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CHAPTER I

INTRODUCT ION

Milk occuples an unlique posltion in the dlet of
most of peoples 1ln the world. This is because of the fact
that 1t contalns all the essentlals of a perfect food for
any type of person. In addlitlon to thls, lts facllity of
ingegtion and comparative ease of dlgestlon, 1t constltu-
-tes an important food for the sick, lnvallds, infants and

persons with weak dlgestive systems.

Unfortunately, these Virtues of mllk act as foe and
friend of human race as the mllk ls also an excellent medium
fgr the growth of both pathogenic and non-pathogenlc organl-
-gms. The total number of bacterla present in milk gives a
rough idea about the condltlions under which the mllk has
been obtalned. Hence, the bacteriological quality of milk
1s better judged by determining the total number of bacteria

present 1n lt.

The standard plate count ls one of the oldest and
mosgt frequently used quantltative methods for enumerating
bacteria 1n mllk. When 1t was origlnally introduced, 1its
purpose was to count all bacterla contalned 1n a portlon of
milk plated. Durlng last few decades, many changes have
been included in resgpect of medla, incubatlon temperature
and Incubation perlod etc.. As a result of these changes,

the present method followed 1s far superlor to older ones



for egtimating the bacterlal count in milk.

Under speoified conditions pertalnling to apparatus,
technlque of plating, incubatilon, counting and reporting
of counts etc., the number afvcolonlas per ml of milk is
reported as 'Standard Plate Count .. (SPC/ml) or (SPC/gram).
In other words 8.P.C. ls the estimate of numbér of viable

organlisms per ml or gram of mllk or any other milk products.

Although, this method 13 t:me congum lng and compara-
~tlvely more expensive, it has been widely used with satlg-
~-factory results and lis partlcularly sultable where low
bacterial populatlon ls expected. Thls method ls speclally
useful for pasteurised milk and for line testling at varlous
stages of processing for detectlng the posslble source of
contamination. rIt ls also commonly used for determining
the effliclency of pasteurised mllk, for examlning raw milk,
particularly of low bacterlal densitles and where premlums
are pald to the producers onkthe basis of bacterial quality.
In some countrles, thls method hag also been adopted as
standard method for the routine examinatlon of 'designated!
milks and ‘certified' milkse.

In order to get the real bacterlal count in milk,
besldes the proper food and molsture, bacteria require
favourable temperature for their multlplication. The opti-
~mum temperature varles over wide limits with dlfferent

kinds of bacteria. Roughly, bacteria may be grouped into



three catagorles s the psychrophilic which can grow at
temperature down to 32 OF; the mesgophilic or common bacte~ -
-ria which are more prevalent in milk and grow best between
70 and 100 °F and the thermophllic or heat-loving bacteria
which can grow at the pasteurlzing temperature of 143 °F,.
Although, they grow best at their optimum temperatures,
multipllication of bacterla takes place more slowly at elther
lower or at hlgher temperatures. It 1is, thus evident that
different types of’miqroarganlsms are present in milk with
varylng temperature reguirements for thelr growth. For this
reason from time to time, temperature of incubation, incuba-
-tlon perlod and growth media have been critically studled
and the results have been publlished in technical magazines.
The lnvestigations made durlng lagt few decadeé revealed
that the incubatlon temperatures of 30° or 32 °¢ could glve
higher bacterlal counts in milk than at 37 °C incubation

temperature.

Recently, the counirles llke U.K., U.S.A. and Columbia
have changed the incubatlon temperature of 37 °¢ to az %¢.
They are further guggesting to bring 1%t down to 30 °c. The
Indlan gtandards Instltute in their publication of 1962 has
recommended the 37.0 + 0.5 °C incubatlon temperature and 48
hour Incubatlion perlod for determining the Standard Plate
Count in milke ZILooking to the troplcal nature of climate in

thls country and the overall trend in different parts of



world to reduce the Incubatlon temperature, 1t was felt

necesgary to verlfy these recommendatlons under Poona

condltions.

An attempt hasgy therefore, been made %o use three
Incubatlon temperatures namely 320, 35° and 37 °C and the
lncubation perlod of 42, 48, 60 and 72 hours by using a
Iryptone Glucose Extract Agar medium suggested by Difco
manuale. The_work undertaken in this study may prove the
rellabllity or otherwise, of the recommendations made by

I.s.I. (1962).
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CHAPTER II

REVIE¥W OF LITERAIURE

Of the varlous factors which contrlbute to lnaccura-
~cles In plate counts, the lncubatlon temperature and the
period of lncubatlion have the greatest Ilmpact on Standard
Plate Count of milk. The llterature regarding the effect
of Incubatlon temperature and perlod of incubation on the
Standard Plate Count of mllk and milk products, have been

reviewed 1ln the foregolng pages.

In the bacterlologlcal study of mllk, water and sevwage,
the incubation temperature of 37 °C for 48 hours was generally
followed 1n the past. Use of 37 °C as incubation temperature
was first adopted at the 1915 (Jacksonville) meeting of Ameri-
-can Publlec Health Assoclation. It was generally agsumed that
lncubators were qulte accurate and incubatihyg plates at 37 °C4

for 2 days was satisfactory.

ludge (1927) suggested an incubation temperature of
30 By for 48 hours and polnted out that larger colonies and

higher counts could be obtained at 32 °C than at 37 %c¢.

Norton (1928) worked on lncubatlion temperatures of
mllk and reported that higher counts were of minor importance
1n milk control, but he emphaslzed that there should be
unliformlty in the counts. The new proposed incubation tempe~

-rature as recommended by Pederson and Yale 1s 32 °C. He



suggested to keep the temperature of the ordinary lincubators

down to 32 °C (89.6 °F) on hot days 1n the country.

Hiscox et al. (1933) studled the effect of time and
Incubation temperature on the bacterlal count of milk. They
incubated the plates at 37 °C for 48 hours and at 22 °C for
48 hours and reported that tha count was very dlfflcult,when
the countlng was nade after 48 hours, particularly with
pasteurised milk samples which made work troublesome due to
mlnute slze and transparancy of the colonles. lNethod of
counting at the end of 48 hours period was retalned for
reason of economy of tlme and Incubator space. There was
more increase in the number of colonies at 22 °C than at 37 °c
When the perlod of lncubatlion was further extended by 18 hours
for the plates Ilncubated at 22 0C, there was not only a
deflnlte Increase In the number of colonles but there wag a
marked vigiblility In the colonles. Thls wag obgerved both

on standard agar and on standard agar + milk.

Pederson and Yale (1934) made a comparative counts
on 78 samples of pasteurised and raw milk, cream and ice
cream after 48 hours lncubation perilod at different tempera-
-tures viz., 21°, 25°, 30°, 32°, 35°, 37°, 398, 45° and 55 Oc.
The hlghest count was obtained at 32 °C with pasteurlzed 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 50 per cent of the 32 °C. Ice-cream



and other products also gave glgnlflcantly higher counts
at 32 °C than at 37 °C tenperature.

Bowers and Hucker (1936) observed higher counts on
Standard Agar employed ln milk control work, when the
plates were Incubated at 32 °C then at 37 °c.

Wilson et 2l.(1935) made a comparative study on the
opt Imum temperature of growth of milk organisms in United
Kingdom wlth the temperature used in U.S.A. and concluded
that incubation at about 30 °C for 3 days gave hlgher

counts than at 37 oC with raw and pasteurlsed mllk samples.

- In a subsequent study, Wllson and Co-workers (1835)
reported that 37 °C was the most practical incubatlon
temperature for pathogenlc bacteria .as they found 1t qulte

opt Imum for thelr growth.

~ McbDonald and Hale (1935) studied the relatlon of
keeping quallty of mllk and low bacterlal counts. They
found that both titrable acidity and agar plate counts were
much higher In mllk samples and plates Incubated at 68 Op
(20 °C) then at 98 °F(37 °C). They concluded that the 68 °F
gave better indicatlon of bacterial flora than the 98 °F
(37 °c) temperature.

Optimum temperature of incubation for standard
methods of mllk analysls as influenced by the medium wag

studled by Yale and Pederson (1936). The authors previously
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recommended an incubation temperature of 32 °C for 48 hours
rather than 37 0C for standard beef extract agar. They
notlced that the optimum temperature in case of raw milk
was slightly below 30 °C and in the oase of pasteurised
nilk, slightly above 31 °C. The conclusion was drawn that
an 1ncubatloﬁ temperature of 32 °C or sllightly lower 1s
fully as deslrable with tryptone agar as with the present
standard agar because (1) 1t ylelded at least 95 per cent
on the average of the maximum 2 day count in comparlson to
only about 50 per cent in the case of 37 °C incubation,
(2) less errors were caused by temperature varlations in
82k°C than tn 37 °C lncubators, (3) the percentage of the
maxlmum 48 hour count dld not vary greatly between samples
in the case of 32 °C incubation whereas 1%t varied greatly

in the case of 37 °C incubation.

Alec Bradfleld and Ellenberger (1936) compared 2
incubatlon temperatures as 32 °C ang 37 °C on standard
medlum and tryptone glucose skim mllk agar., They reported
that 32 °C incubation temperature with tryptone~glucose
agar as a medlum gave the highest counts In the greatest
number of Instances. The 32 °C incubation temperature gave
& more marked advantage than the Incubation temperature at

a7 °c.

Breed (1936), in an appraisal of the work done on
optimum Incubatlon temperature, reported that a lowering of

the temperature of incubation from 37 °C to 32 ¢ Increased



counts in comparlison with & change 1n composltlion of the
agar. Thls lncrease in counts seemed to be due to the
better growth of Streptococcl In case of raw milk. 1In
pasteurlsed products such as cream’and lce~cream mix,

thls Increase 1n count was attributed largely to the
growth of bacterila that find 37 ®c too warm. He commented
that 37 °c temperature 1s poorly selected as 1t ls too
warm for many types of bacterla and too cold for the

thermophlllc types.

Joseph Phelan (1936)‘exam1ned 1962 gamples of
different dalry products such as grade A, grade A paste~-
urised and bottled milk, grade B tank raw milk,'grade B
producers can milk ete., with 2 medla viz., standard agar
and tryptone skim milk agar and‘z lncubatlon temperatures
viz., 32 °C and 37 °C for 48 hours. With the combination
of tryptone agar and 32 °C, temperature there was a tremen-
dous Increase In the bacterlal count. Certified milk which
showed an Increase of 23 per cent where all of the other
types showed serious percentage increase over 37 °C. The
percentage was hlgher 1n nearly every case and sharply
higher In many cases viz., in grade A milk from 45 to 68
per centj In grade B cans from 40 to 84 per centj 1n cream
cansg from 73 to 92 per cent and in certifled milk from

21 to 40 per cent lncreage was observed.

Demester gt al. (1937) worked on stanﬁard agar,

standard agar plus lactose and tryptone-glucose skim milk
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agar and showed that the incubation for 2 days at 30 °C gave
more satlisfactory results as compared to the Incubatlon for

3 days.

Powers (1937) proposed to change the gtandard nutri-
-ent agar to tryptone-glucose skim milk agar and lower the

incubatlon temperature from 37 °C to 32 °c.

Kelly (1937) presented a summary of extensive work
done by different laboratorles which compared standard
nutrient agar with tryptone skim milk agar at 37 °C and 32 °C
incubation temperatures. Raw mllk wlith standard agar gave
higher counts with an average increase of 44 per cent In
count with plates held for 48 hours at 32 °C compared with
37 °c. Grade A pasteurised mllk under the same conditlons
gave wlth an average lincrease of 72 per cent. He stated that
lowering the temperature of incubatlon from 37 °C was the
greatest single factor In increasing counts Iirrespective of

culture medlia used.

Yale and Hickey (1937) studied the effect of using
Tryptone-glucose skim milk agar and 32 °C Incubatlon tempera-
~-ture on the bacterlal colony count of 112 samples of Ice-
cream. There was an average 162 per cent Ilncrease in count
in favour of tryptone agar and 32 °C incubatlon temperature.

These results were highly slgnificant,

Dennls and Welser (1937) determined the bacterial
counts of 37 samples of raw mllk at the incubation tempera-

-tureg of 200, 30%and 37 °C on aifferent culture media for
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Fay and Howards (1940) made several series of
parallel determinatlons of varlous milk grades using
tryptone~glucoge beef extract mllk agar and lncubatlng at
32 °C and 37 °C. Higher counts were obtained at 32 °C as
compared to those at 37 °C. It was observed that the use
of Incubatlion temperature of 32 ¢ Increased the bacterial
counts and hence they suggested to adopt 32 °C temperature

for ilncubating the samples.

Similarly, Abele (1940) made a comparative study of
plate counts on 3 medla viz., the old standard agar, the
new standard agar and the agar recommended by the American
Assoclatlion Iillk Committee and at 2 temperatures of incuba-
-tlon viz., 37 °C and 32 °C. Incubation at 32 °C in combina-
-t ion with the modifled agars gave greater lncrease In plate

counts than the use of any of these agars at 37 °c.

Nelson (1942) noted that except in the case of raw
milk, use of the improved agar tended to lessen the lncrease
1n count commonly observed wgen an incubation temperatﬁre of
32 °C was used instead of 37 °C. However, the colonles

developed on new agar were larger and easlly countable.

Abele (1940) summarised the principal arguments for
change In medlum composgltlon and temperature of incubation.
"He reported that incubation on modified agar at 32 °C result-
-ed In greater uniformity in the counts of dlvided samples

and appeared to favour the development on the plates of the
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types of organlsms found in incompletely cleaned mllk
vesseis and those predominating in improperly cooled milk.

Marcus (1940) stated that using the new typtone
agar at 32 °C, 1t was possible to obtaln low bacterial

counts in commerclal practice.

Hastlngs (1941) surveyed the studles made on rela-
tion of the old and new methods for the bacteriologlecal
analysis of milk and reported that higher bacterlal counts
were obtalned when plates were lncubated at 32 Oc in place

of 37 °¢ on the new tryptone glucose«medium.

Thomas and Jenklns (1941) compared the colony counts
In milk agar of asceptlcally drawn udder milk, raw bulk milk,
pasteurlsed mllk, utensll rinsings, lce-cream, mllk powder
and water at 3 temperatures viz., 25°, 30° and 37 ©c.
Counting was done at the 3rd day and 5th day of ilncubatlon.
The results showed that except for udder mllk, incubatlon
for 3 days at 30 S gave a sligniflcant lncrease in colony
count ag compared with 37 90 + 4n Increase in counts of
approxlmately were twice for bulk raw milk, 6 times for
pasteurlsed milk, 5 times for rinsings of dalry utenslls
and 11 tlmes for dalry farm water supplles.

In the incubation for 3 days at 30 oc as compared wlth
37 °C, differences were more marked 1n pasteurised milk than
In raw mllk. This was attrlibuted to the lower optimum
temperature of the thermodurlc organisms present in pasteu-

rised mllk.
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Hileman gt al. (1941) examined 100 lots of milk
from each lot of about 300 gallons of raw milk. Four plaﬁes
were made on each sample or 1600 plates for the 100 lots of
milk. One plate wlth each agar was iIncubated at 37 °C; the
other at 32 °C the incubation perlod belng very close to 48
hours. They showed that lowering the temperature of incuba-
~tion for plate counts from 37 °C to 32 °C or changing from
the old standard agar to tryptone-glucose-extract milk agar,
or making both changes slmultaneously not only resulted in
hilgher counts of organlsms on both raw and pasteurlsed milk,
but also in a higher percentaggs of organisms in the raw
milk belng classifled as thermoduric. The percentage 1ncrea—
-se was conslderably more in pasteurised millk l.e. from 2 to
5 times as great as with raw milk, This was stated to be due
to much greater percentage of thermodurlc bacteria in pasteu-

-rigsed milk than in raw milk.

Hlleman and Leber (1941) noted that incubation of
plates at 32 ®C caused a much larger Increase in count with
the samples of pasteurlsed milk at 143 O for 35 minutes than

wlth those pasteurisged at the higher terperature.

Ellzabeth D and Elizabeth F (1943) carried out experi-
-ment on the effect of Incubatlon temperature upon certain
organlsms in cream. They showed that higher counts could be

obtained at 20 °C than incubating at 37 °C temperature.

~ Hunter (1944) concluded that Streptococcl grew more
rapldly at 30 °C than at 22 °C but were inhibited to a greater

or less degree at 37 % temperature.
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Murray and Horwood (1944) recommended 35-37 °¢
temperature for the bacteriological examination on tryptone-
glucose agar of fine grounded edlble gelatin at 48 hours

incubatlon period.

Abdel~lalek (1945) studled the bacterilal flora of
pagteurised milk. He showed that lncubatlon of post-pasgteu-
~rizatlon plates at 30 O for 5 - 6 days usually resulted in
significantly higher counts than at 37 °C for 2 - 3 days.

The Corynebacteria and many micrococci dld not grow at 37 o
He concluded that for estimating thermoduric organisms, 30 °C

was definitely a better incubation temperature than 37 °c.

Crossley (1945) examined 186 samples of sweetened
condensed milk and observed that colonles were elimlnated by
lowering the lncubatlon temperature from 37 OC to 32 °C or
lower, Najority of samples ylelded sllightly higher counts at
22 °C than at 32 °C when plates were incubated for 5 days.

Yessher (1945) carried out comparative counts on
1,279 samples of pasteurilsed mllk uslng lincubatlon tempera-
~tures of 37 °¢ ang 32 °c. Three samples were tested at each
temperature and lncubated for 48 hours. He peported that
there was low count at 37 °C; as compared to 32 °C incubation

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

Hiscox (1945) studied the effect of the method of
‘reconstitution and the temperature of incubation on the plate

count of spray-drled milk powder. He lncubated plates at
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temperature from 22 to 37 °C and showed that the highest
counts at 30 °C, with & slight decrease at 35 °C followed
by a sharp decrease between 35 and 37 °C temperature.

Many organlsms growlng at 30 OC falled to grow at 37 °cC.

Robinton et al. (1946) showéd much higher counts at
20 0C than duplicate plates at 37 OC for 48 hours 1n milk

and cream.

Pegtana and DeLima (1948) made a comparative study
of plate counts on samples of pasteurised mllk. They compar-
-ed 2 media and Ineubatlon temperature. All samples gave &
higher count on tryptone-glucose mllk agar than on standard

agar at 32 °C than at 37 °C temperature.

Thomas et al. (1948) reported that plate counts at
37 °C were materially lower than 32 °C. A greater percentage
of pasteurised milk was placed in lower grades by lowering

the incubatlon temperature from 37 °C to 35 °cC.

Verone 0. (1948) suggested a count after 48 hours of
Incubation at 37 0C Ingtead of 24 hours of incubatlon.

Keeping 1n vlew the above studies, the Amerlcan
Public Health Associlation (1948) recommended the use of 32 ©C
in place of 37 ¢ as temperature of lncubation for estimating
standard plate count of milk and milk products for 48 hours

incubatlon period.
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Erichsen and Golding (1940) studied 37 samples of
raw mllk from different producers to determine the effect
of 2 incubatlon temperatures viz., 30 °¢ ang 37 % on plate
counts. The former Incubatlon temperature had a marked

influence on raw milk counts.

Thomas et al. (1942) stated that thermoduric colony
counts on yeagtrel mllk agar 1n0ubated for 4 days at 30 ¢
were nearly 12 times of those obtained at 37 °C.

Chandragekhar (1950) studied the micropopulation of
raw and pasteurised milk and showed optimum temperature for

growth was 30 ¢

Thomas gt al. (1950) suggested that large differences
In 2 counts were due to the presence of microbacteria and
posslbly sometypes of micrococcli which were unable to grow
at a7 °c. They recommended that colony counts of commercia~
-1ly pasteurlsed mllk, unpasteurised milk should be also
obtalned by 1lncubating on yeastrel milk agar at 30 °c for
4 days.

Asthon (19580) carried out 36 experiments at the 3
temperatures of incubatlon and showed that plate countsg of
freshly pasteurised milk samples were highest at 22 °C ang
lowest at 37 °C. lMaximum mean plate count on the raw milk

samples was observed at 30 °C.

Thomas, levine and Black (1950) carried out a dlrect

comparison of plate counts at 37 °c, 35 °C and 32 °C and
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showed that counts at 37 %¢ were considerably lower than

at 32 °c while the counts at 35 0C were only slightly lower.

| Todoroff and Assenowa (1950) suggested 1ncubation
period of 48 hours at 32 % to 35 O¢ for bacterial plate

countse.

Quencer (1951) showed by examining a total of 1,175
samples of raw, pasteurised unhomogenlzed and homogenlzed
milk at 6 dalry laboratorles for colony plate counts after
Incubation at 35 ©C and 37 °C that the former incubatilon
temperature gave hlgher counts‘tban‘at the latter. However,
the magnitude of the increase in count varled considerably
énd was stated to be dependent upon the sgpecific flora

present in milk under examinatlon.

~ Nelson and Baker (1953) studled influence of tlme
and temperature of plate 1ncubation, upon bacterlal counts
of market mllk and related products. Plates were lncubated
at 35 OC for 2 days j 32 °C for 2 days § 256 °C for 2 and 3
days and 21 °c for 2, 3 and 4 days et.. The shorter incuba-
tion perlods gave counts much below those of the longest
incubation periods and the colonles also were much more
difficult to count. Samples in whlch conslderable bacterlal
growth occurred at 5 °C usually gave the same counts at
all temperatﬁras of plate incubation except at 35 °C. Counts
at 35 OC frequently were less than 1 per cent of the

counts at other temperatures. WLth few =
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exceptlons, the shorter incubatlon periods gave counts
essentlally equal to those after maximum incubation periods.
The colonies were very small which made counting more

difficult In samples incubated for shorter perlods.

Ferraz and Silva (1953) made a comparison en plates
of peptone beef extract agar at 37 °c ang tryptone glucose
milk agar at 35 ©C giving 48 hours incubation period.
Counts were nearly twice as high as on tryptone glucose
milk agar at 35_00. However, the colonles on T.G.lM. agar

were eagler to count.

lakshmlnaragim (1953) studled biochemical properties
of coccl In mllk., He observed that the total counts obtain-
-ed at 30 °C were always greater than at 37 ®C, the average
Increase belng about 50 per cent., He reasoned that the
majority of bacterla normally found in milk had a lower
optimum temperature for growth e.g. optimum temperature of
growth for mlcrococcl was reported to be 25 - 30 oc, which
also approximated to the average atmospheric temperature

prevalling in the region during najor part of the year.

| Atherton et al.(1953) took obgervations on bacterial
populatlion. Plates incubated at 10 °c, 25 °C ang 35 °C for
10, 3 and 2 days respectively. When bacterial plates were
Incubated at 30 °C, 26 °C and 20 °Cy almost identical
counts were obtalned. At 35 °C incubatlon, the counts lagged
far behind after 3 days holding. Counts at 37 °C were

conglstently low.
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Barber and Debaun (1954) carried experiments on a
new plate count media in routine plate counts on milk. A4
comparison was made among 3 medla in which duplicate plates
of each medium were lncubated at 37 °c, 35 °c and 32 °c.
The result summarised showed that the same medla differen~

~ceg were obtalined at each temperature.

Cuthbert et al. (1954) studled counts of thermoduric
organisms obtained by employing different incubatlon perlods
at 30 °C and 1t vas concluded that 3 days lncubation at 30 °C
wag adequate for any routline purpose. The colonies which
developed within 2 days were of the éame type as those

which developed later.

Tewes gt al. (1954) studied the consumer's mllk for
colony counts. They examlned the effect of incubation tlme
on the plate count of raw and pasteurised mllk and reported
that the count after 43 hours Incubatlon was greater. In
pasteurisad mllk, the predominant thermodurilc organisms were

mierobacteria whose slow grovwth rate was demonstrated.

Lewton (1955) compared lncubation temperatures of
32 °C and 35 °C on 416 samples of milk and cream for the
coliform count. It was concluded that there were no diffe-
-rences between the count obtalned on a sample after lncuba-~
-tion at 32 °C or 35 %C. It was suggested that for routine
analysls, 32 °C was a suitable temperature for the Ilncuba-~
-t1lon of colifors plates. The adoption of 32 °C ag the

incubatlon temperature would also reduce the equipment.
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, -In Netherlands, the sclentiflic Committee for the
standardization of methods for the analysls of mllk and
dalry products; suggested 30 + 2_°C ags an lncubatlion

temperature for the plate count of bacteria Iin milk.

Murray (1955) compared incubatlon temperatures 1n
the presumptive coli-acrogenes test for raw and pasteurl-
ged milk. He stated that incubation at 30 °C provided a
better gulde to thevhygienic quallty of both raw and paste-
urised milk. The difference between the counts was greater

than 25 per cent.

Vanderzant and Moore (1955) studled the influence
of time and temperature of plate incubation on bacterial
counts. For plating, tryptone-glucose extract agar was
useds »The counts at the shorter incubation perlods usually
were some-what lower than at maximum plate lncubatlon time
and the colonles frequently were more difficult to count
because of the small slze. This was more frequently
observed at the lower plate incubatlon temperatures. The
incubation at 32 °C and 25 °C gave maximum counts. The
counts at 35 OC were much lower than at the other incu-

batlon temperaturese.

Babel et al. (1955) conducted trlals to ascertaln
the reliabillity of 32 °C or 35 °C temperature for 48 + 3
hours ofrincubation in the standard plate count of milk.

They also aimed to determine the time and temperature other
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than the standard which would give the hlghest plate count

of mllks Temperatures selected were 100, 200, 260, 320, 350,
379, 45 °C and for each temperature 4 perlods of time of
lncubatlon were chosen. The timings were 4, 6, 8 and 10

days for 10 OC; 2y 4y 6 and 8 days for 20 OC; 1y, 2y 3 and

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

for 37 °C ang 45 0C. The studles were made with raw and
pasteurised mllk samples. It was found that the highest
mean count for raw mllk was obtained on plates incubated at
20 ¢ for 8 days and was only slightly lower at 32 DC for

5 days. The mean count at 32 ¢ wag generally higher than
that at 35 OC. The mean count at 32 °¢c was higher than at

26 °C after 2 days Incubation. For pasteurised milk samples,
the highest mean count was glven By Incubating at 32 °c for
5 days, although only sllghtly higher than at 20 °C for 8
days. The counts at 32 °C and 35 °C lncreasged at about'the
same rates after the varlous lncubation times, but the counts
at 32 °C were hlgher. The development of colonles from
pasteurised mllk samples was slower than from raw milk,
because bacterial flora of pasteurised milk was slow growing
than the flora of raw mllk. The rean count at 32 °C wag
generally higher for rew and pasteurised milk than at 35 °¢,
In using a slngle lincubation temperature for raw and pasteu~
-rised nllk samples, the 32 °c was found to be thne most sulta-
~-ble. They suggested that use of 37 %c should definitely be
dlscontinued. There was a marked lncrease 1n counts of the

pasteurised mllk between 1 and 2 days. It was decided that
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the possible effect of thls lnerease on the plus or minus
-3 hour tolerance from the standard of 48 hours incubatlon.
The pasteurlsed plates were counted after 42, 45, 48, 51
and 54 hours of 1incubation at 32 ©C. 4 total of 84 samples
of pasteurlsed mllk were usged in thls phage of the gtudy.
The results were 93.8, 98.6, 100.0, 102.8 and 104.2 percent-
-ages for the incubatlon time 42, 45, 48, 51 and 54 hours

respectively.

Although there was a gradual ilncrease ln the colony
counts from 45 to 51 hours, this lncrease wag not marked. A
gradual increase in colony slze generallywas noted as the
incubatlon time was increased. The plates lncubated for 42
and 45 hours needed closer scrutlny to detect the gmall

colonles present.

Galesloot (1956) studied the cause of increased plate
counts at 30 °C of spray-drled milk puwder. He concluded
that the difference between plate counts at 37 °C and at 30 °C

1s caused by lMicrobacterium lacticum which does not grow at
a7 °c.

Salnclivier (1956) determined the bacterlal counts,
after 8 hours lncubatlon at 6 temperatures between 16° andg

31 %c. The mean growth rate was calculated at 22.5 °c.

Jazeskl (1956) reported methods for the examination
of mllk, cream and butter, In the agar plate count. The
temperatures of lncubation were recognised as standard viz.,

32 ° apg 37 °¢ for 48 hours.
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Thomas et al.(1957) carried out coli-aerogenes
bacteria in farm milk supplies test at 30 °C. The 5 day
30 9C test was preferred to the 2 days 37 °C test, because
many of bacteria did not form gas at 37 9C.

Mallmann (1957) determined the bacterlal population
of mllk by surface plating technique and claimed that plates
inoibated by surface technique method at 35 °C for 36 - 48
hours, were comparable to those obtained by pouring method.

He used tryptone-glucose extiract agar as a medlum.

Tentonl (1957) reported that for Itallan conditlons,
an incubatlon temperature of 32 °Cc instead of 37 oC 1s
recommended. He concluded that an lncubatlon perlod of 48
hours was tob short and not legs than 72 hours is required

for plates lncubated at 32 °c.

Heather and Vanderzant (1957) made a study to deter-
-mlne the effects of time and temperature of incubation on
heat-treated psycrophilic bacteria. Lower counts were found
when the incubation time was shortened. At 32 °C, counts
were comparable to those observed at 25 °C.’ They concluded
that non-heated psycrophiles grew readily on plates during
the early phase of the lncubation period.

Murray et al. (1958), carried out bacterial count at
37 °C anda 30 °c. 4n Increase of 50 per cent ln bacterial
numbers being recorded at 30 °C, on the farm mllk samples.

In the case of collform tests, the lowering of the incubatlon
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temperature to 30 °C resulted in an increase of 50 per cent.

Mossel et al. (1958) compared incubatlon temperature
of 31° : 1 °c for total colony count after incubation for
18-72 hours. They found that psyecrophillc bacterla dld not
develop at 37 ®c for 72 hours; but grew well when Incubated
at 31 o + 1 °c for 48 hours. They also recommended lncuba-
-tion temperature of 31 © + 1 °C for food spollage bacterisa
except for selective enrichment and speclal groups of organl-

=SS

| Atherton (1958) -tested the temperatures and perlods
of incubatlon at 32 °C for 48 hours; 20 °C for 48 hoursj 20 °C
for 78 hours and 5 O¢ for 10 days. He reported that counts
made on milk samples were gulte comparable regardless of the
plating medium or temperature of incubatlon, except with 5 ¢

for 10 days or 20 °c for 3 dayss

lMadelung (1959) conducted resgearch for content of
thermoduric organisms in bulk mllk and reported that 30 °c

for 3 days was optimum temperature for thermoduric organlsms.

Murray (1959) studied a temperature of lncubation on
9, 497 samples of pagteurised milk, partlcularly for the
presumptive coll-aerogene organisms. He showed that the
processing plants with the better counts could malntaln the
bacteriological standard of absence of Goll-Aerogene organlsms,
if the incubation temperature 1n the test wasg lowered from

37 °¢ %o 30 °c.
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Buchanan and Nelson (1960), whille carrying out

comparative counts on thermodurlc microorganlisms present

in bulk-tank farm mllk, observed that when streptococci
predominated, the count at 35 °¢ was approxlimately the same
ag the count at 32 °C. When milcrococcl predominated, the
count at 32 ¢ was gignhificantly higher than the count at
35 °c. They recommended the temperature of 32 °C as 1t was
more satlsfactory than 35 ©°C for incubating plates for the

standard plate count.

The Incubatlon temperature recommended for standard
plate count by the Amerlcan Public Health Assoclation (1960)
was 32 °a or 35 °C for 48 + 3 hours but preferably at 32 o¢
while in United Kingdom, the incubation temperature of 30 °C
to 32 °C for 72 hours or 37 ° for 48 hours was favoured

(Davls 1969).

Vester (1962) fixed the incubatlon temperature at
30 °C as a gtandard method for analysls of milk and milk
products In the Netherlands as some types of collfbrm’bacte—
-ria producing gas at 30 °C did not produce 1t at 37 °cC,
For plate counts, the Incubatlion temperature was alsoc 30 °¢

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

Paulsimonart et al. (1062) carried out series of 8
experiments on bacterlal Ilora of mlilk. Total colony counts

were made after lncubation for 2 days at 37 °c and for 3 days
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at 30 °C using plate count agar medlum. They compared the
colony counts at 30 0C, with those at 37 %C, There wag a
mach higher proportion of mlcrobacterla at 30 ®¢ incubation

temperature.

Mekenzie (1962) carried out experiments to ascertaln
plate counts of milk at 86 °F (30 °C) and 89.6 °F (32 °C)
on 120 raw farm milk samples. He polnted out that the adop-
-tlon of 89.6 °OF (32 °C) for adversory and official testlng
purposes would avoid the additlonal 24 hours lncubatlon
period; required at present when lncubating at 86 or (30 °¢)
for 3 days.

In India the incubation temperature at present,
recomnended by I.S.I. (1962) 1s 37 + 0.5 O¢ for 48 hours
although the reliabllity of thls temperature need further

investigation under the controlled condltions.

Thomas et al. (1863) showed that colony production
by arthrobacter and micrococcus was favoured more at 32 °C
and 28 °C then at 35 ®Cc. Thermoduric count Increased upon

extended plate incubation at 35 and 32 °C temperatures.

Samagh and Dudanl (1966) studied the effect of tempe-
-rature and growth medlum on standard plate count of milk.
They carried out experiments at 32 °C and 37 °C for 48 hours
incubation period, for pail mllk samples, farm bulk tank,
pasteurised and village milk samples on tryptone dextrose

agar and milk agar. They noted that 32 OC temperature of
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incubatlon gave slgnlficantly higher standard plate count
than 37 °C for all the 4 categories of mllk samples.
Similarly, both medila TIryptone dextrose agar and milk agar
used, gave ldentical plate counts for all of the 4 catego-
-riles of mllk investigated. Some dlifliculty was experlenc-
~ed In use of milk agar in counting of colonles. No inter-
-action was found between the types of mllk and temperature
or growth media. They reported that the increased counts in
pasteurlsed milk samples mlght be due to high incldence of
thermoduric organisms present which were known to have lower
temperature of growth. This Investligation indlcated thet |
32 °C for 48 hours incubation period with tryptone-dextrose
agar, presented better plcture of the bacteriologlcal quality
of mllk.

Pedraja and Mengells (1967) made a comparative study
on effect cf.time and temperature of incubation on the plate
count of 167 drled sklm-mllk samples and 54 samples of drled
butter milk. The plates were Incubated at 35 °¢ for 48 hours,
32 °C for 48 or 72 hours. In all cases, the highest plate

counts/g product were obtained at 32 °C for 72 hours.

Pack and Sandine (1968) reported that the population

of aroma bacteria were greater at 30 °C than at 21 °cC.

Hertley et al. (1962) studled the effects of medium
and lncubatlon temperature on recovery of mlcroorganisms from
manufacturing grade, Grade A and pasteurised millk. They

carried out the comparative study by usilng 7, 21, 28 and
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and 32 ¢ incubation temperatures for 10, 5, 4 and 2 days
tncubation periods respectively. The highest count was
obtalned at 21 °C for Grade A mllk. For pasteurlsed milk,
the highest count was obtained at 28 °C with standara agar.
He reported that the optimum témperature and time combinatlon

wag 28 °C for 4 days.

vallett et al. (1969) carried out comparative experl-
-ments on counts of coliform bacteria of milk at 32 °C and
37 °C incubation temperatures. Samples of raw and pasteurls-
-ed milk were plated in desoxycholate lactose agar'and
incubated at 32° + 1 °C and a7’ + 1 °C for coliform bacteria.
They reported that the lower temperature l.e. 32 U produced

counts comparable to those at 37 °C.
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MATERIALS AND METHODS

| The presentvinvestlgation was undertaken and
completed at the post-graduate laboratory of the Agrilcul=-
-tural College Daify, Poonas The varlous research techni-
~ques used during the course of study are br;efly desarlbed

in the followlng paragraphs 3

1) Collection of raw milk sampleg.

Nilk samples from cows and buffaloes»were collected
from the Agricultural College Dalry Farm, Poona during the
perlod of July 1969 and September 1962. The éamples were
drawn soon after the fresh mllk was filled In the can.
Before the samples were taken from the can, the milk in |
the cans wasg thoroughly mixed with the help of a stalnless
steel plunger having a perforated disc af'lso mn  dlameter
and & metal rod of sufficlent lehgth. The sample wag then
collected ageptlcally with the help of one lltre capacity
dipper 1n 250 ml sterlllzed flask. After collection of
buffalo and cow milk in stoppered sterilized flasks; then
1t was kept in the refrigerator and the plating for the

standard plate count was completed withln 2 to 3 hours.

In all, 30 raw mllk samples from cows and 30 raw
mllk samples from buffaloes were examined for studying the
effect of Incubatlon Temperature and Timings on the stand-

-ard plate count of mllk.
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2) Collectlon of pagteurized bottled milk samples.

The Government M1lk Supply Scheme, Poona supplles
pasteurized bottled mllk to Poona cliy. In this dalry
plant, pasteurizatlon of mllk ls done by High Temperature
short time method in which mllk is heated at 163 'F for
15 geconds. The pasteurized milk ls filled ln bottles and
stored at 3 to 4 °C until 1t is despatched to varlous booths

for dlstributlon.

Somet Imes, previous day pasteurized mllk bottles are
also gold at thls booth.s Thilrty samples of pasteurlzed
milk were collected from the Central Dalry Milk Scheme

booth for the standard plate count,.

3) Collection of milk gamples from viilapge raw mllk
welghing tank.

The samples of mllk produced under village condl~
-t lons were collected from the Central Dalry Kilk Scheme,
Poona=-3 which collects milk from the neighbouring villages
and from dlfferent towns, located at longer’dlstances. In
the morning, the milk 1s collected at the different centres
and 1s chilled in ice-chambered cans whlch are loaded in

trucks and brought to the Central Dalry lllk Scheme, Poona.

The samples were taken from the followlng villages

and cltles :
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1) Mahur route ¢ Mahur, Mandhar, Dawanlwadl.
2) Shivapur route ¢ Kaldari, Khed-Shivapur, Nasarapur,
Viarve etce.

3) Bhima~ghankar route 3 Ghodegaon, Ghindl, Dimbha etc.
4) Junnar route $ Knhamgaon, Paddl, Anery etc.

5) Cltles ¢ Junnar, Satara and Mahabaleshwar.

The reason for selectlng these routes was that the
milk from these routes used to arrive between 2-30 p.m. and
4«0 p.m. after which i1t was possible to carry out further

analytlcal work.

The trucks are unloaded at the plat form. The cans
are poured and Immedlately filtered in welghing tank,having
a capacity of 500 litres. From this tank, the milk samples
were drawn wilth the help of milk sampler in stoppered steri~
~1lized flasks of 250 ml. They were brought immediately to

the laboratory and kept in the refrilgerator.

The mlerobial examlnatlon of the samples was carriled

within half an hour after collection.

4) Preparation of medla.

The Iryptone Glucoge Extract Agar medium suggested
by 'Difco Manual of Dehydrated Culture Nedla and Reagents
(9th Edition)' and by 'I.S.I1.(1952)' was prepared from
dehydrated base stock and used as a plating medium.



33

Composition of T«Ge=E-Agar
Dehydrated
Bacto~Beef extract N
Bacto~tryptone e
Bacto-Dextrose (d-glucose)
Bacto-~-Agar o
Water, dlstilled s
Final pH e

(B)
3.0 g
5.0 g
1.0 g
15,0 g
10000 ml
7.0 + 0.1

Preparation of medla, pH readings (taken with the help of

Indlcator papers) sterllisation and storage, diluting of

samples with dlstilled water; measuring test portions,

pourlng plates, checking sterility of glags ware, dilution

blanks and growth medium etc., were done as per the methods

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

8)

Incubation and gcounting.

The temperature of all the

Incubators was recorded

daiiy at 9 a.m. and at 5 p.m. in order to check the tempera-

~ture varlation, 1f any.

~ture of 32,0 ° + 0.0 OC; 35,0

Incubators used maintalned tempera-

® 4 0.5 ° ang 37.0 ° * 0.5 °C

constantly throughout the perlod of study.

The pet:i«dishes were lncubated at 32°, 35° and 37 b+

respectlively for a varying durations as per the plan of work.

Iype of milk

(1) Cow bulk milk

(2) Buffalo bulk milk
(3) Pasteurised milk

(4) Village tank milk

Number of plates

(VIR R ¢ |
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Spreader-free plates were selected with 30 to 300 colonies.
All colonies were counted lnhcluding those of pln~point size
on selected plates. Pin-point colonies were counted with

the ald of Quebec colony counter.

After 42 hours of incubation period, colonies were
counted, marked with ink and the result wes recorded as a
"*$PC/ ml at temperature of 32 °C, 35 °C ana 37 °C for 42
hours Incubation period'. Then the same plates which were
marked with the lnk for 42 hours incubation per iod reading
were kept In the Incubators for 48, 60 and 72 hours incuba-
-tlon perlod. |

4t 48 hours incubatlon period, the count was taken and
the colonles whleh were developed between 42 and 48 hours
incubation perlod were marked with the ink and recorded in
the simllar manner. The same plates were further Incubated

for 60 and 72 hours and new developed colonles were recorded.

§tangagg_ Plate Count
Iypes of sample

(1) \ (2) (3) (4)

] b § f
Cow Bufrfalo Pagteurised Village
{ ] ] tank milk
i g ; g ]

Plates made with Iryptone glucose
extract agar an? Incubated at

? g 8

32 %¢ 35 % 37 %

§
Counts taken at the interval of
i 42 hrsg.
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11 48 hrse.
111 60 hrs.
v 72 hrs.

Statlstlical Deslign of the Experiment.

Thirty samples of buffalo and cow milk were divided
In 3 groups and 30 mllk samples of pasteurised and village
milk were dlvided In 2 groups. The statistlcal design

adopted for the experlment was Factorial deslgn.

Replicatlon 3 One milk sample was taken as one replication.

Ireatments 3 (A) Different mllk samples -
(1) Buffalo mllk sample.
(2) Cow milk sample.
(3) Pagteurised milk sample.
(4) Village mllk sample.

(B) Incubatlon temperatures -

32° , 35° and 37 °c.

(C) Incubation periods : 42, 48, 60 and 72 hrs.
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CHAPTER IV

RESULIS AND DISCUSSION

The regults of the investligation are glven in the
following tables :

TABLE 1

ANALYSIS OF VARIANCE OF BUFFALO AND COW MILK
SANPLES FOR JULY 1969

.

Source of : D.F.: Se8e : HeSe 4 Calculated
varlatlon : : s : Fo

Block 9 210500 23388,.88 33.36
Type of milk 3 80745 80745.00  128.,044*
Temperature 2 86614 43307.00 61, 78 **
Iime of Incub. 3 3667  1222.33 1.74
Iype X tenp. 2 3312  1656.00 2.36
Type X Time 3 107 35,66 0.05
Temp. X Time 6 188 31,33 0.64
Type X Tempe. X Time & 267 44,50 0.06
Error 207 1450920 700.91 -
Total 3 239 539490 - -

DeFe = Degrees of freedom.

S8« = Sum of sguares.

e8¢ = liean square.

#% = gignificant at 1 % level.
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TABLE 2

SUMMARY OF TABLES

IMEAN STANDAKD FLATE COUNIS OF BUFFALO AND COW
I ILK SANPLES AT DIFFERENT INCUBATION THIPERATURES

i LYpe . P.C
3emp- ! Buff. milk Cow milk , 680 SePeCe
32 92, 50 1054 50 99.00
35 67. 50 140450 104,00
a7 56400 86400 71,00

¥ean 72400 111,00 =

S.E. for body of the table = 4.18

TABLE 3

IiLAN STANDARD PLATE COUNIS OF BUFFALO AND COW
IILK SAVPLE AT DIFFERENT INCUBATION PERIODS

Time : Type ‘ ¢ lean SeP.C.
(hrs) $ Buff. milk Cow milk

42 67 104 85,50

48 71 110 90.50

60 74 113 93. 50

72 76 116 96.00
Yean 72 111 -

S«.E. for body of the table = 4,83
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TABLE 4

MEAN STANDARD PLATE COUNTS OF BUFFALO AND COW
MILK SAMPLES AT DIFFERENT TH/IPERATURES AND
INCUBATION PERIODS

Time 3 Temperature ¥ lean SePeCo
hI'se ! 3209 35°% a7 % s
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 75490 96.03
Hean 114.71 86.86 70,87 -

S«E« for body of the table = 5.92

It 1s seen from the data of analysls of varlance of
Table 1 that the temperatures of Incubatlon differ glgnifl-
-cantly at 1 % level., It iz observed that lncubatlon
temperatures of 32 ®c and 35 0C have glven hlgher bacterial
counts than the 37 °C. The 'F' test shown in the table
Indicates that the effect of lncubation temperature on
buffalo and cow mllk samples 1s signiflcant but the time of

Incubation 1s not slgnificant.

Summary of tables glven 1n tables 24 3, 4 show that
interactions are not significant indlecating that the data
do not reveal any definlte evidence of response of milk

samples to the incubatlon temperatures and perlods.
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IABLE 5

ANALYSIS OF VARIANCE FOR BUFFALO AND COW MILK
- SAMPLES FOR AUGUST 1959

32?2221251 . D.F.! s.s. P oLs. ;Calc?lated
Block 9 171954 19106.00 8.02
Type b 30487 304B7.00 14.24 **
Temp. 2 86541 43270450 20,21 **

Time 3 2049 983,00 0445
Type X Temp. 2 354 177.00 0.08
Type X Time 3 9 3.00 0.001
Temp X tilme 6 10 1.66 0.0007
Type X Temp X Time 6 2l 3. 580 0.001
Error 207 442087 2140,03 -
Total 239 - - -

]

De.F. Degrees of freedom.

S.8, = Sum of squares.

K +Se = lean sgquare.

*¥ Slgnificant at 1% level.

i

TABLE 6

SUMMARY OF TABLES

MEAN STANDARD PLATE COUNTS OF BUFFALO AND COW MILK
SAPLES AT DIFFERENT INCUBATION TEVMPERATURES

T MPe 3 I JD.e : $ i eFatle
8C : Buff. milk Cow mllk @ Heak BeFal
32 122.70 101,77 112.23
35 08.37 77.65 88.01
37 ' 78,72 52.75 65,73

Tot Mean 90,93 7730

8+E. for body of the table = 7.31
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TABLE 7

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

¥ 3

Time : Iype 3 Mean SeP«Ce
hrse. s Buff. milk Cow milk

42 04,86 7300 83.93

48 98. 50 75480 87.15

60 101. 60 78480 20. 20

72 104.76 81.96 83,36
Mean 99;93 77&39

S«.E. for body of the table = 8.44
TABLE 8

MEAN STANDARD PLATE COUNTS OF BUFFALO AND COW MILK
SAMPLES AT DIFFERENT THIPERATURES AND INCUBATION PERIODS

Time ; _lemperature  lean S.P.Ce
hra. : 329 35°%% 37°0¢ ;

42 107.50 83,35 60.95 83.93

48 110.70 86.45 64.30 87,15

60 114,15 B89.55 66.90 90, 20

72 116.60 92.70 70.80 03.36
Vean ) 1120 23 88, 26 65.73 -

8+E, for body of the table = 10.35

; Analysls of variance given In table 5 for the month
of August shows that the temperature of incubation is signi-
-flcant at 1 per cent level for buffalo and cow milk samples

but the time of lncubation s not significant.
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Summary of tables given In tables 6, 7 and 8 reveal
that there 1lg no interaction between types of milk and
| temperature of incubation; types of milk and incubation
tinmes 1ncubétion temperature and time and types of mllk;

incubation temperature and time.

TABLE 9

ANALYSIS OF VARIANCE OF BUFFALO AND COW MILK
SAMPLES FOR SEPTEMBER 1969

e DeFs  SeSe ¥.s.  Calculated F.
Block o 133959 14884.,33 8.72
Type of milk 1 4310 4310.60 S.81 *x
Temperature 2 97674 48837.,00 31.91 **

Time of Incb. 3 2271 757,00 0.49
Type X Temp. 2 1062 531.00 0.34
Type X tlme 3 Q 0.00 0.00
Temp X Time 6 20 3.33 0.6021
Type X Temp X Time 6 8 1.33 0.6668
Error | 207 316771  1530.20 =
Total 238 |

D.Fs = Degrees of freedom.

i

S.S. Sum of squares.
eS¢ = Mean square.

** = gignificant 1 % level
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TABLE 10

SULIIARY OF THE TABLES

MEAN STANDARD PLATE COUNTS OF BUFFALO AND COW X ILK
SAUPLES AT DIFFERENT INCUBATION TEMPERATURES

.

' —
Temp. ‘ Type i6an S.P.C.
8 ; Buff. nilk Cov milk ; | oon SeP.C
<P . 121.47 118,25 119.86
35 94,65 85,97 90.31
37 77455 64.02  70.78
Mean 97.89 89,41

S.E+. for body of the table = 6.18

TABLE 11

MBAN STANDARD PLATE COUNTS OF BUFFALO AND COW MILK
SAMPLES AT DIFFERENT INCUBATION PERIODS

it n : BT gigkp Sow ETIE | tean S.P.C.
42 93.70 85,06 89.38
48 96460 88, 13 92.36
60 99. 43 91.20 95.31
72 101.83 93,26 97.55
Mean 97.89 89,41 N

S«E« for body of the table = 7%.14
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TABLE 12

WEAN STANDARD PLATE COUNTS OF BUFFALO AND COW MILK
SAMPLES AT DIFFERENT TH{PERATURES AND INCUBATION PERIODS

Time ‘ Iemperature , Mean S.P.C.
hrs : 880c 3509 37 9% :

42 115,35 86.00 66480 89,38

48 118.40 88,80 69.90 92,36

60 121.55 92,00 172,40 " 95,31
Hean ‘ 119.86 90-81 70.78 -

S.Es for body of the table = 8.75

| The analysls of variance given in Table 9 for the
mqnth of September show that the temperature of incubation
fci the buffalo and cow milk samples 1s slgnificant at 1
per cent level but the time of incubation 1s not signifi-

"Qant'

Summary of Tables given in Tables 10, 11 and 12
shbw that the interactlions in between type of milk and
incubatlon temperatures; type of mllk and incubation time}
Incubation temperature and time and type of milk, incuba-

-tlon temperature and time are not significant.
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TABLE 13

ANALYSIS OF VARIANCE FOR PASTEURIZED AND VILLAGE
MILK SAMPLES FOR NOVEMBER 1969

5 .

B o : D.F.E SER 2 Pl A
Block 14 68553  4806.64  49.84

Type ‘1 942081 942081.00 9590.50**
Temp. ‘2 153122 76561.00 779.40%**
Time '3 28125  9375,00  95,43%*
Type X Temp. 2 1820 010,00 = 9D.26%%
Type X Time 3 13782  4594.00 484 TE**
Temp X Tlme 6 372 62,00 0.63
Type X Time X Temp. 6 286 47,66 0.48
Error 322 31632 98.23 -
Total . 359 1239773 - -

D.Fs = Degreesg of freedom

S.8. = Sum of Sguares.

.S« = HMean gsquare.

*¥ = gignificant at 1 % level,

TABLE 14

SUMMARY OF THE TABLES

MEAN STANDARD PLATE COUNIS OF PASTEURIZED AND VILLAGE
MILK SAMPLES AT DIFFERENT INCUBATION TE.PERATURES

Temp. H IType
OS¢ ! Pasteurized Village : lean S.P.Co.
P milk milk |
3z 121.08 227.88  174.48
356 06428 192,45 144,36
37 72.31 176428 124,29
Mean 96,55 198,87 -

SeEe for bOdy of the table = 1.28 CoeDe = 353
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TABLE 15

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

Tlime H Ivpe S

hrs. i Past, milk  Village milk 1 fiean 8.P.C.
42 77415 195,02 136.08
48 87.84 197,95 142,89
60 105, 40 200.33 - 152.86
72 115,84 202, 17 159.00
Mean 064 55 198.87 -

S.E. for body of the table = 1,47 CeDe = 4408

TABLE 16

WEAN STANDARD PLATE COUNTS OF PASTEURIZED AND VILLAGE
KILK SAMPLES AT DIFFERENT THIPERATURES AND INCUBATION

PERIODS
Time P Temperature }
H t Mea Py Y o

hrs. ¢ 32 9C 35 % 37 % | ‘ean S.F.C

42 161. 10 132,60  114.56 136.08

48 169,26 132,50 119,93 142,89

60 180. 50 149,53 128,56 152.86

72 187.06  155.83  134.13 158400
liean 174.48 = 144,36 124,20 -
S.E. for body of the table = 1.81

It 1s seen from the analysis of variance Table 13

for the month of November that incubatlon temperature and
tlme for the pasteurized and village raw milk samples are

glgniflcant at 1 per cent level. It 1s observed that
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32 °Cc and 35 °c incubation temperatures for 48, 60 and 72
hour incubatlon periods have given higher counts than 37 .

temperature for 42 hour Incubation perlod.

summary of Tables presented 1n Tables 14, 15 and 16
show that the Ilnteractlions ln between type of milk and
temperature of incubatlon and type of mllk and incubatlon
perlods are significant, But the interactions ln between
Incubatlon temperature and time and type of milk incubatilon
temperature and time are not significant. Summary of
tables also show that ag lncubatlion perlod lncreases,

there 1s & deflnite lncrease in the bacterlal counts.

- TABLE 17

ANALYSIS OF VARIANCE FOR PASIEURIZED AND VILLAGE
KILK SAMPLES FOR DECELBER 1969

H H

Source of s D.F. 38eS. : H.s.  iCaleulated F
Block 14 201672 14405.14 120.83
Type 1l 696344 69634«.00 1007.20%**
Temp. 2 99277  49638.50 71.80**
Time 3 20184 6728.00 9.73%*
Iype X Tempe 2 1453 726450 1.05
Type X Time 3 11519 3839. 66 5455 %%
Temp X Time 6 519 8650 0.12
Type X Temp X time 6 369 © 61,50 0.08
Error 322 222602 691.31 -
Total 359
DsFs = Degrees of Freedom 4«8+ = Nean square
S«8. = 8Sum of sqguare *x = glgnificant at

174 level.
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TABLE 18

SUMILARY OF TABLES

MEAN STANDARD PLATE COUNTIS OF PASTEURIZED AND VILILAGE
MILK SAMPLES AT DIFFERENT INCUBATION TEHEPERATURES

H H
gg'ép' : Past. milf: S iiTase piTE s lean S-PeC.
32 121.16 203.81 162. 48
35 08.06 186,91 142.48
37 75463 168.00 121.81

lMean 08,28 186424 -

S+E. for body of the table = 3.40

TABLE 19

MEAN STANDARD PLATE COUNTIS OF PASTEURIZED AND VILLAGE
MILK SAMPLES AT DIFFERENT INCUBATION PERIODS

Time : T ype :

hrs. ¢ Past. milk Village milk? ean S.P.C.
49 82.77 183, 42 | 133409
48 89460 185,75 ' 137.67
60 104.03 187.28 . 145,65
Y. ean 98,28 186. 24 -
S.E. for body of the table = 3.02
C.D. = 10.82
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IABLE 20

MEAN STANDARD PLATE COUNTS OF PASTEURIZED AND VILILAGE
ILILK SAMPLES AT DIFFERENT TEMPFRATURES AND INCUBATION

PERIODS
H .
Tgme j— 2L enperature ..o cpc.
Ts 3 39 0¢ 35 O¢ 37 % &
42 151,56 1334 10 114,63  133.09
48 157.20 137,73 118.10  137.67
60 1664 53 145,93 124,50 145,65
72 174466 153.23 130.33 152,74

1 ean 162¢ 418 3.42. @ lglt 89 -

S.E. for body of the table = 4480

The 'F' test shown in the analysis of varilance
table of pasteurlzed and village raw milk samples for the
month of December presented in Table 17 indlcates that
the lncubatlon temperatures and periods are significant

at 1 per cent level,

The interactlon in between types of milk and incuba-
-tion perled 1s significant. The interactions in between
types of milk and Incubation temperature; incubatlon tempe=-
~rature and time and types of mllk, incubation temperature
and time are not sglgnificant. While the trend of the count
obtalned 1s simllar il.e. as lncubatlon temperature decreases
and incubation perlod lncreases, there is an increase in the

bacterial countse.
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TABLE 21

THE EFFECT OF -6, + 12, +24 HOURS TOLERANCE FRQ THE
48 HOURS INCUBATION PERIOD AT 32 9C, 35 ©C AND 37°C
INCUBATION TEMPERATURES, ON PLATE COUNTS OF FOUR
DIFFERENT TYPES OF MILK SAMPLES

( EXPRESSED AS AVERAGE PERCENTAGE )

%Z?zem.ub. Timings Buff, Cow Pagt. Vlllage
mpa milk milk milk milk
g hrs |
42 06,93 07.28 90.09 98. 60
48 100.00 100.00 100,00 100,00
52 60 103. 10 10275 117.12 100.983
72 105,356 104.85 128.83 101.86
42 74, 16 72,08 71.17 86,51
48 77.13 74.30 79.28 87.981
% 60 80.23 76.85 94,59 88434
72 82.31 79%.20 105.10 89,77
42 59.96 57.35 b54.05 78460
- 48 62.81 60.16 592,46 79.53
60 65.01 62s43 72,07 80446

72 67+ 60 64.62 80.18 81.39
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TABLE 22

AVERAGE PLATE COUNTS OF FOUR DIFFERENT TYPES OF
MILK SAIPLES, WITH CONFIDENCE INTERVAL (EXPRESSED
IN ORIGINAL NUMBER IN THOUSANDS) AT DIFFERENT
INCUBATION TEMPERATURES AND PERIODS

Incub. * Timings * Buff. Cow * Pagt ! Village

Efmp. ; : milk : milk : milk ; milk

oC hrs
42 107 115 100 212,0000
48 111 11o 111 215,0000

32 60 114 122 230 217 ,0000
72 116 124 143 219,0000
42 82 85 79 186,0000
48 85 88 88 189,0000

% 60 89 o1 105 191,0000
72 91 02 117 193,0000
42 66 68 60 169 ,0000
48 70 71 66 171,0000

3 60 72 74 80 1730000

72 74 77 89 175,0000
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IABLE 28

AVERAGE MEAN PLATE COUNTS (EXPRESSED IN ORIGINAL
NUMBER AS LOGARITHMS) AT DIFFERENT INCUBATION

TRIPERATURES AND PERIODS

Incub. Inc. Buff. Cow Pasgt Village

Tempe. Time milk milk milk milk
O hrs. |

42 5,03 5,06 6.00 9.33
48 5.04 5407 5,04 .33
%2 60 5.06 5.08 5,11 9,34
72 5.07 5,092 5.15 9.34
42 4.91 4,93 4490 0. 27
48 4,93 4994 %e Q4 S.28
3 60 4496 4496 5.02 9.28
72 4,96 44 97 5.07 9.20
42 4,82 4483 4,78 9.23
] 48 4eB4 4,85 4,82 0,23
5 60 4486 4487 4490 9.24
72 4487 489 4«00 Q.24
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IABLE 24

AVERAGE MEAN PLATE COUNT (EXPRESSED IN ORIGINAL NUMBER
IN THOUSANDS) AT DIFFERENT INCUBATION TEMPERATURES AND

PERIODS

Incub. : Incub .;

: H H
Buffbs Cow 3 Pastnz Village

: Hean :
Tgnp. Fime € : mllk ; milk milk ; raw milk
42 lean 176 140 114  191,0000
U, 1limlt 209 229 142  272,0000
L. 1imit 53 52 86 110,0000
48 Liean 180 l4a 123 194,0000
Ue limit 304 234 154  275,0000
as L. linit 56 55 92  114,0000
60 Mean 183 147 137 196 ,0000
U, 1imit 308 237 163  277,0000
L. 1imit 58 58 111  116,0000
72 Mean 184 149 152 198,0000
U. 1imit 310 239 174  278,0000
L. 1imit 59 60 130 118,0000
42 lean 130 112 88  169,0000
U. limit 222 183 125 241,0000
L. limlt 39 42 Bl 97,0000
48  lean 134 115 94 171,0000
U. limit 225 187 133  243,0000
Lo limit 43 44 55  100,0000
35 60  lMean 137 118 106  173,0000
U 1imit 228 190 140  245,0000
L 1imit 46 46 72 102,0000
72 lean 138 119 119  175,0000
U. 1imit 230 192 150  246,0000
Lo 1imit 47 47 89  104,0000
42 Mean 105 01 63 155,0000
U, limit 179 150 88  210,0000
L. Iimit 32 33 88 101,0000
48  Mean 100 95 68  158,0000
U. linit 183 155 94  212,0000
. L. 1init 35 36 42 104,0000
60  lean 111 97 78  160,0000
U, 1limit 185 157 100  214,0000
L. limit 37 38 56  106,0000
72 lean 112 99 86  161,0000
U. 1limit 185 159 110 215,0000
Lo 1imit 38 35 63  107,0000

U. 1imilt = Upper 1limit,

L. 1limit = Lower limit.
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GENERAL DISCUSSION

The exact pleture of the real bacterlal count in
milk is required to be known for establishing & package
of practlces in the hyglenic production of milk. VWhile
doing so, our methods should be accurate, easy for practi-~
-cal execution and at the same time, they should be less

expensive.

The results obtalined 1n this work have been dlscuss-
-ed under the result chapter along with the statistical
data. In the followlng paragraphs, the results are discuss-

-ed In general manner 3

It 1s observed from the analysis of variance Tables
1y 5y 9y 13 and 17 that three incubation temperatures gave
varylng standard plate counts of the same milk sample. @2 °C
1neubation temperature gave significantly higher counts than
37 °C while the counts at 35 °¢ were more or less close to

those at 32 o(C.

0
The counts at 37 C were conslderably below those at

0
© ang 35 C. Hence 32 0C Incubation temperature for 48

32
hours Incubation period presents a better plcture of the
hyglenic quality of milk than at 35 °C or 37 oC. These
results are ln confirmity with the number of earlier workers

namely, Pederson and Yale (1934); Wilson et al. (1935); Alec
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Bradfleld and Ellenberger (1936)3; Breed (1236); Abele
(1939); Fay and Howard (1840); Thomas and Jenkins (1941);
legsner (1945); Hiscox (1945)3; Quencer (1951); Nelson and
Baker (1953); Babel et al (1955); Samagh and Dudani (1966)
and Hartley et al (1969) etc..

The data presented in summary Tables l.e. 24 34 4y
6y 7y 8y 10, 11 and 12 show that there was no interaction
between the types of mllk and Incubatlon temperaturej
types of milk and lncubatlon perlod and types of mllk,
temperature of Ilncubatlon and lncubatlon period. It wag
revealed from thls data that the standard plate counts of
cow and buffalo milk sampleS,did not differ slgnificantly
due to these three interactlons. However, the temperature
of Iincubation was highly slgnificant for both types of mllk..
It was observed that 32 © and 35 °C incubation temperatures
gave hilgher plate counts than 37 ¢ temperature, 35 °c
Incubation temperature was significant over 37 DC and 32 °c
temperature was sligniflcant over both the lncubatlion tempe-
~ratures. Thls showed that the Ilncubation temperature of
32 °C was more favourable for the multiplicatlion of bacte-
-rla in mllk than either 35 ° or 37 0C. The same observa-
-tlons could be seen from the Graph-lA to 1-D and plates
I to IV,

Analysls of varlance for pasteurlsed and village
milk samples glven in Tables 13 and 17 show that 32‘0 and

0
35 C 1lncubatlon temperatures were hlghly significant over
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37 °c. The difference, however, wes more in pasteurised
milk than in village mllk. The percentage Increase wasg

far greater Iln pasteurised milk which 1s 2 to 3 times more
than the vlllage milk samples. These résults are in agree-
~-ment with the flndings of Pederson and Yale (1934);Breed
(1936); Thomas and Jenkins (194l1); Hileman et al. (1985)
and Samagh and Dudani (1966). Thls lncreage in bacterial
counts might be due to more sensitlivity of the bacterilal
flora of pasteurlsed milk to the higher incubation tempera-
~tures and hence the 1ncubation temperature of 32 OC might
have been more favourable to them for rapld multiplicatlon.
However, the data from Tables 14, 15, 16, 18, 19 and 20
showed that there was no Interactlon effects between incuba-
~-tlon temperature and perlod of incubatlon and type of milk,

incubatlion temperature and period of ilncubatlon.

The results presented in Tables 15 and 19 revealed
that in case of pasteurized mllk when the period &f incuba-
-tlon 1s lncreased, there ls & slgnificant lncrease 1n
bacterlal counts. The observatlions made in Table 21 showed
that there was a marked lncreasge ln counts of pasteurlsed
milk between 48 and 72 hours incubatlon period. The plate
counts at 42, 48, 60 and 72 hours were 90, 100, 117 and 129
per cent, respectively. The count of 72 hours of incubation
period at 32 °C wag 20 per cent more than the count obtalned
at 48 hours lncubatlon perlod at the same temperature of
incubation, Thls mlight be due to the predomlnance of thermo-

-durlc bacterla whose rate of growth 1s generally slow.
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These results are in agreement with Hlscox et al.(1933)%
Nelson and Baker (1953); Tewas gt a2l (1954); Murray (1955)
and Babel et al (1955). The bacterlal colonles at 42

hours incubatlon perilod at 32 °C incubation temperature

was dlfflicult to count as the colonles were not clearly
vislble. But at 48 hours Incubation period, these colonles
could be clearly counted. Hence, the incubation perilod of
48 hours ls preferred ag 1t is also convenlent for work and
at the same time, 1t ls economical. This view has also been
expressed by Hlscox et al (1933). The data presented in
Table 24 showed that the bacterlal counts of pasteurised and
village milk samples were mor or less uniform at 32 °C for
48 hour 1incubation period than the other incubatlion tempera-
-tures.s Also, 1t showed that the bacterial counts of cow
and buffalo milk samples were not uniform at any temperaturse
or lncubatlon perlod used In this study. It is seen from
the data presented in Tables 25 and 26 that there was a
variatlon ln plate counts from month to month. However, the
higher counts were obtainedyin rajny seagson l.e. in August
and September asg compared to other months. This might be
due to unhyglenlc condltlons created due to rains, mud etc.
It 1s revealed from Tables 27 and 28 that the original

flora of mleroorganisms in village milk was more than the

pagteurlsed milk.

Eventhough, the lncubation temperature of 32 °c 1s

more favourable for the bacterial growth, there is a diffi-
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-culty of malntaining this temperature on account of high
atmospberic temperatures in India, It will not, therefore,
be possible to maintain thls temperature unless the presgent
incubators are replaced by those with proper coollng arran-
*gements. This difficulty can also be overcome by alr-
conditioning the bagteriologlcal laboratories. Thls view

has also been expressed by Wilso et al (1935),
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CHAPTER VI

SMMARY AND CONCLUSIONS

The pregsent investligation was undertaken to compare
the Standard Plate Count of four types of mllk when three
incubation temperatures viz., 32, 35 and 37 °C were used

with four incubation perlods viz., 42, 48, 60 and 72 hours.

The resulis obtained are summarlsed and concluded

&g under 3

1) The Incubation temperature of 32 °C gave a signifi-
~cantly higher Standard Plate Count than the lncubation
temperature of 35° and 37 °C for all four types of milk
samples l.e. cow raw milk, buffalo raw milk, village raw

milk and pasteurized milk.

2) The lncubation period of 48 hours gave & comparatively
more clear plcture of bacterlal count in milk samples on
Tryptone Gluaose Agar medlum than other Ilncubatlon perilods
used in thls study namely, 42, 60 and 72 hours.

3) In cage of cow, buffalo and village raw mllk samples,
no Interactlons were observed between types}of milk and
temperature of Incubatlon; types of milk and time of incuba-
-t ionj temperature and time of incubation and types of milk;
time and temperature of incubatlon. However, in case of
pasteurized mllk, lnteractions were observed In mllk sample
and the Incubation temperature and milk sample and the

lncubation perlod.
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It may, therefore, be concluded that the incubation
temperature of 37 °C recommended by the Indlan Standards
Instltute needs to be reconsldered ln the light of these
results and the possibillty of recommending 32 °c incuba=
-tion temperature in place of 37 °C should be explored.

In cage of incubation period of 48 hours for the Standard

Plate Count, there 1s no need of any change.
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