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ABSTRACT

To asgess the feasibility of narketing raw chilled
milk, 146 samples were oollected from organized dairy farm,
rural oolleotion centres of processing plent end e¢ity market,
end their shelf life determined after different treatments.
The shelf 1ife for the ambient temperature expossed (0, 1, 2
and 3 hr) and slowly ohilled raw milk was 24.0, 19.1, 17.1
and 12.1 hr at 45°FP, end 18.1, 15.2, 13.7 end 12,9 hr at 70°F.
For instanteneously chilled milk it was 26.0, 21.6, 18,9 end
15.2 hr at 45°F and 16.5, 14.7 and 13.7 hr at 70°F. The shelfl
1ife of the pasteurized bottled milk at 45°F, T70°F and room
tenmperature was found to be 68, 1% and 2 hr respectively. The
quality of milk was evaluated by rerforming one-hr resagurin
test, stendard plate, ¢oliform and psychrophiliec counts and
aoidity and non-protein nitrogen determinations on all samp-
les. According to one-hr resesurin test, 82.7 per cent
samples of dairy farm, 11.2 per cent of rural e¢ollection
centres and 34.3 per cent samples of city market milk were
found satisfactory. There was high inoidence of contamination
with ecliform and peychrophilie bacteria in rurel centre and
oity market milk., The bacterial counts of pasteurized milk
were also very high and its quality poor as revealed by short
shelf life.
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The results of the present study suggest that the
quality of both raw and pasteuriszed milk wes very poor
because of the unhyginic gconditions of milk production in
villages end the high temperature holding for long time in
colleotion and transport. The short shelf life of the high
count pasteurized milk when exposed to stmospheriec tempere-
tures for hours in distribution, would make it very diffi-
cult to reohill or repesteurize the returned milk for redis-
tribution as fluid milk, The feesibility of marketing good
quality raw chilled milk deserves consideration under present

conditions.
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IRTRODUCTION

41k is of great value as protective focd. Besides
essential fatty end amino soids, it supplies all vitenmins
and minerals. Its value is further inereased in Indian diet
as milk is the only sourge of animal proteins for vegetarian
people. DBut, unfortunately, milk is not easily available to
majority of people because of short supply and high sale mprice.
The per capita consumption of milk and milk produets in India
is only 5.1 ounces per deay as against a minimum of 10,0 ounces
recommended by the National Mutrition Advisory Committee.
Beoause of non-availibility of animal proteine, malnutrition
hazsards develop in case of ohildren, adults and expectant
mothers. The solution of the problem lies in inoreasing milk
production and proper utilisation of milk produced.

Only about 40 per cent of total milk produced in the
country is consumed in fluid state. The remaining 60 per cent
is ponverted into milk rroducts. About 7 per cent of total
pilk produced is lost due to bmoterial spoilage every yeer. The
spoilage ocours due to contamination at each stage of produetion,
handling, processing and distribution. FMajor part of market
milk distributed by unorganiged sector is invariably adultrated.



Another festor that contributes greetly to spoilage is the
hot clinate of the country, If somehow the spoilage is
chegked or minimiged, the total cuantity of milk aveilable
for eonsumption would inoresse end more milk would be supp-
lied for fluid eonsumption.

The quality of market milk available for processing
to the dairies varies widely. 1M1k produced in orgenised
seotor under better husbandry practices is comparestively better
in quality, whereas the milk produged in villeges under unhy-
giniec conditions is of poor quelity. As such, the quality of
pastourized milk in the latter case is also bound to be poor.
lioreover, pasteurized milk hes to be boiled periodiecally to
inorecase its shelf life, becsuse of non-availibility of refri-
girators in most houscholds. With the inorease in atmospheric
tenperature, the basterial asotivity inereases. The milk
provides an excellent medium for bacterial growth and spoils
quiekly if not ecoled properly. A quiek echange in temperature
has retarding effeot on the growth and activity of baoteria.
Ae such, if the milk is ecllected immedistely after rreduction
and ehilled, its keeping quality can be considerably mrolonged.
If the ohilled raw milk has shelf life sufficiently longer so
as to reach gonsumers in good conditicn, it can be sold as raw
instead of pasteuriged milk which alse normelly needs boiling
when not stored in e refrigirator. Further, the sale price of
rew milk would be lower by cutting dowm the eost of progessing.



The present investigation was wndertaken to study
the initisl and storage quality of raw pasteuriged milk. By
the use of simple basteriological and chemical tests, the
initial quality of milk was determined. Thereafter the milk
was ohilled end stored at different temperztures and its shelf
life determined. A large number of samples of raw end paste-
urized milk were analysed. The results of the investigation
have been presented end dipoussed alongwith the findings of
other workers in the following chapters.



REVIEY OF LITERATURE

In view of shortage of milk, the problem of safe-
guaxrding it against spoilage hes assumed greater importance,
The wnhyginie conditions of milk production and hendling
eoupled with hot olimate of the coumtry ere two important
fogtors thet eontribute to the initial pooxr quality and sub-
sequent spoilage of milk in India, Considerable research work
has been done on the quality of raw end pesteuriged milk in
the foreizn countries. Standard Flate, Coliform and Psychrophilic
oounts and dye redustion, eclot-on~boiling and aeidity tests are
anong the methods eommonly employed to judge the quality of
milk,

The firet systematic examination of milk supply was
done in Boston by Sedgewieck end Batchelder (1892). The publie
health requirement made the baoteriologieal examinatiom a regular
prectice and in 1905, American Public¢c Health Assoeiation appeoin-
ted & Committee to standerdize the procedure for milk testing.
Acoording to a report of the New Jersey Agricoultural Experiment
staticn (1937-38), the keeping quality of high grade rew milk
at low temperatures was found to inorease when bottles were sealed
under reduced pressure beosuse of reduced rete of miltiplication



of baoteria. At higher temperatures, however, the keeping
quality wes deoreased oweing to growth of proteolytic beoteria.
Off-flavours except tallowyress were found to develop more
elowly then under normel eonditiona.

Shermen ot gl. (1938) found the keeping quality of
rasturized milk nt 0°C better then that of raw milk, They
reported destruetion of bacteria growing st lower temperature
and reduotion in total bacteriecl numbers in pesteurized milk.
Papuoe (1938) studied the keeping quality of rew and holder
pasteurized milk at room temperature and at 40°P, He deter-
mined the fat, acidity, beoterial ecount and flavour, every 3
hours for rcom temperature and daily for cold store samples.
Raw milk samples stored at room temperature were pasteurized
after 6, 9 and 12 hours storage and those stored at 40°F were
pasteurized after 24, 48, 72 and 96 hours. Pasteurized milk
ganples were repasteurized after 12,24, 36 and 48 hours. The
guthor reported that the raw milk kept wholesome at room tempe-
rature for 12-15 hours and at 40°F for 3-4 days. Pasteurisation
after 24-48 hours storage prolonged the keeping quality by 6-7
days. Pasteuriged milk at room temperature wes found to remain
wholesome for 20-24 hours. Repasteurization every 12 hours or
before the milk developed an acidity of 0.15 per cent inoreased
the keeping quality by 48-54 hours. At 40°F pasteurised nmilk

remained wholesome for 6-7 days.



Valenguda (1940) cbserved delayed bacterial deve-
lopuent as measured by reduetion of methyleme blue in milk
in whioh strips of copper end brass were immensed for seve-
ral hours immediately after milking. Sherman et sl. (1941)
found that good quality rew milk usually kept for about 4
weeks at 0°C whereas comparable pasteurized milk kept for
8~12 weeks. Inoculation of pasteurised milk with minute
emounts of raw milk deoremsed its.keeping quality. Anderson
(1941) disoussed the influence of sooling milk on the growth
of organisms, Nioholas and Anderson (1942) studied keeping
quality of pasteurized and rew milks at 40°F. They observed
that when left undisturbed, pasteurised milk did not show
signs of definite spoilage until 21-28 days. Similar milk
renmoved daily, shaken for 10 minutes and permitted to stand at
roon temperature for an hour before being returned to the refri-
girator, kept wholesome for 12-30 days. Raw milk samples with
initial plate count of 31000-39000 per ml spoiled in 4-7 days.
The quality of pesteurized and homoginized pastewriszed milk
after storage for 28 days was oonsidered equal to that of fresh
milk as judpged by standard plate ocount, tritrable acidity, fat
and solid content, taste, odour and appearence.

Provan end Rowlends (1941) reported a keeping quality

period of 2i-4 days for pasteurised milk in iddland ereas of
mMgland, De-Soriano (1946) found keeping quelity of eommereially



pasteurized milk at 25°C to be between 12-30 hours. Despite
thelr emsiderably large number in raw end eormereislly
rasteurized milk, Thomes and Ohendrasekher (1946) found no
peyohrophiles in laboratory pestewrised milk, They found
samples of A-ocategory by resasurin test with a keeping quality
of greater then 8 deys. FKennedy and Weiser (1950) foumd more
poyohrophilic becteria in raw then in pesteurized milk and
that storace at 10°C tended to increase their number. Frdmen
end Thorntoen (1951) found high psychrophilie count at 10°C

and 4.5°0 in lerger percentage of samples of rew winter milk
then summer milk. They conoluded that high peyehrophilic
~oount in pasteurized milk indicated poor plant sanitation.
Doetsch end Seott (1951) reviewed the problem of psyehrophilic

bagteria in milk,

Fatvig (1947) observed that the coliform orgsnisms
tended to be more frequent in the rew milk from dairies than
in those direct from farms. DBuchbinder and Alffedythe (1947)
found heat resistant eoliforms of no perticular significance

in pasteurized milk.

Cronshaw (1947) found pest-pasteurization contamination
responsible for reductim in keeping quality of commercially
pasteurized milk to a great extent. Acoording to Fgdell ot gl.
(19§9), Swartling (1953) end Thome et al. (1957) reduction in
shelf life of milk by 1{ - 6 days could occur es & result of



post-pasteurization gontamination. lMeykneoht et gl. (1956)
oould not improve the keeping guality of milk by HTST pasteu-
rization even when the temperature was raised to above 80°C.
Swartling (1953) chowed thet the plate count of milk before
end after lsboratory pasteurization bore no relation to
keeping quality (as judged by taste end smell) et 13°C and
18°C. The nature of the viable surviving bacteria was e
highly important fastor. Mmrrey (1953, 1954) reported that
spore forming beoteria proliferated rapidly in pesteurized
milk stored at 18°C, Off-flavours in the milk were generally
related to the sotivity of spore formers.

The effect of storage at varying temperstures on
the keeping quality and growth of mieroorganisms has been
studied by variocus workers. Trout et gl. (1953) stored pasteu-
rized homoginiged milk for 6 weeks without spoilage or with
slight defeet in flavour end taste of sueh milk. Agcording to
Dahlberg (1945) there was no increase in the total and eolifornm
cownte of milk upto 4 daye when stored at 35-40°P, As the
tomperature was raised inorease in the total and eocliform
ecounts wes noted earlier. Similarly, Witter gt al. (1959)
observed that the rate of growth of peyelrophites at SO0°F was

vroughly twice than thet st 40°F.

Anderson end Meenwell (1950) found thet addition of
1 per gent poor quality rew milk during bulking before pasteu-



rization reduged the keeping quality of commercially pesteu-
rised milk. Similar results were also obtained by Ashton
(1962), Reports from meny workers (Dehlberg, 1946; Bergwald
end Josephean, 1947, end Galesloot, 1953) have suggested
that the keeping quality is generally higher in winter months
then in summer end that mey be attributed to the higher rate
of post-pasteurisetion eontamination as well as inereased
rate of growth of miercorganisms.

Philliips (1946) studied the influence of conditions
of ¢old storage prior to distribution on the keeping quelity
of pasteurised milk, The milk after progessing was kept in
oold store. The ambient temperatures of cocld store ranged
from 50~-60°F at 4100 p.m, end 39° - 43°PFP at 7:00 a.m. the
following merring. Dupliocate bottles were also stored in a
labeoratory refrigiretor at 39-43°F, 3Both sets of samples
were then tested for keeping quality (C.C.B. end point) at
atmospherie temperature and at 18°C and also by the methylene
dlue reduction teat at 37°0 after preliminary storage for 24
hours at atmospherie temperature and at 18°C., Nane of the
refrigirated samples falled 4§ hour methylene dlue test after
gtorage for 24 hours at atmospberic temperature but cnly 34
per cent of the duplicate samples from the dairy cold stores
satisfied this standerd, Vhen stored at 18°C, 35 per cent
m”f,mmmdmbummnmmum
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hours but more of the refrigirated samples twrned sour upto
this time, Anderson ¢t al. (1947) observed that the keeping
quality of pasteurized milk tended to fall when the tempe-
rature et which rew milk wes collected rose above 15.5°C and
fell more markedly for colleetion temperatures of over 21°C.

Pahreson (1949) found no difference in the quality
of milk oolleoted from O-45 km, over 45 km end 60-70 ¥m
distance. The best quality milk wes eollected from suppliers
supplying 0-25 kg or over 200 kg and worst from producers
delivering between 50-100 kg. Veeme and Henderson (1949)
found pasteurized milk of good quality to keep well for 3-4 days
after delivery under reasonably cood eondition of home refri-
girator. Borger and Meyer (1954) reported that the quality of
pasteurized milk depended mainly on the quality of raw milk,
Similar results have been reported by Arima gt al. (1965) and
Franklin (1966).

Plommet (1956) studied the effect of domestie boiling,
as was the prevelent ocustom in France, on mioroflora and consti-~
tuents of milk, Since refrigirated storage of rew and pasteu-
riged milk 414 not cause significent changes in the free amino
aeid eontent, Btorgards and Linquist (1962) thought that this
was not o satisfastory measure of "degree of freshness" of
milk, Naxy (1966) reported that in freshly peckaged milk, less
than 10 grem negative organisms ceused spoilage in 14-21 days,
at 5°0 and in 8-12 hours enly at 52°C.
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¥illart and Sjostrom (1962) observed at pH 4.1 to
+7 cnly & weak tipolytic eotivity in milk pasteurized for
20 seconds at €0-70°C and no activity in milk pesteurized
at 73°C. ILight has also been known to affeot the keeping
quality of pasteurized milk, Stadhouders et gl. (1962)
fomd milk gontained in bottles which had no ascess to light,
i.8+4 drown bottles had inferior keeping quality then the
milk ocontained in the olearer bottles. It was indicated that
the milk was 2 poorer medium of laotic streptocerei in the
presence of light than in the dark.

Hyozo and Nakanishi (1965) studied the shelf life
of oommercially pasteurized milk at 56°, 25°C and in refri-
girator. All the milk samples heat treated at 75°C/15 minutes
curdled within 24 hours at 56°C whereas no vigible change was
observed in 24 hours in the majority of samples heat treated
at 130°0/2 gecond. All milks stored at 25°C showed visible
ohanges, curdling or mx ourdling end swelling within 24 hours
regardless of the prior heat treatment given. IHlk samples
gtored in refrigirator for 15 days showed no visible change.

In India very little work has been done on the
quality of market milk, Joshi (1916) etudied the quality of
merket milk in Bombay oity. The average baoterial count/ml of
milk varied from 8,981,000 to 19,767,000. Verma ot al. (1944)
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studied the bacteriological quality of merket milk obtained
from different sources in Bangalore.

A ecomperative study of eooling elone at 40°, 50°
end 60°F to a proscess of heating end than cooling to 40°F
in order to prolong the shelf life of milk was made by
Gunmery gt gl. (1950). They found that heating and then
eooling to 40°F doubled the marketable 1life of milk exposed
to atmospheriec temperatures at 74-98.6°F, Storage in insulated
containers inoreased the effectiveness 6f simple oooling more
than heating and gooling. Ageing milk before treatment
affected the efficiency of eooling more than that of pasteu-
rigation. M1k aged for 6 hours was more effeotively pasteuri-
ed by heating at 170°F/10 min then at 145°F/30 min, But
there was no difference between the two processes for fresh
milk or milk aged for 3 hours.

Few studies have been reported on mrocessing for
improving keeping quality of milk. Acocording to a report an
an ICAR sogheme (1959), keeping quality of milk at Anad was
15-20 hours at 30°C while at Bombay it ranged from 21-24 hr
at 28°C end from 16-19 hours at 37°C. It has been showm in
the seme repcort thet there was no improvement in the keeping
quality of HIST pasteurized milk heated beyond 74°0/16 sec,
although higher temperatures tended to reduce the number of
surviving miorofiocra. Similar observations have also been
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mde by Verme et m). (1959). Natrajen and Laxminersysna
(1962) found the keeping quality of milk elmost the seme

regerdless of reiming the pasteurisetion temperature to
more then 77°0,

The rate of spoilage of pasteurised milk stored
at different temperatures was determined by Thakre and
Sembudriped (1962). Acecording to these suthors keeping
quality of pasteurised milk gould be expressed by the
following formilas

2

Zt,.,)

Where Y is the keeping quality in hours at & tempe~-
mot, and X 4s the keeping quaAlity in hours of pasteuxri-
ged mlk stored at a temperature t.. This formla has been

found to be valid between the temperature ranging between
5°C and 33°C.



MATERIALS AND METHODS

Oollooticn, hendling and treatment of samples:

For the present investigation, 146 samples of
raw end 70 samples of pasteurised milk were examined.
Cf the rew milk samples 69 were obtained from the milk
produced at Rajasthan College of Agriculture Deiry Farm.
These samples were from herd bulk milk produced under
average sanitary ecnditions. COf the remaining samples,
41 were obtained from eity merket end 356 from the village
golleotion gentres of the Pilot !4lk Supply Scheme, Udaipur,
where the gonditimns of production and handling of the milk

were generally unhyginie.

Rew milk samples:

A1l rew milk samples from different sources were
gollected asoeptioally in olean sterile glass bottles end
gsooled promptly to 2°C in an ice-box to minimise further
mltiplication of basteria. The sanples immediately on
arrival at the laboratory were plated for the Standard Plate,
coliform end psyohrophiliec counts. Simultaneoulsy determi-
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nation of non-protein nitrogen, dye-reduction test and
80idity test were also performed.

Zosteurised milk samples:

0f the pasteurized milk samples obtained from
the Pilot M1k Supply Soheme, Udeipur, stendard plate,
eoliform end peyohrophile gounts, aeidity and non-protein
nitrogen were determined.

terio 1 examingtion © leg @

Standexrd plate gount: Standard methods agar
medium was used for determining total eount. The medium
wes prepered from Difeoc dehydrated ingradients as spegified
in the standard methods for the examination of Dairy Products
(1960), The plates were incubated at 32°C for 48+ 2 hours.

Mhrogyo bascterial sount: The procedure and

pediunm as used for the standard plate count were also used
for the determination of the psyohrophilie bacterial count
except that the plates were incubated at 5°C/7 days.

Coliform gounts Viclet Red Bile Agar was used for

the determination of ecliform cownt. Frechly prepared medium
#rom Difeo dehydrated ingradients with final pH of 7.410.1
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was used. The plates were ingubated at 35°C/20 hours.

The procedure as speoified in the stendard methods was
touﬂ'edo

The plates were serially arranged and numbered
asoording to the sarple examined. Appropriate dilutiocns
for the samples were seleoted end the samples diluted with
the objeotive of securing 30 to 300 calories per plate.
Usually dilutions of 10%, 10° end 10° were fomd eufficient
for the standard plate mnd pesyehrophilic counts, and of
10%, 10° and 10* for the eoliform cownt.

Duplicate pletes were prepared using 12-14 ml
medium for 9FC and psychrophilic count and 14-16 ml for
the eoliform count, using Quebee Colony Counter, the plates
were counted irmediately on expiry of the ineubation pericd.
The averages of the duplicate eounts were multiplied with
the times of dilutions used and the results reported as

gounts/ml.

Steriligation of gwaye and media:

All petri dishes, pipettes, sample bottles and
glassware used in this study were sterilised in a Hot Aiy
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Steriliser at 180°0/4 hour. Simlerly 21l weter blenke

end media were steriliged in en sutoclave st 121°C/15
minituesn.

In order to chesk sterility of glasoware end
dilution blenks respectively, the sontrolled plates with
and without dilutien water were also incubated after
pouring the media. To cheek the sterility of the media
used, 10 ml portion were taken in sterile test tubes and
ingubated at the required tempersture for the regquired
periods of time.

Cne~hour resasurin test:

The dye solution wes prepared as per procedure
of Chalmers (1955). One resagurin tadlet (B.D.H.) was
asceptioally tranaferred to the sterile amber glass bottle
and digsolved in 50 ml of eold sterile glass distilled
water, closed with a sorew eap and stored in e refrigirator.

After thorough shaking of samples 10 ml pertion
of milk was esoeptically transferred to eash standard,
lebelled, identified and stoppered test tube end pleced in
en doe-box (2°C); 1.0 ml of resasurin dye was edded with all

aggeptic measures. The milk end dye were mixed by gentle
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shalring, The tube was then placed in e thermostaticelly
eontrolled water bath maintained at 37°C + 0.5°C. After
one-hour of ingubation, the samples were removed from the
water bath, compared with a oolour standard and greded for
quality asgording to colour shades developed after the
ineubation period as recommended by Laxminarayana (1946).

Golour shade Orade
Blue, lilse and meuve A - (very good)
Pink, mauve end meuve pink B - (good)
Pink ¢ - (fair)
Oolourless D - (poor)

Chemioal examination of samples:

Acidity test: 10 ml portion of milk was drewn in
a porgelene dish adter thorough shaking amd diluted with
equel volume of 0C, free distilled water. The contents were
then titrated against N/10 NaCH ueing 1 per cent phenolph-
thlein as indicator to a persistant pink golour end point.
The agidity wes reported as per cent laetis acid.

0.0.Bs_test: The olot-on~boiling test was condu-
oted as per procedure of Ohalmers (1955). 2 ml of well
shaken milk sample wes drawn in a test tube end plaged in
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boiling water for 5 minutes. The test tube was then
removed from the water, titled gently end curdling or
elotting observed.

Non-Protein ni trogen:

The procedure as desoribed by Ling (1956) was
followed for NPN determination. 10 ml of well shaken milk
sanple wes taken in a 50 ml flask and preeipitated with
15 per centtrichlor-acetic scid upto the mark, The gontents
were filtered through Whatmen Fo, 40 filter paper and the
filterate oolleoted in a dry flask. 20 ml of the filterate
was transferred in a Kjeldahl flask and distilled with 75 ml
of 50 per eent WaOH using /10 H,S0, in the receiving
flagk., Methyl red wes used as indicestor. After completing
the distillation, the contents of the resceiving flask were
back-titrated egainst ¥/10 WaOH., ™™nd point reached when
indicetor turned yellew. The results were reported as per
gent nitrogen in the sample.

111 and of les:

The rew milk samples obtained in olean sterile
bottles were ohilled in two ways. Slow ehilling by keeping
in vefrigerator and instantenecus chilling by immersing and
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8getating in ohilled water tank. Semples of fresh milk
collected from dairy farm were ehilled after 1, 2 end 3
hours exposure et room temperature. Chilled semples were
then stored at 45°P, 72°F and room temperature. The shelf
1ife of ehilled milk samples stored at there temperatures
was determined by making 0.0.B. %est at the end of 3 hr
and omwards at 30 win intervals. Acidity was determined
for the C.C.B. positive samples. The ncnprotein nitrogen
of the sample portion whiech turned C.0.B. positive first
in the series of trestments given wes also determined.

Determining effeot of ambient temperatures on samples:

For shedy of ambient temperatures as a faotor
affecting quality of raw milk farm bulk milk was obtained
from the dairy farm of the Rajasthen Ocllege of Agriculture,
Udaipur. The shedy was made with speelsl reference to
gummer months where room temperature ordinerily expeeds
30°C, The milk was exposed to identiecal temperatures as
in summey in 1, 2 and 4 litres containers for 1, 2 and 3
hour s is the praotice at eolleoction gentres of daries,
in order to sctudy the effect on the quality of raw milk.
Temperature drop/ rise was recorded at the end of 1, 2 and
S hour in each eonteiner. Vith every record of temperature
samples from containers were drawn in clean sterile bottles
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whioch were slowly/instanteneously ehilled and stored at
45°, 72° and 90°F. The shelf life was determined by
making C.0.B. and apidity tests. Oontainers rade of brass,
aluminiun and elay were used in this study as used by
producers supplying milk 0 oentres. The raw ohilled
samples wore alsc organoleptically tested before conduot-
ing 0.0.B, test.



RESULTS

uation of quality of raw milk:

For evaluating the quality of raw milk, 146 samples
oollected from three different sources, were examined. The
chemioal end bacterial tests included the ocme-hour resesurin
test, the stendard plate, eoliform and the psyehrophilie
baoterial counts and determination of agidity and non-protein
nitrogen.

Ongﬁ_ur__ resazurin test:

The data on the quality of raw milk as judged by
the onc-hour resasurin test are rresented in Table I. The
quality of farm nmilk was found to be better than the village
end market milk,

TABLE 1

Tvaluation of quality of 146 samples of raw milk by one-~hour
resasurin test (yide Appendix-I)

No. (per cent) of samples in grade

Source of No. of v,
milk samples  ,ooq 00 Fair Poor
Dairy Ferm 69 7(10.1) 50(72.4) 11(15.9) 1(1.4)

Rural eolle~ g 8. 16 . .
eticn osutres 0 1(2.7)  3(8.3) (44.4) 16(44.4)

Oity market

———

46  11(26.8) 3(7.3) 12(29.2) 15(36.5)

PSRN
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Bagterial gounts:

The bactericlogioal quality of the rew milk
sanples was evaluated by determining the standard plate,
eoliform and peychrophilie esounts. The results are
presented in Table 1T,

TABLE II

Averages and variations of beoteriasl eounts in 14€ samples
of raw milk (yide Appendix-II)

Fo. of Standard Coliform Psychrophilie

Source of milk samples plate comnt/ml ocount/ml
_ count/ml
Dairy Farm 69
P 85000000 550000 100000000
Minimom 100000 100 170000
Average 5700000 32000 9740000
Rural Oolleotion
Centres 36
P 500000000 1000000 1000000000
or— 100000 10 900000
Average 117000000 130000 105000000
City larket 4
e p— 290000000 4400000 1000000000
T 10000 10 25000

Average 23000000 435000 135000000
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The bacterial counts of the milk scmples were
very high, especially in the rural collesction and oity
market milk. There were wide variations in eownts of
individual samples of milk from all three sources.

Acidity and non-protein nitrogen:

The chemie:=1l tests used for determining the quality
(fresinecs) of raw milk ineluded the determination of
e0idity and non-protein nitrogen of sanpleé. The results
are presented in Table III.

TABLE III

Agidity and non-protein nitrogen content of 146 semples of
row milk (Appendix-III)

Source of No. of Percentage lMg non-protein nitrogen/

milk samples aoidity 100 g milk
Dairy Farm 69 0,119 17
e e, ¥ 0,103 10
Oity darket 41 0.077 7

v

The actdity in the market samples of milk was found
¢0 be vary low as was the nonprotein nitrogen content of milk

from that sourve.
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Eveluation of quality of pesteurized milks

Por evaluating the gquality of the pasteurized
milk, 70 samples received from the Pilot M1k Supply Secheme
were examined, Baoterial ocounts and aeidity end non-
yrotein nitrogen determinations were made on all samples.

\1-1]

For evaluating the bacteriological quality of
pesteurized nilk, standard plate, coliform and psyolrophilie
ocounts were determined. The results are surmerised in
Table IV.

TABLE IV

Averages and variations of bacterisl counts in 70 samples of
pasteuriged milk (yide Appendix IV)

S

Standard plate Coliform Peyehrophilie

R

Particulars count/ml count/ml count/ml
mm 3 .wo ,000 86 .000 550 9000
Minimm 15,000 1 10,000
Average 879,000 2%,600 96,900

g R a

»

From the results presented in Taeble IV, it is
glear that the quality of pasteurised milk used in the study

Was very poor.
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Asidity end non-protein nitrogen:

The chemical tests used for evaluating the
quality of pasteuriszed milk ingluded the determination
of soidity end non-protein nitrogen of samples. The
results ere presented in Table V.

TABLE V

Average aoidity and nm-protein nitrogen contents of 70
sanples of pesteurised milk (yide Appendix V)

Peroentage acidity ¥g non-pretein N/100 g milk

0.088 12

P

Both the 20idity end the non-protein nitrogen
oontents of the pasteurized milk samples were quite low,
suggesting that there was no detexrioration in the freshly

Type and size of gontainers: The effect of exposure

of milk o ambient temperatures (90-97°F) in metal end olay
gontainers of varying sises was ctudied with fresh farm milk,
The aversge temperature drop as noted in the study is presen-
ted in Table VI.
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TABLE VI
Averesge temperature drop (°F) in milk gtored at room

temperature in metal and elay containers of different
sizes (yide Appendix-VI)

s e SRS

Time of Metal

exposure/ Drase Alvminiun Clay
Size (iitre) 1 2 4 1 2 & 1 2 4
(bkr)

3.3 441 4 2.7 5.3 3.0 3.4 4.0 3.0
6.3 6,0 8 8.5 6.0 3.0 7.5 6.3 4.8
3 10.0 9.0 10 6.2 9.5 2,7 7.6 6.0 10.8

The temperature drop was found to be gradual
maxisum semperature drop was reeorded after 3 hours. In
btroass oontainers the tenmperature Grop was the maxzimunmy

Slow instan ohillings

After reoording the temperature of milk in diff-
erent ocontainers, samplee were drawn to deternine the keeping
quality of feesh end exposed samples at ambient temperatures
for 1, 2 end 3 hours followed by slow and instantaneous
ohilling and storage at 45° and TO0°F was determined by using
the 0.0.B, test, The results m shelf life of the differently
traated milk sawples are presented in Table VII,
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TABLE VII

Average chelf life of ohilled samples of raw milk exposed
to ambient temperatures for 1-3 hours (yide Appendix-VII)

R Gansad

Time of ambient Ohelf life (hr) and aecidity percentage

exposure / - of milk stored at
Treatnent B ¥
Slowly Instantanecusly Slowly Instant-
ochilled chilled chillcd aneously
chilled

(hr)

0 24,0 26,0 18.1 16.5
(0.18) (0.15) (0.17) (0.18)

1 19.1 21.6 15.2 16.8
(0.17) (0.16) (0.17) (0.18)

2 17.1 18,9 13.7 14.7
(0.18) (0.17) (0.16) (0.18)

3 12.1 15.2 12.9 13.7
(0.17) (0.17) (0.17) (0.17)

From the results mresented in Table VII, the
following observations could be made:

The instantaneously chilled samples of raw milk
were found to keep longer than the slowly chilled. Exposure
to ambient temperatures considerably redused the shelf life
of milk, !@st samples became C.0.B. positive at an aversge
aoidity of 0.17 per cent,.



Besides determining the shelf life of ferm milk,
shelf life of market and @ollection oentre milk semples
wae elso determined. The average shelf life of ecolleotion
centres and oity market samples after instantaneocus
chilling has been given in Table VIII,

TABLE VIII

Average shelf life of gollecticn gentre and city market
samples of instantaneocusly ehilled raw milk (vide Appendix~VIII)

A

Shelf life (hr) at

Source of milk

= 45°F 70°F
Rural golleotion :

City larket 12.6 4.1

The shelf life of ¢ity market milk weae ocomparatively
shorter than the rurel eoclleotion centre milk.

Evaluation of sghelf life of pasteurised milks

The keeping quality of samples of pasteurised end
bottled milk stored at 45°, T2°F and room terperature was

determined as presented in Teble IX.



TABLE IX

Shelf life of pasteurized end bottled milk at different
temperatures (yide Appendix-IX)

Beandie i

Shelf life (hr) at

AR e s

Particulers -

45°P T70°F Room temperature
Maximum 75 23 1"
Minimum 62 17 6
Average 68 19

Sssem RE A de o

The initial quality and the temperature of
storage affected the shelf life of the samples of
pasteurized nmilk,



DISCUSSION

Evaluation of quality of raw milk:

For efficient processing of fluid milk, it is
essential to evaluate the quality of rew milk on receipt
at the deiry. C.0.B. test is inveriably made to accept
or reject a patron's milk at the counter of milk plants.
Other tests that may be made to determine the quality of
milk are the cne-hour resasurin test, standerd plate,
ecoliform and psychrophilie bacterial counts and the
determination of agidity and non-protein nitrogen.

One-hour resasurin test:

In the present investigation 146 raw milk samples
oollected from three different sources were graded by one-hr
resasurin test. The raw milk samples produged under clean
conditions at the Rajasthan Oollege of Agriculture Dairy
Farm were graded as: very good (10.1 per cent), good (72.4
per gent), fair (15.9 per cent) and poor (1.4 per cent).
Colleotion centre and oity market samples were mostly found
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%o fall in poor eatagory. Only 2,7 and 8.3 per cent samples
of rural gollesction genter rilk were found to be of very
good and good quality respeotively while 44.4 per cent
samples gome under each of the fair and poor catagories.

Of the oity market samples, 26,8 per cent were greded very
good, 7.5 per cent good, 29.2 per cent fair end %6.5 per
eent poor.

The grading was done according tc standards given
by Lexminarayan (1946). Verma (1949) end Laxminararana and
Iya (1954) have also suggested tentative standards for grading
Indian milks. According to these authors, setisfactory milk
should not show pink or golourless shade in ocne-hour resasurin
test and should have S0 of less than 1,000,000/ml.

Baoterial eounts:

The standard plate, caliform and psychrophiliec
counts were found to vary oonsiderably. The average bascterial
ocontent of farm milk was 5,700,000/ml, with a range of
100,000 - 85,000,000/ml. Tn rural eolleetion centre milk the
range was from 100,000 - 500,000,000/ml with average eount of
117,000,000/m1, end in market semples the veriation was from
10,000 - 290,000,000/ml. Thus majority of samples fyim rural
centres and oity market were found to be of unsatisfactory
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grede acoording to tentative standarde suggested by
Laxminarayena end Iya (1954)., In Cairo (Egypt), Sadek

and Hamed (1957) olameified the milk into 3 gradees good,
average and poor, with respective SP0 of less than 1000,000/
ml, 1000,000 - 10,000,000/ml end above 10,000,000/ml.

Thomas gt al. (1948) olasgeified the samples intoc A, B, C
grades with respective counts of less than 200,000/ml,
210,000 - 1,000,000/ml and atove 1,000,000/ml. Naik (1950)
suggented the adoption of seandinarian standards for grading
milks as menioned below:

Counts/ml Grade of milk
Below 500,000 Olass I good
4,000,000 -~ 20,000,000 Class III TPoor
Above 20,000,000 Class IV Very poor

For caliform count, Verma (1949) suggested a
gtandard of 10,000/ml for village milk. In the present
investigation the ¢oliform gounts varied from 100 - 550,000/
nl with an average of 32,000/ml for ferm milk, 10 - 1,000,000
with an average of 1,30,000/ml for eollection centres milk
and 10-4,400,000 with an average of 430,000/ml in market milk,
Thus eoliform ineidence was high in farm milk and very high
in oolleotion gentres and city market milk, Complate absence
of goliform baoteria in farm produced raw milk as reported by
Abd-el-}alik and Kirdany (1954), Thomes (1955) and Singh



(1964) was not found to eomply with the results of the
present investigation. High coliform counts in village
colleoticn gentre and market milk were attributed to
unhyginie eonditions of born end animal end improper
sterilization of utensils. Under hyginic and well orga-
nized oonditions at IARI, Pusa, the milk was found to
gontain less then 10,000 baocterial/ml even during summer
when the omtamination wes highest (7alton, 1925, 19273
Sei-rep, 1931-32),

The average e¢oliform count of 130,000/ml in
gollection centre milk did not compare well with the averages
reported by other workers for village milk in India (10,000/
ml - Gopalkrishna end Iaxminarayana, 1949).

The incidence of psychrophilic baoteria was also
very high in the raw milk samples from all three sources.
The psyshrophiles ranged from 170,000 - 100,000,000/ml in
forn milk, 900,000 - 1,000,000,000/ml in village collection
gcentre milk and 25,000 - 1,000,000,000/ml in city merket
milk. The averages were 9,600,000; 94,000,000 and 135,000,000
per ml respectively. This unusually large number of psyechro-
philies may be oonsidered to dbe from poorly steriligzed

utensils used for handling milk,
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Jeyashanker (1962) reported that psychrophilie
counts were found to be very low for farm milk end very
high for village milk. La Grange and Nelson (1961) found
26.5 per oent of raw milk saemples to contain more then
1,000,000 pasyehrophiles/ril. Thomas gt gl. (1949) reported
that 57.8 per cent of samples of raw milk had counts between
1,000 end 10,000,000/ml while 16,8 per cent contained lese
than, 1,000,000/ml they emeluded that poorly sterilized
utensils on farm were found to be source of pesyehrophilic
bacteria. The high bacterial eoumt was due to wnhygienic
conditions of milk, produstion, rrobeble adultration with
unelean water in merket milk, end prolonged holding of milk
at high atmospherio temperature at the collection centres.

A¢idity and non-protein nitrogen:

The average aoidity in farm, collection centre and
market milk semples were 0,119, 0,103 end 0.077 per cent
respeotively. The farm milk had apidity near the normal
(0.125 per cent, Jennes and Patton, 1959) while it was lower
in village oollection centre milk end much lower in market
rmilk. This was probably due to adultration with water which

considerably reduced agidity in market milk,

The average non-protein nitrogen content was algo
found to be rmuch lower them the normal eontent of 23,0 mg/
100 gn (Jennes and Patton, 1959). The average NPN gontent
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was found to be 17, 10 and 7 mg respestively in farm, rural
oolleotion centres and market milk.

Evaluation of quelity of pesteurized milk:

The quality of pesteuriged milk of the samples
used in the yresent study as revealed by the standard
plate, coliform and psyohrophiliec counts did not eonform
to the standards presoribed by the U.S. 41k Ordinance and
Code (1953). The presence of large number of goliform and
paychrophilic organisms in samples used in present study
indicated post-pasturization oontamination and poor plant
saniation. The coliform baoteria did not confirm American
end British standards of less than 10/ml in pasteurized milk,
The psyohrophiliec counts did not confirm to these to those
reported by other workers (Thomas and Chandrasakher, 1946,
and Kennedy end Weiser, 1959).

Chemioal tests:

The average aeidity and non-protein nitrogen eon-
tents were found to be 0.088 per cent and 12 mg/100 gm milk,
It was observed that heating of milk reduced agidity, while
the NTN gcontent remsined unaffeoted.
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E of ambient ture e on of

Type of eontainer: The temperature drop recorded
in wilk in gontainers of brass, eluminium snd clay after
1y 2 end 5 hours was found to be gradual. In brass conta-
iners of all three sizes, the temperature drop wes the
maximum, Algo after 3 hours exposure maximum temperature
drop was recorded. However, the variaticn was not so great
in metal and elay oontainers. The ambient temperature
exposure was found to be an important factor in affeoting

temperature and quality of milk,

Slow and instanteneous ehilling:

The raw nilk, fresh and exposed, was stored for
Judging the keeping quality at 45° and TO°F after slow and
instantanecus chilling. The shelf life was found to be mexirun
for fresh, instantaneously ohilled rew milk and minium for the
gamples exposed at ambient temperatures for 3 hours. As
gshown in the results, the keeping quality of slowly chilled
samples held at 40°F after ambient temperature exposed for
0, 1, 2 end 3 hours was 24, 19,1, 17.1 and 12,1 hr, respe~-
otively. In ease of the instentaneously ehilled milk it
was 26, 21.6, 18.9 and 15.2 hr, respectively. The average
acidity at 0.0.B. end point was found to vary from 0.15 to



0.18 per oent with most samples ocurdling at an aeverage
apidity of 0,17 per cent.

The shelf life was reduced ccnsiderably at 70°F.
At this temperature, the difference in average shelf life
of slowly and imsteatensously chilled milk wes found to be
omall, ¢+ to 1} hr, Fresh, instantanccusly onilled row
milk hod shelf lifs shorter $han slowly ohlllisd milk at
T0°F. Instantaneously ohilled yural oclleetion centres
and g¢ity mavket milk sampies had a ehelf life of 16,7 and
176 hr at 45°F, end of T+C end 4.1 hr at 70°F respectively.

Clot=on~boiling test was used as the test indi-
oating shelf life. Acidity was determined of OCB positive
samples, The average NTFN gontent of some of the samples
which were firct to become OCE pogitive was found to be
14,2 mg ond 14.4 mg respeotively for skowly end instantaneously
chilled milke.

It waa found that the keeping quality of raw
chilled nilk samples waa 2«3 times lese than pasteurised
milk sasmples stored at low temperaturece. Ao the temperature
was raised the keeping quality was reduced. The result were
slidler to those repozted by Hiecholas and Anderson (1942),
swortling (1953), Alexender gt al. (1953) and Ellingsen(1961)
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for pasteuriged milk, Cumney ot gl. (1950) found a process
of heating and then eooling to 40°F better than cooling
alone at 40°, 50° gnd 60°F for milks exposed to atmospheriec
temperature from 74-98.6°F, The forme process was reported
to double the marketable life of row milk.

Evaluation of ghelf 1ife of pasteurized milk:

The keeping quality of pesteurized milk stored at
45°, T0°F and at room temperature did not exceed 75,
2% end 11 hr respeotively. lMinimum storage 1ife of 62, 17
end 6 hr respectively was attributed to poor plant sanitation
which ultinately affected the banoteriologiesl quality of
pasteurizes milk., The average shelf life was 69, 15 end 9 hr
respeotively. Shelf life at 45°F was found to be almost
eimilar to that obtained by Veese and Handerson (1949). They
reported a keeping quality of 5-4 days in home refrigirator.
The pasteurized milk was reported to undergo spoilage within
12-20 hr at atmospherie temperatures (30-37°C) by Iya (1964).
The reduction in keeping quality of commereially pasteurized
milk was reported to be related to goliform gount (Piraux
et al., 1953). Post-pasteurization contemination was oonei-
dered more important then original flora of milk in determing
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keeping quality of eommercially pesteurized milk (Meylmett
and Dam, 1957; Storgards, 1958; Cronshew, 1947). Reduection
in the keeping quality time between 1% to 6 days has been
reported to ocsour as & result of post-pasteurization
oontamination (Pgdell, gt gl., 1949; Swartling, 1953 end
Thome gt al., 1957).



SUMIMARY AND CONCLUSION

With e view to assess the feasibility of marketing
rew chilled milk, instead of pasteurised milk, 146 samples
of raw nilk obtained from divergent sources - organised
dairy farm, rural collection centres of processing plant
and oity market-were examined. The effect of ambient tem-
perature exposure of rew milk ohilled slowly and instanta-
neously for 1, 2 and 3 hr on its shelf life at 45° and 70°F
was determined, The shelf life for the ambient temperature
exposed (0, 1, 2 end 3 hr) and slowly chilled rew rilk was
24.0, 19,1, 17.1 and 12,1 hr at 45°F, and 18.1, 15.2, 13.7
ang 12.9 hr at 70°F. TFor instantaneocusly shilled milk it
was 26,0, 21.6, 18,9 and 15.2 hr at 45°F @nd 16.5, 16.8,
14.7 and 13,7 hr at 70°P. The shelf life of 21 samples of
pasteurised bottled milk was also evaluated at 45°, TO0°F and
room temperature. These samples were analysed for the ane~hr
resagurin test, standard plate, coliform and psyohrophilic
ocounts and acidity and non-protein nitrogen contents.

The procedures desoribed in the standard methods
for the examination of dairy products (1960), Chalmers (1955)



and Ling (1957) were followed with slight changes as
mentioned in the chapter om Materiels end Methods of
this manuseript.

According to the one-hr resasurin test, 82.7

per oent samples of dairy farm, 11.2 per cent samples

of rural collection centres and 34.3 per cent semples

of the oity market milk were found satisfectory. A

very high ingidence of ecliform end psyohrophilic beesterias
wes also observed in rural golleotion centre and eity
moerket milk, The 2eidity and non-protein nitrogen oontents
of the raw milk used in this study were found to be normal

to below normal.

®he quality of pasteurised milk as Judged by
bacterial counts was found to be poor. The acidity and
the non-protein nitrogen eontent of the pesteurised milk

were also quite low.

The shelf life of pasteurized bottled milk at
45°F, 70°F and room temperature was found to be 68, 19

and 9 hr respectively.

From the results of the pregsent study it may be
conoluded that because of the unhyginiec conditione of the



milk production in villages end the high temperature
holding, the quality of both rew and pesteurized milk
vas very poor. The shelf life of the high count pas-
teurized nilk was elso found to be eonsiderably shorter
to enable the returned milk to be rechilled or repes-
teurized for redistribution as fluid milk., Singce the
rew wilk exposed to ambient temperatures for 0-3 hr
eculd be held for a reascnably long period after slow
or ingtentaneous chilling, the findings of the present
study suggest the possibility of marketing good ~uality
rew ¢hilled milk without pasteurization.
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APPENDIX-I

Evaluation of quality of 146 samples of raw milk by

one~hour resasurin test

Sample Ho. Colour shade Sample No., Colour shade
1 Pink 3 lisuve
2 Pink meuve 32 Pink mauve
3 Pink mauve 33 Pink mauve
4 Pink mauve 34 Pink mauve
5 Pink mauve 35 Pink mauve
6 Pink meuve 36 Pink mauve
7 Pink masuve 37 Pink mauve
8 Pink mauve 38 Pink mauve
9 Pink mauve 39 Pink mauve
10 Pink meuve 40 Mamve pink
11 Pink mguve 41 Pink meuve
12 Pink mauve 42 Pink
13 Pink mauve 43 Pink
14 Pink mauve 44 Pink
15 Pink mauve 45 Pink
16 Mauve 46 Pink mauve
17 Pink mauve 47 Pink meuve
18 Pink meuve 48 Pink mauve
19 Rixk mauve 49 Pink meuve
20 Imuve 50 Pink mauve
21 Pink mauve 51 Pink mauve
22 Pink mauve 52 Pirk mauve
23 Pink mauve 53 Pink mauve
24 Pink mauve 54 Pink mauve
25 Hauve 55 Pink mauve
26 Mouve 56 Pink mauve
27 lauve 57 Pink mauve
28 Pink 58 Pink meuve
29 Pink mauve 59 Pink
30 Pink 60 Pink

Contdeces (11)



e et s

(11)

Sample No. . Ooi;?: a!;d‘a: S:uple Wo. Colour shade
o1 lMauve pink 66 lsuve pink
62 Pink 67 lMauve pink
63 Pink 68 Pink
64 Pink 69 Colourless
€5 Pink

Rural colleotion centres:

1 Pink 19 Pink
2 Colourless 20 Pink
3 Pini 21 Pink
4 Colourless 22 Pink
5 Pink 23 Pink
6 Colourless 24 Colourless
7 Colourless 25 Colourless
8 Pink 26 Pink
9 Colourless 2% Pink
10 Colourless 28 Pink
1 Colourless 29 Pink mauve
12 Colourless 30 Pink
13 Colourless 31 Pink meuve
14 Colourlens 32 Pink
156 Colourless b Hauve
16 Colourless 34 Pink
17 Colourless 23 Pink masuve
18 Pink 36 Colourless
Morket ess
1 Colourless 6 Colourless
2 Pink 7 Celourless
3 Pink 8 Colourless
4 Mouve pink 9 Pink
5 Pink mouve 10 Pink

serece

Oontd.... (111)



(111)

Semple Fo,  Oolour shade Sample No,  Oolour shade
11 Pink 27 Colourlese
12 Pink 28 Colourless
13 Pink mauve 29 Oclourless
14 Pink 30 Colourless
15 Colourless b1 Blue
16 Golourless 32 Blue
17 Pink 33 Blue
18 Colourless 54 Blue
19 Pink 35 Blue
20 Pink 56 Blue
21 Pink 3 Blue
22 Pink 38 Blue
2% Colourless 39 Blue
24 Colourless 40 Blue
25 Colourless 41 Blue

26 Colourless




Bagterial gounts in 146 samples of raw milk

APPERDIX-II1

(iv)

Sample Fo. SPO/ml C.C./ml PBC/ml
Parm millk:

1 350,000 130 760,000

2 2%0,000 150 2,000,000

3 280,000 140 2,200,000

4 250,000 3,000 410,000

5 280,000 2,500 1,900,000

6 160,000 4,300 950,000

7 540,000 2,700 380,000

8 260,000 3,000 170,000

9 380,000 3,100 1,480,000
10 4,100,000 160,000 10,000,000
11 3 400,000 10,000 10,000,000
12 5,000,000 6,700 10,000,000
13 3,200,000 4,500 10,000,000
14 2,500,000 15,000 8,400,000
15 34000,000 1,500 11,000,000
16 5,600,000 1,600 790,000
17 240,000 2,500 780,000
18 $90,000 4,600 4,700,000
19 570,000 1,700 6,000,000
20 3,100,000 6,800 2,900,000
21 1,800,000 54500 57,000,000
22 9%0,000 150,000 100,000,000
23 1,300,000 470,000 100,000,000
24 680,000 140,000 48,000,000
25 1,700,000 100 440,000
26 2,100,000 100 600,000
27 1,700,000 100 2,800,000
28 2,200,000 65,000 920,000
29 1,400,000 80,000 380,000
%0 1,600,000 47,000 3,400,009




f::plo Ho. SP0/ml 0C/ml PBO/ml
31 3,800,000 15,000 3,400,000
32 6,200,000 5,100 5,800,000
33 %,100,000 1,100 2,600,000
34 4,400,000 20,000 5,000,000
35 6,300,000 1,100 10,000,000
36 14,000,000 550,000 16,000,000
37 3,300,000 4,200 4,000,000
38 4,300,000 3,100 6,100,000
39 1,900,000 900 2,600,000
40 35700,000 140,000 1,000,000
41 34900,000 3,000 5,000,000
42 5,100,000 38,000 4,300,000
43 810,000 2,500 610,000
44 540,000 54900 340,000
45 19,000,000 12,000 5,600,000
46 10,000,000 1,200 41,000,000
47 3,400,000 1,800 1,800,000
48 2,000,000 1,000 1,400,000
49 2,900,000 25,000 3,800,000
50 6,200,000 16,000 1,100,000
51 5,400,000 4,000 12,000,000
52 2,10,0000 3,200 590,000
53 2,800,000 5,700 1,100,000
54 5,200,000 800 1,700,000
55 100,000 1,200 540,000
56 2,300,000 1,000 420,000
57 S'OOO'M 1,000 39500 ,000
58 17,000,000 12,000 3,400,000
59 82,000,000 48,000 9,800,000
60 85,000,000 39,000 16,000,000
61 % ,800,000 15,000 20,000,000
62 5,900,000 4,500 305000,000
63 8,800,000 2,800 24,000,000
64 3,300,000 4,400 4,500,000
€5 4,700,000 5,300 4,000,000
66 2,100,000 6,200 4,000,000
67 2,500,000 4,800 5,800,000
68 3,100.000 5,700 7+300,000
69 7’200.000 5,700 9,900,000
Average 5,700,000 32,000 9,710,000




(vi)

i?pl. No. SPC/ml CC/ml PBC/ml
Rurel oolleetion oentre:
1 18,000,000 220,000 1%0,000,000
2 8,100,000 320,000 35,000,000
3 18,000,000 800 2,800,000
4 13,000,000 90,000 34600,000
5 12,000,000 11,000 1,900,000
65 29.000 .000 6'200 55,000.000
7 77,000,000 34700 Ao
8 900,000 10 2,600,000
9 500,000,000 1,700 20,000,000
10 500,000,000 1,300 1,900,000
11" 500,000,000 3,000 2,100,000
12 500,000,000 500 2,400,000
13 500,000.000 9.500 8$500!000
14 - 4,900,000 4,500 4,200,000
15 26,000,000 92,000 13,000,000
16 7,200,000 5,100 6,400,000
17 100,000,000 1,4000 65,000,000
18 2,700,000 2,400 1,500,000
19 500,000,000 32,000 500,000
20 5,100,000 7,700 900,000
21 500,000,000 6,500 2%,000,000
22 18,000,000 1,000,000 1,000,000,0C0
25 43,000,000 1,000,000 1,000,000,000
24 12,000,000 400,000 400,000,000
25 6,500,000 170,000 28,000,000
26 9’300 lmo 1 .500 17.000 .000
o7 120,000,000 100,000 500,000,000
28 85,000,000 IR¢,000 120,000,000
29 47,000,000 800,000 180,000,000
50 29.000.000 203m ’7.000.&()
" 6,000,000 11,000 24,000,000
32 34000,000 10 15,000,000
33 100,000 7500 15,000,000
34 4.’& .OOO 22 .000 20.000 ,000
35 "100.000 160,000 22,&0.@
36 100,000 10 97,000,000
om0 T30 o5 0300




BRI S e A et

(vid)

Sample No. SPC/mL 00/ml PBC/ml
(0000) (000)
01‘&! market:
1 120 250,000 240,000
2 20 12,000 90,000
3 130 8,000 180,000
4 1200 10 240,000
5 480 110,000 360,000
6 1600 4,400,000 230,000
7 3400 100 130,000
8 1400 4,000,000 1,000,000
9 1040 54800,000 1,50,000
10 850 100 89,000
11" 80 54 ,000 56,000
12 300 87,000 84,000
13 600 29,000 78,000
14 550 98,000 96,000
15 240 480,000 199,000
16 €00 680,000 43,000
17 1500 92,000 69,000
18 160 7,000 40,000
19 180 440,000 300,000
20 900 180,000 58,000
21 550 3,000,000 75,000
22 490 . 19,000 46,000
o3 29000 22,000 130,000
25 11000 29,000 49,000
26 2800 6,000 52,000
27 20000 8,000 150,000
28 2500 . 2,000 19,000
29 1 5,000 42,000
’o 800 2.&0 31.000

eontd....(viil)



(viis)

R s

Sample No,. 870/ C0/m1 PBC/ml
(0000) (000)

31 28 460 13
32 22 380 220
35 300 790 120
34 $00 1,000 220
35 14 1,100 25
36 52 360 2350
37 17 %4200 250
38 15 1,400 £3110
30 >4 1,500 760
40 17 1,800 e50
41 50 540 3,100

Average 2,300 435,600 135,000




(1x)

APPENDIX=-IIIX
Aoidity and non-protein nitrogen gontent of 146 samples
—_— of raw nmilk
e T T E MR teww T
Delry farm:
1 0.13 12 31 0.12 13
2 0.1% 16 32 0.13 12
3 0,13 12 o3 0.12 13
4 0.1% 12 34 0.10 13
5 0.12 16 35 0.11 13
6 0.11 16 36 0.10 13
7 0.11 15 37 0.10 13
8 0.13 16 38 0.10 9
9 0.10 13 39 0.11 15
10 0.10 15 40 0.13 19
1" 0.11 16 41 0.12 12
12 0.10 16 42 0.15 12
13 0.12 16 43 0.12 1
14 0.12 19 44 0.12 9
15 0.12 23 45 0.13 1
16 0.12 16 46 0.11 8
17 0.12 19 47 0.12 12
18 0.12 20 48 0.11 19
19 0.12 12 49 0.12 9
20 0.14 13 50 0.12 5
21 0.1% 16 51 0.11 15
22 0.1 16 52 0.10 5
23 0.11 19 53 0.11 19
24 0.11 15 54 0.11 8
25 0,12 13 55 Ot 13
26 0.12 19 56 0.12 19
27 0.12 13 57 0.12 15
28 0.13 12 58 0.12 33
%0 0.15 15 60 0.14 33

l



(x)

R 2 A RS e s o R ot
Yo. % mu'y gg en Ho. % “mv ;"g gn
61 0.12 27 66 0.12 1
62 0414 12 €7 0,13 12
63 0.14 36 £8 0.12 12
64 0.1% 13 €2 0.12 13
- 6% 0.14 12
Average for 62 samples 0,118 17
Golleotion gentrep:
1 0.08 1 19 0.12 &
- 2 0.1 15 20 0.13% 13
3 0.08 9 21 0.10 8
4 0.,10 8 22 0.09 6
5 0.11 1. 23 Q.11 6
6 0.12 8 24 .09 6
7 0.12 1 25 0.08 6
8 0.09 11 26 0.10 9
9 0.10 12 27 O.11 11
10 0.13 13 28 0.09 8
1" 0.12 13 29 O.11 1"
12 0,12 16 30 0.10 S
13 0.10 16 b 0.08 6
14 0.08 15 32 0.12 15
15 0,09 13 33 0.11 13
16 0.11 8 54 0.08 16
17 0.12 9 35 0.09 15
18 0.12 1 36 0.12 13
Average for 36 samples 0,103 10




(x1)

Seple g aeiatty oo 08/ Samile g ggygi4y NV DG/

No. 100 gm Fo. 100 gn
1 0.06 6 21 0.¢5 6
2 0.07 6 22 0.06 4
5 0,06 8 23 0.06 4
4 0.11 1 24 0.05 1
5 0,10 11 25 0,07 4
6 0.12 13 26 0.05 1
7 0.11 12 27 0,07 5
8 0.08 9 28 0.05 4
9 0.09 9 29 0.05 4
10 0.10 1 50 0.06 1
1 0.07 8 n 0,05 1
12 0.09 8 32 0,06 8
13 0.10 1 33 0.07 b
14 0.10 5 54 0.06 6
15 0.05 1 35 0.05 9
16 0.1% 1 36 0.06 9
17 0,12 5 37 0.07 9

18 0.08 1 38 0.05 1n
19 C.11 1 39 0.05% 1"

20 C.11 1 40 0.07 6

41 0.05 12
Average for 41 samples 0,077 7

TSt S S R et
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APPENDIX-IY
Bacterin) gommts in 70 saumples of pesteurised milk

W ot

Sewple SPC/ml 00/ml  PBO/ml  Semple SPO/ml  0C/m.  PBO/ml

He.  (860) (000) Ho. (0G0} (000)
Dt et T L PSSR — B
1 33 20 120 36 25 650 25
2 150 29 32 37 33 120 32
3 19 145 78 38 26 100 >4
& 21 1500 67 .90 3400 1600 29
& 25 00 s 41 e 89 2o
550 41

7 58 250 40 42 690 150 24
8 110 100 43 43 800 21 ;g
9 15 10 3% a4 530 5200 2
10 130 250 i 45 442 180 330
" 120 410 37 46 300 8900 160
12 1400 120 89 47 250 3300 410
13 2500 a0 230 4C 110 50 42
14 1900 240 110 49 89 20 5
15 3100 420 40 50 19 20 18
1€ 2500 7990 78 51 381 50 &
17 2500 29000 20 52 32 400 64
18 120 250 320 5% 45 340 €2
N oos T E 5 R o s
20 .

21 21 %00 48 56 24 180 12
22 110 1 17 57 150 50 69
25 100 1 120 58 36 220 85
24 57 17 130 59 38 280 60
25 130 17 s & W & -
26 59 25 32 61 33 29 120
27 21 40 46 62 150 52 89
26 17 39 % 6 110 29 T8
29 35 87 160 64 83 4300 120
0 100 7 320 6 79 3700 18
*3 5% 12 63 68 57 46 17
om0 % 2 B
- 379 23600 7




APPFHDIX~Y

Aoidity end non-protein nitrogen gontents of 70 samples of
pastewrized milk

SafPle ¢ eotasty YN me/  Sample o onia.e, NN D8/

*HOO —_— 100 Ho. 100 gn
1 0,09 1" {3 0.10 13
2 0.08 12 37 0.09 15
] 0,10 12 38 0,09 12
4 0.10 13 39 oAas 8
5 0.09 9 40 0,08 11
6 0,10 9 4 0.08 11
7 0,07 9 42 0.09 5
8 0,09 11 43 0.09 19
9 0.10 12 44 0.10 27

10 0,10 1 45 0.08 13
11 0.08 13 46 0,08 12
12 0.09 13 47 0.09 9
13 0.09 8 48 0.08 11
14 0.09 12 49 0.08 6
15 0.09 1 50 0.09 19
16 0.10 8 51 0.08 5
17 0409 15 52 0,08 8
18 0.09 13 53 0,09 9
19 0,10 9 54 0.09 <
20 0,09 11 55 0.09 13
21 0.10 15 56 0.09 6
23 0.08 12 58 0.08 22
25 0410 9 60 0.08 9
26 0,08 1 61 0.09 19
28 0.10 9 63 0.08 9
- 0.09 1 66 0.09 15
52 0.08 1" 67 0.09 15
e 0.08 8 69 0.09 15
%5 0.08 " 70 0.08 15

F!!lﬂ of 70 samples 0,088 12

S



APPENDIX-VI
Temperature drop (°P) in milk stored at room temperature

in metal and clay oontainers of different sizes

SeaTon

=Rymmms e

Aluninium

Size
Iit.

1

g

10

12

3.4

Fe3 4.1

Av.

12

10

10
15
10

16

13
18
12
12

10

10

14
11

6.3 4.8

N <+ TN

Av, 6.3

O w e )

9.5 2.7 7.6 6 10.8

6.2



APPENDIX-VII

Shelf 1ife of ohilled pamples of rew milk exposed to ambient
temperature for 1-3 hours

St

____ Slowly ohilled Instanteneously chilled
45°P 70°FP ¢ agldity 45°F 70°FP ¢ apldity
Fresh
24 16.5 0.19 0.15 26 15.0 0.,15 0,16
24 16.5 0.17 0.19 26 15.0 0.15 0.18
25 14.0 0.18 0,18 27 16.0 0.15 0.17
2% 15.0 0,17 0.18 26 16,0 0.15 0.20
24 15.0 0.19 0,19 25 13.0 0.15 0.18
L . 18.0 - 0.16 - 18.0 - 0.19
% 22,0 - 0.15 - 22.5 - 0,18
Av.24 18, 0,18 0.17 26 16,5 0415 0,18
1 hour
15 16.0 0,18 0,16 26,0 18.0 0,20 0.16
24 14.0 0.18 0,14 24,0 11.5 0.18 0.14
16 15.5 0.17 0.16 24,0 21.0 0.19 0.14
18 19.0 0.19 0,16 19.5 21.0 0.18 0,18
18 18.0 0,20 0.17 19.5 21.0 0.19 0.17
18 18.5 0.17 0.18 21.0 23%.0 0.20 0,18
19 10.0 0.18 0,19 23.0 10.5 0.17 0.16
18 9.5 0.17 0.17 21.0 10.0 0.16 0,19
17 10.0 0.18 0.17 22,0 11.0 0.16 0,20
18 17.0 0.21 0,17 22.0 17.5 0.17 0,17
18 - 0,2 - 22,0 - 0.16 =
25 - 0.20 - 22.0 - 0.17 =
25 - 0,20 =~ 22,0 - 047 -
13 - 0,17 - 13.5 - 0.19 =
13.5 - 047 - 13.5 - 0.8 -
14 - 046 - 15.5 - 0.5
14 - 0-18 - '505 - 0.15 -
2‘ - 0.16 - 2700 > 0016 -
2’ - 00'4 e 2800 - 00'4 -
2%,5 20,00 0,18 0,19 24,0 21,5  0.17 0.19

17.5 0.17 00‘7 21 .6 16.8 00‘6 0.‘8

e

i'o1901




Appendix-~-VII gontinued

Slowly ohilled Instentanecublu ehilled
45°F  70°F ¢ amoldity 45°F 70°F ¢ acidity
2 hours
15.0 17.0 0416 0,18 16,0 22,0 0,20 0,19
16.0 18,0 0,19 0,15 15.5 23.0 0,19 0,17
15.5 18,5 0,20 0,15 15.5 21.0 0.19 0.19
21,0 12,0 0,17 0.18 15.0 11.0 0,14 0,17
21.0 12.0 0,18 0,17 15.0 1.0 0.14 0,20
15.0 15,0 0,15 0,19 24.0 11,0 0.15 0.18
24.0 9.0 0,16 0,16 21.0 10,0 0,18 0,16
12.5 8.5 0,17 0,19 22,5 9.0 0,17 0.20
21.0 15.5 0,18 0.15 22,5 15.0 0,16 0.17
21,0 - 0.18 - 24.0 - 0.17 -
1700 - 0.19 - 20.0 - 0018 e
‘705 - 00'9 e 195 - .21 -
18.0 - 0022 - 2’05 g 0018 -
‘800 - 0021 - 2505 - 0.‘7 -
11.0 - 0020 g 2505 - 0.16 *
2200 - 0020 e 25.5 - 0.18 -
21 .o - 0019 - 2500 - 0.18 -
9.5 - 0.18 - 9.5 - 0.17 -
945 e 0,47 = 9.5 - 0,17 =
11.5 - 0.16 - 12.5 - 0.17 -
1.5 - 0,8 - 1.5 - 0,18 =
24.0 - 0.16 - 24.0 - 0.18 -
Ave 171 13,7 0.18 0,16 18,9 14,7 0.18 0,17

e



Appendix~-VII gontd.

RS

B

- Slowly ohilled Ingtentenecusly chilled
. 45°7  T0°F ¢ aoldity 45°P 7% % eoldity
3 8
6.0 16,0 0.18 0,15 10,0 20,0 0,17 0.15
6.0 18.0 0,20 0,15 9.5 21.5 0.18 0,17
6.0 16.0 0,20 0,20 10.5 18.0 0,17 0,15
8.5 16.0 0.18 0,19 10.0 185 0.19 0,19
7.5 16,5 0,18 0.19 10.0 19.0 0,19 0.20
845 12,5 0,20 0,16 10,0 1.0 0,19 0.20
8.0 12.5 0,16 0.15 1245 11.0 0,17 0,16
8.0 11.5 0,16 0,20 12.5 10,5 0.18 0.16
11.0 1.0 0.66 0,17 14.5 10,0 0.,18 0,20
8s50 11,0 0,17 0,18 13.5 10.5 0.18 0,19
11.0 7.0 0,15 0,20 14.5 7.0 0,16 0,19
11.0 7.5 0,18 0,21 14.5 7.5 0,16 0,18
13.0 - 00'7 - 1005 - 0.16 2
12.0 - 0.17 - 9.5 - 0.17 -
15.0 - 0.17 - 18.0 - 0.16 -
‘505 - 001‘ s 21 05 - 0.‘6 -
1645 - 0.16 - 17.5 - 0.15 -
15.0 - 0.17 - 18.0 - 0.16 -
14.5 - 0.16 - 12.0 - 0.16 -
22.0 - 00’5 - 2700 - 0.16 -
21.0 - 0.16 - 27.0 - 0.17 -
21.5 - 0.6 =~ 26.0 - 0.8 -

e et et s S e AR ARSSA

;:-12.1 12,9 0.7 0,176 15.2 13.7 0,17 0.178

e A S e A S et TN
et



APPEIDIX-VIII

Shelf life of instantaneously chilled rural ¢ollection gentre
end oity market samples of raw milk in hours

o

Semple lorket smmple Vi 1
e Tl semis Tiilses semls
— 45 TO°F ' 45°P _ 70°P
3 2.0 6.0 ! - 19.3
L ] ™ - .5
2 8.5 6.5 3 - 19.5
s o8 30 : D B3
[ ] ) - 20
‘ 4.0 2.0 3 - 200§
f e B 1 o®m o3
1 4.5 5.0 3 21.0 9.0
5 54 3,0 3 19.0 10.0
6 5.5 2.5 5 21.0 10.0
7 4.0 1.5 6 19.0 10.5
8 3.5 1.0 7 18.0 11.0
8 19.5 11.5
3 0 s 10 -+
3 10,0 5.0 . y
3 8.0 3.5 1 16.0 6.0
2 33 3.0 2 o &3
7 8.0 5.0 r 16.0 7.0
8 9.5 4.5 5 17.0 7.0
9 9.5 4.5 6 17.0 7.0
10 10,0 5,0 7 16.0 6.0
11 1110 6.0 8 17.5 5.0
12 10.0 4.5 9 18.0 6.0
:2 8.0 3.3 10 18.0 7.0
15 7.5 3.0 i 12,0 7.0
16 800 ‘O’ 2 1500 6.0
17 8.5 4.0 2 :g.g 7.5
.0 9. 5 15.0 7.8
1 200 il g e S
3 19,5  10.0 7 10.0 6.0
4 20,5 15.0 8 10.5 5.5
p 23.0 130 9 14.0 6.5
6 25.0 ’4.
7 2600 ‘gOg
8 2505 :8.0
q 27-0 1305
10 26.0 'o
11 19.5 12.

Average 12.6 4.1 16.7 7.8




APPENDIX~IX
blf life of pasteurized and bottled milk at different

temperatures
e .
p Time (hr) after which milk curdled

45°F __T2°F Seon Dewernios
1 66 17 8
2 70 21 10
5 58 22 8
4 68 18 e
5 70 18 9
s 72 70 10
v 5 20 11"
8 5 20 i
9 76 17 1"
10 69 . :
1 62 " "
10 60 19 8
13 63 ' :
1% 63 " ”
1% 64 » .
16 73 5 -
17 75 21 ’
18 74 23 s
19 60 3 ’
20 65 20 6
21 60 21 E

P 68 hr 19 br 9 b
”,\L\,‘ LBl -,.’/'\'\-’ RES
VRN i bﬁ%\w /e (et “
S_‘g“am( o ~ ‘( e b n— m’ | -: //'
nTL et N 4
N N



