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SUMMARY

1. The aim of this work was to investigate the influence of cold storage
of raw milk prior to processing and product manufacture on the guality

of the pasteurized milk and products derived from i1t. The work involved
a study of the quality of raw milk from a bulk silo purchased from a

dairy factory in the West of Scotland. Three trials were undertaken
during the period 1979-1980. The raw milks were delivered by road

tanker in quantities of around 2,500 litres for each trial. On delivery
a portibn of the consignment was immediately processed and the remainder
was split into two equal amounts, one of which was held at 2°C for 2, 4

and 7 days and the other at 6°C for the same time.

Pasteurized milks were produced on. the day of delivery and after 2, 4 and
7 days of cold storage at each temperature. Samples of pasteurized milk

were stored at a refrigerator temperature of 4°C for 3, 6 and 9 days.

The microbioclogical quality of raw and pasteurized milks was assessed
using total colony count, coliform count, psychrotrophic count, lipolytic
count, proteolytic count and thermoduric count, and tests were made for
antibiotic residues in the raw milks. The mean microbial counts of raw
milk stored at 8°C for 2, 4 and 7 days were significantly higher than

the mean microbial counts of raw milk stored at 2°C, for 2, 4 and 7 days.

The pasteurized milks prepared from raw milk on delivery by road tanker
and after storage at 2°C for 2 and 4 days did not differ significantly
in their microbial count. There was a highly significant increase

(p < 0.001) in the microbial counts of the pasteurized milk prepared
from raw milk which had been stored for moreg than 4 days at 2°C, while
the pasteurized milks produced from raw milk stored at 6°C for more than
2 days showed highly significant increases (p < 0.001) in the microbial

counts compared with initial levels.

In the case of pasteurized milks produced from raw milk stored at 2%
and kept for 3, B and 9 days at 4°C there was no significant change in

the microbial counts compared to the initial value obtained immediately



after processing. With pasteurized milks produced from raw milk stored
at 6°C the day of processing microbial counts were higher after 4 and 7
days 0? storage than the initial value and after the raw milk was held
for 2 days at 6°C. Similarly the counts of the pasteurized milks held
at 4°C had higher (p < 0.001) counts than the initial values after 3, 6

and 9 days of storage.

The mean total colony. count of samples of raw milk taken on delivery by
road tanker was 203 x 10% per ml (first trial 161 x 10% per ml, second
trial 341 x 10°% per ml, third trial 105 x 103 per ml), while the processed
milk taken from the raw milk above gave a mean count of 48 x 103p9r ml
(first trial 108 x 10°% per ml, second trial 30 x 10%® per ml, third trial
85 x 102 per ml). None of the pasteurized milk samples produced from

raw milk on delivery by road tanker and after storage.for 2, 4 and 7 days
at ZDC and BOC showed any count of coliforms or psychrotrophs immediately
after processing or after sterage of the samples for 3, 6 and 9 days at
4°c,

2. The .chemical quality of raw and pasteurized milks was determined by
analysis for fat, pH, titratable acidity, cream line, freezing point
depression, free sulphydryl groups (F-3H}, calcium, total solids, acid
degree value (ADV) and phesphatase test (pasteurized samples on day of
processing). No significant change was found in the fat content of

raw and pasteurized milks during the storage time at different temperatures.
The pH value of the raw milk on delivery by road tanker and after storage
at 2°C for 2 and 4 days showed no significant change. Storage at 6°C
for 4 days affected the pH value and a significant difference (p < 0.05)
was found in the pH value of raw milks held at 2°C for 7 days. The

same significant change was found with raw milk after 4 days storage at
s°c. The value continued to. change for the remaining 3 idays of storage
of the raw milks at 6°C. Similar changes were found in pasteurized

milks.

No significant difference was found in the titratable acidity of raw
milk stored at 2°C for 2, 4 and 7 days, while significant changes (p <
0.001) were found from the second day of storage at s°C. Highly

significant differences were found in the titratable acidity of
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pasteurized milk produced fraom raw milk held at 6°C after the second
day of storage and in the same.pasteurized milks after storage for 3, 6
and 9 days at 408, while there was no significant change in the
titratable acidity of pasteurized milk produced from raw milk stored at

2°%C for up to 7 days and kept for 3, 6 and 8 days at 4°C after processing.,

No significant difference was found in the cream line of raw milk stored
at 2°C and 6°C for up tao 7 days. Highly significant differences were
found in the cream line of pasteurized milk produced from raw milk
stored at 6°C for 2 days compared to day of delivery values and these
obtained with raw milk held at ZDC before processing. Neither the
storage period nor the temperature at 208 affected the freezing point of
raw milk while in the case of the raw milk stored at 6°C a highly
significant change had taken place after 7 days. The same significant
change was found in the freezing-point.for pasteurized milk produced
from the raw milk held at 6°C for 7 days.

No significant difference was observed in F-SH due to either the length
or the temperature of storage of raw milk. On the other hand,
pasteurized milk produced from the same milk showed a significant differ-

ence (p < 0.05) in F-SH levels due to the period of storage at 4%,

No significant difference was found in the calcium content or the total
solids of both raw and pasteurized milks due to either the length or

the temperature of storage before. or after processing.

Very highly significant differences (p < 0.001) in ADV were associated
with the length of storage of the raw milk but the temperature had no
effect. However, both the 1engtﬁ of storage and temperature of
storage caused very highly significant differences (p < 0.001) in the

ADV of pasteurized milks.

3 Sensory evaluation of raw milks indicated that there were no
significant differences in the appearance of the milk due to either

duration or temperature of storage.

Very highly significant differences (p < 0.001) in the odour of raw

milks were found after the second day of storage at 6°C while a



significant difference (p < 0.05) in odour scores was found after the

fourth day of storage at 2°c.

Flavour (taste) scores showed highly significant change (p < 0.01) due
to storage at 6°C while no significant change in flavour was associated
with raw milk stored at 2°C.

The total scores of raw milks (and corresponding pasteurized milks)
showed very highly significant decrease (p < 0.001) an.storage at 6°C
and no significant difference where storage was at 2°C until the fourth
day of storage. Fruity, acid, malty, and bitter flavours were

identified in raw and pasteurized milks held at 2°¢ and 6°C.

There was no significant difference in the total organbleptic scores of
pasteurized milks held at refrigerator temperature 49y for up to 9

days after production from raw milks held at 2°C for up to 7 days, whereas
highly significant differences in total scores were found with the

corresponding pasteurized milks prepared from raw milk held at 6°C.

4, A highly significant correlation was found between the different
microbial counts {(tetal, coliform, psychrotrpphic, lipolytic, proteolytic
and thermoduric) for raw and pasteurized milks and between all of these
counts (except coliform and psychrotrophic which were negative in the

pasteurized milks) and the acid degree value.

Free sulphydryl groups correlated negatively with the scores of the
appearance, odour, flavour (taste) and total scores of the raw and

pasteurized milks.



ABBREVIATIONS

The standard abbreviatlons, as recommended by the British Standard

Institution,

1981 ; Part 1 (1978) are used in this thesis, with

the following additions:-

F v rest

RM

PM

DF

MS

REP

SE

SED

VR

PD

ADV

F-SH

SMMB

Fig.

The day of delivery compared with the mean value

of the other days of storage
Raw milk

Pasteurized milk

Degree of freedom = n - 1

Mean of Sum Squares =-% T (x - x)?

Replicates
Standard Error = V Residual MS

Standard Error of Differences of Means = V Residual
MS/N (individual variants)

Variance Ratio = Ms%rindividual variants/ﬁs?iesidual
The pasteurized milk on the day of delivery

Acid degree value

Free sulphydryl group

The Scottish Milk Marketing Board

Figure
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THE INFLUENCE OF £0LD STDORAGE OF MILK DN THE
QUALTITY OF PROCESSED . .MILK AND MILK PRODUCTS

INTRODUCT ION

The effect of raw milk guality on the shelf life of the product

Unlike sterilized and UHT milk, pasteurized milk has a relatively short
shelf life or short keeping quality. In the U.S.A. it is generally
expected that pasteurized milk can remain in acceptable condition for 18
days or even longer; 1in some European countries a shelf life of 10-14
days is not uncommon (Storgards, 1861; Langeveld et al., 19873).

In some other countries pasteurized milk has a much shorter keeping
guality, e.g. 3-5 days or even less. Under ideal circumstancss it has
been shown possible to produce pasteurized milk with a keeping quality
in excess of 170 days {Ashton, 1962) by using strict hygienic precautions
in pasteurized milk production and during storage at_Z.ZOC to 3.3°C

(36 to 38°F).

In a generél review of the dairy industry, Johnson (1978) suggested that
many -factors must be considered to assure adequate prolonged shelf life
in fluid milk and milk products. He pointed out that for many years,
dairy scientists have been exploring mechanisms that affect shelf life
and many papers have been published dealing with specific aspects of milk
quality. The shelf life of pasteurized milk is affected by many things
from raw milk handling through processing, distribution and storage to
the consumer’s refrigerator. Acceptable shelf life for pasteurized milk
was considered by Johnson (1979) to be"processed milk having fresh
flavour and aroma for 21 or more days when held at suitable refrigerator
temperatures”. Cleaning and sanitation are important for producing

high quality milk on the farm and through delivery and processing stages.

Effect of the storage temperature on the keeping quality of the milk
before and after processing

Many authors found that the shelf life of pasteurized milk as determined
by its organoleptic properties - visual appearance, smell and flavour -

is related to:-
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1. the bacterial flora of the raw milk at the time of processing,

2. bacterial-derived lipases and proteinases which are present in the

raw milk,

3. the efficiency of handling and treatment (IDF/FIL, 1980).

It was found that raw, pasteurized and sterilized milk with very high
counts were chiefly due to contamination by dirty milking equipment, milk
cans and consumers vessels at various stages from producer to consumer
(Gernez-Rieux and Buttiaux, 1947).

Chandrasekhar (1851), studied the effect of refrigeration on the
bacteriological quality of raw and pasteurized milk after he had
incubated one set at 3-5°C for 21 days and the other set at 30°C for the
same time. When samples were held for 3 days at 3—5°C, plated and
incubated at 3-5°C for 21 days, eleven out of 12 samples plated before
refrigeration had colony counts below 100,000 per ml whereas only 6 out
of 12 were in the same group after 24 h. at 3-5°C. Similar experiments
with pasteurized milk indicated that psychrophilic bacteria present in

raw milk do not survive pasteurization temperatures.

Galesloot (1952) observed that the thermoduric count of the milk increased
mere at the higher temperatures and in summer than in winter milk when
milk held for 2 to 3 h. at temperature from 15 to 45°C before laboratory
pasteurization. The species responsible for these increased counts were

Streptococcus thermophilus, Streptococcus bovis, occasionally Streptococcus

durans and in one case Lactobacillus plantarum. The same authar

suggested that the increase is due not so much to multiplication as to

increased heat resistance of these organisms.

It was suggested that the poorer keeping guality of the milk may be due

to the adverse effects of heating on bacteriostatic and buffaring capacity
of milk and to the continuation of enzymic activity of the dead microflora
(Kirchner, 1859]).

Thakre & Nambudripad (1962} related the keeping quality of raw milk

storage at 4° to 37°C and pasteurized milk storage at 5° to 33°C and



reported that pasteurized milk had a better keeping gquality than raw milk

of a similar bacteriological quality, especially at low temperature.

Hashimeto et al. (1964) studied 88 samples of pasteurized milk in Japan,
One had a thermophilic count of > 1,000 per ml, six a mesophilic count
of > 50,000 per ml and eight a psychrophilic count of > 50,000 per ml.

Of 30 samples of raw milk tested, six had a thermophilic count of > 30
per ml, eight a mesophilic count of % 1,000,000 per ml and five a
psychrophilic count of > 1,000,000 per ml. Franklin (1965) concluded
that within limits (depending on the general standards of milk hygiene)
the composition of the bacterial flora rather than their numbers is the
most important factor in. determining the keeping quality of the heat-
treated milk.

Kim et al. (1966) investigated the effect of storage on bulk raw milk
collected in Korea in May, July, October and January cooled to 40, 20D or
30°C and stored for 17 h at 4°C or for 0-72 h at 4°C was pasteurized for
30 minutes at BBDC. The cooling temperature and the season of the year
had 1ittle effect on the rate of bacterial development during the first

2 hy initial bacterial counts on the pasteurized milk were < 1,000 per

ml, regardless of cooling temperature or season;. Escherichia coll was

present only in the July milks (maximum 700 per ml in samples cooled at
4% and 61,000 per ml in samples cooled at 30°C and October milks (maximum
70 per ml).

On Swedish studies (von Bockelmann, 1969) raw milks were stored at 5°¢C

for up to 3 days and examined at daily intervals for bacterial changse;

the total counts (per ml), were 1.6 x 10%, 3.8 x 10° and 17x 10°® after
one, two and three days respectively; the .psychrotrophic counts (per ml]},
were 0.4 x 103, 2.1 x 16% and 11.0 x 10%; the coliform counts (per ml),
were 87 x 103, 230 x 10° and the thermoduric bacteria surviving laboratory
pasteurization (per.mi), were 45 x 10%, 45 x 10%and 55 x 10°. He
concluded that milk containing < 10°% bacteria per ml on delivery to the
dairy, with < 50 per cent of these being psychrotrophic bacteria, could
be. satisfactorily cold .stored for 2 to 3 days before pasteurization.

In their report, Mergl & Cerna (1963) referred to the bacterial flora
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of raw milk stored at < 5% for 0, 25, 30, 49, 54, 78, 102 and 126 h.

They reported the following counts (per ml) after 0, 49 and 126 h of
storage:- total bacteria, 7,000, 14,500 and 178,000; coliform, 10, 340
and 3,250; psychrophiles, 4,400, 10,000 and 2100,000; proteolytic organisms
500, 450 and 7,800; lipolytic organisms, 225, 305 and 2,100. Titratable
acidity, pH and organoleptic characteristics did not change throughout.
Milk pasteurized after low temperature storage was kept for > 48 h

without organoleptic changes. Erhola et al. (1970) indicated that
increasing the storage time of good guality milk in farm banks from 2 to

4 days did not significantly inerease coliform and total bacterial count
or the free fatty acid values. On the other hand Aapola & Antila (1870)
studied the effect of raw milk storage on the keeping quality of
consumption milk when milk at 30°C on production was added daily for 3
days to a farm tank and stored there at 1—200. Such a practice did not
afféét the quality of the milk after pasteurization; similar addition of
raw milks with storage at 3-5°C resulted in a poor quality milk after the

first day.

Patesl & Blankenagel (1872) studied the bacterial flora of 216 raw milk
samples which were laboratory pasteurized (62.3°C for 30 min), and
stored at 7°C. Their results showed that milks with a count of > 1
million per ml before heating frequently developed objectionable flavours
after pasteurization and subsequent storage. Nearly all samples of
pasteurized milks which were prepared from raw milk with counts of > 10
million per ml developed objectionable flavours within 2 weeks of
processing. In their studies on bulk milk after 24, 48 and 72 h storage
in farm tanks Duchateau & lacrosse (1973) showed that the growth rate of
the total flora and of psychrotrophic, caseol&tic and pseudomonas
organisms increased considerably after 48 h.storage at 4—50C, whereas at
1°c the growth rate was slow throughout storage and the relative propor-
tions of the 3 types of organisms remained fairly constant over 72 h.
There was a particularly marked increase in bacterial growth rate after
48 h. It is suggested that milk should not be kept for more than 48 h
in farm bulk tanks at < 5°C. A Dutch report indicates that longer
sforage than 1 day at < 4°C is inadmissible unless the milk is heat-
treated on arrival at the dairy, (Nedsrlands Instituite Wwor Zuivelonderzoek,
18733}.



Hadland & Hoye (1874} reported on experiments conducted with milk stored
in bulk for 1-4 days at 2-6°C. The milk stored at 2°C for 1 day gave

a satisfactory keeping quality of 14 days after pasteurization, while
with the milk kept for 4 days at 2°C the keeping quality of the
pasteurized milk was reduced to 6-8 days. Raw milk storage at 6°C for
more than 1 day caused a rapid reduction in milk quality before and

after pasteurizatian.

Gritsenko & Surovtseva (1872a) indicated that the total bacterial counts
of raw milk, pasteurized milk ready for distribution and pasteurized
milk after storage for 1 and 5 days were respectively (per ml) 22 x 10°%,
1.6 x 10%, 3 x 10° and 8 x 10°.  Coliform bacteria were completely
destroyed by pasteurization but enterococci were only reduced tenfold

to one hundred fold and were detected in individual cases at levels of
1-10 per ml after pasteurization and 1-100 per ml during storage at 6

to 8°C for 1, 2, 3, 5 and 7 days. Coliforms were present at levels

ef 10~-10,000 per ml in stored milk.

Smith et al. (1978) reported that.refrigerated storage caused a 10 per
cent (p < 0.05) reduction in counts in pasteurized milk and deecreased

coliform counts by 21 per cent (p < 0.01}.

Milk contains relatively few bacteria when it leaves the udder of a
healthy cow. Probably the two most significant sources of contamination
are dairy utensils and milk contact surfaces, including the milk pail or
milking machines or the bulk milk cooler and pipelines. Undesirable
bacteria from these sources include lactic streptoeocéi,coliform bacteria,
psychrotrophic Gram-negative rods, and thermodurics (those which survive
‘pasteurization) e.g. micrococci, bacilli and brevibacteria. When they
are cleaned and sanitized properly, utensils and milk contact surfaces

add few bacteria to raw milks (Frazier & Westhoff, 13978).

The effect of different heat treatment on the guality of the milk

In the processing of milk and cream, or in their use in making various
products, it is desirable to destroy all of the contaminating organisms.
Usually, this is accomplished by application of hsat. In the development

of heat processing methods for milks pasteurization was one of the
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parliest procedures used. The objectives of market milk pasteurization

ares -

1. to kill all the pathogens that may be present in the milk and be
transmitted to people, and

2. to improve the keeping quality of milk.

There are two factors involving the heat treatment, temperature and
holding period, and one is as important as the other. After receiving
the heat treatment the milk must be cooled immediately to lower than
10°% (50°F) to prevent growth of the organisms which survive the

process. With milk two main types of pasteurization are employed:-

1. the low-~temperature, long-time (LTLT)} or 'holder' method which
has an exposure of at least 61.79C (143°F) for at least 30

minutes,

2. the high temperature, short-time (HTST) or continuous or flash
pasteurization,. with an exposure of at least 71.7°Cc (161°F) for

at least 15 seconds.

The effects of the heat applied to milk, whenever pasteurization is

applied may be considered (Hammer, 41948) under:-

a. efficiency in destroying bacteria,
b. the influence on flavour, and
C. the influence.on the cream line.

3. Heat-treatment processes in excess of pasteurization for milk and
milk products are referred to as very high-temperature (VHT]
systems and ultra heat treated (UHT) systems (Frazier & Westhoff,
1978). UHT treatment is defined as a high temperature process
of not less than 132°C for not less than 0.5 s applied with the
object of destroying all micro-organisms, or at least inhibiting

the growth of any residual micro-organisms, (IDF/FIL, 1880).

The methods of processing used for UHT milk are:-



a. Direct heating method

The milk is heated to temperatures in the range of 135 to
150°C with holding time of a few seconds followed by aseptic
filling of the cooled milk (Burton, 1977).

b. Indirect heating method

This method includes heating the milk to 85°C by regeneration,
homogenisation, further heating to 138°C with holding for 2 s
before cooling either by cold water, regeneration and final
cold water to give a filling temperature of approximately 20°C
(Ball, 1977].

4. Sterilization is a process by using heat treatment at a temperature
exceeding 100°C in order to destroy all micro-organisms, or at
least inhibiting the growth of any residual micro-organisms IDF/FIL,
1980).

The methods of processing. used for sterilized milk are:-

ae. Batch method

In this methad -the milk is preheated, homogenised, and filled
into bottles prior to sterilization by the batch method using
a temperature in :he range of 104 to 110°C for 30 to 40 min
after which the bottles are removed and left to cool (National

Dairy Council, 13974).

b Continuous method

In this method the filled bottles are fed on to a conveyer
through hot water tanks into a steam chamber using
temperatures in the range of 107 to 110°C for 30 to 40 min
{National Dairy Council, 1874).

The effect of storage on the keeping quality of pasteurized milk

Dahlberg (1945) examined pasteurized milk immediately after production
and after storage at 1.9° to 4.4°% (35° to 40°F}, and at 21.1° to 23.8°C
(70° to 75°F) for 6 h to simulate milk left on the doorstep. Other
samples were taken on a normal delivery route. Milk samples were

tested after 0, 1, 2, 3, 4 and 7 days. Initially the mean plate count
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(87°C) of samples stored at 1.9° to 4.4°C (35° to 40°F) was 12,000 per
ml; round return samples showed no increase and the increase was only
slight with samples stored in a room at 21.1° to 23.8°C (70° to 75°F)
for B h. Counts of samples stored at 1.9° to 4.4°% (35° to 40°F) were
lower on the fourth day than when collected from the plant; those
stored at 7.2° to 10°C (45° to 50°F) showed a slight increase on the
third day; those stored at 12.7° to 15.5°C (55° to 60°F) showed a
definite increase on the second day and a marked increase (from 12,000
per ml to 1,116,000 per ml) on the third day.

Coliform organisms were present in 1 ml at 0 day in 3 of the 18 samples
stored at 1.9° to 4.4°C (35° to 40°F), in 2 of the 18 round return
samples and in 6 of the 16 doorstep samples. Coliform organisms did
not multiply during 4 days storage at 1.9° to 4.4°C (35° to 40%F), but
there was an increase in the number of samples where coliform were
positive in 1 ml after 2 days storage at 7.2° to 10°C (45° to 50°F) and
after 1 day at 12.7° to 15.5°C (55° to 60°F).

In another study, the same author (1946) found that the coliform count
increased more rapidly than the total count in samples held at 7.2° to
10%c (45° to 50°F), and at 12.7° to 15.5%C (55° to 60%F). However, these
increases were more marked in warm weather. At 1.8° to 4.4°%C (35° to
4DDF) there was no appreciable inerease in. total count or coliform counts

in October.

Kalkbrenner (1949) found 30 out of 32 pasteurized and irradiated milk
samples had plate counts of > 100,000 organisms per ml, and had coliform
counts of > 1,000 per ml. No tubercle bacilli or intestinal pathogens
were found in any of the samples but 17 contained weakly haemolytic

streptococci.

Weese & Henderson (1949) indicated that pasteurized milk of good quality
kept well for 3 to 4 days after delivery under reasonably good conditions
of home refrigeration where the temperatures varied from 2.7° ta 11.1°%C
(37° to 52°F).

Vieeschauwer et al. (1950) studied the results of bacteriological

control at 15 dairies during 1948-49 and 19 dairies during 1949-50.



They found that the raw milk was gensrally of poor quality, with high
coliform titre, short dye reduction time, and average bacterial counts
of 12,808,000 and 12,525,000 for the two periods. The low eount of
the pasteurized milk was, however, spoiled in some dairies by post
pasteurization contamination from the plant and bottles. On the other
hand Egdell & Bird (1950) found there was no significant difference
between the flora of samples taken at the pasteurizer and samples taken
from the bottles.

Swartling (1953) found no relationship between the bacterial count before
and after pasteurization. .The keeping quality of pasteurized milk was
found to be whelly determined by those thermoduric bacteria capable of
multiplying and affecting milk quality during storage, whereas, Piraux

et al. (1953) were of the opinion that the keeping quality of pasteurized
milk was related to. the coliform count rather.than the thermoduric count.
However, Ashton. (1862) stated that spoilage of pasteurized milk appeared

to be mainly due to spore-formers.

Types as well as numbers of thermoduric organisms affected keeping

quality, the main spoilage organisms being. Microbacterium spp. and

Bacillus cereus (Mourgues & Auclair, 1970).

Atherton et al. (1854) found that with laboratory pasteurized milk
stored at 4.4° or 7.8°C while there was no significant increase in the
total plate count during 15 days of storage, the psychrophilic count of
the milk held at 4.406 had increased over this storage period to more
than one million per ml. On.the other hand Panetsos et al. (1973)
stated that pasteurized milk showed no increase in bacterial count
(average approximately 50,000 per ml), no off flavours and maintained a
low acidity during storage at 4°C for 18 h. Samples of milk from retail

shops were compared.

Johannes (1956) stated that the dye reduction and coliform tests were
not sufficiently sensitive to predict the shelf 1life of high quality

pasteurized milk and the direct plate count was of doubtful value.

The studies by Kastli & Binz (1956), when they emphasised the importance

of the temperature at which pasteurized milk is stored, showed that there



was no appreclable increase in the total bacterial count over a period
of 6 days at 2° to 3°C.

Stoyanov (1960) indicated that pasteurized milk retained its quality for
5-6 days at 3-5°C, but no longer than 24 h at 10° to0.12°C. He was of
the opinion that the total bacterial count, the count of proteolytic
bacteria and the coliform titre were suitable criteria for the evaluation

of the keeping quality of pasteurized milk.

Ashton (1962) found that pasteurized milk produced from good quality raw
milk could be satisfactorily stored in households at amblent temperature
ranging from 10° to 27.2°C (50 to 81°F), after 12-15 h refrigerated pre-

storage and retail distribution.

A storage temperature of 8 fo 3% appeared to be the maximum for
ensuring that the milk remained of good quality for 2-3 days after

pasteurization- (Vancura, 1967).

Pasteurization at 82°C or 85°C effectively reduced the total bacterial
count and eliminated coliform bacteria, the resulting milk being of
good organoleptic gquality. and remaining fresh for several days at 10°c
(Gheorghe & Manu, 1968).

In their study, Leali & Quaroni (1888), used 180 samples each of
pasteurized whole milk and homogenised whole or partially skimmed milk,
packaged in different containers and stored in (i) a refrigerator (5%,
(1i) a refrigerated room (7°C minimum, 15°C maximum), (iii) in a cool
environment (shade temperature) and (iv) at normal temperature (22 to 24°C
winter, 27 to 28°C summer). They Ffound that the keeping quality of the
milks identified above was as follows:- (i) 21 days during all seasons,
(ii) 8-12 days, (iii) 56-72 h in winter and 32 h in summer, and (iv) 24 h
in winter and 8 h in summer. The conditions of loading and transport

had no effect on keeping quality.

Smith £1868) stated that there was an increase in bacterial counts and
a decrease in flavour sceores with increasing temperature of filling,
but the most impoertant factors in prolonging shelf life were the

storage temperature which should be 4.4% (40°F) or below. However,
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protection from post-pastsurization contamination was shown by Mourgues
& Auclair (1978) to improve keeping quality at 4°%¢.

Watrous et al. (1971) reported that when samples.of.commercially
pasteurized milk were held at 4.4°C the count increased from 260 per ml
to 36 million per ml after 10 days. Where the storage temperature was
7.2°C the counts increased from the original at level of 250 per ml to
7.8 million per ml after 5 days and 770 millions after 10 days.

Further information indicating that the keeping quality of pasteurized
milk is related te storage temperature was provided by the studies of
Gritsenko & Surovtseva (1872b) where with milk .held at room temperature
(20 to 268°C) coagulation occurred in 12 to 15 h and at 6 to B°C the

coagulation occurred after 1 to 2 days.

Mourgues & Auclair. (1873) showed that the . standard plate count of
pasteurized milk held at 4°C decreased initially but rose rapidly with
the appearance of flavour defects after 30 to 73 days of storage and
samples stored at 8°C showed similar changes except that the flavour
defects appeared after 10-35 days. This relationship was less evident
in samples stored at 4°c.  Ademollo et. al. (1874) examined 240 samples
.of commercial homogenized pasteurized milk packaged in cartons after
0-~10 days storage at 4°c. Coliform bacteria were detected in 7 samples.
The bacterial count averaged 10°/ml for the first 5 days of storage but
rose after the Bth day.

Kim & Lee (1975) studied pasteurized milk (August and early October, 1874)
held at 4°, 10° or 35°C.  The standard plate counts exceeded the 50,000
per ml legal limit when the milk was stored for 2 or 3 days at 4DC, 1 or

2 days at 10°C, or 3 h at 35°C. The total and psychrophilic counts of
samples stored at 10°C for 24 h increased more rapidly than in the samples
stored at 4°C. The initial counts of thermophilic bacteria were low due
to the High Temperature Short Time and Ultra High Temperature pasteuriza-
tion. Thermophilic counts of samples decreased at both 4°c and 10°¢C

with increasing storage time. Coliform bacteria developed during storage
at 10° and 35°C even though the initial counts were absent in 1 ml.

Most of the samples stored at 35°C had coagulated after 9 h.

Gillis (1879) in his study of using different methods for evaluating the

1



shelf life of pasteurized and re-pasteurized fluid milk, showed in tests
using 10 commercial raw milks that samples of double pasteurized milks
stored at 7°C for 5-20 days had higher standard plate counts, higher
psychrotrophic counts and higher proteclytic counts than the same milks
which had only been pasteurized once, but the differences were not
significant. The standard plate counts and spore counts obtained during
storage correlated with flavour (0.2120 and 0.2066 respectively). Data
collected from results of the Hull Test on samples incubated at different
temperatures and time showed that this test could be used to predict
shelf life of milk.

Bulk collection of.ths raw milk

Cooling and storage of milk in bulk on the farm for one or two days or
longer is becoming increasingly popular. -A.storage temperature of 4°c
is normally used but this fluctuates, especially at milking when warm
milk enters the tank and in transport. of the raw milk from farmAta
processing depot in road tankers. Storage of raw milk for 24 h or
longer at the.dairy factory before heat treatment may.also occur. Thus,
three days or more can elapse between milk production and processing
during which time there is considerable opportunity for psychrotrophic
bacteria te grow and produce enzymes,. especially lipases and proteases.
Though these bacteria are killed by pasteurization the lipases and
proteases produced. by many of them are not inactivated. These microbial
enzymes can affect the quality of many dairy products either by

enhancing or causing deterioration of the flavour during storage.

Scope of work

Many investigations have already been carried out on the production of
milk and dairy products of superior guality. Processing extends shelf
life but freedom from defects reguires high guality raw milk. Milk
and other ingredients used should be free from offending odours and
flaveurs, abnormal chemical and physical properties, and undesirable

micro-organisms or their metabolites.

The increased use of refrigeration to extend the storage life of milk
on the farm, in the dairy plant, during distribution and marketing, and

in the consumer's home has increased the importance of the micro-

12
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organisms in milk and its products.

This study was intended to provide more information on the effect of the
guality of raw milk on the quality of heat processed milks and milk

products.derived from it.

This study was carried out using bulk silo milk from a dairy factory in
the West of Scotland. Pasteurized milk was prepared from the milk on

- delivery by road tanker and after the milk had been stored at 2°c and 8°C
for up to 7 days. A comparison of the microbiological, chemical and
organoleptic.quality of both raw and pasteurized milk was made according

to the plan below.

13



Raw ex-farm milks mixed in around 50,000 1
quantities in a silo at a commercial dairy

Transport to WSAC by road tanker
of around 2,500 1 silo milk

On delivery to WSAC

about 1000 1 about 1000 1

450 1 .
Storage at 2°c Storage at 6°C

2 days after 1 Pasteurization by HTST method 1
degive ——  Storagg of pasteurized milk
e at 4°C for up to 8 days

2 days after
delivery

Pasteurization by HTST method 1
Storagg of pasteurized milk B ——
at 4°C for up to 9 days

4 days after

4 days after 1
‘ delivery

delivery

Pasteurization by HTST method 1
N Storagg of pasteurized milk -
at 4°C for up to 9 days

7 days after
delivery

7 days after
delivery

‘Tests made on raw milks on delivery and after 2, 4 and 7 days of
storage at 2°C and 6°C. Tests made on pasteurized milks immediately

after processing and after 3, 6 and 9 days storage at 4°c,



CHAPTER ONE

MATERIALS AND METHODS

SECTIDN 1. MICROBIDLOGICAL METHODS

1. Total plate count

Buring the study the total count of milk was determined according to the
IDF standard method 3:1958 (IDF/FIL, 1958).

2 Coliform count

(a) The coliform count of the raw milk was determined according to
the IDF standard method 39:1966 (IDF/FIL, 1966).

(b} The coliform count of the pasteurized milk was determined
according to the IDF standard method 40:1966 (IDF/FIL, 1966).

3. Psyehrotrophic count

Throughout the study the count of psychrotrophic bacteria was determined

as described by the American Public Health Association (1978]).

4, Lipolytic count

The number of lipolytic bacteria presented in samples was determined
according to the IDF standard method 41:1966 (IDF/FIL, 19686).

5. Proteolytic count

Throughout the study these bacteria were detected and enumerated using

caseinate agar and the method of Martley et. al. (1970).

6. Thermoduric count

The count of thermoduric bacteria was determined according to British

Standard 4285:1968 (British Standards Institution, 1868).

7 Antibiotic. residues

The procedure selected was the disc assay method, based on the procedure
of Galesloot and Hassing (1962}, as used by the Scottish Milk Marketing

Board
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SECTION 2, CHEMICAL METHODS

1. Fat

During the study the fat content of the milk was determined according to
B.S. 696 Part 2; 1969 (British Standards Institution, 1969).

2. pH

The measurement of hydrogen ion concentration (pH) of milk was made with
a PYE model 280 pH meter fitted with a combination glass electrode
{Activion Glass.Ltd., Scotland). Before measurement, the eguipment

was adjusted using buffers of known pH taking into consideration the

temperature of the sample. Duplicate readings were recorded.

3. Titratable acidity

The titratable acidity of milk was determined according to B.S. 1741
(British Standards Institution, 41963) using 10 ml of milk sample with

1 ml of a 0.5 per cent (w/v]) solution. of phenolpthalein as an indicator.
Titration with N/9 NaoH solution was made until the. end point, a faint
pinkish éalour was ., reached. ‘ The volume of N/3 NaOH solution used
divided.by 10 is.recerded as titratable acidity expressed as per cent

lactic acid.

4. Cream line

The cream line of the milk was measured by pouring a well mixed sample
into a graduated 100 ml measuring cylinder and allowing it to remain
unmixed at room - temperature for 24 h, when the depth of the cream layer

was measured, (Davis, 1951).

5. Entraneous water :

Throughout the study the freezing point depression was determined using

the Advanced Milk Cryoscope (Model 4L) manufactured by Advanced

Instruments Inc., Neddham Heights, Massachusetts. This instrument

meets the reguirement specified by the Association of Official Agricultural
Chemists, (19651,

B. Sulphydryl groups

Sulphydryl groups were determined during the study using the modification
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by Beveridge et al. (1874) of the method prepared by Ellman (1859).
The method depends on adding 0.5 ml of skim milk to 2.5 ml of 8 M Urea
in Tris-glycine buffer and 0.02 ml of Ellman's reagent (5.5'-dithiocbis-
2-nitrobenzoic acid] to form a yellow compound the reading has been
done with absorbance at 412 nm. measurement being made using a PYE
Unicam SP 1800 ultraviolet spectrophotometer. The SH groups were

expressed as Umol/g dry weight.

7 Calcium

The calcium content of milk was determined according to the method of
Pearce (1977]. This method depends on the use of a high pH, indicator

and direct titration.

8. Total solids

The total solids content of milk was determined according to the IDF
standard method 21:1962 (IDF/FIL, 19B2).

9. Acid degree value (ADV)

The acid degree value of milk was determined using the modification by
Hunter, Wilson and Barclay (13966, 1888) of the method prepared by Thomas
et al. (1855). The method depends on the extraction of the fat from

the milk with B.D.I reagent, which consists of 30-g Triton x -100 and

7 g of sodium hexametaphosphate made up to one litre. One g of the
extracted fat is weighed into a caniecal flask fitted with glass stopper.
The fat 1is dissolved in 5 ml of fat solvent and titrated against a
previously standardised alcoholic solution of KOH immediately before
titration after the addition of 5 drops of 1 per cent (w/v) phenolphthalein
solution. ADV is defined as the wvolume in ml of N KOH required to

neutralise the free fatty acids present in 100 g of milk fat.

10. Phosphatase test

The phosphatase test was determined according to the IDF standard method
82:1878 (IDF/FIL, 1978). One ml of milk sample was added into 5 ml
disodium p-nitrophenyl phosphate buffer solution pH (10.3) in a test
tube. The tube was held at 37°C for 2 h. The p-nitrophenol liberated
was measured in direct comparison with standard colour glasses in a
simple comparator using reflected light. It the reading is more than

10 mg p-nitrophencl per ml the result is recorded as positive.
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CHAPTER TwD

THE MICROBIOLOGICAL QUALITY OF RAW AND PASTEURIZED MILK
DURING DIFFERENT PERIODS OF STORAGE AT DIFFERENT TEMPERATURES

INTRODUCTION

Bulk milk collection from refrigerated tanks on dairy farms was first
produced in 1936 in Oakland, California. The system was introduced to
the United Kingdom by the Scottish Milk Marketing Board in Kirkcudbright-
shire in 1954, and within the area of the Milk Marketing Board for
England and Wales, the largest of the five Milk Marketing Boards in the
United Kingdom, in 1955, (Crawford, 1967).

A generation ago milk was delivered to the processing plant, pasteurized,
cooled, bottled and delivered to the consumer's doorstep before it was

24 h old and the milk was probably consumed before it was 48 h old.

Today the age of milk before consumption is influenced by some or all of
the following factors:-. daily or alternate day collection of milk -from
refrigerated tanks at farms, five-day-week plant operations, discontinuance
of home delivery, and increased purchase of milk from shops and supermarkets,
longer periods of storage of milk in shops and supermarkets in an
uncontrolled condition before consumption (Overcast, 1968). Milk which
has been stored at low temperature (0-5°C) for 2-3 days differs
bacteriologically as well as physiochemically from milk held at a higher
temperature or at a low temperature for a short time (Thomas, 1969).

The same author stated that the bacterial flora of raw milk cold stored

at 3-5°C for 2-3 days is usually dominated by psychrotrophs.

Johns (1970) has suggested that certain compounds produced by micro-
organisms in raw milk might be responsible for the development of off-
flavour in pasteurized milk. The psychrotrophic bacteria have been
associated with the deterioration of flavour in both raw and pasteurized
milk (Boyd et al., 1855; Crawford, 1867; Hartley et al., 1969).

The raw milk effects keeping guality of refrigerated pasteurized milk
but it should be borne in mind that the count of psychrotrophic spore
formers in raw milk does not parallel total count (Swartling, 1953).

Therefore, low total counts of raw milk are not necessarily guarantees
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of good keeping quality of pasteurized milk. The use of refrigeration
to prolong the storage life of milk on the farm, in the dairy plant,
during distribution and marketing and in the consumer's home has
increased the importance of the psychrotrophic group of bacteria
(Bliveria and Parmelee, 13976). These micro-organisms, which are able
to grow at low temperatures, can cause spoilage of fluid milk and some
other dairy products when they are stored at temperatures in the range
of 1 to 7°C (Elliker et al., 1864; Ford & Babel, 1969; Lick, 1972;
Thomas, 1866; Thomas & Druce, 1968; Thomas et al., 1866].

Bergman et al. (1962) stated that the duration of cold storage on the
farm after production. can vary to some extent, but in Sweden it is
generally between 24 and 72 h at 0-4°C (32-33°F). The milk can be cold
stored both at the farm and at the dairy.

The aim of the work described in this chapter was to investigate the
microbiological quality of raw milk stored at 2°C and 8°C for up to 7
days and the quality of pasteurized milk produced from the milk after

various periods of storage.

EXPERIMENTAL

The milk contained in the silo (around 50,000 1) at the commercial dairy
factory was composed of a mixture of at least two milkings collected by

tanker from farms in a radius of about 30 km from the factory.

This study was carried out using about 2,500 1 quantities of milk from

a bulk silo at the Mauchline Creamery of the Scottish Milk Marketing
Board in the West of Scotland. The milk was delivered to the Department
of Dairy Technology by road tanker and the experiment was carried out on
three separate occasions. The actual age of the silo milk was uncertain

but was always more than twenty four hours.

Collection of the samples

One lot of 1,000 1, of the raw milk was pumped from the receiving tank
into a stainless steel refrigerated tank supplied by Desco Dairy Supply
Co. Ltd., Londan. The temperature of the milk was maintained at ZDB.

This tank is supplied with a mixer which was timed to mix the milk for
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z h every 6 h. The tank and agitation meets the requirements of B.S.
3976 (British Standards Institution, 1966). The second lot of 1000 1
of the milk was stored in a refrigerated room at 8°C in a storage tank
fitted with a Rotamilk mixer supplied by the Motor Geer and Emc. Co.

Ltd., Essex. The same mixing arrangements were used as for the first

batch contained in the Desco tank.

Treatment of the samples

Samples of raw milk were taken in sterile containers (568 ml) immediately
on delivery by road tanker and after 2, 4 and 7 days of storage.
Pasteurized milk was produced from the milk on delivery and from each of
the lots of milk after 2, 4 and 7 days of cold storage and examined
immediately and after 3, B and 8 days of storage at 40C. The pasteurized
samples were taken from the pasteurization plant in a sterile bottle from
a sterile valve in the bottom of the pasteurizer and cooled immediately

in iced water to leass than 708.

Milk pasteurization

Four hundred and fifty litres (100 gal) of milk were pasteurized at 72°C
for 15 secs using a British manufactured pasteurizer supplied by APV Co.

Ltd., Crawley, England.

Preparation of the samples for testing

Samples of raw and pasteurized milk on each day of testing were shaken
thoroughly for:-

a. microbiological analysis

b. chemical analysis.

Microbiological analysis

Samples of raw and pasteurized milk were tested aon the day of delivery by
road tanker and after storage at 2°C and 6°C for 2, 4 and 7 days.
Pasteurized milks were tested immediately after production and after 3,

6 and 9 days of storage at 408. The following determinations were made:-~

total colony count, coliform count, psychrotrophic count, lipolytic
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count, -proteclytic count, thermoduric count and antibiotic test using
the methods described in Chapter One (Section 4:1, 2, 3, 4, 5, 6 and 7).

All the tests were carried out in duplicate.

RESULTS

The following determinations were made in each of the three different

trials.

Total colony count

(i) Raw milk

The results of the colony counts tests made on samples of milk taken
on the day of delivery by the road tanker and after storage at 2°C
and 8°C for 2, 4 and 7 days are shown in Table 2.1.

A significant difference (at 1 per cent level) was found between
the trials*. No significant difference was found in the mean
counts of the milk on the day of delivery and after the storage for
2 days at 2°c.

Storage of the raw milk at 208 for 4 days after delivery resulted in
significant differences (p < 0.01) in the total colony count compared
to the initial value. A high significant (p < 0.001) increase in
total colony count was found in the 7th day of storage of the raw

milk at 2°C compared to the initial value.

The mean total colony count of the raw milks stored at 68°C for 2
days was significantly different (p < 0.01) from the mean initial
values. Highly significant increases (p < 0.001) were found in
the total colony counts of the raw milks stored at 6°C for 4 and
7 days compared with the milk on delivery. The mean value of the
total colony count for the raw milks on the day of delivery by the
road tanker was 203 x 10° per ml. After 7 days storage of the raw

milk at 2°C the count had increased to 18 x 108 per ml, The

*The total bacterial counts in the:-
First trial 161,000 per ml
Second trial 341,000 per ml
Third trial 105,000 per ml
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(i1)

storage of the same milk at 6°C for 7 days resulted in a count of

224 x 10% per ml.

The variations in the total colony count obtained with different

time and temperatures are illustrated in Fig. 2.1.

Pasteurized milk

Table 2.2 shows the total colony counts of samples of pasteurized
fresh and cold-stored milks on processing and after storage for 3,
6 and 9 days at 4°C. A highly significant difference (at 0.1 per

cent level) was found in the counts between the different trials*.

The storage of the pasteurized milk for 3, 6 and 9 days resulted in
a highly significant difference (at 0.1 per cent level) compared
with the day of processing. The mean of the total colony counts

of pasteurized milk prepared on the day of delivery of the raw milks
and after the storage of the raw milk for 7 days at 2°C were not
significantly different. On the other hand the total colony counts
of pasteurized milks prepared from raw milk stored at s°c  for 2,

4 and 7 days showed a highly significant increase (p < 0.001)
compared to the initial values obtained when pasteurization took

place on the day of raw milk delivery.

The mean of the total colony counts of pasteurized milk produced
from raw milk on the day of delivery by the road tanker was

48 x 40° per ml.

The mean total colony count of the pasteurized milk produced from
raw milk on delivery by road tanker and after the storage for up

to 9 days was 71 x 10° per ml. The mean total colony count of the
pasteurized milks produced from raw milks stored at 2°C for 7 days
was 88 x 10° per ml, while the mean total colony count for the
pasteurized milks produced from raw milks stored at 6°c for 7 days

was 667 x 10° per ml. The mean total colony count for pasteurized

*The total bacterial counts in the:-
First trial 106,000 per ml
Second trial 30,000 per ml
Third trial 8,500 per ml
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TABLE 2.1

r

The total colony count/ml (30°C for 3 days), expressed as 1oge,
of raw milk (RM) on delivery by road tgnker, aBd atter storage
for 2, 4 and 7 days at 2°C and 6°C

RM stored at 2°C RM stored at 8°C
. Day of
Trial deliver
Y 2 days 4 days 7 days 2 days 4 days 7 days
11.99 12.29 12.66 14.73 13.21 13.02 18.99
2 12.74 12.81 15,26 16.33 16.38 16.71 19.40
3 11.56 12.46 15.38 17.560 14.73 17.66 19.25
Mean 12.10 12.52 14.43 16418 14.77 15.79 19.21
DF, Ms VR
Trial 2 7.141 6.953**
Treatment ( T- 4 below ) 6 17.373 18, 815%**
1. F v rest 1 29.550 35.6928***
2. OStorage 2 25,290 30.5470%**
3. Temperature 1 22.038 26.6198%**
4, Storage. Temperature 2 1.034 1.2486
Residual 12 1.027
Total 20 6.542
Table Trial Treatment Storage Temperature Storage. Temperature
REP 7 3 Unequal Unegual 3
SED 0.524 0.827 0.679 0.640 0.784
* gignificant at 5 per cent level
* % n ” /I ” n n
E X 3 " 1" D-/] n " ”




TABLE 2.2

The overall three-trial total colony count/ml (30°C for 3 days),
expressed as logg of pasteurized milk (PM) produced from raw milk
(RM} on delivery by road tanker (PD) and after storage for 2, 4
and 7 days at 2°C and B6°C. The total colony counts of the
pasteurized milks were made on the day of processing and after
storage of the milks for 3, 6 and 8 days at 40°C

PN PM from RM stored at ZDC PM from RM stored at 6°C

storage

PD
2 days 4 days | 7 days 2 days 4 days 7 days

Initial 10.31 10.62 10.59 10.88 11.01 11.55 11.68
3 days 10.50 10.789 10.85 10. 91 11.31 11.88 11.73
6 days 10.74 10.85 10.92 10.96 11.36 11.94 12.18
9 days 10.83 11.11 11.23 11.17 12.97 12.82 13.14

Mean 10. 861 10. 84 10.91 10.98 11.68 12.05 12.18
_DF E] VR
Trial 2 81.109 188,975***
PM storage 3 3.547 8.263***
Treatment (1 - 4 belw) & 4,883 11.378% %+
1. F v rest 1 7.266 B.BB***
2. Storage 2 0.687 0.838
3. Temperature 1 20.135 24,541 % **
4. Storage. Temperaturei 2 0.262 0.318
Trial. PM storage 8 0.080 0.210
Trial. Treatment 12 2.760 B.431***
PM storage. Treatment 18 0.273 0.637
Residual 36
Total 83
Table Treatment %ﬁggggggéé Storage Temperature %g%gg%gfure
REP 12 3 Unequal Unequal 12
SED 0.268 0.535 0.2723 0.25706 0.3144

* significant at 5 per cent level
® % " ” 1 " n "

* % % ” 1] U. JE ” 1] "
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Fig. 2.2 Changes in the overall three-trial total colony count after various periods
of storage at 4°C of the pasteurized milk (PM) produced from raw milk (RM)
stored at 2°C for 2, &4 and 7 days
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Fig. 2.3
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milk -after the storage for 16 days was 121 X 10° per ml (from raw
milk stored at 2°C for 7 days), while the mean of the total colony
count for pasteurized milk after the storage for 16 days was

872 x 10° per ml (from raw milk stored at 6°C for 7 daysl. The
variation in the total colony count obtained from different treat-

ments with the storage time are illustrated in Figs 2.2 and 2.3.

Coliform count

(i) Raw milk

The coliform counts of raw milk on the day of delivery by a road
tanker and after the storage at 2°C and 6°C for 2, 4 and 7 days are
presented in Table 2, 3.

A highly significant difference (at 0.1 per cent level) was found
in the coliform count between different trials*. The storage of
the raw milk for 2, 4 and 7 days showed a highly significant

difference (at 0.1 per cent level) in the coliform count from the

day of delivery.

The mean of the coliform counts of raw milk samples showed no
significant difference between milks tested on the day of delivery
and after 2 days stored at 2°C. There was however a significant
difference (p < 0.05) after 4 days and a highly significant difference
(p < 0.001) after 7 days of storage of the same milk at 2°c. The
coliform count of the raw milk stored at 6°C was significantly
increased (p < 0.01) by 2 days of storage. Storage for 4 days
resulted in an increase in count (p < 0.001) and the highest
significant increase after 7 days of storage, The count of coliform
organisms increased more in the samples of raw milk stored at 6°C
than in the samples of raw milk stored at 2°C, (Fig 2.4). The

mean count of the coliform for the raw milk on the day of delivery

fram the road ranker is 3 x 10° per ml. After 7 days of storage

*The coliform count in the:-
First trial 1,775 per ml
Second trial 5,745 per ml
Third trial 2,385 per ml
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TABLE 2.3

The coliform count/ml (30°C for 1 day), expressed as nge,
of samples of raw milk (RM) on delivery by road tanker and
after storage for 2, 4 and 7 days at 2°C and 6°C

RM stored at 2°C RM stored at §°C
Trial dg?zvgiy
2 days 4 days 7 days 2 days 4 days 7 days

1 7.48 7.98 8.97 11.41 8.07 9,98 14.89
2 8.66 8.63 10.31 13.06 10.68 12.79 17.62
3 7.78 8.29 10.13 12.85 10.28 14.78 17.64

Mean 7.97 8.30 8.80 12.37 10.02 12.52 16.74

DE s VR

Trial 2 6.5579 22.148%*%
F v rest 1 34.3682 118.074%**
Trial. F v rest 2 0.5569 1.881
F v rest. Storage 2 44,6948 150.947%%**
F v rest., Temperature 1 38.7450 130.853***
Trial. F v rest. Storage 4 0.6686 2.258
Trial F v rest. Temperature 2 1.4801 4,999
F v rest. Storage. Temperature 2 2.7037 9.131*
Residual 4 0.2961
Total 20 9.4480

Table %gﬁﬁg%géure Storage Temperature Trial

REP 3 Unequal Unequal 7

SED 0.444 0. 385 0.363 0.291

* significant at 5

* ok
& %k k

" »n

” »

1
0.1

per cent level

n " n




Fig. 2.4 Chenge in the coliform count of raw milk {RM) after various periods of storage
at 2°C and 6°C
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at 2°C the raw milk coliform count was 291 x 10° per ml, while it

was 3 x 10° per ml for the same raw milk stored at 8°C after 7 days.

The coliform count showed a highly significant correlation coefficient
(r = 0.9521, p < 0.001) with the total colony count. The correlation
coefficient with psychrotrophic count was highly significant

(r = 0.8305, p < 0.001) Table 2.11.

(i1) Pasteurized milk

In all the experiments, non of the samples of pasteurized milk
produced from raw milk on delivery by road tanker or after storage
at 2°C and 6°C for up to 7 days gave positive results for coliform

in 1 ml.

Storage of the pasteurized milk for 3, B and 9 days after processing
did not result in the presence of coliform in samples of the

pasteurized milk.

Psychrotrophic count

(1) Raw milk

Table 2.4 shows the psychrotrophic counts of raw milk on the day of
delivery by a road tanker and after sforage at 2°C and 6°C for 2, 4 and
7 days. The mean psychrotrophic count of raw milk samples stored at
6°C was higher than the count of the same milk stored at 29c. A
significant difference (at the 5 per cent level) in the psychrotrophic
count was found between the individual trials®*. The storage of the
raw milk for 2, 4 and 7 days was associated with significant difference
{at 1 per cent level) in the psychrotrophic count. The temperature

of storage had a significant effect (at 5 per cent level) on the
psychrotrophic count of milk aon the day of delivery by the road tanker
and after storage for 7 days. No significant difference was found

between the mean psychrotrophic count for raw milk on the day of

*The psychrotrophic count in the:-
First trial 5,185 per ml
Second trial 484,000 per ml
Third trial 34,500 per ml
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The psychrotrophic count/ml (7°c for 10 days), expressed as

TABLE 2.4

logg, of samples of raw milk (RM) on dellvgry by a road tanker
and after storage for 2, 4 and 7 days at 2°C and 6°C

RM stored at 2°C RM stored at 6°C
Trial dgiiv2£y

2 days 4 days /7 days 2 days 4 days 7 days
1 B.56 8.08 16.03 16.64 9,26 13.83 18.44
2 13.09 13.44 16.08 17.13 15,98 17 .37 19.54
3 10445 12. 33 | 14.95 16. 91 14,860 17.71 18.11

Mean 11.47 11.62 15.69 16.89 14.05 17.07 19.20
oF, s VR

Trial 2 18.067 16.547*
F v rest 1 47.243 41.,000**
Trial. F v rest 2 1.388 1.204
F v rest. Storage 2 42.507 36.889%*
F v rest. Temperature 1 18.705 16.233*
Trial. F v rest. Storage 4 4,646 4.032
Trial. F v rest. Temperature 2 5.421 4.704
F v rest. Storage. Temperature 2 0.481 0.426
Residual 4 1.152
Total 20 11.344
Table %gﬁggégture Storage Temperature Trial
REP 3 Unequal Unegual 7
SED 0.876 0.758 80.716 0.574

*significant at 5

* %k ”

& Kk n

"

1
” 0.1 "

per cent level

" "

n n




Fig. 2.5 Changes in the Wm<njﬂoﬁmovrmn count of raw milks (RM) after various periods
of storage at 2°C and 6 °C
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delivery and after its storage for 2 days at 2°C and a significant
difference (p < 0.01) after 4 days at 2°¢, and (p < 0.001) after 7
days at ZOC, while the raw milk stored at 6°C showed a significant
difference (p < 0.05) after 2 days and (p < 0.001) after 4 days and
highest significant after 7 days in the psychrotrophic count,

Table 2.11.

The variations in the counts of psychrotrophic organisms in the raw
milk during the storage time at 2°C and 6°C are illustrated in Fig 2.5.
The mean of the psychrotrophie counts of raw milks on the day of
delivery by a road tanker was 175 x 108 per ml. After storage of

the raw milk samples at 2°C for 7 days the mean count was 22 x 10°

per ml while the mean count of the raw milk samples at 5°C for 7

days was 246 X 108 per ml.

The psychrotrophic count showed a highly significant correlation
coefficient (r = 0.8668, p < 0.001) with the total colony count,
Table 2.11.

(ii) Pasteurized nilk

All samples of pasteurized milk on processing and after storage at 4°c
for up to 9 days gave no count when plated out at 1 ml in the psychro-

trophic test.

Lipolytic count

(i) Raw milk

Table 2.5 presents the lipolytic counts of raw milks on the day of
delivery by a road tanker and after the storage at 2°C and 8°C for
2, 4 and 7 days. A significant difference (at 1 per cent level)
was found in the lipolytic counts of the raw milks obtailned in

different trials*. The mean of the lipolytic counts showed no

*The lipolytic count in the:-
First trial 33,000 per ml
Second trial 55,000 per ml
Third trial 33,000 per ml
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(ii)

r

significant alteration after 2 days storage at 2°C, while there was
significant (p < 0.01} increase in the lipolytic count after storage
of the milk for 4 and 7 days at 2°c. A significant increase

{(p < 0.05) in the lipolytic count was found after the storage of the
raw milk at 6°C for 2 days, while after 4 days of storage of the
same milk at 68°C a further increase in numbers (p < 0.01) was
observed. A highly significant (p < 0.001) difference was found in

the lipolytic count after 7 days storage of the raw milk at 6°C.

The variations in the lipolytic count due to the storage time at
different treatments are shown in Fig 2.8. The mean of the lipo-
lytic count of raw milk on the day of delivery by the road tanker
was 40 x 10° per ml. After the storage of the raw milk at 2°c
for 7 days the count was 87 x 10° per ml, while the storage of the

same milk at 6°C for 7 days resulted in a count of 501 x 10° per ml.

The lipolytic count shewed a highly significant correlation
coefficient (r = 0.9102, p < 0.001) with the total colony count.
The correlation coefficient with psychrotrophic count was highly
significant (r = 0.8770, p < 0.9013. The correlation coefficient
with coliform count was highly significant (r = 0.8761, p < 0.001).
Table 2.11. |

Pasteurized milk

The lipolytic count of pasteurized milks produced from raw milk on
the day of delivery by a road tanker and after the storage of the
raw milk at 2°C and 8°C for 2, 4 and 7 days and of the corresponding
processed milk stored for 3, 6 and 9 days at 4°C are given in

Table 2.86. A highly significant difference (at 0.1 per cent level)

was found between the trials* in relation to lipolytic counts.

No significant difference was found in the lipolytic count of milk

pasteurized on delivery by road tanker and that obtained for

*The lipolytic count in the:-
First trial 3,400 per ml
Seceond trisl 32,000 per ml
Third trial 1,000 per ml
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TABLE 2.5

The lipolytic count/ml (30°C for 3 days), expressed as logg,
of samples of raw milk (RM) on delivery by a road tanker and
after storage for 2, 4 and 7 days at 29C and 6°C

ot dgiivgiy RM stored at 2°C RM stored at 6°C
2 days 4 days 7 days 2 days 4 days 7 days
10.40 11.23 12.77 15.07 12.55 12.47 16.42
2 10.92 13.08 17 .50 19,25 15.92 18.30 20.99
3 10.40 12.10 15.42 17.15 14.65 17.25 18.06
Mean | 106.57 12.14 15.23 17.16 14.37 16.34 18.82
OF, ns WR
Trial 2 24.456 21.132%%
Treatment (| -4 below) 5 24,832  21.285%*
1. F v rest 1 66.3269 5505.0795**%
2. Storage 2 33.6807  328.5687***
3. Temperature 1 12.5464 1032.0042***
4, Storage. Temperature 2 0.4797 39.48605**
Residual 4 1.157
Total 20 10.530
Table Treatment Trial Storage Temperature %E%ggégéure
REP 3 7 Unegual Uneqgual 3
SED 0.878 0.575 0.2435 D. 2296 0.2812
*significant at 5 per cent level
e » v " ” n
*xx " voog.q ™ " "




The overall three trial lipolytic count/ml (30°C for 3 days]),
expressed as logg, of pasteurized milk (PM) produced from raw
milk (RM) on delivery by a road tanker (PD) and after storage

TABLE

for 2, 4 and 7 days at 29C and BCC.
milks were obtained on the day of processing and after 3, 6 and
9 days of storage at refrigerator temperature (49C)

2.8

The counts for pasteurized

Bl PM from RM stored at 2°C | PM from RM stored at 6°C
storage PD 2 days 4 days 7 days 2 days 4 days 7 days
Initial 8.47 8.66 9.25 9.27 9.77 10.80 10.97
3 days 9.14 9.01 8. 61 9.82 10,07 10.91 10.27
B days 9.25 9.74 99.74 9.98 10.24 10.95 10.50
9 days 9.49 9.90 10.42 10.49 10.45 12.21 12.38
Mean 9,08 9. 33 8.75 10.00 10.14 11.22 11.03

DF ns VR
Trial 2 167.788 592,941 ***
PM Storage 3 4.815 17 .369*%**
Treatment ( 71— Y below ) 8 7.781  27.354%%*

1. F v rest 1 13.763 20.696***

2. Storage 2 4,733 7,117 %%

3. Temperature 1 21.867 32.884%**

4, Storage. Temperature 2 0.673 1.013

Trial. PM Storage 6 1,085 3.835%*

Trial. Treatment 12 2.088 7.492%x*

PM Storage. Treatment 18 0.338 1.198

Residual 36

Total 83
Table Treatment gﬁgg%%%%&; Storage Temperature é%%ggégfure
REP 12 3 Unequal Unegual 12
SED 0.2172 0.4343 0.2328 0.2185 0.2688

* significant at 5

* &
*® K %k

”

I]
0.1 "

per cent level

" "
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Fig. 2.7 Changes in the overall three-trjal lipolytic counts after various periods
of storage at 4°C of the pasteurized milk (PM) produced from raw milk (RM)
stored at 2°C for 2, 4 and 7 days

A PM from RM on delivery by road tanker

13 7 A PM from RM after storage at NOm for 2 days
OPM from RM after storage at 2°C for 4 days
12 - MpM from RM after storage at 2°C for 7 days
g
11 -
£
©
g
9 10 -
. A
9 -
w -
1 i | 1 1 1 1 I
2 4 6 8 10 12 14 16

Storage time (days)




Fig. 2.8 Changes in ﬁwm overall three-trial lipolytic count after various periods of
storage at m C of the pasteurized milk (PM) produced from raw milk (RM)
stored at 6 C for 2, 4 and 7 days.

12 -

PM from RM on delivery
A by road tanker

11 -

anwz from RM after storage
at 6°C for 2 days

w PM from RM after storage
10 m g
) M,u_1-..|...-.....l..-.-.i-._....,u,? ¥ at 6°C for 4 days
nvwz from RM after storage
at 6°C for 7 days

Log_/ml

1 1 1 T T g |
2 I 6 8 10 12 14 16

Storage time (days)



IS

pasteurized milk derived from the same milk after storage for 2

days at 2°c. A highly significant (p < 0.001) increase in
lipolytic organisms was found in pasteurized milk produced from raw
milk stored at 2°C for 4 and 7 days, while the pasteurized milk
produced from raw milk stored at 6°C for 2, 4 and 7 days gave the
greatest increase in numbers (p < 0.001). A significant difference
(at 1 per cent level) was found between the individual trials and

the storage of the pasteurized milk for 3, 6 and 9 days.

The storage of the pasteurized milk for 3, 6 and 9 days after
processing resulted in a highly significant increase (at 0.1 per
cent level) in the lipolytic count. The variations in the lipo-
lytic count due to the storage time at different temperatures are
illustrated in Figs 2.7 and 2.8. The mean of the lipolytic counts
for the pasteurized milks on the day of delivery by a road tanker
was 12 x 10° per ml. After storage of the raw milk at 2°C for 7
days the mean count of lipolytic organisms in the pasteurized milk
produced from the same milk was 45 x 103 per ml. The count of
lipolytic organisms of the pasteurized milk produced from raw milk
stored at 6°C for 7/ .days was 107 x 103 per ml. The lipolytic
count of the pasteurized milk produced from.raw milk stored at 2%
for 7 days and held after heat treatment for 9 days was 81 x 10°
per ml, while the count for the corresponding pasteurized milk
produced from raw milk stored at 6°C for 7 days and held in cold

storage at 49c for 9 days was 368 x 103.

The lipolytic count showed a high significant correlation coefficient

(r = 0.7332, p < 0.001) with the total colony éount, Table 2.12.

Proteolytic count

(i) Raw milk
The proteolytic counts of raw milks are presented in Table 2.7. A
significant difference (at 1 per cent level) was found between

different trials* in the prateolytic‘count. No significant

*The proteolytic count in the:-

First trial 127,500 per ml
Second trial 400,000 per ml

Third trial 73,750 per ml
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(ii)

difference was found in the mean proteolytic count of milks on the
day of delivery by a road tanker and the count of the same milk after
the storage at 2°C for 2 days. A highly significant difference

(p < 0.001) was found between the initial proteclytic count and that
obtained after 4 and 7 days of storage at 2°C. The raw milk

stored for 2 days at 8°C had a proteolytic count which showed a
highly significant dincrease (p < 0.001) compared with the initial
values., Higher increases after 4 days of storage on the same
temperature and highest increase after 7 days storage of the same
milk at 6°C on the proteolytic count. The variation in the
proteolytic count due to the storage time at different temperatures

is i1llustrated in Fig. 2.9.

The mean proteolytic count of the raw milks on the day of delivery
by a road tanker was 200 X 10° per ml. After 7 days storage of
the raw milks at ZDC the mean count was 47 x 10° per ml, while
after 7 days storage of the same milks at 6°C the mean count was
258 x 10°® per ml.

The proteolytic count showed a highly significant correlation
coefficient (r = 0.9580, p < 0.001) with the total colony count.

The correlation coefficient with the psychrotrophic count was highly
gignificant (r = 0.8957, p < 0.0011}. The correlation coefficient
with the coliform count was highly significant (r = 0.9154, p < 0.001).
The correlation coefficient with the lipolytic count was highly

significant {(r = 0,8383, p < 0.001]). Table 2.11.

Pasteurized milk

The proteolytic counts are presented in Table 2.8. There was a
highly significant difference (at 0.1 per cent level) in the pro-
teolytic counts of the milks produced in the different trials*.
Storage of raw milk at 2°¢ before processing had no significant

effect on the proteolytic count of the pasteurized milk compared

*The proteolytic count in the:-
First trial 15,900 per ml
Second trial 118,000 per ml
Third trial 2,100 per ml
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TABLE

The proteolytic count/ml (30°C
of samples of raw milk (RM) on

after storage for 2, 4 and

2.7

for. 3 days), expressed as logg»
delivery by road tanker and

7 days at 2°C and 8°C

RM stored at 2°C RM stored at 6°C
Trial dgizvgiy
2 days 4 days 7 days 2 days 4 days 7 days
11.79 13.07 12,62 18.24 13. 84 15.65 18.92
2 12.90 13.51 16. 06 17.75 17.22 18.68 19.78
3 11.21 12,58 15.88 | 18.20 15.18 17.45 19.21
Mean . 11.85 13.05 15.149 17.39 15.41 17.26 19.30
DF ns VR
Trial 2 5.8584 10.277**
Treatment ( -4 below) g 19.8378 34,796%%*
1. F v rest 1 47.68376 93, 3525%**
2. Storage 2 25,4564 49,B87708***
3. Temperature 1 20,1218 39.2666%%¢%"
4, Storage. Temperature 2 8.0773 0.15072
Residual 12 0.5701
Total 20 B8.68794

Table Treatment Trial Storage

Temperature Storage.

REP 3 7 Unequal
SED 0.617 0.404 0.520
*significant at 5 per cent level