in 

trucks and brought to the Central Dairy K l l k Scherse, Poona. 

The samples were taken from the fo l lowing v i l lages 

and c i t i e s « 



43 

1) Mabup route s Mabur, Mandhar, Damnlmdlt 

2) Shivapur route s Kaldarl , iChed-Sbivapur, Nasarapur, 

iarve e tc , 

3 ) Bhlma-shankar route t Ghodegaon, Gblndl, Dlmbha etc» 

4 ) Junnar route t Kbamgaon, Paddi, Anery e tc . 

5) C i t i es t Junnar, satara and Mababaleshwar# 

Tbe reason for select ing these routes iraas that the 

milk from these routes used to arr ive between 2^30 p»n3. and 

4-0 p.m. a f t e r which I t T«as possible to carry out further 

analyt ica l i;ork« 

The trucks are unloaded at the plat form. The cans 

are poured and ifflinedlately f i l t e r e d In weighing tankfbavlng 

a capacity of 500 l i t r e s . From this tank, the milk samples 

were drawn with the help of tnllk sampler In stoppered s t e r l -

- l l z e d f lasks of 250 ml. They were brought Immediately to 

the laboratory and kept In the r e f r i g e ra to r . 

The microbial examination of the samples was carried 

within half an hour a f t e r co l l ec t ion . 

Preparation of media. 

The Tryptone Glucose Extract Agar medium suggested 

by 'Dl fco Manual o f Dehydrated Culture Media and Beagents 

(9tb Edi t ion) ' and by ' I . s . I . (1952) ' was prepared from 

dehydrated base stock and used as a plating medium. 
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Composition of T*G*E-Agar (Bg) 

Dehydrated 

]feoto-Bee£ extract 3.0 g 

Baoto-trypton© 5,0 g 

Bacto-Dextrose (d-glucos®) 1.0 g 

Bacto-Agar . . . is.O g 

Water, d i s t i l l e d . . . 1 0 0 0 . 0 ail 

F i m l pH . . . 7.0 + 0 .1 
m 

Preparation of media, pH readings (taken ^Ith the help of 

Indicator papers) s t e r i l i s a t i on and storage, di lut ing of 

saraples with d i s t i l l e d water? measuring test port ions, 

pouring p lates , checking s t e r i l i t y of glass ware, di lut ion 

blanks and growth medium e t c . , were done as per the methods 

prescribed by the I . S . I . No. 1470 (Part I I I ) 1962. 

5) Incubation and counting. 

The temperature of a l l the Incubators was recorded 

dally at 9 a.m. and at 5 p.m. In order to check the tempera-

- ture var iat ion, I f any. Incubators used maintained tempera-

-ture of 32.0 ° + 0.5 35.0 ° H- O.S and 37.0 ° + 0.6 ^C 

constantly throughout the period o f study. 

The petr l -d lshes were Incubated at 32°, 35° and 37 

respect ive ly f o r a varying durations as per the plan o f work. 

Type of milk Number of plate?^ 

(1 ) Cow bulk rallk 5 
( 2 ) Buffalo bulk milk 5 
( 3 ) Pasteurised milk 5 
(4 ) Vi l lage tank milk 5 
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Spreader-free p lates were se lected v?lth 30 to 300 colonies . 

A l l colonies were counted Including those o f pln-polnt s ize 

on selected plates* Pin-point colonies were counted with 

the e ld of Quebec colony counter. 

A f t e r 42 hours of Incubation per iod, co lonies were 

counted, marked with ink and the result v «s recorded as a 

•SPG/ ml at temperature of 32 35 and 37 ° e for 42 

hours Incubation pe r i od ' . Then the same p la tes ifhlch were 

marked ?Jlth the ink f o r 42 hours Incubation period reading 

were kept in the Incubators f o r 48, 60 and 72 hours Incuba-

- t l o n period. 

At 48 hours Incubation per iod , the count ms taken and 

the colonies which were developed between 42 and 48 hours 

incubation period were ©arked with the ink and recorded in 

the similar manner. The same p lates were further Incubated 

f o r 60 and 72 hours and new developed co lonies were recorded. 

Standard P late Count 

J m i ^ O a i a E l t a 

iH ( 3 ) 
^ r I § 

Cow Buf fa lo Pasteurised Vi l lage 
S j § tank milk 
i 5 J 5 1 

P lates made with Tryptone glucose 
extract agar and incubated at ^ fi 

5 I 
32 35 37 °C 

8 

Counts taken at the in terva l o f 

1 42 hrs. 
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l i 48 hrs. 

I l l 60 hrs* 

Iv 72 hrs. 

S t a t l s t i o a l Dealgn of the Experiment* 

Thirty samples o f bu f f a l o and cow milk were divided 

In 3 groups and 30 milk samples of pasteurised and v i l l a g e 

milk were divided In 2 groups. The s t a t i s t i c a l design 

adopted for the experiment was l ^ o t o r l a l design. 

Rep l i ca t ion : One tnllk sample tos taken as one r ep l i ca t i on . 

Treatments i (A ) D i f f e rent milk samples -

( 1 ) Buf fa lo milk sample. 

( 2 ) Cow milk sample. 

(3 ) Pasteurised milk sample. 

(4 ) v i l l a g e milk sample. 

(B) Incubation temperatures -

32° , 36° and 37 

(C ) Incubation periods i 42, 48, 60 and 72 hrs. 
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RESULTS AND DISCUSSION 
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HESULIS AND DISCUSSION 

The results of the Investigation are given In the 

fol lowing tables J 

TABLE 1 

ANALYSIS 0? VAHIAHCE OF BUFFALO AND COW MILK 
SAÎ IPLES FOR JULY 1969 

Source of 
var lat Ion 

' •'!' 
1 • 
« 

D.F. • S • S* « 
s 

:: —r 
1 iu • S* J 
: t 

Calculated 
F. 

Block 9 210500 23388.88 33.36 

Type of milk 1 89745 89745,00 128.04** 

Temperature 2 86614 43307.00 61.78** 

Tltne of Incub. 3 3667 1222.33 1.74 

Type X ternp. 2 3312 1656.00 2.36 

Type X Time 3 107 35.66 0.05 

Temp. X Time 6 188 31,33 0.04 

Type X Temp. X Tlroe 6 267 44.50 0.06 

Error 207 146090 700.91 • 

Total J 239 539490 -

D.F. = Degrees of freedom. 

S.S. « SU!B of squares. 

I»i. S * ~ Mean square. 

* * a S igni f icant at 1 % l e v e l 
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TABLE 2 

SIIffMARY OP TABLES 

I'lEAN STANDARD PLATE COUNTS OP BUPPALO AND COW 
MILK SAMPLES AT DIFFEHEKT INCUBATIOH TMPERATUHES 

Temp. 
OQ 

* T y p e 
; Buf f , milk 

« 

COTS milk \ Mean S . P . C . 

32 92.50 105.50 99.00 

35 67.50 140*50 104,00 

37 56.00 86.00 71.00 

Mean 72.00 111.00 -

S.E, for body of the table = 4 . 1 8 

TABLE 3 

MEAK STANDARD PLATE COUNTS OF BUFFALO AND COW 
MILK SAMPLE AT DIFFERENT INCUBATION PERIODS 

Time i y P. Q ^ 1 ' Mean s.P.C. 
( t o s ) » Buff» milk Cow milk s 

42 67 104 85.50 

48 71 110 90.50 

60 74 113 93.60 

72 76 116 96.00 

Ifiean 72 111 mm 

S.E. f o r body o f the table ^̂  4,83 
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TABLE 12 

MEAN STANDARD PLATE COUNTS OF BUFFALO AND COW 
MILK SAMPLES AT DIFFERENT TB£PEiUTUHES AND 

INCUBATION PERIODS 

Time J Temperature i i^ean S.P.C. 
hrs. I 32 oc 35 Oq 37 ! 

42 111.60 82.35 62.90 85.61 

48 115.30 85.35 70.90 90.51 

60 118.75 88.75 73.80 93.76 

72 121.20 91.00 75.90 96.03 

Mean 114.71 86.86 70.87 « 

S.E. for body of the table = 5.92 

I t is seen from the data of analysis of variance of 

Table 1 that the temperatures of incubation d i f f e r s i g n i f l -

-cantly at 1 ^ l e v e l . I t is observed that incubation 
D 0 

temperatures of 32 G and 35 C have given higher bacter ia l 

counts than the 37 The 'F ' test shorn in the table 

indicates that the e f f e c t of incubation temperature on 

buf fa lo and co^ milk samples is s igni f icant but the time of 

Incubation Is not s ign i f i cant . 

Sunniary of tables given in tables 2> 3, 4 show that 

IntieraGtions are not s igni f icant indicating that the data 

do not revea l any de f in i t e evidence of response of milk 

samples to the incubation temperatures and periods. 
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TABLE 5 

ANALYSIS OF YARIANCE FOR BUFFALO AND COW MILK 
SillPLES FOR AUGUST 1959 

Source of 
: •• • ; • • ' V "' •Calculated 

var iat ion ' D.F. ' S.S. ' M.S. 
, 5 f 

• F. • 
tt 1 .. 

Block 9 171954 19106.00 8#92 

Type 1 30487 30487.00 14.24 

Temp. 2 86541 43270 » 50 20.21 

Time 3 29^ 983.00 0*45 

Type X Temp. 2 354 177.00 0.08 

Type X Tliae 3 9 3.00 0.001 

Temp X time 6 10 1.66 0.0007 

Type X Temp X Time 6 21 3.50 0.001 

Error 207 442987 2140.03 -

Total 239 M» 

D,F. 

M.S. 

Degrees of freedom. 
Sum of squares. 
Ivlean square. 
Signi f icant at 1 ^ l e v e l . 

TABLE 6 

SIMMAHI OP TABLES 

MEAN STANDARD PLATE COUNTS OP BUFFALO AND COW MILK 
SMPLES AT DIFFERENT INCUBATION TBIPERATDRES 

Temp. J t e 8 
s Buff . Bi lk Cow milk t llean S.P^C. 

32 
35 
37 

Tot 

122.70 
98.37 
78.72 

101.77 
77.65 
52.75 

112.23 
88.01 
65.73 

Mean 99.93 77.39 

S.E. for body of the table = 7.31 
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TABLE 7 

MEAN STANDABD PLATE COUKTS OF BUFFALO AW COW 
MILK SAIiJPLES AT DIFFERENT INCUBATION PERIODS 

Time 
hrs. 

! T y p e 
t Buff , milk 

s 

Cow milk J 
Mean S.P^C. 

42 94.86 73.00 83.93 

48 98.50 75,80 87.15 

60 101.60 78.80 90.20 

72 104.76 81.96 93.36 

Mean 99.93 77.39 

S.E. f o r body of the table = 8.44 

TABLE 8 

MEAN STANDABD PLATE COUNTS OF BUFFALO AND COW MILK 
SA&iPLES AT DIFFERENT TBfiPERATURES AND INCUBATION PERIODS 

^ r T e m p e r a t u r e ] 
Ma . J 32 Og 35 o^ 37 oq J 

42 107.50 83.35 60.95 83.93 

48 110.70 86.45 64.30 87.15 

60 114.15 89.55 66»90 90.20 

72 116.60 92.70 70.80 93.36 

Mean 112.23 88.26 65.73 I 

S*E, for body of the table = 10.35 

Analysis of variance given in table 5 for the month 

of August shows that the temperature of Incubation is s lgn l -

- f l ean t at 1 per cent l e v e l f o r buf fa lo and cow milk samples 

but the time of Incubation is not s i gn i f i cant . 
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Summary of tables given In tables 6, 7 and 8 revea l 

that there is no Interaction betiseen types o f milk and 

temperature of Incubatlonj types of tnllk and incubation 

time; incubation temperature and time and types of ml lkj 

incubation temperature and time. 

TABLE 9 

ANALYSIS OF VABIANCE OF BUFFALO AND COW MILK 
SAI^PLES FDR SEPT5MBEH 1969 

Source of 
variation D.F. S.S. M.S. Calculated F. 

Block 9 133959 14884.33 9.72 

Type of milk 1 4310 4310.00 2.81 ** 

Temperature 2 97674 48837.00 31.91 ** 

Time of Incb. 3 2271 757.00 0.40 

Type X Temp. 2 1062 531.00 0.34 

Type X time 3 0 0.00 0.00 

Temp X Time 6 20 3,33 0.0021 

Type X Temp X Time 6 8 1.33 0,0008 

Error 207 316771 1530.29 m 

Total 23§ 

D.F. = Degrees of freedom. 

S.S. = SUE of squares. 

M.S. « Mean square. 

* * » S igni f icant 1 ^ l e v e l 
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TABLE 10 

SIIE^ARY OF THE TABLES 

MEAH STANDABD PLATE COOTTS OF BUFFALO AIJD COW MILK 
SA ÎPLES AT DIFFEiiENI INCUMTION THvIPERATURES 

32 . 121.47 118,25 119.86 

35 94,65 86,97 90.31 

37 77,56 64.02 70.78 

Mean 97,89 89,41 

S.E, f o r body of the table » 6.18 

TABLE 11 

MIAH STANDARD PLATE COUNTS OF BUFFALO AND COW MILK 
SAJ/lPLES AT DIFFERENT INCUBATION PERIODS 

Time 
hrs. 

J T y p e ^ A O C* TJ f^ Time 
hrs. I Buff, milk Cow Ei lk """ J it.ean o . r .u . 

42 93.70 85,06 89.38 

48 96.60 88,13 92.36 

60 99.43 91.20 96,31 

72 101.83 93,26 97.55 

Mean 97.89 89.41 -

S.E. for body o f the table = 7,14 
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TABLE 12 

MEAN STANDARD PLATE COUNTS OF BUFFALO AND COW MILK 
SAMPLES AT DIFFERENT TMPEHATUHES AND INCUBATION PEHIODS 

Time 
hrs 

! T e m 
s aa 

P 
35 

a t u r e 
37 

« 

- J Mean S.P.G. 
t 

42 115,35 86.00 66.80 89.38 

48 118.40 88.80 69.90 92.36 

60 121.55 92.00 72.40 95.31 

72 124.15 94.45 74,05 97.55 

Mean 110.86 90.31 70.78 

S.E. fo r body o f the table « 8,75 

The analysis o f variance given In Table 9 fo r the 

month of September show that the temperature of Incubation 

f o r the bu f fa lo and cow a l l k samples Is s igni f icant at 1 

per cent l e v e l but the time o f Incubation Is not s l g n l f l -

-cant. 

Summary o f Tables given In Tables 20, 11 and 12 

show that the Interactions In between type of milk and 

Incubation temperatures| type of milk arid Incubation tlmej 

Incubation temperature and time and type o f milk, Incuba-

- t l o n temperature and time are not s i gn i f i cant . 
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TABLE 12 

AMIZSIS OF VARIANCE FOB PASTEURIZED AND VILLAGE 
MILK SMPLES FDR N0VB2BEH 1969 

1 1 » 
I D.F.J S.S. i M.S. 

J I t F 
Source of 
var ia t ion 

f Calculated 

Block 14 68553 4896.64 40.84 

Type 1 942081 942081.00 9590.50** 

Tenjp. 2 153122 76561.00 779.40** 

Time '3 28125 9375.00 95* 43** 

Type X Temp. 2 1820 910*00 9.26** 

Type X Time 3 13782 4594.00 46.76** 

Temp X Time 6 372 62.00 0.63 

Type X Time X Temp. 6 47.66 0,48 

Error 322 31632 98.23 -

Tota l 359 1239773 - -

D.F. = Degrees of freedom 

S.S. = sum of Squares* 

M.S. Bean square. 

= S ign i f i cant at 1 ^ l e v e l . 

TABLE 14 

SlMiABY OF THE TABLES 

MEAN STANDARD PUTS COUNTS OF PASTEURIZED AND VILLAGE 
MILK SA!IPLES AT DIFFERENT INCUBATION TSiPERATURES 

Temp, U L £ J L 
Pasteurized 

milk 
V i l lage 

milk 
» Mean S.P.C. 

32 121.08 227.88 174.48 
35 96.28 192.45 144.36 
37 72.31 1 7 6 . ^ 124.29 
Mean 96.55 198.87 mm 

S.E. for body of the table « 1.28 C.D. a 3,53 
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TABLE 12 

MEAN STANDARD PLATE COUNTS OF PASTEDHIZED AND 
VILLAGE MILK S^iPLES AT DIFFERENT INCUBATION PERIODS 

Time 
hrs. 

t T y D e 
t Past, milk 

i 
Vi l lage milk i Mean S.P.C. 

42 77.15 195.02 236.08 

48 87.84 197.95 142.89 

60 105.40 200.33 152.86 

72 115.84 202.17 159.00 

Mean 96.55 198.87 

S.E» for body of the table = 1*47 C.D. = 4.06 

TABLE 16 

MFAN STANDARD PLATE COUNTS OF PASTEUHIZED AND VILLAGE 
MILK SAIiPLES AT DIFFEtiENT TBiPEiATURES AND INCUBATION 

PERIODS 

Time V T e m p e r a t u r e * 
J 32 OC 35 oc 37 OC ' 

42 16I,I0 132.60 114,56 136.08 

48 169.26 139.50 119.93 142.89 

60 180.50 149.53 128.56 152.86 

72 187.06 155.83 134.13 159.00 

Mean 174.48 144.36 124.29 

S.E. for body of the table = 1.81 

I t Is seen frotn the analysis o f variance Table 13 

fo r the month of Novetnber that incubation temperature and 

time for the pasteurised and v i l l age raw milk satnples are 

s igni f icant at 1 per cent l e v e l . I t Is observed that 
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32 and 35 Inoubatlon teaperatures for 48 , 60 and 72 

hour Inoubatlon periods iBve given higher counts than 37 

temperature f o r 42 hour Inoubatlon period. 

Suraraary of Tables presented In Tables 14, 15 and 16 

show that the Interactions In between type o f milk and 

temperature of Inoubatlon and type of milk and inoubatlon 

periods are s ign i f i cant . But the interactions In between 

Incubation tetaperature and time and type of milk Incubation 

temperature and time are not s ign i f i cant . Summary of 

tables also show that as Incubation period Increases, 

there Is a de f in i te Increase In the bac ter ia l counts. 

TABLE 17 

ANALYSIS OF VARIANCE FOB PASTEURIZED AND VILLAGE 
MILK SAMPLES FOH DECMBEH 1969 

Source of 
variat ion 

i 
i D.F. • 
7 1 1 

'J 
JS.S. 
t 

T 
I M.S. 
i 

•J 
sCalculated F 
i 

Block 14 201672 14405.14 20.83 

Type 1 696344 696344,00 1007.20** 

Temp. 2 99277 49638.50 71.80** 

Time 3 20184 6728.00 9.73** 

Type X Temp. 2 1453 726.50 1.05 
Type X Time 3 11519 3839.66 5.55** 

Temp X Time 6 519 86.50 0.12 
Type X Temp X time 6 369 61.50 0.08 
Error 322 222602 691.31 -

Total 359 

D.F. = Degrees of Freedom 
Sua of square s . s . = 

M.S. « Mean square 
•• = Signi f icant at 

1 % l e v e l . 
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TABLE 18 

SmaiARY OF TABLES 

MEAN STANDARD PLATE COUNTS OF PASTEUHIZED AND VILLAGE 
MILK SAMPLES AT DIFFERENT INCUBATION TiMPERATURES 

I W i g j ^ l ' 'vmage i 

32 121.16 203.81 162.48 

35 98.06 186.91 142.48 

37 75,63 168,00 121.81 

Mean 98.38 186.24 

S.E. for body o f the table » 3.40 

TABLE 19 

MEAN STANDARD PLATE COUNTS OF PASTEURIZED AND VILLAGE 
MILK SAJIPLES AT DIFFERENT INCUBATION PERIODS 

Time * T y D e i 
hrs. » Past. Kl lk Vi l lage mllk« Mean S.P.C. 

42 82.77 183,42 133.09 

48 89.60 185.76 137.67 

60 104.03 187.28 . 145.65 

72 116.75 188.53 152.63 

Mean 98.28 186.24 

S.E. for body of the t ab l e = 3.92 

C.D. = 10.82 
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TABLE 12 

MEAK STANDABD PLATE COUNTS OF PASTEUBI2ED AND VILLAGE 
MILK SAItPLES AT DIFFERENT TffilPEMTURES AND INCUBATION 

PERIODS 

Tine 1 T e m D e r a t u r © • 

s Mean S.P.G. 
I hrs ; 32 35 Oc 37 °C 

• 

s Mean S.P.G. 
I 

42 151.56 133.10 114,63 133.09 

48 157.30 137.73 118,10 137.67 

60 166.53 145.93 124.50 145.65 

72 17 4.'66 153.23 130.33 152.74 

Mean 162.48 142.4© 121*39 -

S.E. for body of the table « 4,80 

The 'F ' test sboTO in the analysis o f variance 

table of pasteurized and v i l l age raw milk samples for the 

month of December presented In Table 17 indicates that 

the Incubation temperatures and periods are s igni f icant 

at 1 per cent l e v e l . 

The Interaction In between types of milk and Incuba-

- t l on period Is s ign i f i cant . The Interactions In betvseen 

types of milk and Incubation temperature; Incubation tempe-

-rature and time and types of milk, Incubation temperature 

and tlwe are not s ign i f i cant , ftliile the trend of the count 

obtained Is similar i . e . as Incubation temperature decreases 

and Incubation period Increases, there I s an Increase In the 

bacter ia l counts. 
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TABLE 12 

THE EFFECT OF -6 , + 12, +24 HOURS TOLERANCE m m THE 
48 HOURS INCUBATION PEtUOD AT 32 °C, 35 AND 37®C 
INCUBATION TEMPERATURES, ON PLATE COUNTS OF FOUR 
DIFFERENT TYPES OF MILK SAMPLES 

( EXPRESSED AS AVERAGE PERCENTAGE ) 

Incub. 
Temp. Tidings 

Buff , 
milk 

Cow 
tQllk 

Past, 
milk 

Vi l lage 
tnllk 

oc hrs 

42 96.93 9 7 . ^ 90.09 98.60 

32 
48 

60 

100#00 

103,10 

100.00 

102.75 

100.00 

117.12 

100.00 

100.93 

72 105.35 104.85 128.83 101.86 

42 74.16 72.08 71. 17 86.51 

35 
48 

60 

77.13 

80.23 

74.30 

76.85 

79.28 

94.59 

87.91 

88.34 

72 82.31 79.29 105.10 89.77 

42 59.96 67»36 54.05 78.60 

37 
48 62.81 60.16 59.46 79.53 

37 
60 65.01 62.43 72.07 80.46 

72 67.60 64.62 80.18 81.39 
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TABLE 12 

AVERAGE PLATE COUNTS OF FOUR DIFFERENT TYPES OF 
MILK SAIvIPLES, WITH CONFIDENCE IITERVAL (EXPRESSED 
IN ORIGINAL MBEH IN THOUSANDS) AT DIFFERENT 
INCUBATION TmfPERATURES AND PERIODS 

Inoub. 
Temp. 
OG hrs 

„„ J i . i,. 1, . 

42 107 l i s 100 212,0000 

32 
48 111 .119 111 215,0000 

32 
60 114 122 130 217,0000 

72 116 124 143 219,0000 

42 82 85 79 186,0000 

35 
48 85 88 88 189,0000 

35 
60 89 91 105 191,0000 

72 91 92 117 193,0000 

42 66 68 60 169,0000 

37 
48 70 71 66 171,0000 

60 72 74 80 173,0000 

72 74 77 89 175,0000 
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TABLE 12 

AVERAGE MEAN PLATE COUNTS (EXPBESSED IN ORIGINAL 
NIMBER AS LOGABITaiS) AT DIFFERENT INCUBATION 

TEIIPEHATURES AND PEiaODS 

Incub. Inc. Buff . Cow Past V i l lage 
Terop. Time milk milk tnllk milk 

°C hrs. 

42 5.03 5,06 6.00 9.33 

32 
48 5.04 5.07 5,04 9.33 

32 
60 5.06 5.08 5.11 9,34 

72 5.07 5,09 5.15 9,34 

42 4,91 4.93 4,90 9.27 

35 
48 4,93 4,94 4,94 9,28 

60 4.95 4,96 5,02 9,28 

72 4,96 4,97 5,07 9,29 

42 4.82 4,83 4,78 9,23 

37 
48 4.84 4.85 4.82 9.23 

60 4,86 4,87 4.90 9.24 

72 4.87 4,89 4,95 9,24 
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TABLE 24 

AVERAGE MEAN PLATE COUNT (EXPRESSED IN OBIGIHAL NTIIBER 
IN THOUSANDS) AT DIPFEKENT INCUBATION TMPERATUHES AND 

PERIODS 

Incub.* Incub/ 
Temp. * tlRie « ^ean 
°C « hrs * 

T 
Buf f . I Covi I Past, 
milk J m i lk , milk 

J V i l l age 
, raw jnllk 

42 Mean 176 140 114 191,0000 
U. l im i t 299 229 142 272,0000 
L. l imi t 53 52 86 110,0000 

48 Mean 180 144 123 194,0000 
U. l imi t 304 234 154 275,0000 

32 
L, l imi t 56 55 92 114,0000 

60 Mean 183 147 137 196,0000 
U» l imi t 308 237 163 277,0000 
L. l im i t 58 58 111 116,0000 

72 Mean 184 149 152 198,0000 
U. l im i t 310 239 174 278,0000 
L. l im i t 59 60 130 118,0000 

42 Mean 130 112 88 169,0000 
U, l im i t 222 183 125 241,0000 
L. l im i t 39 42 51 97,0000 

48 Mean 134 115 94 171,0000 
U. l im i t 225 187 133 243,0000 
L. l im i t 43 44 55 100,0000 

60 Mean 137 118 106 173,0000 
U, l im i t 228 190 140 245,0000 
L. l im i t 46 46 72 102,0000 

72 Mean 138 119 119 175,0000 
U. l im i t 230 192 150 246,0000 
L. l im i t 47 47 89 104,0000 

42 Mean 105 91 63 155,0000 
U. l im i t 179 150 88 210,0000 
L. l im i t 32 33 38 101,0000 

48 llean 109 95 68 158,0000 
U. l im i t 183 155 94 212,0000 

on 
L. l im i t 35 36 42 104,0000 

O I 
60 Mean 111 97 78 160,0000 

U. l im i t 185 157 100 214,0000 
L. l im i t 37 38 56 106,0000 

72 Mean 112 99 86 161,0000 
U. l im i t 185 159 110 215,0000 
L. l imi t 38 39 63 107,0000 

U. l imi t = Upper l i m i t , L. l im i t = Lower l i m i t . 
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CHAPTER 7 

GENERAL DISCUSSION 

The exact picture of the r ea l bacter ia l count in 

milk Is required to be loiown fo r establishing a package 

of practices In the hygienic production of milk. IVhlle 

doing so, our tnethods should be accurate, easy fo r pract i -

- c a l execution and at the aarae time, they should be less 

expensive. 

The results obtained in th is work have been discuss-

-ed under the result chapter along with the s t a t i s t i c a l 

data. In the fol lowing paragraphs, the resul ts are dlscuss-

-ed In general manner s 

I t Is observed from the analysis of variance Tables 

I , 5, 9, 22 and 17 that three Incubation temperatures gave 

varying standard plate counts of the same milk sataple. $2 °C 

Incubation temperature gave s ign i f i cant ly higher counts than 

37 while the counts at 35 °C v^ere laore or l ess close to 

those at 32 oc. 

The counts at 37 °c m r e considerably below those at 

32 ° and 35 °C. Hence 32 Incubation temperature fo r 48 

hours Incubation period presents a better picture of the 

hygienic quality of milk than at 35 °C or 37 These 

resul ts are In conflrmlty vjlth the number of ear l i e r workers 

namely, Pederson and l a l e (1934)5 l/liison et a],. ( I935) j Alec 
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Bradf le ld and Ellenberger (1936)? Breed (1936)j A le le 

(1939)5 FSiy and Howard (1940)? Thomas and Jenkins (194l ) j 

Messner (1945); Hlscox (1946)? Quencer (1951)| Nelson and 

Baker (1953); Babel et aj, (1955); saraagh and Dudanl (1966) 

and Hartley et a l (1969) e t c . . 

The data presented In sutBtnary Tables I . e . 2, 3, 4, 

6, 71 8, ID, 11 and 12 show that there was no interaction 

between the types of inllk and incubation temperature| 

types of milk and Incubation period and types of milk, 

temperature of incubation and Incubation period. I t was 

revealed from this data that the standard plate counts of 

G071 and buf fa lo milk samples did not d i f f e r s ign i f i cant ly 

due to these three Interactions. Hoi/ever, the temperature 

of Incubation was highly s igni f icant f o r both types of milk. 

I t was observed that 32 ° and 36 Incubation temperatures 

gave higher plate counts than 37 temperature. 35 °C 
0 o 

Incubation temperature was s ign i f i cant over 37 C and 32 C 

temperature was s igni f icant over both the Incubation tempe-

-ratures. This shoised that the Incubation temperature of 

32 °C was more favourable for the mult ipl icat ion of bacte-o o 

- r l a in milk than either 35 or 37 G. The same observa-

- t l ons could be seen from the Graph-lA to 1-D and plates 

I to I? . 

Analysis of variance f o r pasteurised and v i l l age 

milk samples given In Tables 13 and 17 show that 32 ° and 
o 

35 G Incubation temperatures were highly s ign i f i cant over 
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37 The d i f f e rence , however, was aore In pasteurised 

El lk than In v i l l a g e milk. The percentage Increase was 

far greater In pasteurised milk which Is 2 to 3 tlines more 

than the v i l l age milk samples. These results are In agree-

-ment with the f indings of Pederson and l a i e (1934)|Breed 

(1936)5 Thomas and Jenkins (1941)5 Hlleroan et aj,. (1965) 

and Sajaagh and Dudanl (1966). This Increase In bacter ia l 

counts might be due to more sens i t i v i t y of the bacter ia l 

f l o ra of pasteurised milk to the higher Incubation terapera-
0 

- tures and hence the Incubation temperature of 32 C might 

have been more favourable to them f o r rapid mult ip l icat ion. 

However, the data from Tables 14, 15, 16, 18, 19 and 20 

showed that there was no Interaction e f f e c t s between Incuba-

- t l o n temperature and period o f incubation and type of milk, 

Incubation temperature and period of Incubation. 

The results presented In Tables IS and 2B revealed 

that In case of pasteurized milk when the period i f Incuba-

- t l on Is Increased, there Is a s igni f icant Increase In 

bacter ia l counts. The observations made In Table 21 showed 

that there was a marked Increase In counts of pasteurised 

milk between 48 and 72 hours Incubation period. The plate 

counts at 42, 48, 60 and 72 hours were 90, 100, 117 and 129 

per cent, respect ive ly . The count of 72 hours of Incubation 

period at 32 °C was ^ per cent more than the count obtained 

at 48 hours Incubation period at the same temperature of 

Incubation. This might be due to the predominance of thermo-

-durlc bacteria whose rate of growth I s generally slow. 
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These results are In agreement with Hlscox a l 

Nelson and Baker (1953)j lewas et a^ (1954)j Murray (1965) 

and Babel et (1955). The bacter ia l colonies at 42 

hours incubation period at 32 incubation temperature 

was d i f f i c u l t to count as the colonies were not c lear ly 

v i s i b l e . But at 48 hours incubation period, these colonies 

oould be c lear ly counted. Hence, the incubation period o f 

48 hours is preferred as i t i s also convenient f o r mrk and 

at the same time, i t i s econoffllcal* This vieT^ has also been 

expressed by Hlscox gt a^ (1933). The data presented in 

Table 24 showed that the bacter ia l counts of pasteurised and 

v i l l a ge milk samples were Kor or less uniform at 32 for 

48 hour incubation period than the other incubation tempera-

- tures i Also, i t showed that the bacter ia l counts of cow 

and buf fa lo rollk samples were not uniform at any temperature 

or incubation period used in th is study. I t i s seen from 

the data presented in Tables 25 and 26 that there was a 

var iat ion in p late counts from month to month. However, the 

higher counts were obtained in rainy season I . e . In August 

and September as compared to other months. This might be 

due to unhygienic conditions created due to ra ins , mud e tc . 

I t is revealed from Tables 27 and 28 that the or ig ina l 

f l o ra of microorganisms In v i l l a g e milk was more than the 

pasteurised milk. 

Eventhough, the incubation temperature of 32 Is 

more favourable f o r the bacter ia l growth, there Is a d l f f l -
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-oulty of maintaining this temperatur® on aoooant of high 

atmospheric temperatures In Indict I t w i l l not , there fore , 

be possible to maintain th is temperature unless the present 

incubators are replaced by those ^ith proper cooling arran-

-geraents. This d i f f i c u l t y can also be overcome by a i r -

conditioning the bacter io log ica l laborator ies. This view 

has also been expressed by ?aiso Qt a^ (1935)» 



C H A P T E R VI 

SUMIARY AND CONCLUSIONS 



CHAP2EB VI 

SlIiSABY km CONCLUSIONS 

The present Invest igat ion was undertaken to compare 

the standard Plate Count of four types of milk when three 

Incubation temperatures v l z » , 32j 35 and 37 ^C were used 

with four Incubation periods v i z . , 42, 48, 60 and 72 hours. 

The resul ts obtained are summarised and concluded 

as under t 

1) The Incubation temperature of 32 °C gave a s l g n l f l -

-cant ly higher Standard Plate Count than the incubation 

temperature o f 35*̂  and 37 °C f o r a l l four types of milk 

samples I . e . cow raw milk, buf fa lo raw milk, v i l l age raw 

milk and pasteurized milk. 

2) The Incubation period o f ^ hours gave a comparatively 

more clear picture of bacter ia l count in milk samples on 

Tryptone Glucose Agar medium than other Incubation periods 

used In th is study namely, 42, 60 and 72 hours. 

3 ) In case of cow, bu f fa lo and v i l l a g e raw milk samples, 

no Interactions were observed between types of milk and 

temperature of Incubation; types of milk and time o f Incuba-

- t l o n j temperature and time of Incubation and types of ml lk j 

time and temperature o f Incubation* However, In case o f 

pasteurized milk. Interactions were observed In milk sample 

and the incubation temperature and milk sample and the 

Incubation period. 
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I t may, there fore , be concladed that the Inoubatlon 

temperature o f 37 °C reootnmended by the Indian Standards 

Inst i tute needs to be reconsidered In the l i gh t o f these 

resu l ts and the poss ib i l i t y of reeommendlng 32 lncuba-» 

- t l on temperature In place of 37 ^C should be explored. 

In case of Incubation period o f 48 hours for the Standard 

Plate Count, there Is no need o f any change. 
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