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SUMMARY

1, The aim of this work was to investigate the quality of pasteurized
milk. The work involved a study of the quality of pasteurized milk
from retail sources in Ayr and district. One hundred and thirty-two
7packs of pasteurized milk were purchased over a five month period from
six retail sources - four shops and two supermarkets. The milks were
processed by six different dairiss. The quality of the milk was
assessed using total colony count, psychrotrophic count, lipolytic count,

proteolytic count, Bacillus cereus count,coliform count, pH, titratable

acidity and phosphatase test. It was found that 6.06 per cent of the
samples failed the phosphatese test. However, 13.6 per cent failed k
the standard for colifarm bacteria in pasteurized milk in Scotland

i.e. absent in 1/1000 ml of milk. 15.9 per cent of the samples showed
a higher total colony count than the maximum count for the ’'standard’

grade of raw milk in Scotland (< 50,000 per ml).

2. A comparison was made of the microbiological quality of pasteurized
milk packaged in glass bottles and single-service containers (SSC)
using samples of pasteurized milk obtained from two commercial dairies.
The bacteriological tests referred to above wers used. The effect of
the following factors on the microbiological quality was investigated.
(i) storage at 5°C for 2, 4 and 6 days, (ii) the package i.e. either -
glassABottlss or single-service containers, and (1ii) exposure treat-
ment for 3 h to light and temperature conditions simulating the
doorstep delivery system. It was concluded from the tests that
exposure to simulated doorstep delivery conditions had no significant
effect on the microbiclogical quality during the trials which took
place in winter time. The mean microbial counts of pasteurized milk
processed in dairy A and packaged in glass bottles were significantly
higher than those obtained from pasteurized milk from the same tank
packaged in SSC. These differences appearsed in some tests made on

the day of processing. However, the mean of similar microbial counts
of milk processed in dairy B, gave the exact opposite results of those
obtained at dairy A. The results showed that there was no significant

difference iﬁ the microbioclogical guality of pasteurized milk packaged



in SSC in the two dairies. However, a highly significant difference

was found in the bacteriological quality of the samples of pasteurized
milk packaged in glass bottles between the two dairies. The empty

glass bottles were found to be an important source of post-pasteurization
contamination. The micro-organisms which were responsible for the

contamination were Aeromonas species, Citrobacter freundii, Escherichia

coll, Enterobacter aerogenes, Entercbacter cloacae, Entercbacter

agglomerans, Pseudomonas species and Serratia liquefaciens. The

total colony count of samples of pasteurized milk taken from the
pasteurized milk tank in both dairies was not more than 16,000 per ml
after 6 days of storage at 5°¢.

3. The chemical quality of pasteurized milk packaged in glass bottles
and SSC was determined using pH, titratable acidity, dissolved oxygen
cantent, acid degree value, phosphatase test and vitamin C content
{ascorbic and dehydroascorbic acid) on the day of processing and after
2, 4 and 6 days of storage at SDC From the practical point of view
i the. pH auel titvatable acioity
there was no significant differencenbetween the milks packaged in the
twa types of container. The dissolved oxygen content decreased
significantly in pasteurized milk packaged in glass bottles during
the period of storagas. However, there was no significant changes in
the dissolved oxygen content in the case of milk in SSC. A highly
gignificant negative correlation was found between the dissolved
oxygen content and the total colony count in the samples of milk
packaged in glass bottleés but not with the milk packaged in SSC.
The acid degree value (ADV) of the milk packaged in glass bottles
was significantly higher than the milk packaged in SSC during the
storage. Pasteurized milk packaged in glass bottles lost 40 per
cent of its ascorbic acid content on exposure for 3 h to the light
and temperature conditions simulating the doorstep delivery system.
Exposure to simulated doorstep delivery conditions had no significant
gffect on the ascorbic acid content of milk in single service

containers.

4. Assessment of the quality of pasteurized milk packaged in the



above two different packaging systems was determined. The appearance
scores showed no significant difference between the two packaging
systems. There was a slight decrease in the appearance scores during
the storage at SDD. However, there was a significant decrease in the
odour and flavour scores during the sterage at 5°¢. There was no
significant difference between the two packaging systems from the
practical point of view. Fruity, bitter, oxidized, malty and

coaoked flavours were identified in pasteurized milk in both types of

container.

L All of the pure strains of Bacillus species tested showed no
growth after 24 h at the optimum temperature of each on plate count
agar to which was added Benzalkon A-50 per cent (100 mg/l) or Janus
green (1000 mg/1). However, strains of Pseudomonas, E. coli and

Proteus grew on the above medium under the same conditions.

A highly significant correlation was found between the total colony
count of pasteurized milk after pre-incubation for 24 h at 25°C on the
above two selective media and the total colony count of the same milk
after 7 days of storage at 5% using a non-selective medium plate

count agar.



ABBREVIATIONS

The standard abbreviations, as recommended by the British Standard
Institution, B.S. 1991 : Part 1 (1978) are used in this thesis, with

the following additions:-

ADV = Acid degree value
DF = Degree of Freedom = n - 1
Glass-E = Samples of pasteurized milk packaged in glass bottles

and exposed for 3 h to light and temperature
conditions simulating doorstep delivery system prior

to storage at 59C.

Glass-N = Samples of pasteurized milk packaged in glass bottles
and stored in darkness at 5°C.

MS = Mean of Sum Squares = %-Z (x ~ x)? = Standard
Deviation

REP = Replicates

SE = Standard Error = V Residual MS

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

SSC = Single-service containers

SSC-E = Samples of pasteurized milk packaged in single-
service containers and exposed for 3 h to light and
temperature conditions simulating doorstep delivery
system prior to storage at 5°C.

SSC-N = Samples of pasteurized milk packaged in single-
service containers and stored in darkness at SDC.

Tank = Samples of pasteurized milk taken from pasteurized
milk tank

VR = Variance Ratio = MS (individual variants/MS Residual.

FOOTNOTE

In referring to studies in which the terms psychrophilic and psychrotrophic
are used, the author of this thesis has reproduced the term given in the

original wark.



MICROBIOLOGICAL QUALITY OF HEAT PROCESSED MILKS

INTRODUCTION

Types of heat processed milks in the United Kingdom and other
countries including Irag

There are three types of heat processed milks which have been

produced in the U.K. and also in many other countries.

1. Pasteurized Milk

A pasteurized product is .a product which has been subjected to
pasteurization: which if retailed as such has been cooled without
delay and has been then packaged with minimum delay under conditions '
which minimize contamination. The product must give a negative
phosphatase test immediately after heat treatment (IDF/FIL, 1980]).

Pasteurized milk is produced extensivély in the U.K., European
countries, the U.S5.A., the U.S5.5.R., Canada, Australla, New Zealand

and some other countries with temperate climates.

Ridgway (1970) reported that, in commercial practice, refrigeration
tould prolong the keeping quality of pasteurized milk to 6-8 days
but it was essential that the“milk be held at temperatures below
7.2°C (45°F) at all times, to achieve this length of life.

The E.E.C. Regulation (1971) (as amended by E.E.C. Regulation, 1978)
permitted the sale of heat treated milk (pasteurized, UHT and

sterilized) in thrse grades according to fat content. These are:

a. * Whole milk with a minimum fat content of 3.5 per cent,

b. Semi~skimmed milk with a fat content of between 1.5 and

1.8 per cent, and

C. Skimmed milk with a fat content of not more than 0.3 per cent.

The E.E.C. also allowed members States to provide for an additiocnal

whole milk category with a fat content fixed by them at no less‘%han

*The minimum legally permitted fat content of unstandardised whole milk in

the United Kingdom is 3 per cent. (U.K. Orinking Regulations, 1978).



3.8 (e.g. Channel Islands and premium South Devon milks in the U.K.).

In some E.E.C. countries the semi-skimmed milk may be fortified.
Further development has besen made on this type of milk by the
addition of vitamins and the production of flavoured milk (Ashton,
1974).

Ashton et. al. (1978) reported that pasteurized milk has a relatively
short keeping quality. Under very well controlled cohditions the
maximum keeping quality (shelf life) of commercially produced
pasteurized milk, stored under refrigeration from the time of
production is considsredAto be of the order of 21-28 days. A !
shorter keeping gquality of 3-7 or 9 days under refrigerated storage
could, in certain bountries, be considered sufficiently long and
satisfactory, whilst in others, a 2-3 days shelf-1ife might be

customary and generally regarded as acceptable.

They reported that pasteﬁrized milk is facing many problems which

are related to:

al the bacterial flora of raw milk,

bl the lipases and proteiﬁases (naturally or bactsriologically
developed]) which are present in the raw milk prior to the
process of pasteurization and the effects of the residual
amounts of the heat-stable enzymes present after heat

treatment, and

c) the efficiency of handling and treatment of milk which
includes preparation of the plant for use, the suitability
of the process with plant used and the operational-akills

involved in processing treatment.

2. UHT Milk

UHT milk is now marketed in the U.K. and most European countries,

Kenya, Mexico, Zambia, the U.S.A., Canada, the U.S5.S.R. and Iraq.

The UHT product is defined by the IDF/FIL (1980) as a product



which has been subjected to UHT treatment, which is packaged in
sterile containers under aseptic conditions, and which satisfies the
keeping quality tests given in IDF/FIL (1869).

Lang and Lang (1975) stated that UHT milk sold in several varianis
differing in fat content such as whole milk with 3-4 per cent fat;
partially skimmed milk with 1.5 - 1.8 per cent fat,and skim milk with
less than 0.3 per cent fat.They said that in some countries such as
Switzerland and the German Federal Republic, UHT = market milk of
reduced fat content, 1.8 per cent, and enriched with protein, is also
available. Flavoured UHT milk also is produced in some Eurocpean

countries.

Burton (1977) reported that this type of heat processed milk was
rapidly developed in many European countries, (Italy, West Germany,
Switzerland and France), the U.S.A. and Canada, while it was very
slow to develop in the U.K. compared to pasteurized milk. Slow
development of sales of UHT milk in the U.K. was related to the
~availability of high-quality pasteurized milk.and the maintenancs
of the household (door-step) delivery system.

[}

The Scottish Milk Marketing Board (1880) reported that UHT milk has
been commercially sold in the U.K., since 1985,‘but in 1979 sales were
still under 1 per cent of the total liquid milk market. However,

it was 48 per cent in Italy, 37 per cent in West Germany, 36 per

cent in Switzerland, 27 per cent in France, 12 psr cent in Belgium

‘and 5 per cent in Holland.

3. Sterilized Milk

The sterilized product is defined by the IDF/FIL. (1980) as a product
which has been subjected to sterilization, either in sealed
containers or in continuous flow, and subsequently packaged in
sterile containers under aseptic conditions, which satisfies the
keeping gquality test described in IDF/FIL (19638), and which does

not give turbidity when subjected to the modified turbidity test
described in IDF/FIL (1972).



Ashton & Romnay (1979) reported that sterilized milk has been marketed
in Europe since the turn of the 20th century. Originally, it was
thought that subjecting milk contained in a glass bottle to a
temperature exceeding boiling point for about 30 minutes in a sealed
vessel i.e. an autoclave, would be sufficient to kill all the micro-
organisms which were present, thus making it sterile. Such treat-
ment, it was considered, would permit milk to have an extended
keeping guality of weeks or even months. They defined sterilized
milk as milk which after filling into containers in which it is
sealed, has beén heated to & temperature within the limits 100-135°C
for 15 minutes and which gives no precipitate when a sample is
subjected to a modified turbidity test.

The higher temperature, which is used to sterilize the milk, causes
caramelization of the lactose producing a *cooked’ flavour and a

more creamy appearance (National Dairy Council, 1974).

This type of milk is not increasing to the same extent as pasteurized
and UHT milks. \

The Federation of the U.K. Milk Marketing Boards (1879) reportéd that
the percentage of sterilized milk sold in England and Wales in that

year was 7.1, while in 1975 it was 7.B.

Methods of processing - Zontrol requirement - Standards (commercial

and legall.

1. Methods of processing used for pasteurized milk

Pasteurization is a process applied to a product with the object of
minimizing possible health hazards, arising from pathogenic micro-
organisms associated with milk, by heat treatment which is
consistent with minimal chemical, physical and crganoleptic changes
in the product (IDF/FIL, 1980).

Methods of processing used for pasteurized milk are:

a) Holder Method:

In this method raw milk is heated to temperatures in the range of



80 to SZ.BOC (140 to 14SDF) for 30 min. Most regulations agree
that the milk should be heated for 30 min. After pastsurization
the milk is cooled to 167%C (50°F) (Herrington, 1948, Hall and Trout,
188813,

In Scotland, pasteurized milk may be produced by the above method;
using temperatures in the range of 62.8°C (1457F) to 65.8°C (150°F).
The milk should be cooled immediately to not more than 7.2°C (459,
Indicating and recording thermometers should be installed in

suitable places and each recording thermometer chart should be dated
and kept for not less than three months. Immediately after cooling,
the milk should be put into retail containers or unventilated bulk :
containers (The Milk(Special Designationsg) Scotland)Order, 1965).
Different equipment has been used with this method such as eilther a

Vat pasteurizer or a Batch heating system with continuous cooling.

b) HTST Method
This method was developed in the period between 1920 to 1927, and
. literally means high temperature short time (Burton, 1940). In
this method raw milk is heated to 71.1°C (180°F) or higher for 15.5 s
or longer (Herrington, 19481J. Many different types of equipment are
used in this method such as plate heat exchangers, tubular, and

scraped surface heaters etc.

Recently in the Annual Session of the IDF in Switzerland, Ashton et.al.
(1979) defined pasteurization as a process which involves heating a
product to a temperature of less than 100°C for a time sufficient to
render it bacteriologically safe for human consumption. They add
that, in the case of liquid milk for human consumption, an appropriate
heat treatment would be 72°C for 15 s or an equivalent time/
temperature combination. In practice the process should be such as
to satisfy a test such as that described in the IDF/FIL (13874) for

the absence of phosphatase. In certain countries, time/temperature
combinations are permitted that will ensure the destruction of the
peroxidase enzyme. For liguid milk for human consumption,
pasteurization should be followed by immediate cooling and packaging

in such a manner as to minimize post-pasteurization contamination.



Pasteurized milk which is produced in Scotland by this method should
be heated to not less than 71.7°C (161.5°F) and not more than

78.3°%C [1780FJ for not less than 15 s. The milk should be cooled
immediately to not more than 7.2°C (45%F). The apparatus should be
provided with a device (flow diverion valve) which will automatically
prevent any milk which has not reached a temperature of 71.7°¢
[181.50F) from flowing into the cooler (The Milk(Special Designation)
Scotland)Order, 1965).

2. Methods of processing. used for UHT milk

UHT treatment is é'procese applied to a product in continuous flow
with the object of destroying all micro-organisms, ar at least
inhibiting the growth of any residual micro-organisms, by a high
temperature (not less than 132°C)/short time (not less than 0.5 s)
heat treatment which gives minimum chemical, physical and organoleptic
changes in the product in relation to the severity of the heat treat-
ment required (IDF/FIL, 1380).

The methods of prbcessing used for UHT milk are:

a) Direct heating method

In this method raw milk is heated to temperatures in the range of

135 to 150°C with a holding time of a few seconds followed by aseptic
filling of the cocled milk (Burton, 1977). However, Ball (1377)
reported that the"direct’ method is to heat the raw milk to 80°C

by either vapour or some form of regeneration, after which it passes
through a booster pump before steam injection raises the temperature
from 145 to 150°C. After a holding period of 2-5 s, the milk is
flash cooled to BODC, then homogenized aseptically and further cocled
to a temperature of about 20°C when the milk is packaged. The above
method utilises steam injection into the milk or vice versa. Steam
is normally used as the heating medium in this method (Aggarwal,
1974; Burton, 1877).

bl Indirect heating method

Ball (1977) reported that the 'indirect’ method for producing a



UHT-product was to heat the milk to 85°C by regeneration, homogenize,
further heat to 1380C and held for 2 s before cooling either by cold
water, regeneration and final cold water only, to give a filling

temperature of approximately 20°C. UHT-temperature, homogenization

temperature and final cooling temperaturses are controlled.

The Milk (Special Designations) (Scotland) Amendment Order (1986)
stipulates that milk should be retained at a temperature of not less
than 132.2°C (270°F) for not less than 1 s. The apparatus should

be equipped with a device which shall automatically divert the

flow of any milk not.raised to the authorised temperature. Indieating
and recording thermometers should be fitted where necessary-by the -'
Local Authority and the recording thermometer charts should be dated
and kept for not less than 3 months. Immediately after treatment,

the milk shall be aseptically filled into sterile retail containers.

Evette (19768) reported that the equipment used for UHT-treatment of

milk is as follows:

al Direct heating system, this system includes:

i. Steam injection into the milk: The equipment used
with this system is the APV Uperiser, Alfa Laveal VTIS, and

Cherry-Burrell steam injection.

ii. Milk injection into the steam: The squipment used
with this system is the Laghuillharre UHT-Sterilizer,

Paasch and Silkeborg polaristator).
iii. Friction sterilization e.g. (Seffac UF 400)

iv. IR sterilization (g.g. Actini UHT): In this apparatus
homogenized milk at 56°C is heated to 115°C before entering
the IR Irradiation section where the temperature is
increased to 135°C at a rate of 2.4°C/s. After maintenance
at this temperature for 15 s in a high turbulence tubular

holder, the milk is cooled by regeneration.

b) Indirect heating system: with this system the eguipment



includes:
i. Tubular heat exchangers (e.g. the commercial equipment

from Stork, Sterideal Cherry-Burrell, Spiratherm etc.).

ii, Plate heat exchangers (e.g. Sordi steriplak, Ahlborn
IHS, APV Ultramatic and Alfa Laval Thermodule).

Burton (1977) summarized the sterilization methods which are used to
sterilize UHT-milk containers. These methods are, super heated
steam, hydrogen peroxide with heat, alchohols and sterile air,. He
indicated also that the filling methods used with UHT-milk are flow
volume determined by time, flow volume determined by carton and .

valumetric methods.

3. Method of processing used for sterilized milk

Sterilization is a process applied to a product with the object of
destroying all micro-organisms, d¢r at least inhibiting the growth
of any residual micro-organisms by heat treatment at a temperaturse
exceeding 100°C. (IDF/FIL, 1980).

The methods of processing used for sterilized milk are:

al Batch method

In this method the milk is preheated, homogenized, and filled into
bottles prior to sterilization by the batch method using a temperature
in the range of 104 to 110%¢ for 30 to 40 min after which the bottles
are removed and left to cool (National Dairy Counciliy 1874). Ashton
and Romney (1878) reported that the process of batch sterilization

can be carried out by three methods:

i. in stacks of crates in a static pressure vessel

{autoclave],

ii. in a cage which can be rotated within a static pressure

vessel (autoclave) or,
iii. in a rotary pressure vessel {autoclave].

bl Continuous method

In this method the filled bottles are fed on to a conveyer belt
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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,
1974).

Ridgway (1970) repbrted that sterilized milk was processed by
preheating the milk. in a plate heat exchanger to 41.7°c (107°F) after
which the milk was homogenized and filled into bottles, sealed and
heated to 107.2 to 112.8°C (225 to 235°F) for 30 to 40 min in a

batch or continuous sterilizer.

The Milk (Special Designations){Scotland) Order (1965) stipulates
that sterilized milk should be heated to a temperature of not less
than 100°C (212°F) for such a period as to ensure that it will
comply with the turbidity test. The milk should be treated in
capped bottles, sao that on completion they are hermetically sealed.
The apparatus in which the milk is sterilized should be approved

by the Local Authority. Thermometers and pressure gauges should

be installed in suitable places.

Standards and legal requirsment

The milk (Special Designation)(Scotland) Order (1965 and 1376)
stipulates that

ajl pasteurized milk should be cooled to 7.20C or lower, have

10 micrograms or less of p-nitrophenol per mi. in the phosphatase

test, and coliform organisms must be absent in 1/1000 ml.

b) Sterilized milk must give a negative reaction when tested

for turbidity.

c) UHT milk: the colony count on yeastral milk agar(YMA) must
not exceed 1,000/ml after storage for 24 h at 30°C (1 ml of
dilution plated in duplicate on YMA at 30%C).

In England and Wales, the half-hour methylene blue test was the
official test prescribed by the Milk (Special Designatiocn) Rsgulation
(1963) for pasteurized milk. The milk is aged by storing at

atmospheric shade temperature from the time of arrival in the



labaratory until testing at 08.30 h on the following day. Buring

the winter months (1 Nevember to 30 April) storage over night (1700 to
0930} is at 18.3 #1.1°C (85 +1°F). Samples are regarded as
satisfactory provided the methylene blue is not decolorised after

30 min at 37-38°C.

The.legal requirements - for heat processed milk which were prescribed
by The Milk and Dairies (Channel Islands.and Scuth Devon Milk)
Regulations (1956), EEC Regulatian (1871 and 1978), and UK Drinking
Regulations (1978) are:

a. Whole heat-treated milk (home productionl: 3 per cent of

fat is the legal minimum.

b. Whole heat-treated milk (imported) 3.84 per cent of :fat is

the legal minimum.

c.  Semi-skimmed milk: 1.5 and 1.8 per cent of fat are the

legal minimum and maximum respectively.
de - Skimmed milk: 0.3 per cent of fat is the legal maximum.

e. Channel Islands and South Devon milk: 4 per cent of fat is

the minimum.

Industrial procedures including storage of milk.before and after
processing, distribution and retailing patterns

1. Storage of milk before processing

The temperaturs of the milk after milking is usually neérly the
‘temperature of the cow. Sa, if there are contaminants present the
milk becomes sour very gquickly if it is not cooled. Therefore it
must be cocled immediately after milking to a low temperature. Many
investigators have studied the condition of the milk before processing

and the factors which affect the quality of milk.

In 19539, 1t was found that storage of milk before processing at a low
temperature is an important factor which has an effect on the keeping
quality of the products. The milk should be cooled guickly to avoid

the growth of psychrotrophlic bacteria which are mainly caseclytic,
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lipolytic, Gram-negative rods and coli-aerogenes organisms and
grow in raw milk stored at 3-5°C for three days (Thomas et. al.,
(1959).

Thomas and Druce (1883) found that P seudomonas species predominated
amongst the 235 psychrophilic bacteria ilsolated from raw milk after
storage at 3 to 5°C for three days. Franklin (1868) indicated that
the increase in growth of psychrotrophs in raw milk during collection
and storage before processing is due (i) to the increasing use of
refrigerated bulk tanks on the farms,(ii) to alternate-day collection
of sx-farm milk and (iii) to the large quantity of milk stored at
dairies. He found that many strains of psychrotrophs produce '
lipolytic and proteclytic enzymes during the long storage at low
temperature and finally these enzymes produce undesirable off-flavours
in the milk after processing because they are not all destroyed by

pasteurization,

Crawford (1867) .observed that alternate day collected tanker milk of
good quality could be held at 5°C at the creamery for one day with
very little increase in the bacterial content, but on holding at this

temperature for a second day, the bacterial numbers increased sharply.

In another study in 1869, it was found that the psychrotrophic count
of raw milk, stored at 7.2°C for 3 days, increased 10-fold while the
coliform count doubled and thermoduric and enterocopcci counts remained

unchanged (Hartley, et. al., 1868).

Von Bockelmann (1363) made daily examinations for up to three days of
raw milk stored at 5°C in 10,000 1 tanks at the creamery. He found
that the average total colony count per ml at 30°C for one, two and
three days respectively of cold storage were 1.8 x 10®%, 3.8 x 10°%

and 17.0 x 10°%; the average psychrotrophic count per ml was 0.4 x 108,
2.1 x 10% and 11.0 x 10%; the-coliform count per ml was 87x10°%,

230 x 10% and 780 x 10% and the thermoduric count per ml was 45 x 102,
45 x 10% and 55 x 10%, He concluded that milk containing < 108
bacteria per ml with < 50 per cent of the organisms being psychrotrophs,

could be satisfactorily cold-stored at 5°C for 2-3 days before
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pasteurization.

Thomas (1974) reported that the bulk collscted milk sampled From
transport tankers on arrival at the creamery usually has a higher
total bacterial content than that of milk sampled from tanks at the
time of collection. This increase is mainly due to psychrotrophs
derived from the road tankers and the ancillary filling and pumping

equipment.

In 1975, it was found that refrigeration directly after milking has
an effect on the hygienic quality of raw milk. It appeared in the

same study that the bacterial growth was very slow during the first ¢
48 h of storage at 5°c or 7°C. A rapid growth of psychrophilic
bacteria occurred after 48 h at 7°C and 72 h at 5°C (Mukelic et. al.,
1973).

2. Storage of milk after processing

al. Pasteurized milk

It is very important to hold pasteurized milk at low temperature
after processing because,in this type of milk,not all the micro-
organisms and spores have been destroyed. Therefore it must be

kept at a cold temperature until it has reached the consumer.

Many studies have-been dong on the storage of heat processed milks
and the effect of this processing on the guality of the milk.

Hempler (1955) found that strains of Achromobacter Pssudomonas and

Alcaligenes predominated in cammercially pasteurized milk stored

at 7°C for 2 to 5 days. The psychrophilic count had increased
slightly in two days, and rapidly after the third day. Migh counts
of psychrophilic bacteria were found in pasteurized milk stored

at 7.2°c (457F) for 5 days (Elliker et. al., 1964). Ciblis (1965)
found that streptococci predominatéd in pasteurized milk prepared

by the HTST method and stored at 10 to 15°¢. But when the
pasteurised milk was stored at 5°C there was a large number of

psychrophilic short rods present. Maxcy {1966) demonstrated that
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the spoilage of pasteurized milk stored for 14 to 21 days at 5°C was
due to Gram-negative organisms. In a study on storage stability of
commercial milk, it was found that summer pasteurized milk had twice
the shelf-1life of winter milk. Summer pasteurized milk stored at
0°C (32°F) was acceptable for 4.4 weeks (Finley et. al., 1988).

Mourgues and Auclair (19869) studied the effect of storing commercially
pasteurized milk at 4, 6 and 89c. They found that the average total
counts after 8 days at these temperatures were 3.02, 31.5 and 188
million per ml respectively. However, with other samples of pas-
teurized milk which had a high quality (initial total count 9350 per
ml) after  the same conditions of storage were 31,200, 390,000 and |
8,100,000 per ml. They found that the flavour defects occurred in
the samples when the psychrophilic counts were 2 to 120 million per

ml.

Tormo Iguacel gt. al., (1871} found that the log total count per ml
of pasteurized milk packaged in cartons and plasticsbottles and
stored at 5 and 10°C respectively increased from 3.77 to 5.78 and
8.89. © They found coliformbacteria after four days in four samples
stored at 5°C and six samples stored at 1DDC. They identified two

Escherichia coli, three Aerobacter aerogenes and one intermediate

species.

Credit et. al.. Eﬁ972) indicated that the problem in pasteurized
milk stored for a long time at 4.50C was psychrotrophic bacilli,

which can produce off-flavours in pasteurized milk.

In 1873, pasteurized milk was stored at 4 and 8. The botal count
gradually decreased and was followed by a rapid increase. Off-
flavour defects appeared after thirty and ten days at the two
temperatures respectively. The organisms which were responsible

for flavour defects were Bacillus cersus, Bacillus licheniformis and

Microbacterium species (Mourgues and Auclair, 1973). After two

years these investigators found that the temperature of storage for

pasteurized milk should be near to 0°C because pasteurized milk still
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containes sporulating bacteria mainly B. cereus ,which survive heat
treatment and may grow under refrigerated conditions causing

deterioration and off-flavours (Mourgues and Auclair, 1975).

Washam st. al., (1977) isolated 700 cultures of psychrotrophic bacteria
from 227 pasteurized milk samples which had a shelf 1life of > 20 days
at 7.206. They found that 135 cultures were resistant to heating at
729C for 16 s and were able to re-establish growth at 7.29¢C. The
genus Bacillus occurred most frequently. The non-sporing types were

assigned to the genera Arthrobacter, Microbacterium,. Streptococcus

and Corynebacterium.

Becker EE: al. (1877) found that the storage life of pasteurized
milk at 10°C was much shorter than at 5°C but it did not fall below

5 days. They concluded that the major factors affecting the keeping
quality of pasteurized milk were post pasteurization contamination

and storage temperature.

b) UHT Milk

UHT milk after processing could be deteriorated by the micro-organisms
which either survive the UHT treatment or by post sterilization '
contamination. Franklin (1970) found that a strain of B.

cereus produced sporss which would survive 135°C for 4 h.

The other limitation to the storage life of UHT milk after processing
is the coagulation after prolonged storage which is caused by the
‘slow action of proteoclytic enzymes produced by scme Pseudomonas
species in cold storage before processing (Bengtsson, Gardhage and
Isaksson, 1873).

Surton (1977) reported that post sterilization is a greater danger
which affects the long-life of UHT milk. This may occur either
through inadequate plant cleaning and sterilization, through .direct

atmospheric contamination, or through the aseptic homogenizer.

c) Sterilized milk

Franklin (1970) indicated that the failure level of well produced
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sterilized milk during storage was about 5-10 per cent. He stated
that this failure rate was due to large numbers of thermo-tolerant

spore contamination arising from faults in the containers.

Ashton and Romeny (1378) reported that sterilized milk should be stored
at a moderate temperature, between 10-15°C  (50-80°F) in a manner which
would permit daily examination for faulty containers, which, if present,
should be removed. They advised that the storage area should be

washed at least once per week.

3. Distribution and retailing patterns

Milk is usually distributed direct to consumers or by sub-branches of
the same firm or to independent retailers (National Dairy Council,
19741, Storage of pasteurized milk at low temperatures in shops

and houses is a very important factor in the quality of pasteurized
milk after it has been distributed. In 1989, the poorest quality of
pasteurized milk from retail sources was obtained from shops without

refrigeration (McLarty and Robb, 1888).

Labuschagne et. al., (1871) reported that bottled milk must be
delivered at a temperature of not more than ﬂSDC. These investigators
found that the increase in the rate of temperature between the milk

and the surroundings was D.DDBDC/min for a partially insulated vehicle.
This increase in temperature proved unsuitable for delivery of milk
below 15°C. They suggested that the increase in temperature must be

not more than 0.001°C/min.

Gray (1973) reported that all stages in distribution and handling should
be in the temperature range 3.3% (38°F) to 7.2°%C (45°%F).

Microbiological and other control tests applied.to heat processed milks

There are many tests (microbiological and chemical) which are used to
detect the correct treatment of heat processed milks. These tests,
which are applicable to heat processed milks may be (i) statutory,

(ii) advisaory on National or Government level, (iii) advisory within
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industry, or (iv) laid down by Specification.

1. Microbiological and other control tests applied to pasteurized
milk

Jarvik (1851} found that the Bacterium coli test afforded a useful

check on the extent of post pasteurization contamination of milk,

the absence of Bacterium-coli in 0.1 ml of milk indicating a satis-

factory result, and the absence of this organism in 0.0% ml an

gexcellent condition of cleanliness.

Feagan (1952) used plate and coliform counts, dye reduction tests
(modified methylene blue and 'resazurin) the alcohol test and keeping '
quality tests to examine samples of pasteurized milk which were all
stored at 18°C (64.5°F) for 18 h. He found that the dye reduction
tests and alcohol test were the most reliable for the determination

of the keeping quality of pasteurized milk.

Day and Doan (1958) used a tetrazolium reduction test to assess the
keeping gquality of pasteurized milk. They found that this test gave
useful results when the milk was stored at 4.408 [4DDF).

Thomasow (1958) determined the keeping quality of pasteurized milk
(HTST and flash methods) by the resazurin test (30 min at 37081,

and by taste, smell and coliform titre. He found a general
relationship between the keeping gquality of the pasteurized milk and
the total count but not between the keeping quality and the coliform
titre. However, McCallum (1960) reported that the presumptive
coliform test was the most reliable for detecting poor gquality of
pasteurized milk during 1958-1959 in Glasgow, Scotland. He Ffound
this result after a comparison between the presumptive coliform test,

resazurin test and psychrophilic count.

The Milk (Special Designations){Scotland]) Orders (1965 and 19786)
stipulates that any samples of milk taken after pasteurization
should be

a) subjected to the phosphatase test and give. a reading not

exceeding 10 micrograms of p-nitrophenol per ml of milk, and
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b) found to contain no coliform organisms in 1/1000 ml of milk.

Elliker et. al. (1984) reported that the psychrophilic count was a
more sensitive method than the ceoliform test for assessing post

pasteurization contamination.

In their study on the bacteriological quality of pasteurized milk
from a retail source in Edinburgh (Scotland), MclLarty and Robb (19869)
used the bacterial count (YMA),the Violet. Red Bile Agar (VRBA) test,
the Most Probable Number (MPN) test, and the Aschaffenburg and Multen
phosphatase test.

t
Cox (1870) summarised advisory bacteriological tests for pasteurized

milk:
al presumptive coliform test:
(1)} Direct sample - coliform must be absent in 1 ml.

(id) Incubated.sample - coliform must be absent in 1 ml.

bl plate count (30°cy:

No standard (< 30,000/ml noted).

c) keeping quality tests:

(i) High temperature keeping quality (24 h/28°C)
(1) Direct sample - <.0,2 per cent acidity, and

(2) Laboratory pasteurized - < 0.2 per cent acidity.

(i1i) Methylene Blue Reduction test:
(1) Statutory test - > 3 h reduction time

(2] After 48 h incubation - > i h reducticn: time.

He reported that the failure of any of these tests can be followed up
to show whether (a) poor quality raw milk (b) plant centamination or
(¢) inefficient pasteurization are responsible for potentially poor

keeping quality.

Watrous et. al. (1971] assessed the keeping gquality of pasteurized

milk by the standard plate count, coliform count, and psychrotrophic
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count. All these tests had been used with commercially and
laboratory pasteurized samples held at 4.4 and 7.2°C for G, 5 and
10 days. In another study in 1871, it was found that the total
count was not significantly related to the keeping gquality test
‘(assessed by using 68 per cent (Vv/Vv) alcohal after pre-incubation
at 180waor 18, 21 and 24 h] on pasteurized milk. Hawsver,
psychrotrophic and coliform counts showed a correlation coefficient
of 0.7259 and 0.72668 respectively (Jooste and Groeneveld, 1971).

Langeveld et. al. (1878) developed a rapid method for the detection

of post-pasteurization contamination in HTST - pasteurized milk.

In this method the filled package or a line sample of equal volume,

is pre-incubated for 24 h at 25°C, Then 0.01 ml of the pre-incubated
milk is spread an a plate containing plate count agar toc which 100 mg
of Benzyldimethyl-alkyl ammonium chloride 50 per cent agueous

solution (Benzalkon A-50 per cent) has been added. It is concluded
that re-infection has taken place if colonies have developed with a

24 h incubation period at an°c. This method is identified as

pre-incubation plate count Benzalkon A-50 per cent (P.I.PCBA).

Recently, Schilhabel et. al. (1978) suggested a guantitative. test to
determine the recontamination in pasteurized milk. The test consists
of streaking different amounts of milk (after 24 h enrichment at
room temperature]) onto 2:1 plate count: violet red bile agar, and
incubating at room-temperature for 48 h. The re-contamination titre
is determined by the MPN method. They reported that the test will

detect recontamination rates of a few bacteria per 180 ml milk.

2. Microbiological and other contrel tests applied to UHT milk

The IDF/FIL (1969) suggested standard tests for UHT milk.

a) Tests to be done before incubatiaon in ane of the container/

samples.
(i} Stability test with aguecus ethanol B8 per cent (v/V)

(ii) Titratable acidity expressed as g of lactic acid
per 100 ml of milk

(iii) Direct microscopic count.
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{(iv) Organoleptic examinations: presence or absence of

precipitate, sediment, abnormal odour or taste.

I+ the milk passes the ethanol stability test, the following tests

require to be done.

b) Tests to be done after incubation at 30 #1°C for 14 days
and 55 +1°C for 7 days (lUnder conditions of temperate-climate,

incubation at 55 %= 1°C can be omitted).

(1) Stability test with aqueous ethanol 68 per cent (v/v].
(ii) Titratable acidity expressed as g of lactic acid per
100 ml of milk.

(1ii) Colony count according teo the IDF/FIL (1870} wsing an
inoculum equivalent to 0.1 ml of milk.

{iv] COrganoleptic examinaticons: presence or absence of

precipitate, sediment, abnormal odour or taste.
c) Specification of satisfactory sample.

(1) Before incubation: samples must pass the ethanol
stability test.

(2) After incubation:
(1) Sample must pass the ethanol stability test.
(ii) Titratable acidity should not differ from what it
was befere incubation by more than 0.02 expressed as

g of lactic acid per 100 ml of milk.

(iii} Colony count should not exceed 10 per 0.1 ml of
milk.

(iv]} The odour and taste of the samples should. not be
different from that normally obtained by prolonged

incubation of UHT milk.

(v} The physical appearance should be normal and no

trace of coagulation cor proteolysis should be present.

The Milk (Special Designations)(Scotland} Order (1976) stipulates a

colony count for UHT milk. the count of the milk is determined on an
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unopened package held for 24 h at 3a°c. The count should not

exceed 1000 per ml.

Nakanishi., et. al. (1878) used the standard plate count, psychro-
philic count, pH, acidity., alcohol test, clot-on-boiling, protein
and non-protein N or free tyrosine to assess the guality of UHT milk.
However, Burton (1377) used oxygen content, ascorbic acid, and folic

acid to assess the quality of UHT milk.

3. Microbiological and other control tests applied to sterilized
milk

Many tests have been suggested for sterilized milk. The IDF/FIL
(1869) suggested a control test for sterilized milk as described in
the UHT milk referred to above.

The turbidity test is the best one used to date. Howeverf Ridgway
(1955) found that there was a relationship between the spore count
of milk and the keeping quality after commercial sterilization, and
he suggested that the spore count is a more suitable test for
sterilized milk. '

Packaging of heat processed milks and the relationship between the

package and the microbioclogical gquality

The microbiological quality of milk can be affected by the packaging
material and the packaging machinery. In 1957, it was .found that
the paper used to prepare the package in the Tetra Pak system was
bacteriologically satisfactory and no significant increase in
bacterial content of the milk was caused by the packaging process
(Pedersen gt. al., 1857). Hamann (1360) compared the quality.of
milk in Tetra Pak containers with that packaged in glass bottles.

He found that bacterial growth in milk packaged in Tetra Pak
containers and stored for 16 h at 13 to 17DC proceeded more slowly
than in milk peckaged in glass containers under the same conditions,
but at 5 to 7°C the difference was emall. Smith and his co-workers
(Smith et. al., 1967) reported on the quality of pasteurized milk

packaged in single-service -containers and stored at 1.8°C and 4.4°C
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(35%F and 40°F), They found that the bacterial counts of milk
packagéd in a plastics and paper laminate reached the maximum
bacterial standard of the U.S.A. (< 25,000 per ml) for pasteurized
milk after 3 to 9 days storage, whereas milk packaged in pre-formed
waxed. paper containers did not reach the maximum count standard until
6 to 12 days at 1.8°C and 4.4%C respectively.

Cox and co-workers (1870) reported that most milk sold in Australia
was packed in glass bottles and capped with aluminium foil. Wax
coated cartons have been available -for many years but have been used
only in relatively small quantities. The Tetra Pak and Tetra Brik
packages have also besn used. Plastics sachets had been introduced *
but at that time it was too soon to asssss the acceptability of

them. Interest was also being shown in single-service blow-moulded

plastics bottles.

Langevelé {(1971) compared the guality of samples'of pasteurized milk
packaged in single-service packages and bottles and stored at 5°¢.
The shelf-life of the samples was 8 to 23 days. In the same study
when pasteurized milk was packaged in Tetra Brik packs with an inter-
mediate aluminium layer in the laminate and stored at 5 and 79C the
shelf-1ife at 59C was 168 to 28 days. It was found that storage at
7°C reduced the shelf-life of pasteurized milk. However, there was
no conclusion drawn from a comparison of the milk packaged by the two

different systems.

Lubieniecki (1972) reported that the influence aof packaging on the
contamination of food may be directly due to the presence of micro-
organisms on the packaging material or indirectly due to the

permeability or impermeability to air and water vapour.

Abdus Sattar and de Man {(1973) studied the effect of packaging
material on light-induced quality deterioration of milk. They
exposed the milk to fluorescent light at intensities of 100 or 200
ft.C at a temperature of 5°C for periods of 3, 6, 12 or 24 h. Four
different types of packaging material were used, i.e. clear and

opaque pouches, cartons, and plastics jugs. Off-flavours were

21



detected in all the containers except in the opaque pouches.
Significant losses of ascorbic acid and riboflavin occurred in

milk packaged in all the containers except in the opagque pouches.

Schonbdrn et. al., (1875) compared pasteurized milk packaged in three

different types of container:

{i) with no air space,
(ii) upright package with roof-shaped air space, and

(iii) an oblong package with roof-shaped air space.

Samples were taken after storage for 1, 5 and 8 days and examined
organcleptically as well as bacteriologically. The results showed
that milk in container type (i) had a higher flavour score than that
packaged in types (ii) and (iii) after one day's storage at 4 to 5°¢.
Bacteriological results showed that the milk packed in system (iii)
containers had a significantly higher colony count than that packaged
in type (i}.

Recently, Hankin gt. al., (1977) showed that pasteurized milk
packaged in glass bottles deteriorated in a shorter time than that
packaged in paper cartaons, Takeda et. al. (1979) found with UHMT
milk, that there was ne difference in the keeping quality of milks
packaged in bottles or Tetra Pak cartons and stored at 7°C for
9-10 days.

Luguet et. al. (1977) packaged UHT milk in five different types of
package. These investigators studied the effect of the method and
the type of package on ascorbic acid, riboflavin, folic acid, and
organoleptic properties. They found that UHT milk in plastics
bottles rapidly became unacceptable in relation to smell and taste

when the bottles were exposed to light.

The effect of the thickness of the package has been studied, Lealil
and Quaroni (1967) used three thicknesses (9/100, 12/100 and 15/100
mm) of polythene for packaging sterilized milk. Samples were
stored at 20 and 32°C for 20 days and at 55°C for 8 days. On

examination* they found that a number of samples of milk in containers
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of the different thicknesses of material were not sterile; 32 of the
35 samples of milk packaged in 9/100 mm polythene were unsterile,
3 out of 92 samples packaged in 12/1C0 mm were unsterile and 2 out

of 94 samples of milk packed in 15/100 mm polythene were unsterile.

Recently, Burton (1977) reported that oxygen-permeable containers

such as blow-moulded polythene containers are not suitable for UHT
milk. He summarised. the type of containers available for UHT milk

as follows: cans, cartons formed from roll material, cartons assembled
from pre-formed blanks, plastic film, form-fill-seal, plastics film
sachets and blow-moulded thermoplastic bottles. In another study in
the same year, Tylkin et. al. (1877) packaged UHT milk (140°C for 4 &)
in (1) normal polyethylene-coated Al-foil paper packages, (ii} waxed
 paper packages with non-pigmented polyethylene and (iii) experimental
packages without Al-foil but with black-pigmented polyethylene. After:
the packs of UHT milk had been stored at 18 to 22°C for 30 days

they were examined and it was concluded that UHT milk packaged in
laminated polythene without foil cannot be guarantesd as satisfactory

for more than five days.

The microbiclogy of raw milk and. heat-processed milksand the inter-

relationship of the same:

Franklin et. al. (1958) reported that the raw milk in the U.K.
contained about one resistant spore per ml. They indicated that the

spore content of raw milk is higher in winter than in summer.

Thomas and Druce (1963) found that Pseudomonas species predominated
amangst the 235 psychrophilic bacteria isolated from raw milk, but
about 36.8 per cent of the organisms present wers fluorescent strains

and 57.6 per cent non-fluorescent or Achromobacter.

Franklin (1968) reported that B. cersus was invariably found in

raw milk even under the best production conditions.

Druce and Thomas (1972} indicated that the main dirsct source of

nsychrotrophic bacterial contamination of raw milk was poorly cleaned
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pipeline milking plants and bulk tanks.

In a review, Thomas and Thomas (1978) reported that the microflora of
farm milk tanks showed a low incidence of streptococci and a
relatively low incidence of micrococci and corynbacteria, but a
remarkably high incidence cf'gram‘negative rods especially in poorly

cleaned tanks.

Davis (1977) studied the bactericlogical guality of the bulk and churn
collected milk supplies in Wales. He found that the colony count in

churn milk was more than in the bulk supplies.

In sterilized milk, it has been found that spores of Bacillus subtilis

“predominated. The maximum spore count (after 105°C for 15 min) of
mesophilic bacteria was. 60 spores per 100 ml. The maximum count of
resistant thermophilic spores was about 80 per ml. In the same
study 204 cultures were isclated from spoiled samples of sterilized
milk and it was established that 90 per cent were B. subtilis,

Strains of Bacillus pumilas, Bacillus coagulans, Bacillus cereus and

Bacillus licheniformis were also present (Ridgway, 1855).

In another study, it was found that the spoilage of in-bottle
sterilized milk was due to Bacillus stearothermophilus and B. subtilis
(Grinsted and Clegg, 1955),

Franklin (1870) reported that 20 per cent of in-bottle sterilized
milk in the U.K. contained mesophilic bacterial spores after

processing.

B. subtilis, B. licheniformis, Bacillus megatherium, B. cereus,

B. pumiltes-, B. stearothermophilus and Bacillus pulvifaciens were

isoclated from the Tetra Pak containers of uperised milk (Garibaldi
et., al. 1365).

Cox (1975) reported that it was very rare for the spores from narmal
raw bulked milk to survive the UHT heat process. He indicated that
in the absence of specific packaging problems such as inadequate

steam or faulty Hp0o, sterilization of packages, the spoilage rate
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was less than 0.1 per cent.

Several authors (Randelph et. al., 1985; Langlois et. al., 1966 and
Overcast,1987) have suggested that the most important bacteriological
problems in pasteurized milk in the supermarket today are relatad

to the psychrotrophic bacteria.

It has been found that strains of Achromobacter,. Pseudomonas and

Alcaligenes predominated in pasteurized milk stored at 7DC for 2 to
5 days. Small numbers of coli-aerogenes bacteria have sometimes
been found (Hempler, 1955). Papavassiliou (1956) found that

Clostridium perfringens, Clostridium sporogenes and Clostridium

%

butyricum were the most common anaerobic spore formers in pasteurized
milk.

2

Many studies have been made of the effect of the quality of raw milk
on the keeping quality of heat processed milk. Ashton (1950) found
that the ageing of raw milk at 4.4 to 10°C for 24 h before
pasteurization increased the peptonising microflora and reduced the
keeping quality of the corresponding pasteurized milk. In a study
designed to determine the relationship of the numbers and types aof
bacteria in raw milk to the initial flavour score of the processed
milk, Glenn. {18958} abtained results which indicated that the numbers
and kinds of bacteria in raw milk had an effect on the initial flavour

score of processed milk.
<1

In India, Varma et. al. (1959) found that the bacterial count after
‘pasteurization was related to the éount of raw milk, However,
Storggrds (1861) showed that the bacterial content of raw milk had
little effect on the bacterial content, flavour, and keeping duality
of HTST pasteurized milk. He also reported that there was a good
correlation between the thermoduric bacteria in raw milk and the

keeping quality of HTST. pasteurized milk.

Franklin (1985) found that there was no correlation between the
bacterial counts of raw or pasteurized milk and the keeping quality

of pasteurized milk. The most important factaor was the type of
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"erganisms - which were present in pasteurized milk. He indicated
that B. cereus 1s the most important organism.which affects the

keeping quality of pasteurized milk.

Thomas and Druce (1968) reported that raw milk produced under
satigfactory hygienipconditions resulted in pasteurized milk with a
satisfactory keeping gquality, but the addition of 1 per cent of an
unsatisfactory raw milk supply to the bulk tank before cocmmercial
pasteurization caused a marked detsrioration in the keeping quality
of the pasteurized milk. Lerpido et. al. (1870) found that raw
milk with high bacterial eounts gave a correspondingly high count
after pasteurization. In another study, it was found that b
pasteurized milk produced from raw milk containing more than one
million bacteria per ml_frequently developed cbjectionable flavour
on storage (Patel and Blankenagel, 1972}. Recently, Davis (1975}
indicated that the troublss with pasteurized milk are nearly always

caused by the poor quality of raw milk,

The effect of various stages of handling, storage etc. aon the

keeping quality of heat processed milks

In 1954, it was reported that the open cooler, vacuum storage tanks,
pipelines leading to the bottle-filling machine and the bottles were
important sources of re-contamination of pasteurized milk (Pothmann
and Hillebrand, 1954). In two other studies in 1958 and 1973, it
was shown that the bottle filler was the most common source of coliform
contamination in commercially pasteurized milk (Glenn and Olson, 1953:
Kalina et. al., 1973). Ogawa et. al. (1868) reported that the
contamination with psychrophilic bacteria during the bottling process
was an airborne contaminatiaon. Cannon and Reddy (1970) ?ound that
the air pulled through the filler howl at a rate of 3000-68000 1 per
min by the defoamer is an impertant source of the contamination of

pasteurized milk with psychrotropic bacteria,

Franklin (1988) found that not all spoilage enzymes were destroyed
by the pasteurization temperature and he indicated that extended cold

storage aof raw milk be?ore‘processing affected the keeping quality
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of pasteurized milk because of the action of enzymes produced by the

proteclytic and lipolytic bacteria.labuschagne-et-al.(1871) indicated

that high temperature of delivery and distribution affect the keeping
quality of pasteurized milk.

It has been found that the homogenising process may split up clumps
of bacteria and disrupt the fat globule membrane so possibly
activating bacterial growth, The inclusion @f a homegeniser in the
processing line may introduce another source of contamination
(Davis, 1975).

Hermier and Bergers (1959) found that the source of contamination of ¢
the sterilized milk was. the bottle-filler; which is difficult to

clean.

In the case of UMT milk, it has been found that thers are many sources
of contamination with mesophilic spords. These sources are the
equipment, pipelines and the air of the dairy (Labots et. al.,11960).
It has also been shown that the cooling ssction of the processing

equipment is an important source of contamination (Wasserfall, 13972).

Burton (1877) reported that the sources of post-sterilization
contamination in UHT milk were (1) inadequate plant cleaning and
sterilization, (ii) direct atmospheric contamination, (iii) the
aseptic homogeniser, (iv) aseptic. balance tank and (v) aseptic
filler. .

Comparison of different methods of assessing the gquality of heat

processed milks

Several investigators have given particular attention to the

development of suitable methods for assessing the guality of heat-
processed milk. Their attempts were based on comparing diffsrent
methods to find an accurate as well as gquicker test for estimating

the quélity of heat-procsssed milks.

Kheshgi (1948) compared brilliant-green lactose bile broth, formate
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ricinoleate broth, violet-red agar and desoxycholate agar for the
detection of coliform organisms in milk. He found that the latter
medium was the best presumptive medium for pasteurized milk. He
observed a general relationship between the total colony count and

the coliform count in raw milk but not in pasteurized milk.

Pirauz et. al. (1853) indicated that,with pre-incubated samples,
methylene blue test is as accurate as and quicker than cbliform test
for estimating the keeping quality of pasteurized milk. They also
found that the keeping quality of pasteurized milk is related to the
coliform count rather than the thermoduric count. However, Thomasow
(1958) found that there is a general relationship between the keeping'
quality and the total coleony count, but not between the keeping
quality and the coliform titre when these methods were used tc assess

the quality of pasteurized milk.

In studies concerned with methods for assessing the keeping quality
of pasteurized milk Ciblis and Schwarz (1960) reported that the
number of coliform bacteria determined on metachrome - yellow agar
and on fuchsin' ~- lactese agar was higher than on the triphenyl
tetrazolium chlaoride agar (TTC Agar). However, in another study in
the same year Havelka and Hudec (1960) found that the TTC medium was
the most suitable of seven different media to estimate coliform

bacteria in the milk.

In 1964, it was found that the psychrotrophic count was more
sensitive than the coliform test in detecting post-pasteurization
contamination (Elliker et. al., 1964). Labots and Hup (1964)

enumerated Bacillus cersus in pasteurized milk using the following

methods:

(1) flocs count: the number of flocs formed in the cream

layer of pasteurized milk,

(ii) estimation of the most probable number (MPN) of B. cersus

spores using a dilution method,

(iii) centrifugation method: spore count in the sediment of
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centrifuged milk using incubation in egg-yolk medium,
and

(iv] filtration method: enumeration using a membrane filter

technigue.:

They found that the MPN method gave the highest numbers, followed by
the centrifugation method, then the Tlocscount. The filtration

method gave the lowest results.

Recently, the spiral plate count method [SPLPC) and standard plate
count (SPC) methods were- used to detect raw and pasteurized miik.
The results showed that the variance of SPLPC was slightly less than
that of the SPC method. It was suggested that the SPLPC methad
could be substituted .feor the SPC method[Donﬂellygg, al., 1976).

In the Netherlands, Langeveld et. al.,(1976) used different selective
growth inhibitors with plate count agar (Difco) in attempts to find a
rapid and sensitive method to detect post-pastsurization contamination
in pasteurized milk, They found that 100 mg of Benzalkon A-50 per kg.
is better than other selective agents. They compared this method
with the pre-incubation coliform test. and found that re-infection

was detected more effectively by the plate count method with Benzalkon
A-50 added than by the coliform method.

Posgibilities for establishing a new procedurs for the quality

control of heat processed milks

There have been many attempts to find a more effective method for use
as a quality control test for heat processed milk. One of these
attempts is based on the possibility of wusing the pyruvate content in
the milk as an indication of keeping guality. The second is based
on preliminary incubation of the milk sample before dye reduction
tests. The third is to use a selsctive medium to detect post-

pasteurization contamination.

In the Netherlands Institute for Dairy Research (NIZO) (1976), a

rapid method was developsd for the detection of post-pasteurization
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contamination in milk using plate count agar (Difco) with 100 mg per
kg of benzyl-dimethyl-alkyl-ammonium chloride (50 per cent agueocus
solutionl. 'This medium prevents any Gram-positive bacteria from
growing. This method was designed especially to detect post-
pasteurization contamination with ¢ram-negative psychrotrophic

bacteria.

Many studies have been made of the use of the pyruvate content as
an indicator of the gquality of milk. Heeschen gt. al. (1875)
reported that pyruvate is not affected by pasteurization, and so it
could be used to indicate the quality of milk from the farm to the

consumer. ’ '

Springmeyer et. al. (1978) estimated the quality of raw milk by
measuring the pyruvate content using a Technicon Auto-Analyser. They
found that this test is suitable for cold milk (< 4°C) delivered once
daily. They also indicated that the pyruvate content reflected the
presence of non-acid forming and acid forming organisms. Suhren et.
al. (1976) used measurements of the pyruvate content to assess the
spoilage of pasteurized milk.,  They found that the pyruvate content
increased at the same rate as the bacterial content with the storage
time. They suggested that further studies on a large number of

milk samples of different origin were needed to evaluate the method.

Recently, Marshall and Harman (1978) indicated that somatic cells

contribute to the pyruvate content of raw and pasteurizgd milk. They
suggested that it is possible to use the pyruvate test in controlling
the quality of bulked raw milk and the keeping quality of pasteurized

milk.
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Scope of work

Considerable attention has been directed recently to the keeping quality
of heat-processed milk due to the extensive development of relatively
prolonged refrigeration of the milk at the farm, dairy, retail sale

and the consumer’s house.

Quality of pasteurized milk could be affected by many factors such as
quality of raw milk, handling, processing, distribution and the

storage in the market and consumer's refrigerator.

This study was concerned with the microbiclogical, chemical and
organoleptic guality of pasteurized milk because pasteurized milk is

the main heat-processed milk produced in Scotland.

This study started .. a short survey on the quality of pasteurized

milk from retail sources in Ayr and district in south-west Scotland.
Then a comparison of the microbiolaogical, chemical and crganoleptic
guality of pasteurized milk packaged in glass bottles and single service

containers was made.
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CHAPTER ONE

MATERIALS AND METHODS

SECTION 1. MICROBIOLBGICAL METHODS

1. Total plate count:

The total plate count was determined according to the IDF standard
method 3; 1958 (IDF/FIL, 1858]. Serial 10-fold dilutions of the

milk were made in quarter strength Ringer's solution. The dilutions
were then plated in duplicate by adding 1 ml to each of two petri
dishes to which was then added 10 ml of plate count agar (yeast .
extract 2.5 g, tryptone 5 g, dextrose 1 g, agar 15 g, distilled -

water 1000 ml, separated milk 10 ml, pH 7). When used the medium

was tempered to 45°¢, The colonies were counted after 72 h incubation
at 30°C. Only plates with colony counts between 30 and 500 were used
for recording results. If more than one dilution gave a count within

this range, the higher result was selected.

2 Psychrotrephic count

Psychrotrophic bacteria. were determined as described by the American
Publie Health Association (1978). Serial ten-fold dilutions of the
milk were made using a phosphate - buffered sterile water medium.

The dilutions were selected so that the total number of colonies on

a plate were likely to be between 30 to 300. The selected dilutions
were plated in duplicate and the dishes were incubated at 79C for

10 days. The plating medium had the following composition:

pancreatic digest of casein 5 g, yeast extract 2.5 g, glucose
1 g, agar 15 g and distilled water to 1 litre. The final pH

was 7 0.2 after sterilization at 121°C for 15 min.

3. Lipolytic count

These bacteria were determined according to the IDF standard method
41; 1966 (IDF/FIL, 1988]. The ocutline of the method is as

follows:
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as preparation of the dilutions. The samples of milk were
diluted ten-fold using sterile quarter strength Ringer's

Solution.

b. preparation of the butter fat. Fresh butter was melted, and

the serum separated and filtered.

C. preparation of victoria blue dye base. 2 - 3 g of victoria
blue were boiled with 200 ml tap water until dispersed. 10 per
cent (W/v) NaOH was added until the blue colour changed to brown.
The insoluble precipitate was allowed to settle before filtration.
The dye base was washed with water which was made slightly alkalihe
With NM, OH and dried at 30°C.

d. dissclving of victoria blue dye base in the fat. 75 mg of
victoria blue dye base were dissolved in 100 g of butter fat.
Then the mixture was stirred while using a water bath to maintain
the temperature at 90°C until no undissolved dye particles were
Seen. Then the coloured butter fat was filtered, dispensed in

5 ml guantities and sterilized for 10 min at 115°¢. The dyed
fat was stored at 5°C until required but the storage time was

not more than two months.

e, preparation of the nutrient agar. The medium was prepared
to the following. specification: peptone 5 g, meat extract 5 g,
agar ‘20 g, distilled water to make the volume up to 1 litre.

The medium was boiled until the ingredients were dissolved and
the pH adjusted to 7.5. The nutrient agar was dispensed in

100 ml guantities in screw cap bottles and sterilized by heating
for 15 min at 121°C. The medium was stored at 5°C until used.

f. method of uss. The nutrient agar was melted and cooled

- to 45°C. Five ml of the melted dye was added to 100 ml quantities
of nutrient agar. The bottles were closed and the dye fat

. emulsified by vigoreus shaking and.poured-immediately into petri

dishes. These were dried for 20-24 h in the dark. 0.1 ml of

33



PLATE 1:1

Lipolytic CL] and non Lipolytic CNL) colonies of bacteria
from pasteurized milks on nutrient agar containing Victoria
blue dye after 3 d at 30°C



the sample dilution was spread on the surface of the agar using
a platinum wire spreader. The dimensians of the spreader are

shown in the drawing below.

15 wm

The inoculated piates were incubated for three days at 30°C and

3
then examined... .Clear blue colonies, indicative of the growth
of lipolytic organisms were counted with the naked eys. Only

plates with between B and 60 blue colonies were counted.

4. Proteolytic count

These bacteria were detected by an improved agar medium by Martley
et. al. (1870). The composition of the medium was: standard method
agar (SMA) 23.5 g (pancreatic digest of casein 5 g, yeast extract 2.5 g,
glucose 1 g and agar 15 g), sodium caseinate 10 g, hydrated trisodium
citrate 4.41 g and CaGl,.6H,0 4.38 g.  The sodium caseinate was
dispersed in half of the 0.015 M sodium ciltrats solution using a
Silverson blender and was then added to the SMA which had been
rehydrated in the other half of the sodium citrate before autoclaving
at 121°C for 15 min. Finally, 20 ml of sterile 1M CaC12 solution
were added to the molten mediﬁm. The pH is B.8. The complete
medium, referred to as standard methods caseinate agar (SMCA), was
mixed thoroughly by gentle agitation before being dispensed in 12 ml
amounts in flat-bottomed petri dishes to form a layer 2 mm thick.

The plates wers held at 30°C for 48 h and then stored at 5°C until
used. Duplicate 0.1 ml solutions of 10-fold dilutions in guarter
strength Ringer’s solution of the pasteurized milk were spread on

the surface cof SMCA plates with sterile bent glass.rods. The

plates were allowed to dry for 15 min and were incubated for 72 h

at SDOC. Organisms which formed a white or off-white precipitate
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PLATE 1:2

Proteolytic CP] and non-proteolytic CNP] colonies of
bacteria from pasteurized milks on a standard method
caseinate Agar after 3 d at 3G°C
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around the colony on SMCA were considered to be proteclytic bacteria.

5. -B. cereus count

The number of these bacteria was determined according to the method

described by Harrigan and McCance (1876).
The medium used in this method was prepared as follows:-

a. Basal mediump- peptone 10 g, meat extract 1 g, D-mannitol
10 g, sodium c¢hloride 10 g, phenol red 0.2 per cent (w/v)
solution. 12.5 ml,. agar 15 g and distilled water 887.5 ml with a
final pH 7.1, The ingredients were dissolved in the distilled
water and the medium was distributed in 80 ml amounts in screw-

capped bottles and sterilized by heating at 121°C for 15 min.

b preparatienvcf the antibiotic:= 50 mg of polymyxin B
sulphate wers dissolved in 50 ml of distilled water and
sterilized by filtration.

c. preparation of the complete medium:~ 10 ml af egg-yolk
emulsicn was added to 80 ml of molten medium at 45 to 50°C,
Then 1 ml of sterile polymyxin B sulphate solution was added.
The final concentration of the antibiotic in the medium was
thus 10 mg per ml of the medium. The medium was mixed well
and 15 ml quahtities ware added to petri dishes. The poured
plates were dried for 1 h at 45°C before being used. The
complete medium was called mannitaol egg-yolk phensl red

polymyxin agar (MEPP agar).

d. pracedure:- 0.1 ml amounts were transferred from serial
dilutions of pasteurized milk to duplicates of poured, dried
MEPF agar. The inoculum was spread evenly over the surface of
each plate with a sterile right angled glass rod. The plates
were inverted and incubated for 48 h at 30°C. The colonies
with a rough and dry form and with a violet-red background and

a halo of dense white precipitate were presumed to be B. cereus
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o The colonies were confirmed to be B. cersus by streaking
them on egg-yolk agar followed by culture on nutrient agar slopes
and microscopic examinatieon for the presence of gram-pasitive rods

and capability of sporulation.

8. Coliform bacteria-

These bacteria were determined-according to the IDF standard method
40; 1866 (IDF/FIL, 1966) using 2 per cent Oxold brand brilliant green
lactose bile broth which contained peptone 10 g, lactose 10 g,

oxgall (dry) 20 g and brilliant green 0.0133 g.

a. preparation ef the medium: 40 g of the dehydrated prepared
mediums were diésalved in distilled water. The final pH was
7.2, The liquid medium was dispensed in 10 ml amounts in

test tubes each containing a Durham gas tube and sterilized in
the autoclave at 121°C for 15 min.

'b. . procedure: serial dilutions of pasteurized milk were
prepared in quarter strength Ringer's solution. Each dilution
was inoculated in parallel into thfee test tubes using 1 ml to
each “tube. The inoculated tubes were incubated for three days
at SDGC. The visible formation of gas was evaluated as a

. positive result. The number of positive tubes was used in
reading the most probable number (MPN) of coliform bacteria
from the McCrady table for three parallel series.

7. Rapid test of post-pasteurization contamination for HTST

Pasteurized milk

Ta detect post-pasteurization contamination, a rapid test was done
according to the method described by Langeveld et. al. (1878).
Cuplicate packs or bottles from each source were incubated at 25°C
for 24 h. Then 0.01 ml from each container was spread by a special
platinum loop on sach of two petri dishes which contained the well-

dried selective medium. Plate count agar {Difco) was used in this
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method with one of the following selective agents:
a. 50 mg/kg of Benzalkon A-50 per cent (Merck-Schuchardt).
b. 1000 mg/kg of Janus green (Hopkins and Williams]).
c. 1000 mg/kg of Bromothymol blue (Schuchardt).

The plates were inverted and a drop of glycerol was placed on the lid
to prevent the spreading. of the colonies on the surface of the
plates. The plates were incubated at 30°C far 24 h. The results
were recorded as positive if more than one colony developed during

the above incubation periocd.
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SECTION 2. . CHEMICAL METHOOS

1. pH

pH readings were obtained using a Model 290 MkZ pH meter made by

Pye Unicam. Before measurement, the equibment was adjusted using
buffers of known pH taking intc consideration the temperature of

the sample. Twenty. ml of the pasteurized milk in a small plastic
container was used for the determination af pH. The average of twa

readings was recorded.

2. Titratable acidity

The titratable acidity of milk was measured according teo B.S. 1741
(British Standards Institution, 1963), using 1 ml of a 0.5 per cent
(w/v) soluticn of phenolphthalein as-indicator. Ten ml of the sample
were titrated against N/8 sodium hydroxide solution. The titratable

acidity was expressed as percentage lactic acid.

/

3. Dissolved oxygen content

The dissolved oxygen content of samples of pasteurized milk was
measured using the Dissolved Oxygen Probe Model No. 8012 made by
El§ctronic Instruments Limited (EIL). About 120 ml of the sample
were measured into a conical flask with glass stopper and warmed in a
water bath to 17°C immediately before the axygen content was measured.
The instrument was fixed at zero oxygen level with 5 per cent {(w/v} of

sodium sulphite solution before it was used.

4., Phosphatase test

The phosphatase test was determined according to the IDF standard
method 82; 1978 (IDF/FIL, 1378). One ml of sample was added 4o 5 ml
disodium p-mitrophenyl phosphate buffer solution (pH 10.2) in a test
tube. The tubes were incubated at a temperature of 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.
The result was positive if the reading was more than 10 mg

p-nitrophenol per mil.
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5. Vitamin C (ascorbic acid and dehydrpascorbic acid)

Vitamin C was determined using the 2,6-dichlorophenolindophenol (DCP)
visual titration method described by Toothill et. al. (1870).
Cucumber juice (variety, Farbiola) was used for oxidation and a

suspension of Escherichia coli for reduction. DCP (BDH Ltd.) was

used as an oxidizing agent during the titration of the milk samples.
The following procedure was used for the determination of vitamin C:

a. determination of ascorbic acid plus interfering substances.

D. determination of ascorbic acid, dehydroascorbic acid, and

interfering substances.

C. determination of ascorbic acid, dehydroascorbic acid, and

a blank control.
Preparation of the bacdkrial suspension:

The suspension was prepared as recommended by Stewart and Sharp
(1845) using E. coli 904 (National Collection of Dairy Organisms].
The reduction activity of the bacterial suspension was checked with
a pure ascorbic acid solution before each test. The results were
multiplied by a factor which was calculated from the percentage

activity of the bacterial suspension.

B. Acid degree valus

The acid degree value {ADV]) was determined according to the method
described by Thomas, Neilson and Olsen (1955) as modified by Hunter,
Wilson and Barclay {1986, 1368).

The principle of this method is the extraction of the fat from the
milk using B.D.I. reagent . which consists of 30 g Triton x-100 and
70 g of sodium hexametaphosphate made up to one litre. About 1 g
of the extracted fat is weighed into a conical flask fitted with a
glass stopper. The fat is dissolved in 5 ml of fat solvent, which
consisted of 4 parts of petroleum ether (40/60) and 1 part of
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absolute methanol (w/v) and titrated against a previously standardised
alcoholic solutionZQKDH after the addition of 5 drops of phenclphthalein
1 per cent (w/v) solution. ADV is defined as ml of N KOH required to
neutralise the free fatty acids present in 100 g of milk fat.
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CHAPTER TWwO

THE QUALITY OF PASTEURIZED MILK FROM RETAIL SOURCES

INTRODUCTION

Many changes have accurred in recent years in the dairy industry.

These include methods of milk production, handling, processing and
distribution of milk and dairy products. Recently heat-processed
milks have been marketed in areas which are considerable distances

from the processing plants.

Processing dailries prepare their milks for distribution to the public‘

gither directly by the door-step delivery system or through sub-

purohasers.\ The processing may either be pasteurization (low

temperature method or HTST), sterilization, or since 1st October 1965,
ultra heat treated.

Recently the sales of heat-processed milks were increased in the U.K.
It was 7,136 million litres during 1978-1979. Of this amount,

6,318 million litres were sold in England and Wales, while 605 million
litres were sold in Scotland and 213 million litres in Narthern
Ireland (The Federation of U.K. Milk Marketing Boards, 1979).

It has been previously stated by many investigators that the guality

of pasteurized milk after processing can be affected in many ways.

The temperature of milk during distribution has been shown to vary
considerably (Ratzlaff, 1855; Labuschagns et. al..1971, and Gray, 1973).
The other factor is the conditicon of the milk in the shops. ‘Melarty
and Robb (1968), found that the poorest quality of pasteurized milk

was that stored in shops where there was no means of refrigeration.

There are many different dairy plants producing pasteurized milk in
Scotland, and these make deliveries to a wide area. Pasteurized
milk may be sold either by the supermarkets or in smaller shops. It
would seem that with increasing sales of processed milks thoough

shops that now is a suitable time to study the quality of pasteurized
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milk on the market and compare the rssults with standards which are
laid down by The Milk (Special. Designations] (Scotland]) Order (1876]).

The procedures used in the short survey are described below.

EXPERIMENTAL

1. Collection of Milk Samples

Ouring the period between 10th April and 28th August 19739, 12 samples
of pasteurized milk. were collected every two weeks from four different
shops and two supermarkets in Ayr and districts in south-west Scotland.
Two samples from each source were chosen at random. The samples were
praoducsd by six diffsrent dairy plants coded A, B, C, D, E and F. ‘
Samples were all collected within one hour in the merning and packed

in ice-packs while being transported to the laboratory. All 132
samples taken in the survey were analyzed within four hours of

purchase.

2. Microbiolaogical analysis

Microbiological tests were made on the samples of pasteurized milk by
the methods referred to in Chapter One (Section 1:1, 2, 3, 4, 5, B
and 7). These included total colony count, psychrotrophic count,
lipolytic count, proteolytic count, B. cereus count and coliform
count. The rapid test for post-pasteurization contamination was

made on a number of samples from each retail source.

3. Chemical analysis

Tests for pH, titratable acidity (per cent of lactic acid) and
phosphatase were made on the samples by the methods referred to in
Chapter One (Section. 2:1, 2, 4 and B). The acid degree value was
determined for six samples from each source, i.e. 36 samples in
total. .
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RESULTS

The logiy of mean, minimum and maximum counts of the bacteriological
tests are given in Table 2:1. The range and means of pH and

titratable acidity are also given.

Distribution of the total colony count and coliform count are
presented in Tables 2:2 and 2:3 respectively. Correlation coefficients
between the bactericlogical and chemical tests which were used in the

study are given in Table 2:4.

Tables 2:5 to 2:11 contain the results of the statistical analysis
of variance for the bacteriological and chemical tests related to :
the source of milk and the dates of testing.

Variations of the different bacteriological and chemical tests with
the date of testing are illustrated in Grapts 2:1 and 2:2

respectively.

None of the 72 samples of pasteurized milk tested by the rapid post-

pasteurization contamination test passed the test (Table 2:14).

Of 132 samples subjected to the phosphatase test, 8 samples -
{6.06 per cent] failed the test (10 mg or less of p-nitrophenol/ml
milkl. The acid degree values (ADV) are shown in Table 2:13.

43



The bacteriological quality of milk sold in retail containers in Ayr and district

TABLE  2:1

Test

A

Code of retail source of pasteurized milk samples

B

C

D

E

The logiy of the mean (uppermost figure for each test) and minimum and
maximum (lewer figures for each test) obtained by plating milks obtained
' from retail sources on various media

Total colony count

Psychrotrop
Lipolytic

B. cereus

Proteolytic

Coliform

Titratable acidity
(% of lactic acid)

pH

hic

4.48 4.49 4,37 5.41 4,37 4.00
3.53 -5.186 3.05 -5.33 3.20 -4.97 3.82 -6.22 3.61 -5.00 3.45 -4.86
4,34 4,35 4,72 5.25 4.08 3.65
1.00 -5.,15 1.00 -5,31 1.00 -4.94 2.59 -6.16 1.00 -4.87 1.00 -4.65
3.89 3.63 3.74 4.84 4.03 3.54
1.77 -4.51 1.77 -4.62 1.70 -4.,72 2.18 -5.72 1.70 -4.81 1.70 -4.29
2.96 2.78 3.16 3.94 3.27 2.45
0.30 -3.83 0.30 -3.38 0.30 -4.43 2.16 -4.92 0.30 -4.47 0.30 -2.93
3.20 3.56 4.06 4.43 3.59 3.22
2.39 -3.81 0.30 -4.14 1.69 -4.64 1.47 -5.24 0.30 -4.54 2.65 -4.04
1.41 1.13 0.06 1.82 0.90 1.25
0.00 -2.14 0.00 -2.14 G6.00 -1.17 0.06 -2.14 0.00 -2.04 0.00 -2.14

The mean and range of values for pH and titratable acidity of the samples
0.151 0.152 0.151 0.151 0.1489 0.155
0.135-0.161 0.140-0.162 0.130-0.170 0.136-0.174 0.136-0.169 0.143-0.170
6.72 6.70 B6.72 6.70 6.70 6.70
6.68 -6.78 6.66 -B.75 6.65 -6.78 6.62 -6.76 6.61 -6.786 6.60 -6.76




TABLE 2:2

Distribution of the total colony count/mil (30°c for 3 d)

of pasteurized milks at the point of sale to the consumer

in Ayr and district. The result is expressed as a
‘percentage within the range shown.

Code of retail source of milk
Total Colony Count/ml

A B C D £ F
< 3 x 10% 81.8 72.7 68,2 31.8 77 .3 30.9
3 x 10" to 5 x 10" 4,5 13.7 22.7 22.7 9.1 9.1
5 x 10% to 10° 0.0 4,5 9,1 0.0 9.1 0.0
> 10° 13.7 9.1 0.0 45,5 4,5 0.0




TABLE  2:3

Distribution of the count of coliform organisms/ml (30°C

for 3 d) of pasteurized milks at the point of sale to the

consumer in Ayr and district. The result is expressed
as a percentage within the range shown*.

Code of source-of milk

A B C = F
Absent in 1 ml 72.7  72.7  68.2 9.1 77.3  27.3
-Present in 4-mk 18.2  18.2  31.8  45.5  13.8  B3.6
Present in 1/1000 ml 9.1 8.1 0.0 45.4 g.1 9.1

*Standard in Scotland - Coliform organisms should be absent in

1/1000 ml (The Milk (Special Designations){Scotland) Order, 1876)



The correlation
which were used

TABLE  2:4

coefficient between the microbiological and chemical tests
to assess the quality of pasteurized milks at the point of

sale to consumer, in Ayr and district.

{1} Total colony count 1.00
* % %
(2) Psychrotrophic count 0.70 1.00
% %k %
(3) Lipolytic count 0.77 0.78" 1.00
* ok % £k ok & & %
(4) B. cereus count 0.68 0.67 0.73 1.00
- * X £k *
(5} Proteolytic count 0.65 0.51 0.56 0.58 1.00
* & & sk & * % % * %
(6) Coliform count 0.60 0.58 0.55° 0.38 0.31 1.00
(7} Titratable acidity 0.02 0.20 0.02 0.04 0.08 0.02  1.00
(% lactic acid) :
(83 pH -0.,03 -0.03 0.02 -0.02 0.02 -0.11 0.01 1.00
1) (2) (3) (4) (5) (8) (7) (8)
DF 132

*  significant at 5 per cent level

* %

significant at 1 per cent level

*** gignificant at 0.1 per cent level



TABLE 2:5

The total colony count/ml (30°C for 3 d) of pasteurized
milks at the point of sale to the consumer in Ayr and
district. The results are expressed as the means of

the log a" The data represents 22 samples from each source

Code of source of milk

A B C D £ F
Total colony count 8.55 9.58 9. 68 11.22 8.186 8.77
Date of testing Total colony "Date of testing Total colaony
(1979) count (1879) count
10 April 9.84 3 July 10.60
24 April 9.17 17 July 9.28
8 May 9.83 31 July 9.55
22 May 8.84 14 August 9.73
5 June 8.99 28 August 9,22
19 June 10.45
Grand mean 9.742
oEms VR
EE 3
Source of milk 5 14.182 11.31
*
Date of testing 10 2.979 2,37
Residual 1186 1.253
Total 131
Table Source Date
REP 22 12
SED 0.3375 0.4570
* significant at 5 per cent level
* % n ”» 4 ) [ 1 n

* ok » ”

0.1

n ”




TABLE 2:6

The count of psychrotrophic bacteria/ml (7°C for 10 d)

of pasteurized milks at the point of sale to the

cansumer in Ayr and district. The results are

expressed as the means of the loge . The data represents
22 samples from each sourcs. -

Code of source of milk
A B C D E E

Psychrotrophic

7.07 6.54 6.06 B.15 B.28 7.48
count

Date of testing - Psychrotrophic Date of testing Psychrotreophic

(1879) count (1979) count
10 April 8.57 3 July 7 .85
24 April 6.12 17 July 5,52
8 May 8.15 31 July .16
22 May 4,87 14 August 5.14
5 June 8.20 28 August 5,71
18 June 8.15 :
oF ns Ui
Source of milk 5 13.863 1.79,
Date of testing 10 26,321 3.33
Residual 116 7.903
Total 131 89,537
Table Source Datse
REP 22 12
SED 0.8480 1.1480
* significant at 5 per cent.level
* % n ” l[ " n n

* % & ” " 0.1 n "



TABLE 2:

7

The count of lipolytic organisms/ml (30°C for 3 d) of
pasteurized milks at the point of sale to the consumer
in Ayr and district. The results are sxpressed as the
means of the logg . The data represents 22 gamples

from each so

urce.

Code of source of milk

A B *+ C D E F
Lipolytic count 7.28 8.89 7.00 8.83 7.55 7.07
Date of testing Lipolyﬁic Date bf testing Lipolytic
(1979) count (1979) count
10 April 8.26 - 3 July 8.92
24 April . 7.74 17 July 8.397
8 May 7.88 31 July 7.95
22 May 8.47 14 August 7.04
5 June 7.34 28 August 5.87
19 June 7.37 Grand mean 7.44
oF s VR
ES
Source of milk 5 11.516 3.01
Date of testing 10 8.651 2.28
Residual 118 3.822
Total 131 4,484
Table Source Date
REP 22 12
SED 0.589 0.798

gsignificant at 5 per cent leve
& % " ] 1 » ” »

LER 3 " ” G‘rl " 1" n

1



TABLE 2:8

The count of B. cereus/ml EBODC for 2 d) of pasteurized milks

at the polnt of sale tc the consumer in Ayr and district. The

results are expressed as the means of the log . The data
represents 22 samples from each solrce.

Code of source of milk

A B C B; £ F
B. cereus count 4,93 4,64 4.47 7.29 5.16 5.08
11
Date of testing _E.cereus count Date of testing hg.cereus count
(1979) - (1979) -

10 April 5.58 3 July 2.05

24 April 6.39 17 July 5.19

8 May 6.09 31 July ) 5.36

22 May 4,15 14 August 5.44

5 June 4,22 28 August 4,03

19 June 5.42

Grand mean 5.26

*
T
* K
EE RS

oF s VR
EE

Source of milk 5 23.161 4,87
Date of testing 10 "7.880 1.68
Residual 116 4,754
Total 131 5.6986

Table Source Date

REP 22 12

SED 0.657 0.890

significant at 5 per cent level

" " /l n " ”

" ” O R 1 ” " ”"



TABLE 2:8

The count of proteolytic organisms/ml (30°C for 3 d) of pasteurised

milks at the point of sale to the consumer in Ayr and district.

The results are expressed as the means of the log . The data
represents 22 samples from each source.

Code of source of milk
A B C ] E F

Proteolytic count 6.92 7.03 B.46 8.48 6.91 7.15

Date of testing Proteolytic Date of testing Proteolytic
(1979) count (1979) ceunt
10 April 7.97 3 July 8.70
24 April 7.82 17 July 7.26
8 May 7.50 31 July 7.22
22 May 6.32 14 August 8.01
5 June 8.36 . 28 August 4,88
19 June 8.58

Grand mean 7.49

BF MS R
— YT

Source of milk 5 12.828 4.95*
Date of testing 10 16,272 .28
Residual 116 2.580
Total 131 4,025

Table Source Date

REP 22 12

SED 0.485 0.857

* significant at 5 per cent level

* %k ” ” t‘ n n n

* e o n " OIII 11 I n "



TABLE 2:10

The count of coliform organisms (30°¢ for 3 d) of pasteurized
milks at the point of sale ta the consumer in Ayr and district.

The results are expressed as the means of the log . The data
represents 22 samples from each source
Code of source aof milk
A B C D E F
Coliform count 0.99 0.72 0.38 2.84 0.83 1.71
Date of testing Coliform Date of testing Coliform
(1379} count - (1979} count
10 April 0.83 3 July 2.05
24 April 1.01 17 July 1.01
8 May 0.61 - 31 July 1.75
22 May 0.24 14 August 1.09
5 June 1.40 28 August 1.35
19 June 1.96
Grand mean 1.21
OF s VR
* %K
Source of milk 5 18.788 7.54
Date aof testing 10 3.802 1.52
Residual. 118 2.486
Total 131 3.208
Table Source Date
REP 22 12
SED 0.475 0.644
* significant at 5 per cent level
* % ” n /l H n ”

* %k %k ”

n D . tl " n

"



TABLE 2:11

The titratable acidity of paesteurized milks at the point of
sale to the consumer in Ayr and district. The date represents
22 samples from each source

Code of source of milk
A B (¢ 0 E F

Titratable acidity 0.151 0.152 0.151 0.151 0.150 0.155

Date of testing Titratable Date of testing Titratable
(1979) count (1978) count
10 April | 0.153 3 July 0.148
24 April 0.155 17 July 0.157
8 May 0.160 31 July 0.145
22 May 0.153 14 August 0.141
5 June 0.157 28 August 0.1489.
18 June 0.152

Grand mean 0.152

oF ns VR
Source of milik 5 0.00006810 1.82.
Date of testing 10 0.00040973 10.38
Residual 116 0.00003736
Total 131 0.000068691
"

Table Source Date

REP 22 12

SED 0.001841 0.002433

* significant at 5 per cent level
® R n " /l ” ” ]

L % " ” D' 1 ” n n



TABLE 2:12

The pH value of pasteurized milks at the point of sale
to the consumer in Ayr and district. The data represents
22 samples from each source

Code of source of milk

A 8 C D £ F
pH 8.72 6.70 6.72 8.70 6.70 6.70
Date of testing pH Date of testing pH
(1979) ((1870)
10 April 6.69 3 July §.71
24 April B8.71 17 July .74
8 May - 8.70 31 July B.71
22 May 6.70 14 August 5.68
5 June B.73 28 August 6.70 8.70
19 June .74

Grand mean §.71

DF, L) VR
Source of milk 5 0.002265 2.17*
Date of testing 10 0.00445 4.%%
Residual 118 0.001043
Total 131 0.001350
Table Source Date
REP 22 12
SED 0.0087 0.0131
* gsignificant at 5 per cent level
* % "

” ll n n ”

* k& ” " O.’i ’ 1 ’



TABLE 2:13

The acid degree value of pasteurized milks at the
point of sale to the consumer in Ayr and district

Date of testing No. af

Code of source of milk

{1979) sample A B C D E F

1 0.868 D.57 0.88 0.66 0.75 0.65
31 July

2 0.77 0.860 0.78 C.66 0.69 0.78

3 0.90 0.75 80.73 0.83 0.76 0.94
14 August

4 0.85 0.78 0.84 D.88 0.77 0.81

5 0.85 0.75 0.65 0.85 0.85 0.78
28 August

B 0.92 0.68 0.71 0.92 0.81 0.81
The mean 0.84 0.72 0.76 0.80 0.77 0.78




TABLE 2:14

The results of the rapid test for post-pasteurization

using three different selective media. The results

are expressed as positive (+) if more than one cglony
grow on the selective media after 24 h at 30°C

"Date of No. of Benzalkon A-50% Janus green Bromothymol blue

testing Sa% le 100 mg/ k3 1000 mg/kg 1000 mg/ ks
(1979) P Code of source of milk

A B C D E F ABCDEF A B C D E F

13 June 1 L T I L L T .

2 + o+ o+ o+ o+ o+ + o+ ok b LI I A e

3 July 3 L T T T LEEE I T A L T N T

4 EEE S I S T + + o+ o+ o+ o+ + o+ o+ 4+ 4+

17 July 5 + o+ o+ o+ + o+ EEE I I T T L T

B LI S N T L I I LT S N T S

31 July 7 + o+ o+ o+ LR T . L T . I

8 + o+ o+ ko + + o+ ok A+ + L S G T T

14 August 9 L T b o e A+ . T

10 DR T T . + o+ + 4+ L T R I T

28 August 11 I T S T R T TR

12 + o+ + 4+ o+ R T T L




GRAPH 2:1

Microbial counts of pasteurized milks at the point of sale to the
consumer in Ayr and district during the period 10 April and 28 August 1979
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_Titratable acidity

GRAPH 2:2

The titratable acidity (per cent lactic acid) and the pH values
of pasteurized milks at the point of sale to the consumer in Ayr
and district during the period 10 April to 28 August 1979
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DISCUSSION

1. Total colony count

In Scotland the total colony count for the 'Standard’grade of raw
milk must be less than 50,000 per ml (The Milk (Special Designations)
(Scotland) Order, 1976). The result of this study showed that 15.9
per cent of the samples of pasteurized milk tested were above this
level. But when the results were compared with the standard in the
U.S.A. for grade A of pasteurized milk of not more than 30,000
bacteria per ml (Milk Ordance and Code, 1979); 28.7 per cent of the

samples of pasteurized milk were in excess of this level.

The poorest guality of pasteurized milk was found in the samples

from the shops without refrigeration. These findings confirm . -

those of Mclarty and Robb' (1969).

The statistical analysis results (Table 2:5) show a significant
difference at 0.1 per cent level in the total colony count between
the sources of milk, while the dates of testing (indicative of
amblent conditions) gave a significant difference at 5 per cent level
when the variance ratio (VR) is compared with the F-value in the _
statistical tables. The highest level of total colony count appeared
in June and July and this is shown in Graph 2:1. These results are
in agreement with those obtained by Burgwald and Josephson {1847),
Rogick and Burgwald (1962), Finley et. al. (1868), MclLarty and Robb,
(1969) and Jones and Langlois (1977). There is a highly significant
difference (p < 0.001} between the colony count from samples from
source 0 and the others. This may be related to the unsuitable
temperatures of the storage cabinets in the supermarket. The
processing source aof this milk was from an arsa which was at some
distance from Ayr. In this case, the milk took 1 aor 2 days after
processing to reach the supermarket. However, when compared with
source E where the processed milk was delivered from the same -
distance, there is a highly significant difference at 0.1 per cent
level in total colony count. This may be due to different quality
standards at the dairies and alsoc to the packaging systems, milk

from source E being packaged in Tetra Pak containers and D in
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Pure Pak, the latter pack having a head space which could give the
aerobic bacteria a chance to develop more rapidly than in the milk

from source E (Schinbornm Kinkel and Mliller, 1965)

2, Psychrotrophic count

Increased attention has been given recently to the psychrotrophic
bacteria, This is because milk is held for longer periods at low
temperature before processing and after processing and in handling and
distribution. Most of the psychrotrophic bacteria in pasteurized
milk are caused by post-pasteurization contamination which has been
estimated as accounting for about 80 per cent of the problems in the
shelf~life of pasteurized milk, the remaining 20 per cent being

caused by heat-resistant psychrotrophs (Bedfelt, 1980).

In this study, none of the samples of pasteurized milk tested by the
post-pasteurization contamination test passed (Table 2:14). The
results of the statistical analysis (Table 2:8) showed that there

was a significant difference at 0.1 per cent level in the psychrotrophic
count obtained on different days of sampling. This is because some
of the milk could be tested 1, 2 or 3 days after processing. Thomas,
Griffiths and Foulkes (1960) stated that the rate of multiplication

of psychrotrophic bacteria in refrigerated milk varies from sample to
sample, depending on the types of bacteria dominant in the milk.
Others found that psychrotrophic bacteria increased slightly in two
 days, and rapidly after the third day (Watrous et. al., 1852;

Hempler, 1955). '

Vukelic et. al. (1875) found that a rapid growth of psychrotrophic
bacteria occurred after 48 h at 7OC and after 72 h at SDC.

The correlation coefficient bestween the psychrotrophic count and
total colony count was D.7D.(p < 0.0013) (Table 2:4). Jooste and
Groenveld(1871) found it to be 0.72 . Thomas (1358) stated that
pasteurized milk should be sold to the consumer with less than
10,000/ml of psychrotrophs. In this study 22.7 per cent of the
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samples failed this suggested standard. In a study made by Mclarty
and Robb (1969), 20 per cent failed this level when the pasteurized

milk from a retail source was held at SDC for 24 h.

3. l.ipolytic count

Lipolytic organisms which are predominant in pasteurized milk include

species of Pseudomonas, Achrombhactey, Staphylococcus, Serratia,

Flavobacterium, Alcaligenes and Micrococcus. These lipolytic

organisms are also found in dairy products. The effect of these
species is to produce lipase enzymes which together with the natural
milk lipase enzyme cause hydrolysis of the fat giving rise to .
rancidity in the milk. Thomas (1970) reported that organisms of the
genus Pseudomonas accounted for 62.1 to 70.%1 per cent in the total

calony count in pasteurized milk.

From the results shown in Table 2:7, there is a significant difference
at 5 per cent level in lipolytic count between the sources of milk.
The same level of difference was found between the days\o$ sampling.
The total colony and psychrotrophic counts showed a correlation
coefficient of 0.77 (p < 0.001) and 0.78 (p < 0.001) respectively
with the lipolytic count (Table 2:4). The higher lipolytic count

was found in pasteurized milk from source D. This is related to the
high total colony count in this milk. There is a difference

between the other dairies, but it is not significant. This difference
might be due to the variatien in the source of milk, processing

conditions and the degree of post-pasteurization contamination.

4. B. cereus count

This is a spore-farming organism which was first isclated from air
by Frankland and Frankland (1887). This bacterium is a very
important factor aftecting the keeping quality of pasteurized milk
by causing a fault similar to that found in bitty cream. Franklin
(1869) reported that B. cersus spores can get into the milk from
the skin of cows, dust, dirt, faeces, soil, fodder, flies and the

surfaces of utensils and dairy plant. Billing and Cuthbert (13858)
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found a very high number of B. cereus spores in washed milk cans.

From the results presented in Table 2:8, the lowest count was found

in July. These findings confirmed the results of Ridgway (1954) and
Franklin, Williams & Clegg (19561}. There was no significant

difference in the count of B. cereus during the period of this study.
This might be due to the slow germination of the spores of B. cereus

in the milk which were found to have a lower germination rate than those
which were isolated from socil and dung (Labots and Hup, 1964; Labots,
Hup and Galesloot, 13965).

5. . Proteolytic count .

The common proteolytic bacteria are the species of Bacillus,

Clostridium, Pseudomonas and Proteus. These bacteria are very

important in causing deterioration in pasteurized milk. The common
psychrotrophic bacteria are strongly proteolytic and cause an
undesirable flavour in the milk due to hydrolysis of the milk protein.
There is a highly significant difference at 0.1 per cent level in the
proteoclytic count between the saources of milk and the same level of

difference found between the déys of sampling (Table 2:9].

These differences are due to the difference in the source of milk

and the seascnal variation. The proteolytic count depends on the
number of spore-forming proteoclytic bacteria which survive heat
treatment togethef with the post-pasteurization contamination by
“non-spore-forming proteclytic bacteria (e.g. Pssudomonas and Proteus).
" The highest count of proteolytic organisms was found in milk from
sources C and D (Table 2:9). In the case of source C the majority
of the proteolytic bacteria was from the raw milk as spore-forming
bacteria because there was not the same increase in the total colony
count compared with milk from source D. In the case of source D

most of the contaminating proteolytic organisms entsred the milk after
proeessing. There is no significant difference in the proteolytic

count between the other sources (A, B, E and F) (Table 2:9).
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B. Coliform count

The Milk (Special Designations) (Scotland) Order (1976) stipulates
that coliform bacteria should be absent in 1/1000 ml of

pasteurized milk. In this study 13.8 per cent of the samples failed
this legal standard. About half of the samples failing the standard

were from source O,

Many investigators have demonstrated that coliform bacteria develop
rapidly in the summer time when ambient conditions are at their

highest in commercially pasteurized milk (Dahlberg, 1945; McCallum,
1960 and MclLarty and Robb, 1883]. In this study the highest count

of coliform bacteria was obtained in the summer months.

’

The number of coliform bacteria found in pasteurized milk from

source D was significantly higher (p < 0.001) than that obtained from
the other sources (Table 2:10). The correlation coefficient between
the total colony. count and the coliform count was 0.850 (p < 0.001).

However, Jooste and Groeneveld (1871) found it to be 0.72.

7. Titratable acidity and pH ~

The titratable acidity of milk is expressed as the per cent lactic
acid of the sample. This value may be used as an indirect measure
of lactic-acid-producing bacteria in the milk. The pH is a more
accurate indicator- than the titratable acidity because the acid
available to be meutralized with standard alkaline depends on the

buffering capacity of the milk.

Cox {1975) reported that the titratable acidity in pasteurized milk
should be. lower than 0.2 per cent. None of the samples which were
tested reached this level. It means that there was not a
significant contamination after processing by acid-forming bacteria.
The acid-forming Streptococci which survive pasteurization are types
commonly requiring relatively high temperatures for their active
development. Pasteurization usually reduces the content of acid-
forming bacteria and the other types of organisms have a greater

opportunity for growth in pasteurized milk. From the result in
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Table 2:11 the variation in the range of acidity was from 0.141 to
0.180 per cent and in the pH value in Table 2:12 was from 6.6838 to
8.745,

From the result there is no indication of the quality of pasteurized
milk related to the titratable apidity and the pH. Schénborn,
Kinkel. and Mlller (1975} found that there was no change in the pH
during the storage aof pasteurized milk except for a slight decrease

up to G.5 unit in a few samples stored for 8 days at 4 to 5°¢.

8. Phosphatase test

6.06 per cent of all the samples failed the legal standard for
pasteurized milk (The Milk) Bpecilal Designations) (Scotland} Order
{(1878). 75 per cent of these samples wers from source F. Failure
in the phosphatase test indicates defective pasteurizing techniques
including faulty equipment. McLarty and Robb (1968) found that the
percentage of the samples of pasteurized milk which failed this test

was 1.2 per cent.

9. Acid degree value (ADV)

The American Public Health Association (1978) interpret the levels
of ADV as follows:

(1) < 0.4 Normal
(ii) 0.7-1.1 Borderline (indefinite)
(1id) 1.2 Slight rancidity

(iv) 1.5 and above Unsatisfactory (extreme hydrolytic rancidity])

From. the data which is presented in Table 2:13 the number of samples
with an ADV of < 0.7 represents 22.3 per cent of the total. Billman
and Anderson (1970) in their study in the U.S.A. on commercial
pasteurized milk from retail sources recorded a figure of 25 per cent
below 0.7. In the present study the percentage of samples with an
ADV of > 0.7 was 77.7 which is higher than was found by the above
investigators, who recorded 68.6 per cent of supplies above the

0.7 level.
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Krukovsky and Herrigton (1944) found that the threshold at which
rancidity can be recognized is near an ADV of 0.80. In the present
study 41.6 per cent of the samples had ADVs higher than this level
(Table 2:13). |

The percentage of the ADV could be affected by many factors. The
mechanical agitation of raw milk is.the major cause of induced
lipolysis. The breakdown could happen to the fat globule membrane
releasing the free fat and this will be hydrolyzed by either the
native lipase enzyme or by microbial lipase enzymes produced by
some psychraotraphic bacteria. during the storage of raw milk on the
farm, Some of these enzymes are heat-resistant and will cause

lipolysis in the milk after processing.

50



Ha

CONCLUSION

The supplies of pasteurized milk analysed in the survey were nat of
the same quality. All the samples were contaminated by post-
pasteurization contamination, but the degree of contamination
differed from one source to another. The poorest quality was

found in milk from a supermarket without refrigeration. A small
number of samples failed the phosphatase test, and over thirteen

per cent failed the legal standard for coliform organisms. Some shops
and supermarkets keep pasteurized milk at room temperature before
sale. This temperature is suitable for the growth of most micro-
organisms and leads to poorer quality milk on retail sale to the
consumer. Maintainance of milK at temperatures below 5°C would lead

to improved quality.
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CHAPTER THREE

A COMPARISON OF THE NICRDBIDLUGICAL QUALITY OF PASTEURIZED MILK
PACKAGED IN GLASS BOTTLES AND IN SINGLE-SERVICE CONTAINERS.

INTRODUCTION

The retail sale of packaged milk began in the U.K. dairy industry
about a century ago with the production of sterilized milk in glass
bottles. The glass bottle éontinuad ta be the only form of
packaging until 1933 when the first single service packages in the

form of cartons were introduced.

During the forties there was a rapid development in the manufacture
"of various types of packaging materials which resulted in a wide range

of containers suitable for the packaging of milk.

Hall (1973) summarised the various retail packages for liguid milks.

These packages are presented in Table 3:1.

Many investigators have studied the quality of milk packaged in two or
three different types of cartons. Sch#nborn et. al. (1875)
investigated the guality of pasteurized milk packaged in (i) sguare
package without air space and (il) oblong package with roof-shaped

air spacs.

During the investigation samples of pasteurized milk were taken on
storage days 1, 5 and 8 and examined organoleptically as well as
bécteriologically. The results showed that milk packaged in
package (1i) contained a significantly higher colony count than in

package (i).

Pasteurized milk packaged in glass bottles or single-service containers

may be contaminated by the pipeline between. the pasteurized milk tank
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TABLE 3:1

Retail packages for milk

v iy [EHe geineoo
pre-formed
or supplied form-fill-seal pillow bag
as blanks
Rockware Kempro Perga Jiropak Bertopack** Bekum Bertoblock
United Pergaplas Tetra Pak* Finnpack GF (Uniloy)
Glass etc. Hassia Hamba
Metal Box
Block Pack Selfpack®* prepac*** Sanc
Pure-Pack* Tetra Brik* Rotapack Sidel
Tetra Rex Thimpak Doypack* Stork
Sealking Zupack** Franspack  Bottlepack*
Mecaplast
Hessel

* Aseptic version in commercial use.
**  Aseptic version under commercial test.

*** Aseptic version in development.



and the filling machine or by the filling machines (Thomas, Thomas
and Ellison, 1849; Ford and Babel, 1851).

The washed milk bottles were found to be an important source of
contamination of pasteurized milk by psychrotrophic bacteria. ' The
count of these bacteria was found to be about 10 to 16 per bottle,
with maximum counts of > 103 per bottle (Rogick and Burgwald, 1952;

Thomas, Griffiths and Foulkes, 13960).
A \ .
The aim of the work described in this chapter was to investigate the

-

microbiological gquality of pasteurized milk packaged in two different
. )
packaging systems and comparing the results with the guality of the

same milk from the pasteurized tank. The effect an the milks .af:
exposure to 3 h of lightand temperature conditions simdlating

doorstep deiivery Qas studied.
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EXPERIMENTAL

The sEudy recorded in this chapter was made on two commercial
dairies coded A and B.
Bairy A

1. Collection of the samples

Samples of pasteurized milk were collected and transported to the
laboratory in a polystyrene box packed with ice blocks. The

samples were taken at the same time from three sources:-

(i) *the pasteurized milk tank using a sterile container;
(ii) the bottle filler - filled and capped bottles from the
' production dine were taken at random.
(1ii) the filling machine for the single-service containers -
filled and sealed SSC from the production line were

taken at random.

Arrangements wers made with the management to ensure that all
pasteurized milk came from the same source i.e. the same raw
storage tank and the same pasteurized milk storage tank. This

procedure was followed on six occasions.

2. Treatment of the samples

The samples were grouped as follows:-
Group A and B contained two samples from each of the above
sources marked (i), (ii) and (iii).
Group C and D cbntained six samples from source (iil.
Group E and F contained six samples from source (iii).

Group G contalned six samples from source (i),

Samples in group A were used for the initial test on the day of
the processing. Samples in group B were used for the test for

post-pasteurization contamination. Samples in group C and E were exposed

*Samples from this source were tested in trials 2, 3, 4, 5 and

E only. The results of the first trial were estimated by the

computer.

54



to simulated daylight for 3 h, equivalent to the doorstep delivery
system. The intensity of the light was 1000 to 200C lumen. Lighting
consisted aof 40 watt cool white fluorescent tubes and samples were
placed at the proper distance from the light source to obtain the
desired intensity, which was measured by means of a type C, E22 -

light meter produced by Megatron Ltd.

The temperatures during the period of exposure to light were based on
ambient temperatures for the College area as recorded by Channon and
Kirkwood (1979). After the exposure treatment the samples in the
two groups were stored at 50 in the dark. Samples in groups D,

F and G were stored directly at 59C in the dark without exposure

treatment.

3. Preparation of the samples for testing

Samples from groups A, C, D, E and F on each day of testing were
divided into three portions after they had been taken from the cold

store and shaken thoroughly.
a. 10 ml from each container was poured aseptically into a
sterile jar for the bacteriolscgical analysis.
b. About 200 ml were used for the chemical analysis.

Ce The remainder of the milk in e=ach container was used for

the assessment of the crganoleptic quality.

4. Microbiological analysis

Samples in group A were tested on the day of processing i.e. the
initial test. Two samples from groups C, D, E, F and G were tested
during the period of 2, 4 and B days, for total colony count,
psychrotrophic count, lipolytic count, proteolytic count, B. cereus

count and coliform count using the methods described in Chapter One
(Section 4:1, 2, 3, 4, 5 and 8).

Samples in group B were tested for the detection of post-pasteurization
contamination using the rapid method described in Chapter One

(section 1:7).
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5. Identification methods

Random colonies, which appeared in the test for post-pasteurization

contamination as referred to above, were identified using the 'Oxi/

Ferm' and 'Enterctube’ systems which were supplied by F. Haffmann -

La Roche and Co. AG., Basle, Switzerland.

6. Juality of the packaging material

a.

Glass bottles:-

The sterility of the glass bottles was tested according to
B.S. 4285, part 2, 1868 (British Standards Institution,
1968). Three samples in each trial were used for this
test.

Cartoning material:-

As described in B.S. 4285, part 2, 1968 (British Standards
Institution, 1968), a swabbing technique was used for
testing the carton material just before it entered the
filling machine. Three areas which formed three single-

service cartons were swabbed in each trial.
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Dairy B

1. Collection of the samples

Samples of pasteurized milk were collected from'the dairy as
described im Dairy A. This procedure was followed on 3

occasions. -

2. Treatment of the samples

Two samples from each source were used for the initial test (om the
same day as the milk was processed). The remaining samples, whieh
were kept at 5°%C for 6 days were tested after 2, 4 and 6 days of

storage . Two samples from each source were used.

3. Microbiological analysis

The samples were tested for total colony count, psychrotrophic
count, lipolytic count, proteolytic count, B. cereus count and
coliform count using the methods described in chapter one (section
1:1, 2, 3, 4, 5 and B6J.
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RESULTS

Dairy A

1. Total colony count

The results of the total Colony Count are presented in Tables 3:2, 3:3,
3:4 and 3:5. Table 3:2 shows the results of samples tested. on the day
of processing. In these results, the total colony count found in
pasteurized milk packaged in glass bottles was significantly higher

{p < 0.001) than that obtained from pasteurized milk packaged in the
SSC system. However, pasteurized milk in botﬁ packaging systems

gave significantly higher (p < 0.001) total colony counts than .
pasteurized milk which was obtained from the pasteurized milk tank.
These differences were fhe same after 2, 4 and 6 days of cold storage
at SUC. The results show that exposure:. to light and temperature
conditions simulaﬁing the doorstep delivery system had nc significant
effect on the total colony count. There was a significant difference
betwsen the trials through the experiment. From the mean of the
results pressented in Table 3:4, the total colony count in the samples
of glass bottles was nearly 2.153 x 10° per ml after 4 days of storage
at 5°C. In trials 3 and 5 the count was >10° per ml, When this was
compared with the total colony count obtained from the SSC the highest
total colony count in all the trials was 6.35 x 10% per ml. The mean
total colony count found in the samples from the pasteurized milk tank
was 1826 per ml after 4 days of cold storage at 5°C. After 6 days of
cold storage the mean total colony count obtained from pasteurized
milk packaged in glass bottles was 1.830 x 108 per ml compared with

the mean of pasteurized milk packaged in SSC which was 2.821 x 10° per

ml.

The mean of the total colony count of pasteurized milk obtained from
the pasteurized tank was 4628 per ml. The variation in the total
colony count obtained from different treatments with the storage time

are illustrated in graph 3:1.
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TABLE 3:2

The total colony count/ml (30°%C for 3 d)s expressed as log ,

of pasteurized milk taken from the pasteurized milk tank,

and from glass bottles and single-service containers on the

day of processing

No. Samp.le
of -
trial Glass
bottle SSC Tank Mean
1 9.04 8.81 7.94 8.83
2 g9.086 8§.83 - 8,05 8.64
3 9.83 8.94 8.35 9.04
4 8.39 8.80 7.38 8.19
5 8.87 8.06 6,86 7.86
B . 8.31 8.35 7.85 8.17
Mean 8.88 8.65 774 8.42
0F ns VR
* % %
Trials" 1.085739 143,99
* sk
Sample 2 4.404881 808.54
E X K
Trials sample 0.205147 28.34
Residual 17 0.007238
Total 33 0.491148
Table Trial Sample Trial sample
REP 5] 12 2
SED 0.0481 0.0347 0.0851
* Significant at 5 per cent level
* % ” ” 1 " n ”

* Rk " " 0.1

” ” L



TABLE 3:3

The total colony count/ml [SU?C for 3 d).expressed as loga,
of pasteurized milk packaged in glass bottles and single-
service containers after 2 days of storage at 5 C in
darkness and in light and temperaturs conditions simulating
the door step delivery system. The total colony count of
pasteurized milk from pasteurized milk tanks is shown.

No. : Sample and treatment
of + + + +
trial Glass-E Glass~-N SSC-E SSC-N Tank Mean
1 8.18 9.15 8.99 9.03 7.80 8.85
2 8.96 8.80 8.88 8.90 8.09 8.73
3 11,19 11.18 8.44 8.48 8.42 9.54
4 8.27 8.24 8.67 8.73 6.23 8.03
5 8.68 8.38 8.22 8.13 6.63 8. 01
B 8.13 8.52 7.30 8.15 7.77 8.09
Mean 8.07 g9.08 8.52 8.57 7.48 8.54
DEms VR
* %k &
Trial 5 3.743965 152.08
LR ]
Treatment 4 4,387174 201.85
* & ok
Trial treatment 19 0.85358 34.62
Residual 28 0.02465
Total 57 0.87488
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.0702 0.0641 0.1570

* significant at ©5 per cent level

Wk n ” /I Hi 1 »

* % % n n 0.1 " ” "

+ E - exposed to light and temperature conditions simulating doorstep
delivery system for 3 h. -

N - not exposed to light and temperature conditions simulating
doorstep delivery system.



TABLE 3:4

The total-colony count/ml (30°C for 3 dl).expressed as log ,
of pasteurized milk packaged in glass bottles and single—e
service contaimers after 4 days of storage at 5°C in darkness
and in light and temperature conditions simulating the door
step delivery system. The total colony count of pasteurized
milk from the pasteurized milk tanks is shown.

No. Sample and treatment
of
trial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 10.289 10.14 9.24 9,31 5,32 8.98
2 11.33 10.78 11.08 10,74 8.12 10.41
3 1511 14,61 10.89 10.94 8.65 12.04
4 12.80 12.79 10.41 10.28 7.20 10.70
5 14.14 13.77 10.04 8,72 7.13 10.96
B 10.58 _ 11.02 11.05 10.87 8.02 10. 31
Mean 12.37 12.19 10.45 10.31 751 10.57
DE s VR
* % %
Trial 5 §.89339 61.69
* % %k
Treatment 4 45,9344 286.44
* K
Trial treatment 19 2.1518 13.41
Residual 28 0.1804
Total 57 4,8902
Table Trial Treatment Trial t:eatment
REP 10 12 2
SED 0.1791 0.1635 0.4005
* . significant at 5 per cent level
* ok n ” /l n 1] n

* %k n ” D . /} n " n



TABLE 3:5

The total colony count/ml (30°C for 3 d), expressed as log ,

of pasteurized milk packaged in glass bottles and single

service containers after 6 days of storage at 5C in darkness and

in light and temperature conditions simulating the doorstep

delivery system. The total colony count af pasteurized milk
from pasteurized milk tanks is shown.

No. Sample and treatment
of
trial Glass-E Glass-N SSC-E SSC~N Tank Mean
1 13.92 14.04 10.53 10.48 7.20 11.24
2 14,09 13.52 15.21 15.27 8.96 13.41
3 15.83 14.96 11.83 11.89 8.83 12.68
4 14,35 14.14 14.08 14 .01 8.28 12.87
5 14 .51 15.12 11.44 11.25 8.09 12.08
8 13.58 14.98 12.01 12.52 9,30 12.48
Mean 14.38 14.486 12.52 12.58 8.44 12.48
oF Ms YR
. & ¥ ok
Trial 5 5.7027 20.084
* %k %
Treatment 4 741 .5506 26155
& K o
Trial treatment 19 2.6431 8.66
Residual 29 0.2736
Total 57 6.5415
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.2339 0.2135 0.5230

*®
* %

* %k K

significant at 5 per cent level

n n /I " it "

” 1" O . /1 n n n



GRAPH 3:1

.—m.. owmummm in the total colony count after various periods of storage
at 5 C of pasteurized milks subjected to different treatment
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2. Psychrotrophic count

The mean psychrotrophic counts (Tables 3:8, 3:7, 3:8 and 3:8) of
pasteurized milk packaged in glass bottles were higher than the counts
of the same milk fiom the pasteurized milk tank and single service
containers (SSC). However, pasteurized milk packaged in SSC gave
higher psychrotrophic counts (significant at 5 per cent level) than
that from the pasteurized milk tank on the day of processing. The
mean of the six trials showed that the psychrotrophic count of milk

in glass bottles was significantly higher (p < 0.001) than that
obtained from SSC after 2, 4 and 6 days of storage at 5°¢. However,

the mean of the psychrotrophic count from the pasteurized milk tank

was 757 per ml after 8 days of cold storage at 5°¢.

Exposure of pasteurized milk in glass bottles and in SSC to light and
temperature conditions simulating doorstep delivery had no significant
effect on the count of psychrotrophic organisms in each type of container.
The variations in the psychrotrophic count with storage time is
illustrated in graph 3:2. There was a highly significant diffsrence
(p < 0.001) between the psychrotrophic counts of the milks taken in
each of the trials. Fsychrotrophic counts showed correlation
coefficients with total colony counts, 0.4734, 0.5858, 0.8244 and
0.9252 on 0, 2, 4 and 6 days of storage at 5°¢c respectively. After
six days of storage at 5°¢ the mean of the psychrotrophic count of
pasteurized milk pabkaged in glass bottles was 1.506 x 10°% per ml,

while in the SSC samples it was 2.288 x 10° per mi.

3. Lipolytic count

The results of the lipolytic counts ars presented in Tables 3:10, 3:11,
3:12 and 3:13. The results obtained from tests made on the day of
processing (Table 3:10) show a highly significant difference between
the lipolytic count of the samples from the pasteurized milk tank, the
glass bottles and single-service containers. However, the mean
lipolytic counts of the samples of pasteurized milk packaged in glass
bottles was highly significant (p < 0.001) than that of samples of
pasteurized milk packaged in SSC. But the latter showed a higher
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of samples of pasteurized milk taken fraom the pasteurized

TABLE 3:8
The psychrotrophic count/ml (7°c for 10 d), expressed as 1og ,

milk tank, and from glass bottles and single service caontainers
on the day of processing.

No. Sample
of
. Glass
trial bottle SsC Tank Mean
1 5.32 1.95 1.13 2.80
2 5.94 8.26 2.30 4.83
3 8.96 1.93 0.00 3.63
4 4.91 0.69 3.06 2.489
5 §.85 1.49 2.39 3.58
B 6.21 2.13 2.39 3.58
Mean 8.35 2.41 1.88 3.55
oF ns VR
* ok &
Trial 5 3.1786 12.598
*® ¥k
Sample 72.0925 285,915
* Kk
Trial sample 8.1658 24.454
Residual 17 0.2521
Total 33 6.6620
Table Trial Sample Trial sample
REP 6 12 2
SED 0.2899 0.2050 0.5021
* significant at 5 per cent level
E " n 1 ” n n

* kK n ” O./I ”

n

n



TABLE 3:7

The psychrotrophic count/ml (708 for 10 d), expressed as log ,

of pasteurized milk packaged in glass bottles and single service

containers after 2 days of storage at 56C in darkness and in

light and temperature conditions simulating the doorstep

delivery system. The psychrotrophic count of pasteurized milk
from pasteurized milk tanks is shown.

No. * Sample and treatment
of
trial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 7 .48 7.56 2.90 2.77 2.52 4,56
2 5:99 4,61 6.67 .09 2.30 5.13
3 10.85 10.93 5.53 4,47 0.00 6.35
4 6.57 6.73 4,09 3.88 5.86 5.44
5 8.52 6.88 2.18 2.35 2.39 4,47
6 5.84 ° 5.72 3.15 3.01 4,70 4,48
Mean 7 .54 7.07 4,09 3.77 2.96 5.09
DF. ns VR
*® K %
Trial 5 5.3476 10.37
&k e
Treatment 4 51.5902 100.06
L
Trial treatment 18 7.7136 14.98
Residual 29 0.5156
Total 57 6.9229
Table Trial Treatment Trial treatment
REP 10 12 2
SED D.3211 0.293 0.7180

* ok

* %

significant at 5 per cent level

” ”n /1 " " n

” " 0 . ll »n ” ”



TABLE 3:8

The psychrotrophic count/ml (7°c for 10 dJ, expressed as nge,

of pasteurized miik packaged in glass botties and single service

containers after 4 days of storage at 5 C in .darkness and im -

light and temperature conditions simulating the doorstep delivery

system. The psychrotrophic count. of pasteurized milk from
pasteurized milk. tanks is shown.

No. Sample and treatment
of
trial Glass-E Glass-N 8SC-E SSC-N Tank Mean
1 9.99 10.18 7.14 6.64 3.38 7 .47
2 11.04 10.58 10.98 10.45 6.66 9.94
3 14.34 14.10 7.66 7.46 8.00 8.71
4 12.71 10.35 10.26 10.17 6.85 10.07
5 14.06 13.B5 8.56 7 .54 5.01 8,97
B 8.32 8.73 8.86 8.38 5.98 8.25
Mean 11.74 11 .27 8.91 8.44 4.98 9.07
oFonms R
o ok %
Trial 5 11.8428 61.39
* kK
Treatment 4 87 .4056 453.12
¥R H
Trial treatment 19 8.7499 45.36
Residual 28 0.1829
Total 57 10.1873
Table Trial Treatment Trial treatmsant
REP 10 12 2
SED 0.1964 0.4793 0.4392
* significant at 5 per cent level
* % n L] 1 ” " bl

* % & ” * 0.1 ” " ]



TABLE 3:9

The psychrotrophic count/ml (7°c for 10 d), expressed as log ,

of pasteurized milk packaged in glass bgttles and single serice

containers after 6 days of storage at 5 C in darkness and in

light and temperature conditions simulating the doorstep delivery

system. The psychrotrophic count of pasteurized milk from
pasteurized milk tanks is shown.

No. Sample and treatment
af
trial Glass-E Glass-N SsC-E SSC-N Tank Mean
1. 13.75 13.76 10.07 10.10 5.27
2 14.00 13.48 15.02 15.10 7.78
3 15.46 14.40 11.54 11.886 2.33
4 14.04 13.87 13.99 13.74 7.44
5 14,46 15.11 11.14 11.10 8.05
8 13.46 14.96 11.98 12.48 8.95
Mean 14.19 14,26 12.29 12.40 6.63
/A VR
* k%
Trial 5 8.8303 13.17
* Rk
Treatment 4 118.9224 174.47
* ok ok
Trial treatment 19 4,8275 7.20
Residual . 29 0.8701
Total 57 10.9298
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0. 3660 0.3340 0.8130
* significant at 5 per cent level
* % " ” 1 ” 1 ”w

EE E n n D R /] n 11 »”
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TABLE 3:10

The lipolytic count/ml (30°C for 3 d), expressed as log , of

samples of pasteurized milk taken from the pasteurized milk

tank, and from glass bottles and single service containers on
the same day of processing.

Na. Sample
of -
trial Glass
bottle SSC Tank Mean
1 5.83 4,45 1.50 3.393
2 5,89 6.05 0.00 3. 91
3 8.55 4,96 g.00 4,50
4 4,09 4,09 4,08 4,08
5 4,58 4,09 0.00 2.89
8 4,45 4,81 3.33 4,13
Mean 5.53 4.71 1.48 3.93
oF . ms VR
& ¥k
Trial 5 1.76832 12.42
- % %k ok
Sample 2 54,8992 386.99
* kK
Trial sample 9 6.3345 44,865
Residual ' 17 0.1419
Total 33 5.3951
Table Trial Sample Trial sample
REP 6 12 2
SED 0.2175 0.1538 0.3766

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

* %k " L] O. 1 ” » "



pasteurized milk packaged in glass bottles and single sgrvice

TABLE 3:11
The lipolytic count/ml (30°C for 3 d), expressed as log , of

containers after 2 days of storage at 5°C in darkness and in
light and temperature conditions simulating the doorstep

delivery system. .

The lipolytic count of pasteurized milk from
the pasteurized milk tank is shown.

No. Sample and treatment
of
trial Glass-E Glass-N 3sC-E SSC-N Tank Mean
1 5.22 5.97 5.46 4,99 2.82 5.05
2 7.18 7.1 7.33 7.25 4,42 6.66
3 10.41 10,73 5.27 5.43 0.00 6.37
4 4.29 4,25 4.53 4,55 4,00 4,34
5 7.89 8.00 4,09 4,35 3.57 5.18
6. 4,42 4,84 4,39 4,29 2.39 4,07
Mean 6.73 6.48 5.18 5.15 2.85 5.28
oF s VR
% %k
Trial 5 10.96879 125.01
& %k
Treatment 4 28.49561 324.78
* % ok
Trial treatment 19 5,4B6583 62.29
Residual 29 0.08774
Total 57 4,82838
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.1325 0.1208 0.2962
* significant at 5 per cent level
* % " ” »n " n

* & ok

" ”

1
0.1

"



TABLE 3:12

The lipolytic count/ml (30%c for 3 d), expressed as log , of

pasteurized milk packaged in glass bottles and single sérvice

containers after 4 days of storage at 5°C in darkness and in light

and temperature conditions simulating the doorstep delivery

system. The lipolytic count of pasteurized milk from the
pasteurized milk tanks is shown.

Na. Sample and treatment
of
trial Glass-E Glass=-N SSC-E SSC-N Tank Mean
1 7.98 8.32 7 .45 7.22 3.84 6.96
2 9,80 9.74 10.08 9.41 6.38 g.08
3 13.39 13.52 7.80 6.85 4,37 9.15
4 12.12 12.15 9,88 9.98 6.71 10.17
5 12.886 12.88 7.34 6.88 B.51 9.25
5] . 7.08 6.99 7.49 7.29 4.79 6.72
Mean 10.53 10.58 8.31 7.94 5.43 8.55
oF ms VR
K
Trial 5 18.21619 212.17
* % %
Treatment 4 54,48410 601.58
E 2]
Trial treatment 13 4.,96824 54.83
Residual 29 0.09057
Table Trial Treatment Trial treatment
REP 10 12 A
SED 0.13486 0.1229 0.3009
* significant at 5 per cent level
% %k ”n " o‘ n n” n

* &R » ” 0 .'1 » » »



TABLE 3:13

The lipolytic count/ml (30°C for 3 dJ, expressed as log , of

pasteurized milk packaged in glass bottles and single sérvice

containers after 6 days of storage at 5 C in darkness and in light

and temperature conditions simulating the doorstep delivery

system, The lipolytic count of pasteurized milk from the
pasteurized milk tanks is shown.

Nao. Sample ard treatment
of
trial Glass-E Glass-N SSC-E S3C-N Tank Mean
1 11.87 12431 5,37 9.38 4,62 9.53
2 13.53 12.45 14.18 14.20 7.20 12.31
3 13.37 14.12 11.786 11.70 4,59 11.11
4 13.44 13.31 13.27 13.13 721 12.07
5 14.20 13.93 11.08 10.73 6.85 11.36
B 13.04 12.86 11.73 12.08B 7.87 11.53
Mean 13.26 13.16 11.80 11.87 8.41 11.32
L R
* ok ok
Trial 5 9.7048 22.15
*® Kk
Treatment 4 95,7558 218.64
%% R
Trial treatment 19 2.1613 4,93
Residual . 23 0.4380
Total 57 8.5143
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.2960 0.2702 0.6618
* significant at 5 per cent level
* ¥k n ”n 4] n n "

* ok n " D . 1 » . " ”
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Changes in the lipolytic count after various periods of storage at
59C of pasteurized milks subjected to different treatments
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lipolytic count (p < 0.001) than was obtained from the samples from
the pasteurized milk tank. The same differences wers found in the
respective samples after 2, 4 and 6 days of storage at 5°C. It is
clear from the results that there was no significant effect of
exposure for 3 h to light and temperature conditions simulating the
doorstep delivery system on the lipolytic count. The variations on
the lipolytic count due to the storage time at different treatments
are illustrated in graph 3:3. The lipolytic count showed a
correlation coefficient of {(r = 0.5724, p < 0.001) with the acid
degree value. After 8 days of storage at 5°C the mean of the lipolytic
count of pasteurized milk in glass bottles was 5.458 x 10° per ml.
However in SSC samples it was 1.45 x 105 per ml. It is interesting
to note that the mean lipolytic count obtained from the milk from

the pasteurized milk tank using the same conditions, was 608 per ml.

4, Bacillus cereus count

The results of the B. biereuB counts are presented in Tables 3:14,

3:15, 3:16 and 3:17. The results show that differences occurred in

the count of B. cereus in the different samples taken on the day of
processing. The B. cersus count obtained from pasteurized milk
packaged in glass bottles was significantly higher (p < 0.001) than

that obtained from pasteurized milk packaged in SSC. The latter

gave a significantly higher count {p < 0.001) than that from the
pasteurized milk taﬁk. These differences are shown for all of the

days of storage at 5°c. Exposure to light and temperaturse conditions
simulating the doorstep delivery system had no significant effect on
the count of B. cereus. There was a significant difference (p < 0.001)
between the B. cereus counts obtained in the six different trials.

The variations in the B. cereus count with storage time are illustrated
in graph 3:4.‘ The count of B. cereus increased in all .the samples
during %the storage time. The mean count of B. cereus in milks
purchased in glass bottles in the six trials was 87846 per ml after 6
days of storage at 5°C. Howsver, in the SSC samples the corresponding -
count was 11,614 per ml, while in the samples from the pasteurized

milk tank it was 200 per ml.

60



TABLE 3:14

The B. cereus count/ml (30°C for 2 d), expressed as log ,of

samples of pasteurized milk taken from the pasteurized
milk tank, glass bottles and single service containers on

the day of processing.

No. Sample
of
. Glass
trial bottle SSC Tank Mean
1 3.18 2.08 0.71 2.00
2 2.72 2.59 0.00 177
3 5.12 2.81 0.00 2.88
4 1.10 1.10 1.10 1.10
5 2.48 1.10 1.10 1455
8 4.43 2.30 1.10 2.61
Mean 3.17 2.01 ¢.87 1.85
oF ns VR
* %
Trial 5 2.2521 5.01
L2
Sample 2 18.7835 41 .85
*
Trial sample g 2.0185 4.49
Residual 17 0.4487
Total 33 2.2613
Table Trial Sample Trial sample
REP g 12 2
SED 0.387 0.273 0.8670
* significant at 5 per cent level

x %k " ”

* %k % » ”

/I "
0.4 "

»

»



TABLE 3:15

The B. cereus count/ml (36°C far 2 d)}, expressed as log , of

pasteurized milk packaged in glass bott%es and single-servica

containers after 2 days of storage at 5 C in darkness and in

light and temperature conditions simulating the doorstep

delivery system. The B. cereus count of pasteurized milk
from the pasteurized milk tanks is shown.

No. Sample and treatment
of
trial Glass~E Glass-N SSC-E SSC-N Tank Mean
1 4,34 4,82 4,28 3.70 1.08 3.61
2 3.73 3.17 4,51 3.83 0.00 3.01
3 5.02 4,96 3.70 3.86 0.00 3.51
4 3.80 3.82 4.10 4,41 1.08 3.44
5 4,57 4,70 1.09 1.089 1.08 2.51
8 4,68 5.10 3.75 2.46 1.09 3.42
Mean 4,36 4.40 3.58 3.19 0.73 3.25
oF s W
* %
Trial 5 1.7330 7.55
L X
Treatment 4 27 .0501 117 .94
L 3
Trial treatment 19 1.7418 7 .59
Residual 29 0.2294
Total 57 2.7478
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.2142 0.1855 0.4789
* significant at 5 per cent level
* ok ” 1 /‘ " " 1

* %k % n " 0.1 " " n



TABLE 3:16

The B. cersus count/ml (SGDC for 2 d), expressed as log , of

pasteurized milk packaged in glass bottles and single-sgrvice

cantainers after 4 days aof storage at 59C in darkness and in

light and temperature conditions simulating the doorstep

delivery system. The B. cereus count of pasteurized milk
from the pasteurized milk tanks i1s shown.

Sample and treatment

No.
O .  Glass-E Glass-N SSC-E  SSC-N  Tank  Mean
1 6.61 6.51 5.41 5.786 3.31 5.48
2 7.37 7 .36 7.36 7.28 2.58 - 6.38
3 8.&8 8.80 4.56 4.56 0.00 5.36
4 8.20 "6.49 6.78 65.44 4.61 6.50
5 7.27 5.71 4.75 4,08 4,42 5.24
8 5.85 6.46 5.689 5.62 6.03 5,93
Mean 7 .36 6.89 5.76 5.82 3.46 5.82
bE s VR
* kk
Trial 5 2.8181 6.92
Treatment 4 27.3786 84.52*
Trial treatment 18 4.1197 9.;;*
Residual 29 0.4214
Total 57 3.7648
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.2803 0.2650 0.6492

*

* %k

significant at 5 per cent level

” ” 1 ” ”» ”

” » G R /1 » ” n



The B. cereus count/ml (30°C for 2 d), expressed as 1oge, of
pasteurized milk packaged in glass bottles and single-service
containers after B days of storage at 5°C in darkness and in

TABLE 3:17

light and temperature conditions simulating the doorstep delivery

system. - The B. cereus count of pasteurized milk from the

pasteurized milk tanks is shown.

No. Sample and treatment
of
trial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 9.45 9.05 7 .26 7.15 3.28 7 .24
2 12,27 11.43 11.97 12.07 6.65 10.88
3 12.61 12.67. 8.97 8.91 3.57 9.35
4 11.58 11.39 11.67 11.36 5.61 " 10.32
5 11.48 10.58 7.12 6.82 5.52 8.30
B 10.48 10.52 9.15 9.87 7.18 9.44
Mean 11.31 10.94 9.38 9.36 5,30 9.25
oF s WR
k¥ k
Trial 5 17 .5975 106.16
* % %
Treatment 4 68.1796 411.28
% %k %k
Trial treatment 19 2.3131 17 .57
Residual 29 0.1658
Total 57 7.3833
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.1821 0.1662 0.4071

*
* %
* ok ok

significant at 5 per cent level

n n 1 n

" ” D - /l ”

»

"
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The correlation coefficient between the B. cereus count and the total
colony count was 0.8874 which is highly significant (p < 0.001).
This correlation coefficient was calculated from all the samples from

different sources.

5. Proteolytic count

The results of the proteolytic count are presented in Table 3:18,

3:19, 3:20 and 3:21. Differences existed in the proteolytic count

of samples on the day of processing. The mean of the proteolytic
count obtained from the pasteurized milk packaged in glass bottles

was significantly higher (p < 0.001) than that of pasteurized milk
packaged in SSC. The latter showed a significantly higher (p < 0.001)
count than that found in the samples taken from the pasteurized milk
tank. Differsnces were found to be the same as at 2, 4 and 6 days of
storage at 59C. Exposure to lighf and temperature conditions
gimulating the doorstep delivery system had no significant effsct on

the proteolytic count.

A highly significant difference (p < 0.001) was found between the
proteolytic counts obtained in different trials after various periods

of storage.

After 8 days of storage at 5°C the means of the proteclytic counts of
the pasteurized milk packaged in glass bottles, SSC and from the
pasteurized milk tank were 4.146 x 10° per ml, 8.082 x 10* per ml, and

1.686 x 10° per ml respectively.

The variations in the proteolytic count with storage time are
illustrated in graph 3:5. The increase in the proteclytic count was

greater in milk packaged in glass bottles than in the other samples.

The proteolytic count showed a highly significant correlation
coefficient (r = 0.8548, p < 0.001) with the total colany count.

The correlation coefficient with the psychrotrophic count was highly
significant (r = 0.9104, p < (0.001).
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TABLE 3:18

The proteolytic count/ml (30°C for 3 d), expressed as log ,

of samples of pasteurized milk taken from the pasteurized
milk tank, glass beottles and single-service containers on

the day of processing,

Na. Sample
of
. Glass
trial bottla SSC Tank Mean
1 6.08 5.77 3.73 5.18
2 7.04 6.69 0.00 4.57
3 9.08 6.64 6.44 7.38
4 5.55 5.37 6.08 5.86
5 6.66 5.41 4,32 5.46
B 68.62 5.71 4.93 5.75
Mean 6.84 6.03 4.25 5.71
oF. ns VR
. * R
Trial 5 5.3468 48.29
& k¥
Sampie 2 21.0944 190.54
& ¥k
Trial sample 9 4.9504 44,71
Residual 17 0.1107
Total 33 3.4957
Table Trial Sample Trial sample
REP B 12 2
SED 0.1921 0.1358 0.3327
* gignificant at 5 per cent level

* % ”

ok ok "

n

n

II " " ”n

D . 1 ” " "



TABLE 3:18

The proteolytic count/ml (30°C for 3 d), expressed as log_, of

pasteurized milk packaged in glass bottles and single-service
containers after 2 days of storage at 5°C in darkness and in

light and temperature conditions simulating the doorstep delivery

system. The proteolytic count of pasteurized milk from the

pasteurized milk tanks is shown.

No, Sample and treatment
of
trial Glass-E Glass-N SsC-E SSC-N Tank Mean
1 7.13 6.30 B8.57 B6.71 5,69 6.60
2 6.65 6.85 6.58 6.55 6.09 6.54
3 10.86 10.87 .63 5.64 6.74 8.35
4 7.01 6.78 8.99 7.07 5.01 6.57
5 8.03 6.61 6.26 B8.43 5.58 6.58
6 6.20 6.16 6,19 5.18 6.28 6.20
Mean 7.64 7.38 6.54 6.80 5.90 6.81
oFms VR
’ * & ok
Trial 5 5.92881 88.15
* 4k
Treatment 4 5.86081 87.13
LR R
Trial treatment 19 1.81483 26.98
Residual 29 0.06726
Total 57 1.57053
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.1160 0.1059 0.2583

*®
* %
* %

significant at 5 per cent level

L1 ” /] n ” n

" n O . Il‘ n R " n



TABLE 3:20

The proteolytic count/ml (30°C for 3 d), expressed as log_, of

pasteurised milk packaged in glass bottles and single-sereice

containers after 4 days of storage at 5°C in darkness and in

light and temperature conditions simulating the doorstep delivery

system. The proteolytic count of pasteurized milk from the
pasteurized milk tanks is shown.

No. Sample and treatment
of .
trial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 3.61 10.25 7.75 7 .62 5.50 8.15
2 8.05 8.22 8.88 8.83 6.66 8.13
3 13.82 13.96 9.81 9.396 68.45 10.76
4 11.33 8.60 8.81 8.61 6.59 8.78
5 11.99 12.20 8.08 8.81 6.00 9.42
5] 9.91 10.30 9.43 9.23 7.39 9.25
Mean 10.75 10.59 8.79 8.84 6.43 9.08
bF ns YR
& ok
Trial 5 2.6652 28.380
& ¥
Treatment 4 36.6489 109.583
% ¥k %k
Trial treatment 19 2.8450 8.507
Residual 28 0.3344
Total 57 4,5381
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.2586 0.2361 0.5783
* significant at 5 per cent level
* % ” n 1 n ] n

* ok k ”» " 0.1 " ] ”



TABLE 3:21

The proteolytic count/ml (30°C for 3 dJ, expressed as loge, of

pasteurized milk packaged in glass bottles and single-service
gontainers after 6 days of storage at 59C in darkness and in

light and temperature conditions simulating the doorstep delivery

system, The proteoclytic count of pasteurized milk from the

pasteurized milk tanks is shown.

Na. Sample and treatment
of
trial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 12.52 12 .41 9.59 g8.70 6.37 10.12
2 11.48 12.23 14,34 14.41 7 .22 11.94
3 15.50 14.50 10.73 10.95 7 .55 11.84
4 12.91 12.83 13.55 13.70 7 .41 12.04
5 12.49 13.23 8.71 8.60 7.39 10,08
6 12.49 12 .81 10.24 11.41 8.65 11.05
Mean 12.30 12.897 11.19 11.41 7.43 11.18
OFE .S VR
* % %
Trial 5 8.183S 31.56
* % %
Treatment 4 60.8102 234.40
* %
Trial treatment 19 4,7904 18.46
Residual . 29 0.2594
Total 57 6.7148
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.2278 0.2079 0.5093

*
* %

& %k

significant at 5 per cent level

n ” t] » ” "

” 1) O R 1 n ” ”
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8. Coliform count N

The results of the coliform counts on samples of pasteurized milk are
presented in tables 3:22, 3:23, 3:24 and 3:25. Differer levels of
coliform infection were found in the various milks on the day of
processing (Table 3:22), The coliform count of pasteurized milk
packaged in glass bottles was significantly higher (p < 0.001) than

that obtained from pasteurised milk packaged in SSC. Similar
differences in the coliform count of milk packaged in glass bottles

and SSC were found after 2, 4 and 6 days of storage at 5°9¢. Coliform
organisme were absent in 1 ml in the samples of milk in SSC on the day
of processing and after 2 and 4 days of storage except in the first ‘
trial. Coliform bacteria were found in the samples of SSC after 6
days of storage at SDC. None of the samples taken from the pasteurized
milk tank gave a positive result for coliform in 1 ml in all the
experiﬁents. The results in the first trial were estimated by the

computer.

Positive coliform tests at 1 ml level were found on the day of processing
in pasteurized milk packaged in glass bottles,. The count of coliforms
increased in this form of packaged milk during the storage time at 5°C.
(graph 3:8).

Exposure to light and temperature conditions simulating thes doorstep

delivery system had .no significant effect on coliform numbers.

Highly significant differences (p < 0.001) were found between coliform
numbers obtained in different trials on the day of processing and
after 2 days storage at SOC. After 4 and 6 days storage the differences

in coliform levels between trials was significant at 1 per cent level.

7. Results of the rapid post pasteurization test

All aof the samples which were tested failed this test. The
identification of the colonies which grew on the selective media used

in this test is summarised in Table 3:28.
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TABLE 3:22

The coliform count/ml (30°C for 3 d), expressed as log , of"

samples of pasteurized milk taken from the pasteurizedemilk

tank, and glass bottles and single-service containers cn the

day of processing.

No. Sample
of
. Glass
trial bottle 35C Tank Mean
1 5.34 1.96 2.14 3.14
2 1.50 0.00 0.00 g.50
3 4,82 0.00 0.00 1.81
4 2.78 .00 0.00 0.93
5 3.57 0.00 0.00 1.19
B 2,43 0.00 0.00 0.81
Mean 3.41 0.33 0.36 1.36
DFE.oms VR
&Rk
Trial 5 5.4010 8.04
L R
Sample 2 37.5701 55.93
Trial sample 9 0.9377 1.39
Residual _ 17 0.67186
Total 33 3.6970
Table Trial Sample Trial sample
REP 3] 12 2
SED 0.473 0.335 0.820
* gignificant at 5 per cent level

& % "

& R %k "

n

/] n ” ”

n O . 1 ” n ”



The coliform count/ml (30°C for 3 d), expressed as log _, of

TABLE 3:23

pasteurized milk packaged in glass bottles and single—%ervice
containers after 2 days of storage at 5°9C in darkness and: in

light ‘and temperature conditions simulating the doorstep

delivery -system. The coliform.count of pasteurized milk from

the pasteurized milk tank.is shown.

Sample and treatment

No.
ziial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 4,39 6.55 0.80 1.15 1.87 2.58
2 1.95 0.80 0.00 .00 0.00 D.55
3 5.04 5.81 0.00 0.00 0.00 2.17
4 3.54 3.686 0.00 0.00 0.00 1.44
5 1.15 0.00 0.00 0.00 0.00 0.23
B8 3.086 1.95 0.00 0.00 .00 1.00
Mean 3.19 3.13 .13 0.19 .31 1.39
oF ms VR
Trial 5 10.5285 ZO.ZE*
Treatment 4 31.3903 B1.S§*
Trial treatment 19 2.6114 5.08
Residual 29 0.5140
Total 57 4,2584
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.3208 0.2827 0.7170

* %
& %k ok

significant at 5 per cent level

n " /] ”

n n D . »‘l b

” n

I n



TABLE 3:24

The coliform count/ml (30°C for 3 dJ, expressed as 1oge, of
pasteurized milk packaged in glass bottles and single-service
containers after 4 days of storage at 5°C in darkness and in

light and temperature conditions simulating the doorstep delivery

system. The coliform count of pasteurized milk from the

pasteurized milk tanks is shown.

No. Sample and treatment
of
trial Glass-E Glass-N SSC-E SSC-N Tank Mean
1 5.04 6.56 . 0.80 1.61 0.75 2.95
2 4,55 1.39 0.00 0.00 0.00 1.21
3 5.53 8.11 0.00 0.00 0.00 2.49
4 7 .24 5.13 0.00 0,00 0.00 2.84
5 7.12 7.12 0.00 0.00 0.00 2.85
8 4,04 5.04 0.00 0.00 0.00 1.82
Mean 5.61 5.23 0.13 0.54 0.13 2,33
oF s VR
x* %
Trial o} 4,602 4,39
% e
Treatment 4 96.032 31.67
*
Trial treatment 19 2.241 2.14
Residual 29 1.048
Total 57 8.423
Table Trial Treatment Trial treatmant
REP 10 12 2
SED 0.4580 0.4180 1.0230

*
* ¥
* %k ok

significant at 5 per cent level

” » fl » n n

n " D . /] ”» n "



The coliform count/ml (30°C for 3 d), expressed as loge, of
pasteurized milk packaged in glass bottles and single-service
containers after 6 days of storage at 5°C in darkness and in

TABLE 3:25

light and temperature conditions simulating the doorstep delivery

system, The celiform count of pasteurized milk from the

pasteurized milk tanks is shown.

No. Sample and treatment
of
trial Glass-E Glass-N SsC-E SSC-N Tank Mean
1 6.01 6.55 1.60 0.80 0.38 2.91
2 7.00 4,18 2,85 2.30 0.00 3.29
3 6.38 7 .24 g0.00 0.00 0.00 2.72
4 7.24 68.67 1.80 2.19 0.00 3,54
5 6.13 6.13 3.91 3.91 0.00 4,01
6 §.67 2.24 0.80 0.00 0.00 2.94
Mean 6.57 6.34 1.81 1.53 0.06 3.24
*
Trial : 5 2.3055 4.12
. * 4k
Treatment 4 108,8213 196.36
* k%
Trial treatment 19 2.5259 4,51
Residual 29 0.5593
Total 57 9.0355
Table Trial Treatment Trial treatment
REP 10 12 2
SED 0.3345 0.3053 0.7479
* significant at 5 per cent level

* %
* ok %k

n n /] "
” ” D . 41 n
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8. Quality of the packaging material

The results of the sterility tests on glass bottles and the packaging
material are presented in Table 3:28. The results show that the
empty glass bottles were an important source of post-pasteurization
contamination. The cértcning material was found to be less

contaminated than the glass bottles.
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TABLE 3:26

Types and numbers of the micro-organisms which were isolated

from two different selective media™ used in the rapid test

for post pasteurization contamination and identified using
an '0xi/Ferm’ tube and 'Enterctube’ systems.

Micro-organisms Number

Aeromonas spp

Citrobacter freundii

Escherichia. coldi

Enterobacter aerogenes

Enterobacter cloacae

Enterobacter agglomerans

Pseudomonas Spp,

—
2 BN WO U

Serratia liguefaciens

Total number aof isclates

w
m

*Plate count agar (Difco) was prepared with one of the following

additions:-

1} Benzalkon A-50%(Alkyl benzyl diamethyl ammonium chloride)
(Merck-Schuchardt) 100 mg/kg medium.

2. Janus green (Hopkins and Williams) 1000 mg/kg medium.



TABLE 3:27

The correlation coefficient matrix between the different micro-
biological tests used toc assess the microbiological quality of

pasteurized milk packaged in glass bottles and single-service

containers
1 Total coleony count 1.0000
%k k
2 Psychrotrophic ” 0.9173 1.000
ook ok L 2
3 Lipolytic . 0.9450 0,8452 1.0000
L ] ok ook * Kok
4 Proteolytic " 0.9548 0.9104 0.9121 1.000
A ok ok EEEY * %k 5 ¥
5 B. cereus " 0.8974 0,9039 0.9068 0.8950 +1.000
# ok ok EX R ] % % * * ¥ * % %
6 Coliform " 0.5983 0.8036 0.5435 0.5716 0.5088 1.000
1 2 3 4 5 8
OF = 168

* significant at
* % 1) "

% & A& n ”

5 per cent level

1
G.1

”

L1

n

”

It



TABLE 3:28

Tatal colony count of washed bottles and cartoningy material of
single-service containers sampled at Dairy A during packaging
of pasteurized milk in the six diffsrent trials.

No. No . Total colony No. Total colany
of of count/bottle of count/carton
trial bottle carton
First 1 5 1 (8]
15 2
3 10 3 2
Second 4 8 4 18
2 5 35
5] B 3] 23
Third 7 10 7 0
8 15 8 1
g 10 g c
Fourth 10 9 10 0
11 4 11
12 18 12 0
Fifth 13 10 13 2
14 15 14 5
15 30 15 0
Sixth 16 5 186 2
17 27 17 1
18 13 18 0




Dairy B

1. Total colony count:

The results of the total colony count are presented in Table 3:29, 3:30,
3:31 and 3:32, The resulté show a highly significant difference

(p < 0.001) in the total colony count of the different samples of
pasteurized milk on the day of processing (Table 3:29). The total
colony counts of pasteurized milk packaged in 3SC and stored at 59

for up to 6 days showed greater increases than those of milk stored
under the same conditions in glass bottles. The total colony count

in glass bottles was higher (p < 0.001) than that of samples taken from
the pasteurized milk tank. The differences referred to above wers
found after 2, 4 and 6 days of storage at 59¢c. The mean of the total
colony count obtained from pasteurized milk packaged in glass bottles,
SSC and the pasteurized milk tank were about 4.62 x 10%, 1.989 x 10°
and 10,840 per ml respectively after 6 days of storage at SOC.

The variations of the total colony count with the time of storage

are shown in graph 3:9.

From the results presented in Table 3:31, it is clear that the msan
of the total colony count in samples in each types of package both of
the packaging systems was < 3 X 10" per ml after 4 days of storage

0
at 5°C.

Significant differences (at 0.1 per cent level) were found in the

total colony count of samples taken in each of the thrae trials when

tested on the day of processing and after 2, 4 and B8 days of storage
0

at 5°C.

The variation in the total colony count with the storage time of the

different samples is illustrated in graph 3:9.
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TABLE 3:29

The total colony count/ml (30°c  for 3d), expressed as log ,

of samples of pasteurized milk taken from the pasteurized

milk tank and from glass bottles and single-service containers
on the day of processing.

No. Sample
of Glass
trial hottle 3sC Tank . Mean
8.80 g.00 8.50 8.77
2 8.57 8.74 7.57 8.29
9.61 9.68 9.44 9.58
Mean 8.99 3.14 8.50 8.88
> 1S i
**n*
Trial 2 2.52643 229.73
& ¥k
Sample 2 0.66747 60.69
L X 3
Trial sample 4 ~0.14488 13.17
Residual g 0.01100
Total 17 0.415886
Table Trial Sample Trial sample
REP B 5 2 '
SED 0, 0605 0.0B605 0.1049

* significant at 5 per cent level
E ” n 1 ” ” ”

* % % " " 0,1 * » »



TABLE 3:30

The total colony count/ml (BDDC for 3 d), expressed as log ,
of samples of pasteurized milk taken from the pasteurized milk
tank, and from glass bottles and single-service containers

after 2 days of storage at SGC.

No. . Sample
of
. Glass
trial bottle ssc Tank Mean
1 8.55 9.07 8.863 8.75
8.56 8.64 7.83 9,16
9.67 9.78 9.58 8.68
Mean ' 8.33 9.18 8.68 8,92
DF, ns VR
&* % K
Trial 2 2.78B8398 639.48
¥ ke
Sample 2 0.341366 78.28
.. . * sk #
Trial sample 4 0.1168434 26.70
Residual 9 0.004361
Total 17 0.387912
Table Trial Sample Trial sample
REP B B 2
SED 0.0361 0.0381 0.0660

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

EE X ” » D. 1 ” ” ”



TABLE 3:31

The total colony count/ml (30°C for 3 d), expresséd as log ,

of samples of pasteurized milk taken from the pasteurized

milk tank, and from glass bottles and singlg-service containers
after 4 days of storage at 5 C.

No. Sample
of
trial giiiie S5C Tank Mean
3.17 11.399 0.72 3.96
8.52 8.60 B8.68 8.60
9.55 9.686 9.57 9,59
Mean 9.08 10.08 8.99 3.38
oOFMs WR
* &k
Trial 2 2.98797 37.76
* % %
Sample 2 2.20116 54, 34
L * A ok
Trial sample 4 2.04880 50.60
Residual_ g 8.04051
Total 17 1.11426
Table Trial Sample Trial sample
REP 8 B 2
SED 0.1162 0.1182 0.2013
* significant at 5 per cent level
* % ‘» » .1 " " n
* %k %

" " D . 1 ” ” "



TABLE 3:32

The total colony count/ml (30°C for 3 dJ, expressed as log ,

of samples af pasteurized milk taken from the pasteurized
tank, and from glass bottles and single-service containers

after 6 days of storage at 5°c.

No. Sample
of
. Glass
trial bottle SSC Tank Mean
10.81 14.52 8.83 11.39
11.40 12.29 9.40 11.03
3 10.01 9.81 9.87 g8.83
Mean 10.74 12.20 9.30 10.75
oF s VR
% ok
Trial 2 3.99126 52.38
LR 3 3
Sample 27 12.63221 165.73
* R
Trial sample 4 4,22520 55.43
Residual g 0.07622
Total 17 2.89022
Table Trial Sample Trigl samplé
REP 8 5] 2
SED 0.1594 0.1594 0.2761
* significant at 5 per cent level

* % ” ”»

/l L n

* g K n " D./l » ”»

»



GRAPH 3:9

.—hn Changes in the total colony count of pasteurized milk
packaged in glass bottles, SSC and that taken from the
pasteurized milk tank on storage at 5°C
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2. Psychrotrophic count

The results of the psychrotrophic count are presented in Tables 3:33,
3:34, 3:35 and 3:36. When tested on the day of processing the mean
of the psychrotrophic count of pasteurized milk packaged in SSC was
significantly higher (p < 0.01) than that of pasteurized milk packaged
in glass bottles and also of the samples taken from the pasteurized
milk tank. There was no significant difference between the counts
from the milk in glass battles and from the pasteurized milk tank on
the day of preccessing. After 2 days of storage, the psychrotrophic
count obtained from SSC samples was significantly higher (p < 0.001)
than of the milk in glass bottles and the samples from the pasteurized‘
milk tank. _These differences were also found after 4 and 6 days of
storage at 5°¢C. After the milks has been stored at 5°C for 4 and §
days, significantly higher (p < 0.001) psychrotrophic counts were
found in milks packaged in glass bottles compared to the samples of
milk from the pasteurized milk tank. The mean of the psychreotrophic
count of the samples of milk in glass bottles, SSC and that from the
pasteurized milk tank were 6,905, 7.921 x 10% and 1,845 per ml

regpectively after 6 days of storage at SDC.

The differences between the psychrotrophic counts in the three trials
on the day of processing and after 2, 4 and 6 days of storage at 59¢

were significant at 1, 0.1, 0.4 and 0.1 per cent level respectively.

The variation in the psychrotrophic count in respect of storage time

of the different samples is illustrated in graph 3:10.

3. Lipolytic count

The results of the lipolytic count are presented in Tables 3:37,
3:38, 3:39 and 3:40. The results of tests made on the day of
processing showed that there was no significant difference in the

lipolytic count in all the samples of pasteurized milk.

After 2 days of storage at SOC, the mean lipolytic counts of
pasteurized milk packaged in SSC was significantly higher (p < 0.001)
than that of the milk packaged in glass bottles or of the samples
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TABLE 3:33

The psychrotrophic count/ml (7°c for 10 d), expressed as log ,

of samples of pasteurized milk taken from the pasteurized mifk

tank, and from glass bottles and single-service containers on
the day of processing.

NG. Sample
of
. Glass
trial bottle 38C Tank Mean
0.34 3.07 0.89 1.43
2 1.08 1.58 0.88 1.189
0.34 0.88 0.34 0.53
Mean 0.59 1.85 0.71 1.05
oF, ns WR
* %k
Trial 2 1.3284 10.70
® %
Sample 2 2.8906 23.28
* %
Trial sample 4 0.88635 8.95
Residual g 0.1241
Total 17 0.7652
Table Trial Sample Trial sample
REP B 6 2
SED 0.2034 0.2034 0.3523

* ok
* ¥ %k

gignificant at 5 per cent level

n n l] n i ”

” ” D B v‘I n " n



TABLE 3:34

The psychrotrophic count/ml (7°c for 10 d), expressed as log ,

of samples of pasteurized milk taken from the pasteurized milk

tank, and from glass bottles and single-sergice containers
after 2 days of storage at 5°C,

No. Sample
of
trial giiiie 3sC Tank Mean
1 1.24 B.70 1.10 3.01
1.50 2.17 1.24 1.64
2.51 1.38 1.24 1471
Mean 1.75 3.42 1.18 2.12
oF 1S VR
* ek
Trial 2 3.5900 16.90
O R
Sample 2 8.0406 37.85
- & %k
Trial sample 4 6.8733 32.36
Residual g 0.2124
Total 17 3.0880
Table Trial Sample Trial sample
REP B 6 2
SED 0.2660 0.26860 0.4610
* significant at 5 per cent level
* K n ” /l ] 1 ”»

*k A H n ”n 0 . ‘1 n " "



TABLE 3:35

The psychrotrophic count/ml (7°c for 10 d), expressed as log _,

of samples of pasteurized milk teken from the pasteurized mil

tank, and from glass bottles and single-segvice containers
after 4 days of storage at 5°C

No. ' Sample
of
trial Glass
hottle SsC Tank Mean
5.43 10.87 B.77 7.69
2 7.04 7.77 5.10 6.64
3 5.80 5,97 4.74 5.50
Mean 6.09 8.20 5.54 6.61
oF s, VR
* ek
Trizl 2 7.18747 541,42
* % R
Sample 2 ~11.86854 8392.80
¥ A
Trial sample 4 4,43827 333.86
Residual 9 0.01329
Tatal 17 3.29438
Table Trial Sample Trial sample
REP 5} 8 2
SED 0.0666 0.0666 0.1153
* significant at 5 per cent level
* ¥ " n /] n n n

% %k ” " 0.1 " » "



TABLE 3:38B

The psychrotrophic count/ml (7°C for 10 d), expressed as log ,
of samples of pasteurized milk taken from the pasteurized miTk
tank, and from glass bottles and single-service containers after
.0
6 days of storage at 5 C.

No. Sample
of
trial Glass
bottle SS8C Tank Mean
1 8.03 14.32 6.37 9,57
2 11.33 12.25 8.12 10.90
3 ~ 7.16 7.26 7.08 7.17
Mean 8.84 11.28 7.52 9.21
o ns YR
L3
Trial 2 21.4665 80.11
& ko
Sample 2 21,7655 81.22
LR
Trial sample 4 9.3257 34.80
Residual 9 0.2680
Total 17 7.4223
Table Trial Sample Trial sample
REP 6 B 2
SED 0.2990 C.2990 0.5180
* significant at 5 per cent level
* %k n n /] n ” ”n

* Ak n n 0-1 ”

”



GRAPH 3:10
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TABLE 3:37

The lipolytic count/ml (30 °C for 3 d), expressed as log , of

samples of pasteurized milk taken from the pasteurized mllk

tank, and from glass bottles, and single-service containers
on the day of processing.

Na. Sample
of
trial Glass
bott le SsC Tank Mean
1 4,88 4.88 4,73 4,83
2 2.58 ©3.23 2.77 2.86
4,18 4.26 3.97 4.14
Mean . 3.88 4,12 3.82 3.94
DF s VR
* %k
Trial 2 5.99072 144,14
Sample 2 0.15316 3.68
Trial sample 4 0.08632 1.59
Residual 9 0.04156
Total 17 0.78042
Table Trial Sample Trial sample
REP ) 5] 2
SED 0.1177 0.1177 0.2033
* significant at 5 per cent level
% % ” " 1 ” " "

% %k k " n D R /1 n " 1)



TABLE 3:38

The lipelytic count/ml (30 °% for 3 d), expressed as log , of

samples of pasteurized milk taken from the pasteurized Rilk

tank, and from glass bottles and single- serv1ce containers
after 2 days of storage at 5° C.

NG. Sample
of
. Glass
trial bottle 3SC Tank Mean
1 3.64 5.83 4,04 4.50
2 3.54 3.70 3.50 3.58
6.21 6.08 5,69 5.88
Mean ‘ 4.48 5,20 4,41 4,89
DF s YR
¥R N
Trial 2 8.87310 146,36
L 2 3
Sample 2 1.17756 19.41
* % %
Trial sample 4 0.84711 13.96
Residual 9 0.68066
Total 17 1.41457
Table Trial Sample Trial sample
REP B B8 2
SED 0.1422 0.1422 0.24863
* gignificant at 5 per cent level
L3 » " /I " »n n

* % k ” " 0.1 " n "



TABLE 3:38

The lipolytic count/ml (30% for 3 d), expressed as log , of

samples of pasteurized milk taken from the pasteurized Rilk

tank, and from glass bottles and single-sergice containers
after 4 days of storage at 5 C.

No. Sample
of
. Glass
trial bottle 33C Tank. Mean
1 5.58 12.18 §.48 8.07
2 6.48 6.11 4.71 5.77
3 7 .08 7.55 5.82 B.74
Mean 6.37 8.61 5.60 6.86
oF, s VR,
* %k
Trial 2 7.9842 23.82
L 3
Sample 2 14 .6461 43.89
* ¥k
Trial sample 4 7.3475 22.02
Residual 9 0.3336
Total 17 4,5678
Table Trial Sample Trial sample
REP 8 B 2
SED 0.3330 34.3330 0.5780

* %
* %k

significant at S'per‘cent level

" n /1 ” " "

» ” U . l'l n n n



TABLE 3:40

The lipolytic count/ml (30°C for 3 d), expressed as log , of
samples of pasteurized milk taken from the pasteurized Rilk
tank, and from glass bottles and single—sergice containers
after B8 days of storage at 5C.

No. Sample
of
. Glass
trial bottle 3SC Tank + Mean
9.76 14,33 711 10.40
11.15 11.98 8.98 10.70
9,08 9.21 7 .56 8.81
Mean 9.99 11.84 7.88 9.90
oF s R
* ok
Trial 2 7.66172 86.57
* & %
Sample 2 23.48816 265,37
. * k%
Trial sample 4 4,82389 54,50
Residual 9 0.08850
Total 17 4,848637
Table Trial Sample Trial sample
REP B B 2
SED 0.1718 0.1718 0.2975

*

* %

&k ok

significant at

n " 1 n

.l) " 0.1 n

5 per cent level



GRAPH 3:11
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taken from the pasteurized milk tank. These differences werg also

found at the same level of significance after 4 and 6 days of storage
o

at 5°C.

After the samples had been stored at 5°C for 4 and 5 days the lipolytic
count of the milk packaged in glass bottles was significantly higher
(p < 0.5 and p < 0.1 respectively) than the corresponding samples from

the pasteurized milk tank.

After samples had been stored at 5°¢ for 6 days the mean lipolytic
counts for milk in glass bottles, SSC and from the pasteurized milk
tank were 2.181 x 10%, 1.387 x 10° and 2.644x(0 perml respectively. :

The difference between the lipolytic counts in the three trials on
the day of processing and after 2, 4 and 6 days of storage at 5°C
were highly significant (p < 0.001}.

The variations in the lipolytic count with the storage time obtained

from the three different samples are shown in graph 3:11.

4, Bacillus cereus count

The results of the Bacillus cereus count are presented in Tables 4:41,
3:42, 4:43 and 3:44. The results of tests made on the day of

processing show that B. cersus was absent in 1 ml in all of the

samples of pasteuriéed milk (Table 3:41).

After milks had been stored for 2 days at 5°C there was no signpificant
difference in the B. cereus counts of each of the samples of
pasteurized milk., There were significant differences (0.1 per cent
level) between the B. cereus counts of all the samples after 4 and B
days of storage at SOE. After 4 days of storage at 59¢ the mean B.
cereus count of SSC samples was significantly higher (p < 0.5) than
that of milk in glass bottles. However, the B. cereus counts of

milk in SSC and glass bottles were greater than (p < 0.001} those of

samples taken from the pasteurized milk tank.

After 6 days of storage; there was highly significant difference
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TABLE 3:41

The B. cereus count/ml* (30°C for 2 d), expressed as log _, of

sampiés of pasteurized milk taken from the pasteurized milk

tank and from glass bottles and single-service containers an
the day of processing.

Sample

No.

of Glass

trial bottle 88C Tank Mean
1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00

Mean 0.00 0.00 0.00 C.00

* 0= no count when 1ml of undiluted milk was plated.



TABLE 3:42

The B. cereus count/ml (30°C for 2 d), exprassed as log ,
of samples of pasteurized milk taken from the pasteurized
milk tank, and from glass bottles and single-service
containers after 2 days of storage at 5C.

No. Sample
of
Glass ‘
trial bottle 3SE Tank Mean
1 4,81 4.91 4.72 4.81
2 3.49 3.43- 2.77 3.23
3 2.28 2.28 1.20 1.92
Mean 3.53 3.54 2.90 3.32
DF, ns VR
. %k K
Trial 2 12.5740 25.88
Sample 2 0.8102 1.67
Trial sample 4 0.1529 0.31
Residual 9 0.4843
Total 17 1.8670
Table Trial Sample Trial sample
REP 8 B 2
SED 0.402 0.402 0.696
* significant at 5 per cent level
% n ” 1 ” 1) ”

A& ok % n 11 G . Il n 1 . "



TABLE 3:43

The B. cereus count/ml (30°C for 2 d), gxpressed as log , of

samples of pasteurized milk taken from the pasteurized milk

tank, and from glass bottles and single-service containers
after 4 days of storage at 5°¢.

Na. Sample
af
trial Diass ssc Tank Mean
4.95 B.48 2.39 4,81
2 3.50 3.01 2.99 3.17
3 2,38 3.15 1.79 2.44
Mean 3.62 4,21 2.39 3.41
o ns YR
& % %
Trial 2 7.2834 53.28
Sample 2 5.1840 37.3;*
Trial sample 4 2.2182 18.;5*
Residual 9 0.13869
Total 17 2.06189
’
Table Trial Sample Trial sample
REP g - 5] 2
SED 0.2136 0.2136 0.3700

significant at 5 per cent level
x* ¥ " n /] ” n "

* % % ” " O . /l ” ” "



TABLE 3:44

The B. cereus count/ml (30°C for 2 d), expressed as log , of

samples of pasteurized milk taken from the pasteurizedemilk

tank, and from glass bottles and single—serv%ce containers
after 6 days of storage at 5 C.

No. 7 Sample
of
trial Glass
bottie SSC Tank Mean
5.97 9.62 3.35 6.31
4,63 4,82 3.35 4,28
4,60 3.96 2.91 3.82
Mean 5.07 .13 3.20 4,80
oF s R
* %k
Trial 2 10.5881 50.15
& ok
Sample 2 13.1963 62.50
e %k ok
Trial sample 4 4,6842 22.18
Residual g 0.2111
Total 17 4.0121
Table Trial Sample Trial sample
REP 6 &) 2
SED 0.2650 0.2650 0.4590
* significant at 5 per cent level
E R ” ” /l ” H n

& ok " " U . 1 n n "



GRAPH 3:12

Changes in the Bacillus cereus count of pasteurized
milk packaged in glass bottles, SS5C and that taken
from the pasteurized milk tank on storage at 5°C.
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(0.1 per cent level) in the B. cersus count between the samples from
the different types of containers. The B. cereus count in the
pasteurized milk packaged in the SSC was higher (p < 0.01) than that
of the milk in glass bottles. The pasteurized milk packaged in SSC
and glass bottles gave higher (p < 0.001) counts of B. cereus than

milk taken fram the pasteurized milk tank and treated in the same way.

A highly significant difference (0.1 per cent level) in B. cereus
counts was found between the trials after samples had been stored for
2, 4 and B days at 5°C.

After 6 days of storage at SOC. the mean of B. cersus counts of samplesg
of milk in glass bottles, SSC and that from the pasteurized milk tank
were about 160, 480 and 25 per ml respectively.

The variations on storage of the B. cereus count of samples in glass
bottles, SSC and from the pasteurized milk tank are illustrated in

graph 3:12.

5. Proteolytic count

The results of the proteolytic count are presented in Tables 3:45,
3:46, 3:47 and 3:48. The results of tests made on the day of
processing and after 2 days of storage at 5°C (Tables 3:45 and 3:46)
showed that there was no significant difference in the proteolytic

count of the samples of pasteurized milk.

After 4 days of storage at 5°C the results showed (Table 3:47) that
there was no significant difference between the proteolytic counts
of pasteurized milk packaged in glass bottles and SSC. However, a
signficant difference (p < 0.01) was found in the proteolytic count
of milk in glass bottles and SSC compared with the count of the

samples taken from the pasteurized milk tank.

When the samples had been stored for 6 days at SOC, the proteolytic
count of pasteurized milk packaged in SSC was significantly higher

(p < 0.C01) than that of pasteurized milk packaged in glass bottles.
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TABLE 3:45

The proteoclytic count/ml (30°C for 3 d), expressed as log_, of

samples of pasteurized milk taken from the pasteurized miTk

tank, and from glass bottles and single-service containers on
the day of processing.

No. Sample
of
trial Glass
bottle SsSC Tank Mean
1 5.57 5.53 5.59 5,56
4,19 4.49 4.36 4,35
3,54 4.10 3.77 3.84
Mean 4,46 4.71 4.57 4.58
DE E] R
* % %
Trial 2 4.73080 74.48
Sample 2 0.09042 1.42
Trial sample 4 0.03682 0.58
Residual 9 0.06353
Total 17 0.60950
Table Trial Sample Trial sample'
REP 8 B 2
SED 0.1455 0.1455 0.2521
* significant at 5 per cent level
LR n” " /] " ”n n

* %R " " 0.1 ] ”

n



TABLE 3:48

The proteolytic count/ml (30°C for 3 d), expressed as log ,

of samples of pasteurized milk taken from the pasteurizsdB

milk tank, and from glass bottles and single—sarvige
containers after 2 days storage at 5°C

No. Sample
of
. Glass
trial bottle SsC Tank Mean
5.68 . 5.60 5.51 5,80
2 4.086 3.58 3.54 3.73
3.82 3.92 4,22 3.989
Mean 4,52 4,37 4,42 4.44
oF ms R
% &k
Trial 2 6.15874 115.43
Sample 2 ~0.03754 0.70
Trial sample 4 0.116886 2.18
Residual 9 0.05335
Total 17 0.78472
Table Trial Sample Trial sample
REP B 8 2
SED 0.1334 0.1334 0.2310
* significant at 5 per cent level
* % ” n /l " ” H

# Kk ”» » U./‘ ] n »



TABLE 3:47

The proteolytic count/ml (30°C for 3 d), expressed as log ,

of samples of pasteurized milk taken from the pastsurized

milk tank, and from glass bottles and single-service containers
after 4 days storage at 5°¢C

No. Sample
of
. trial Glass
bottle SSC Tank Mean
7.860 8.63 ' 6.54 7.59
2 4,85 4.85 ~ 3.88 4,46
737 5.90 6.78 7.02
Mean B8.61 6.73 5,73 £.36
oF ns VR
* & K
Trial 2 18.70860 131.80
* %k
Sample 2 1.7850 14,08
*
Trial sample 4 0.5680 4,48
Residual 9 C.1267
Total 17 0.3764
Table Trial Sample Trial sample
REP 6 6 2
SED 0.2055 0.2055 0.3560
* significant at 5 per cent level
* % n " 1 " n ”

* %k K » " Ulv‘l " ” "



TABLE 3:48

The proteolytic count/mil (30°C for 3 d), expressed as log ,
of samples of pasteurized milk taken from the pasteurized
milk tank, and from glass bottles and single—sgrvice containers
after 6 days of storage at 5 C.

No. Sample
of
trial Séiiie SSC Tank Mean
1 6.77 " 13,90 7.71 9.46
2 7.53 8.25 7.72 7.84
9.20 .24 5.61 8.02
Mean 7.83 10.48 7.02 8.44
bF s VR
. & ok
Trial 2 4.,73042 141,59
* kB
Sample 2 19.47552 582.95
* ¥k
Trial sample 4 9.75383 231.95
Residual 9 0.03341
Total . 17 5,16046
-
Table Trial Sample Trial sample
REP 6 6 2
SED 0.1055 0.1055 0.1828
* significant at 5 per cent level
* % ” n 1 n » n

£33 ” n D . l] » " n



GRAPH 3:13
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The latter hdd a higher count (p < 0.001) than that of the pasteurized

milk taken from the pasteurized milk tank.

The mean proteolytic counts after storage for 6 days at 59C of the
samples of milk in glass bottles, SSC and that taken from the
pasteurized milk tank were 2.515, 3.49 x 10* and 1.119 per ml

respectively.

There was a highly significant difference (0.1 per cent level) between
trials in the proteolytic count of samples on the day of processing

and after 2, 4 and 6 days of storage at SDC.

The variations of the proteolytic counts of pasteurized milk samples
in glass bottles, SSC and that taken from the pasteurized milk tank

with the storage time are illustrated in graph 3:13.

G Coliform count

The results of the coliform count are presented in Tables 4:49,
3:50, 3:51 and 3:52.

The results of tests made on the day of processing show that coliform

bacteria were absent in 1 ml in all the samples.

In the first trial coliform bacteria were found in the samples of
milk in the SSC after 2 days of storage at SDC. None of the
remaining samples of milk in glass bottles or from the pasteurized

milk tank gave any positive results.

After 4 days of storage at SOC, caliform bacteria were found only in
the samples of milk from SSC in the first trial. After 6 days of
storage positive coliform tests (1 ml) were found in all of the
samples of pasteurized milk in glass bottles except in the samples of
the second trial. After a similar storage time all samples of milk
in SSC were positive at 1 ml with the exception of the samples of the
third trial. Coliform bacteria were found to be absent at 1 ml level

in all of the samples taken from the pasisurized milk tank.
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The count of coliform bacteria of the samples of pasteurized milk
packaged in SSC was significantly higher (p < 0.001) than that of the

samples of pasteurized milk packaged in glass bottles.

The variations of the coliform count of samples of pasteurized milk
in glass bottles, SSC and that taken from the pasteurized milk tank
after storage at 5°C are illustrated in graph 3:14,

69



TABLE 3:49

The coliform count/ml* {30°C for 3 d), expressed as log , of

samples of pasteurized milk taken from the pasteurized milk

tank and from glass bottles and single-service containers an
the day of processing.

No. Sample

of
R Glass

trial bottle SSC Tank Mean
1 0.00 0.00 0.00 0.0a
2 0.00 0.00 0.00 0.00
3. 0,00 0.00 0.00 0.00

Mean G.00 0.00 - 0.00 0.00

* No coliform present when 1 ml of undiluted milk was tested.



TABLE 3:50

The coliform count/ml (30°C for 3 d) expressed as log , of

samples of pasteurized milk taken from the pasteurizeg milk

tank, and from glass bottles and single—sgrvice containers
after 2 days storage at 5 °C.

No. Sample
of
trial Glass
hottle SSC Tank Mean
0.00 1.15 0.00 0.38
2 0.00 ©0.00 0.00 0.00
C.00 0.00 0.00 0.00
Mean 0.00 0.38 0.00 0.13
oF ns VR
Trial 2 0.2945 1.00
Sample 2 0.,2945 1.00
Trial sample 4 0.2945 1.00
Residual 8 0.2845 1.00
Total 17 0.2845 1.00
Table Trial Sample Trial sample
REP 6 8 2
SED 0.313 0.313 0.543
* significant at 5 per cent level
* % ” ”n 1 " n n

* ok & » » U.’l n ” n



TABLE 3:51

The coliform count/ml (30°C for 3 dJ, expressed as loge, of
samples of pasteurized milk taken from the pasteurized milk
tank and from glass bottles and single-service containers
after 4 days of storage at 5°C.

No. Sample
of
trial Eiiiie SSC Tank Mean
0.00 6.15 0.00 2.05
2 0.00 0.00 C.00 0.00
0.00 0.00 . 0.00 0.00
Mean .00 2.05 0.00 0.68
oFoms VR
. * Kk
Trial 2 8.41489 52.37
* Mk
Sample 2 _ 8.41498 52.37
* ok
Trial sample 4 8.4149 52.37
Residual g 0.1607
Tatal 17 4.0450
Table Trial Sample Trial sample
REP 6 B 2
SED 0.2314 0.2314 0.4009
* significant at 5 per cent level
)k ok n n —I ” n 1]

* %k " ” 0.1 " " »



TABLE 3:52

The coliform count/ml (30°C for 3 dJ, expressed as log , of

samples of pasteurized milk taken from the pasteurizedemilk

tank, and from glass bottles and single—sergice containers
after 6 days of storage at 5°C.

No. Sample
of
. Glass
trial bottle SsC Tank Mean
2.72 7 24 0.00 3.32
0.00 1.45 0.00 0.48
3 ' 0.06 0.00 0.00 0.00
Mean 0.91 2.90 .00 1.27
DF NS VR
. kR
Trial 2 19,3266 64.35
- * %k %
Sample 2 13.1738 43.87
A ok ok
Trial sample 4 7.5038 24,98
Residual g 0.3003
Total 17 5.748
B
Table Trial Sample Trial sample
REP 6 B 2
SED 0.3160 0.3180 0.548
* gignificant at 5 per cent level
* % " ” /l n n n

* Kk n N » "



GRAPH 3:14

h.... Changes in the coliform count of pasteurized milk
packaged in glass bottles, SSC and that taken from
the pasteurized milk tank on storage at 5°C

3 N

N a ® Glass bottle
W ssc
* Tank

17 °

0 2 4 6
Storage time (days)



TABLE 3:53

A comparison of results from dairies A and B of the total
colony count/ml (30°C for 3 d), expressed as logg, of
pasteurized milk packaged in glass bottles and single
service containers and from pasteurized milk tanks after
different periods of storage at 50C

Dairy A Dairy B
Period of testing
Glass Glass
bottle SSC Tank bottle SSC Tank
On the day of processing 8.88 §.85 7.74 8.88 9.14 8.50"
After 2 days of storage 9.06 8.57 7.49 8.93 9.16 8.68
After 4 days of storage 12.19 10.31 7 451 9,08 10.08 8.989
After 6 days of storage 14.46 12.58 8.44 10.74 12.20 9.30




GRAPH 3:15
Changes in the total colony count of pasteurized milk (from
2 dairies A and B) taken from pasteurized milk tanks, and
from glass bottles and single-gervice containers and stored
at 5°C for 6 days
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DISCUSSION
Cairy A

Counts obtained by wvarious microbial tests on samples of pasteurized
milk packaged in glass bottles were higher than those obtained from
pasteufized milk packaged in single-service containers. The

differences were present in samples tested on the day of processing.

Sincé the milk filled into each type of container was from the same
source,i.e. from the pasteurized milk tank, the differences in
microbial coﬁnts point to different levels of post-pasteurization
infection. In this case the post-pasteurization contamination

appears’ to have been greater with glass bottles and asscciated
filling equipment than with SSC and corresponding filling ancillaries.

The contamination after processing could have occurred in glass bottle
packaging system due to:- _
(i) contamination from the pipeline leading to the bottle-
filling machine and the fil;ing machine itself(Pothmann and
Hillebrand, 1854; Glemn and Olson, 1959; and Kalina et. al.,
1973),

(ii) the airborne contamination during the bottling process

(Ogawa ng‘giy, 1868), and

(iii) contaminants in the empfy bottles, particularly if washing

has not been adeduate.

The results in Table 3:28 show that the empty glass bottles were a
saurce of contamination. These results agree with those of Rdgick
and Burgwald (1952) and Pothmann and Hillebrand.{1854).

The results given in Table 3:28 also indicate that post-pasteurization
contamination occurred in the SSC packaging system, but to a lesser
extent than in the glass bottle packaging system. The ccntamination
in the SSC packaging system could be due to:-

70



(1) - cartoning material which was found to harbour some micro-
organisms (Tabls 3:28), These results agree with those of
Overcast (1967} who found that paper cartons were contaminated

" with small numbers of psychrotrophs,
{(ii) airborne contamination (Overcast, 1967) and

(i1i) contaminants on the contact surfaces of the filling

machine.

The results of tests made on samples. from the pasteurized milk tank
‘showed a very low bacterial count compared with milk packaged in glass |
bottles and SSC. The increase in the bacterial count of samples
from the ﬁastauriied milk tank was very slow during the period of
storage at 5%. This result indicates that the contaminants in the
bulk pasteurized milk were thermoduric bacteria which survived
pasteurization temperature. Mést of these bacteria are likely to be
sporeforming organisms which have a long multiplication time at 59C
(Langveld et. al., 1873], In these studies none of the samples of
. pasteurized milk %rom the pasteurized milk tank held at 5°C for 8 days

exceeded 10,000 per ml.

The results in Table 3:4 showed that after 4 days of storage at SDC,
the mean of the total colony count of pasteurized milk packaged in
glass bottles was 2.15 x 10° per ml. The time which elapses between
processing and consumption of milk varies, depending on distribution
and retailing patterns. Under certain conditions milk will have
béen subjected to storage conditions similar to those used in the
trials and so levels of bacterial contamination will be similar in
practice, When these results are compared with those obtained‘from
55C samples subjected to the same conditions, it is evident that the
bacteriological quality of milk in SSC is better,since the mean of

the total colony count was 3.2 x 10% per ml.
It is clear from the results that psychrotrophic bacteria were
predominant organisms after 4 and 6 days of storage at 59C in

pasteurized milk. The'correlation coefficients with total colony
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‘ counts beingl0.8?44'and 0.9252 respectively.

Mnsf of‘the psychrotrophic bacteria were Found to be either lipolytic
or protedlytic or both. The counts of these organisms had signi?icant
‘correlation coefficients, 0.9462 and 0.9104 respectively, with the count
of psychrotrophic bacteria (Table 3:27). Schultze (19680) studied 586
culturés of psycﬁrutrophs isoclated from pasteurized dairy products.

He found gbouthD per cent of the cultures were .either lipolytic or

pfoteolytic and'BB‘per cent had both characteristics.

A/comparispﬁ of fhe resulfstof tests ?Dr B. cereus on pasteurized milk,
packaged in glass bottles and SSC with thoss of samples from the b
pasteurized milk tank,showed that post-pasteurization contamination
with B. cereus had occurred.  Stewart (1975) found that contamination
by B. cereus in the milk plant was due to the air, water, milk handling
equipment and personnel. Cannon (1872) found that the pipeline

! . .
gaskets were a major source of psychrotrophic sporeformers.

Coliform bacteria were found in 1 ml of pasteurized milk packaged in
glass bdttles on the day of processing but were absent in the same
quantity of pasteurized milk packaged in SSC. Glenn and Olson (13959)
and Kalina et. al. (1973) found that the bottle-filler was the most -
comman source of coliform contamination in commercially pasteurized
milk. Contamination due to these bacteria was found in SSC milks
(+ve 1 ml) aftep'B days of storage at 5°%¢. The aﬁsence of coliform
bacteria (in 1 ml) in the samples obtained from the pasteurized milk
tank,when tested on the day of processing and after 2, 4 and 6 days

of storage at SDC-meang that the pasteurized milk was contaminated by

these organisms after processing. —

The effect of light and température conditions simulating the doorstep
delivery system on the microbiological quality of pasteurdized milk

is related to a combination of three factors:-

(i) the source of light similar to day-light,

(ii} temperature during exposure treatment,
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(iii) the time of exposure to the light and temperature.

Factors (i1) and (iii) could affect the microbiological quality of
péstsurized milk. . However, it is clear +from the results of the
differeﬁt bacteriological tests used in this study that exposure for

3 h to light and temperature conditions simulating the doorstep delivery
system had no effect on the microbiological quélity of pasteurized milk.

Since the studies were made in the period October 1979 - March 1980 -

a period of cold weather - the temperatures used during exposure
treatments were not high enough to affect the microbiological

quality of the’expnsed samples. The temperaturss of exposure were ‘
¢hosen according to the mean temperatures at Auéhincruive during 18786,
1977 and 1878 (Channon and Kirkwood, 1979). Mean ambient temperatures
on which the procedure was based were 11.1, 6.6, 6.8, 3.8, 3.7 and
5.8°C for the months Uctober-March respectively. It will be seen that
the exposure temperatures were similar to the chosen temperature of 59¢
at which storage took place. However, if this work had been done in
summer~time the temperature could have had an affect on the micro-
biological quality due to exposure because the temperatures in the
horning in summer-time could have been more than 10°C. Further work
requires to be done in summer time to find the effect of the exposure

treatment on the microbioclogical quality of pastesurized milk.

Table 3:26 shows the(Gram—negative bacteria which were isolated and
identified from the selective media. These types of bacteria were
:ésponsible for contamination of pasteurized milk after proceséing.
Pseudomonas were the'predominant organisms. This is in agreement with
Overcast and Skeen (19589), Schultze and Olson (1960}, Dempster (1968)
and Thamas (1970},

Dairy B

The results of the various microbial tests which were used to assess
the microbiological quality of pasteurized milk produced at dairy B
showed that pasteurized milk packaged in glass bottles was superior

in quality to that which was packaged in SSC.
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The results indicated that very low post-pasteurization contamination
ococurred in the glass bottle - packaging system in this dairy. The
mean of the total colony couﬁt found in the glass bottle samhles
after 6 days of storage at 5°C was 4.6 x 10* bacteria per ml (Table
3:32). However, it is clear from the same table that the mean of

the total colony count obtained from SSC samples was 1.98 x 10°
bacteria per ml, while the samples from the pasteurized milk tank have
a mean total colony count of about 1.08 x 10* per ml given the same

conditions referred to above.

After various periods of storage at SDC, pasteurized milk packaged
in the SSC showed higher psychrotrophic, lipolytic, proteolytic and
B. cersus countsthan those of pasteurized milk packaged in glass
bottles.

Dairies A and B

The post-pasteurization contamination in the SSC packaging system was
similar in both dairies. However, the mean of the total colony

gcount of SSC samples from dairy B was lower than that from dairy A.

The results of the total colohy count of pasteurized milks in glass
bottles obtained from dairy A were very much higher compared with those
obtained from dairy B (Table 3:53). This fact indicates the importance
of cleaning and sanitation’ in the dairies and the effsct of these

treatments in producing milk of good or poor microbiological quality.

Graph 3:15 shows the variations of the total colony count, of samples
of pasteurized milks obtained from dairies A and 8, with storage

time. The graphs indicate that there was little difference in the
bacteriological quality of S8C samples obtained from the two dairies.
The counts of B. cereus were lower in samples taken from dairy B than
those from dairy A. Coliform bacteria were absent at 1 ml in all the

samples from the pasteurized milk tanks at both dairies.

The results indicated good hygienic conditions in dairy B compared with thoss

in dairy A. The mean of the total colony eount obtained from the pasteurized
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milk tank in dairy B showed higher level than that obtained in dairy
A (Table 3:53). This was due to a higher level of sporeforming

bacteria in the raw milk which was used in dairy B.

It is evident from the six trials at dairy A and three trials at
dairy B that the quality of the pasteurized milk is dependent an
several factors of which the post pasteurization contamination is

the most important where milk is under storage at 59¢.

The highest count in milk taken from the pasteurized milk tank at both
deiries and stored at 5°C for 6 days was less than 16,000 per ml.
The serious effect of contamination after this stage in the process

is demonstrated,
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- CONCLUSION

1. It is concluded from the study reported in this chapter that the
post-pasteurization contamination by psychrotrophic bacteria is the
most important bacteriological problem in determining the quality of
pasteurized milk. This conclusion is reached by comparing the results
of various microbial counts obtained from the pasteurized milk tank
with those obtained from milk packaged in glass bottles and single-

-service containers.

2. Microbiological quality of pasteurized milk could be improved
by the adoption of vigorous hygienic and sanitary conditions in the v
dairy and by holding the packaged milk at or below 5% during transport

and in the supermarket until it reaches the consumer.

3. Exposure of the packaged milk on the day of processing, to 3 h of
conditions of light and temperature simulating the doorstep delivery
system during winter time had no sffect on the microbiological

guality of the pasteurized milk, but there could be an effect in
summer time when temperaturss are higher. Further work requires to

be done in this field.

4, The changes on storage at 5°C on the microbiological quality of
pasteurized milk packaged in SSC systems in the two dairies was similar.
However there was a significant difference in the microbioclogical

quality of milk packaged in glass bottles at the two dairies.

5., Pseudomonas species were found to be the predominating organisms
contaminating the pasteurized milk after processing when random’

samples of micro-organisms were selected and identified.
B There was a highly significant correlation between the various

microbial tests used to assess the microbiological quality of

pasteurized milk.
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7. The microbiclogical quality of pasteurized milk prior to packaging
at each of the dairies was of a high standard and coliform bacteria

were absent in 1 mlhquantities after 6 days of storage at SDC.
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CHAPTER FOUR

A COMPARISON OF THE CHEMICAL QUALITY OF PASTEURIZED MILK
PACKAGED IN GLASS BOTTLES AND SINGLE-SERVICE CONTAINERS

INTRODUCTION

Milk is an important item in our food. It contains proteins, fat,
carbohydrates, minerals and vitamins. The conditions of these
constituents could be affected by many factors, e.g. processing,
handling, storage, packaging materials, micro-organisms and enzymes.
The changes in the fat e.g. are due to the action of the natural and
microbial enzymes in milk, This action affects the gquality of the

milk due to the production of rancidity.

Vitamins in the milk particularly vitamin C are sensitive to heat,
light etc. The light and oxygen are important factors affecting

this vitamin.
The aim of this work is to study:-

- (1) the effect of exposure of vitamin C,.in pasteurized milk,
packaged in glass bottles and single-service containers, to 3 h

of light and temperature conditiens simulating doorstep delivery,

(ii) the change in the acid degree value (ADV) in pasteurized

milk- packaged in both types of containers referred to above,

(iii) the changes in the dissolved oxygen content of pasteurized

milk packaged in both types of container.

Titratable acidity, pH and phosphatase were measured as control tests

]

in the experiments.
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EXPERIMENTAL

1. Treatment of the samples

Two hundred ml of each sample were used for the chemical analysis

described in chapter three (Experimental, Dairy A, 3b).

Seventy ml from each sample were poured into a conical flask with a
glass stopper and used to measure the dissolved oxygen content.
Twenty and forty ml were used for the determination of titratable
acidity and the pH respectively. Sixty ml from each sample were
used for the determination of acid degrse value (ADV). The
remaining milk from sach duplicate sample werz mixed and kept in a
flask covered with black paper at 5°C until the following day when

the vitamin C content was measured.

2. Chemical analysis

Two samples of pasteurized milk packaged in glass bottles and single-
service containers,as described in chapter three (Experimental,

Dairy A), were tested on the day of processing and after 2, 4 and 6
days of storage at 5°C for acid degree value (ADV), dissolved

oxygen content, pH and titratable acidity using the methods described
in chapter one (section 2:1, 2:2, 2:3 and 2:6). The phosphatase
test was made on the samples on the day of processing using the
method described in chapter one (section 2:4). Vitamin C was
detsrmined after 1, 3 and 7 days of storage at 5°C using the'method

described in chapter one (section 2:5).

The test for vitamin € was made on 4 trials only {(numbers 3, 4, 5 and
B8) because of difficulties with the method.
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RESULTS

1 Titratable acidity

The results of measurements of the titratable acidity are presented in
Tables 4:1, 4:2,‘4:3 and 4:4 after milk was held under storage at SOC
There was a significant difference (at 0.1, 1 and 0.1 per cent level
respectively) between the trials in the titratable acidity of

samples tested on the day of processing and after 2 and 4 days of
storage at 5°C. However, there was no significant difference between
the trials in titratable acidity of milk after 6 days of storage at
5°c.

In relation to the titratable acidities of milks packaged in different
gcontainers the difference appeared on the fourth day of storage.

The milk samples from the glass bottles showed higher acidities (p < 0.1)
than the milk samples packaged in S3C. |

There was no significant difference in titratable acidity of the samples
exposed for 3 h to light and temperature conditions simulating the
doorstep delivery system and the samples which were not exposed to the

abaove mentioned conditions.

The variation in the titratable acidity with the storage time at 5°C
are shown in Graph 4:1. It is clear that there was a small but
definite decrease in titratable acidity in all samples after the

fourth day of storage.

The meximum titratable acidity found through the experiment was 0.157

per cent lactic acid and the minimum was 0.140 per cent.

2. pH

The results of test for the pH value are prssented in Tables 4:5, 4:6,
4:7 and 4:8 after 0, 2, 4 and B8 days of storage at 5°¢ respectively.
There was a significant difference (0.1 per cent level) in the pH
levels of samples taken in the six trizls on each day of the storage

when the VR was compared with F-value in the statistical tables.
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TABLE 4:1

The titratable acidity (per cent lactic acid) of samples of
pasteurized milk packaged in glass bottles and single-service

contalners on the day of processing.

No.‘ - Sample
of
. Glass .
trial bottle e SsC B Mean
1 0.1500 0.1450 0.1475
2 0..1450. ¢.1450 0.1450
3 0.1425 0.1400 0.1412
4 0.1550 0.1575 0.1562
5 0.1525 0.1500 0.1512
B 0.1550 0.1550 0.1550
Mean 0.1500 0.1487 0.1483
oF ns VR
- * % %k
Trial 5 0.000136875 43.80
Sample 1 0.0000089375 3.00
Trial sample 5 0.000008875 2.20
Residual 12 0.000003125
Total - 23 0. 000033288
iggig Trial Sample Trial sample
REP 4 12 2
SED 0.0012 0.0007 0.0017
* gignificant at 5 per cent level
* %k H] " 1 ” " "

EE X ] " ” 0-1 »” n n



"TABLE 4:2

The titratable acidity (per cent.lactic acid) of samples of

pasteurized milk packaged in glass bott%es and single service

containers after 2 days of storage at 5 C in darkness, and in

light and temperature conditions simulating the doorstep
delivery system

No. . Sample
of + o+ + +
trial Glass-E- Glass-N- SSC-E- SSC~N- Mean
1 0.1500 0.1500 0.1500 0.1500 0.1500
2 0.1500 0.1475 0.1475 0.1500 0.1487
3 " 0.1475 0.1475 0.1500 0.1500 0.148;
4 0.1500 0.1500 0.1500 0.1500 0.1500
5 0.1500 g.1500 0.1450 0.1450 0.1475
ki 0.1500 0.1500 0.1525 0.1500 0.1506
Mean 0.1485 0.1491 C.1491 0.1481
0.1493 0.1491
Overall mean 0.14892
, 3 IS VR
Trial 5  0.000010521 4,04
Sample 1 0.000000521 0.20
Exposed 1 0.000000521 0.20
Trial sample. 5 0.000013021 5.65
Trial exposed 5 0.000000521 0.20
Sample exposed 1 0.000000521 0.20
Trial sample exposed 5 0.000003021 1.18B
Residual 24 0.000002604
Total 47 0.000004244
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.0008 0.0004 0.0006 0.0018
* significant at & per cent level
. A

+E - exposed to light and temperature conditions simulating doorstep
delivery system for 3 h

N - not exposed to light and temperature conditions simulating doorstep
delivery system.



Thé titratable acidity (per cent lactic acid) of samples of

TABLE 4:3

pasteurized milk packaged in glass bottles and single service

containers after 4 days of storage at 5°C in darkness and in
light conditions simulating the doorstep delivery system.

No. Sample
o el Glass-E Glass-N SSC-E SSC-N Mean
1 0.1500 0.1525 0.1450 0.1450 0.1481
2 0.1475 0.1450 0.1500 0.1450 0.1468
3 0.1500 0.1500 0.1500 0.1500 0.41500
4 0.1500 0.1500 0.1500 0.1500 0.1500¢
5 0.1550 0.1525 0.1500 0.1500 0.1518
6 0.1475 0.1475 d.1450 0.1475 0.1468
Mean 0.1500 0.1483 0.41498 0.1475
0.1497 0.1481
Overall mean 0.1488
oF ns il
Trial 5 0.000032083 1D.§§
Sample 1 0.000033333  10.66
Exposed 1 0.000002083 0.66
Trial sample 5 0.000015833 S.EE
Trial exposed 5 0.000007083 2.28
Sample exposed 1 0.000000000 ‘0.00
Trial sample exposed 5 0.080002500 0.80
Residual 24 0.000003125
Total 47 0.00000845686
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.0008 0.0005 0.0007 0.0017
* significant at 5 per cent level

* %
* k *

"

n

n

1 ” ” n

D B I] » " ”n



TABLE 4:4

The titratable acidity (per cent of lactic acid) of samples
of pasteurized milk packaged in glass bottles and single’
service containers after 6 days of storage at 59C and in
light and temperature conditions simulating the doorstep
delivery system

No. Sample
of
trial Glass-E Glass-N S3C-E SSC-N Mean
1 0.1450 0.1450 0.1450 0.1500 0.1462
2 0.1450 0.1475 0.1475 0.1425 0.1458
3 0.1450 0.1500 0.1475 0.1450 0.1488°
4 0.1450 0.1475 0.1450 0.1450 0.1456
5 0.1450 0.1475 0.1475 0.1450 0.1482
B8 0.1450 0.1400 0.1475 0.1450 0.1443
Mean 0.1450 "0.1462 0.14866 0.1454
0.14586 0.14860
Overall mean 0.1458
DF 1S VR
Trial 5 0.000005833 1.40
Sample 1 0.000002083 Q.50
Exposed 1 0.000000000 .00
Trial sample 5 0.000009583 2,30
Trial exposea 5 0.000001000 2.40
Sample exposed 1 0.000018750 4;55
Trial sample exposed 5 0.000013750 3.35
Residual 24 0.000004187
Tatal 47 0.000006738
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.0010 0.0005 0.0008 0.0020
* gignificant at 5 per cent level

%
* % %k

”

"

" ” ”
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GRAPH 4:1

The variations in the titratable acidity (per cent lactic
acid) after storage at 5°C of pasteurized milks subjected
to different treatments
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TABLE 4:5

The pH value of samples of pasteurized milk packaged in
glass bottles and single service containers on the day

of processing

No. Sample
of
. Glass
trial bottile SSC Mean
1 85.550 6.615 B.582
2 8.645 8.650 6,647
3 B.575 6.585 B.580
4 6.555 6.540 6.547
5 6.675 8.685 8.680
B 6,890 8.690 6.690
Mean 6.815 6.627 6.621
oF 1S W
* %k %
Trial 5 0.01400746 305.60
& ok
Sample 1 0.00083753 20.45
* ko
Trial sample 5 0.00074750 16.30
Resgidual 12 0.00004583
Total 23 0.00327227
Table Trial Sample Trial sample
REP 4 12 2
SED 0.0047 0.0027 0.00867

*
* 3k

* % ok

significant at 5 per cent level

»
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TABLE 4:8

The pH value of samples of pasteurized milk packaged in glass
bottles and single-service containers after 2 days of storage

at: 59C in darkness, and in light and temperature conditiocns

simulating the doorstep delivery system.

No. Sample
o il Glass-E Glass-N SSC-E SSC-N Mean
1 6.670 B.680 6.860 8.870 6. 670
2 6,680 6.680 6.8660 6.645 6. 666
3 6.570 B.570 6.570 8,580 6.572
4 6,615 8.585 6.640 8.650 0.625¢
5 8,715 6.735 68.720 §.715 6.721
6 6.760 8.760 6.765 6.785 6.762
Mean 68,668 6.670 8,689 6.870
6.669 ' “ 6.670
Overall mean 6.668
oF ns VR
Trial 5 0.03638318 484.55*
Sample 1 0.00000833 0.11
Exposed 1 0.00003333 0.44
Trial sample 5 0.00102332 13.52*
Trial exposed 5 0.00008833 1.31
Sample exposed 1 0.000000C0 0.00
Trial sample exposed 5 0.000618500 2.467
Residual 24 0. 00007500
Tatal 47 0.00404681
Table Trial Sample Sample exposed Trial sample expcsed
REP | 8 24 12 2
SED 0.0043 0.0025 0.0035 0.0086

significant at 5 per cent level

" "n t‘l n

”n " O . ‘t] "
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TABLE 4:7

The pH value of samples of pasteurized milk packaged in glass

bottles and single-service containers after 4 days of storage

at 5°C in darkness, and in light and temperature conditions
simulating the doarstep delivery

NG. .. Sample
zﬁial Glass-E Glass-N SSC-E SSC-N Mean
1 8.550 8.585 6.535 6.565 §.555
2 B.575 §.580 8.555 6.520 6.557
3 6.530 6.540 §.570 B.585 64,556
4 6.556 6,585 6.810 6.645 6.597
5 6.680 8.705 B.715 6.715 §.703
8 -8.760 - 5.735 6.735 6.740 6.742
Mean 5.608 _ . 8.818 8.620 6.628
Overall mean 6.618
oF ns R
Trial 5 G.0555398 429.§§*
Sample 1 0.0014083 10.55
Exposed 1 0.0010083 7.85
Trial sample 5 0.0028033 21.;8*
Trial exposed - 5 0.0007033 5.22
Sample exposed 1 0.0000083 0.06.
Trial sample exposed 5 0.0003533 2.7%
Residual 24 0.0001282
Total 47 0.0064367
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.00586 8.0032 C. 0048 0.0113

significant at 5 per cent lsvel
* % n n /l " ” ”n

& kK ” ” D. 1 ” . n n



TABLE 4:8

The pH value of samples of pasteurized milk packaged in glass

bottles and single-service containers after 6 days of storage

at’ 59C in darkness, and in light and temperature conditions
simulating the doorstep delivery system.

No. Sample
of. Glass-E Glass-N SSC-E SSC-N Mean
trial
1 6.830 §.625 6.635 §.625 6.628
2 6,600 6.590 8.8620 6.600 6. 602
3 6.650 6.600 6.615 B.615 6.620
4 6.570 6.555 6.815  6.585 6.581
5 6.685 6.690 8.730 G.715 6.705
8 6.875 6.685 8.720 6.725 6.701
Mean 6.635 6.624 6.855 B.644
6.829 8.850
Overall mean 6.838
=5 ns VR
Trial 5 0.0213770 133.53*
Sample 1 0.0050021 31.;3*
Exposed 1 0.0015188 Q.ZE
Trial sample 5 0.0008071 S.EE
Trial exposed 5 0.0002938 1.83
Sample exposed 1 0.0000027 0.01
Trial sample exposed 5 0.0003271 2.03
Residual 24 0.0001604
Total 47 0.0028574
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.00863 0.0038 G.0051 0.0126
* significant at 5 per cent level

* &K n n «1 " " "

* Kk n n 0.1 ” ” "



The difference in the pH of the samples on the day of processing aﬁd
after 4 and B days of storage at 59C was significant (0.1, 1 and 0.1
per cent level respectively). However, there was no significant

difference after 2 days of storage.

The milk in glass bottles showed a lower pH than the samples in SSC.
Exposure to light and temperature conditions simulating the doorstep
delivery system Fof 3 h affected the pH value after 4 and 6 days from
the processing time. The pH value of milk in glass bottles stored
in darkness was higher (p < 0.5) than that of samples exposed %o

simulated doorstep delivery conditions.

The highest reading in the pH value of all the samples was 6.760 and
the lowest was 6,520. This means that there was no significant
change in the pH value which might affect the chemical quality of

pasteurized milk in the two different packaging systems.

3. Dissolved oxygen content

The results of determinations of the dissolved oxygen content are
presented in Tables 4:9, 4:10, 4:11 and 4:12. There was significant
difference {(at 0.1 per cent level) between the dissolved axygen content
of samples taken in the six trials on the day of processing and after

2 and 4 days of storage at 5°C and at 5 per cent level in the samples
stored for 6 days.

The dissolved oxygen content of milk packaged in single-service
containers was significantly higher (p < 0.001) than that of milk
packaged in glass bottles on the day of processing and after 2, 4 and

8 days of storage at 5°¢C,

A negative correlation was found between the logB of the total colony
count and the dissolved oxygen content in the samples of milk in
glass bottles. This correlation coefficient was significant at 0.1
per cent level (r = 0.8092). ‘The regression equation was found to
be: -

Oxygen (ppm) = 13.86373 - 0.51118 x loge of total colony count.
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TABLE 4:9

The dissolved oxygen content (ppm) of samples of pasteurized
milk packaged in glass bottles and single-service containers
on the day of processing -

No. Sample
of
, Glass
trial bottle SSC Mean
1 9.125 9.580 9,352
2 9.715 9.590 9,652
3 8.780 10,015 9.897
4 8.715 10.195 8.455
5 10.050 10.240 i 10.145
B 9.515 10.315 9.915
Mean 9.483 9,989 9,736
oF . oms VR
¥ oW
Trial 5 0.36673 11.34
* % %
Sample 1 1.53520 47 .51
& % ok
Trial sample 5 0.32183 9.98
Residual . 12 0.03231
Tatal 23 0.23328
Table Trial Sample Trial sample
REP 4 12 2
SED 0.1271 C.0734 0.1788

* significant at 5 per cent level

* % ” ” /l ” " ”»
o* e ke ” ” D 1] ”" n n
. .



TABLE 4:10

The dissolved oxygen content (ppm) of samples of pasteurized
milk packaged in glass bottles and single-service containers
after 2 days of storage at 5°C.in darkness, and in light and
temperature conditions simulating the doorstep delivery system.

NG. Sample
o el Glass-E Glass-N SSC-E SSC-N Mean
1 8.950 8.915 9.255 9,220 9.085
2 9.040 9,610 10.550 10.240 9.880
3 8.715 8.595 10.325 10,335 9.492
4 8.655 9.910 11.620 11.415 10.400
5 9,415 8,700 10.730 10.855 10.175
8 9.380 9.878 10.460 10.405 g,880
Mean 9.0286 9,401 10.480 10.412
T 8,213 10.451
Overall mean 9.832
OF s VR
# ok de
Trial 5 1.81797 22.90
Sample 1 18,38688 231.%5*
Exposed 1 0.26403 3.32
Trial sample 5 0.87783 11.83*
Trial exposed 5 0.08847 1.11
Sample exposed 1 0.61653 7.75
Trial sample exposed 5 0.18379 2.31
Residual 24 0.07837
Total 47 0.78601
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.1409 0.0813 0.2817

* %
* %

significant at
" ” /]

n” ”

0.14089

D.']. n

5 per cent level
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The dissolved oxygen content (ppm) of samples of pasteurized
milk packaged in glass bottlgs and single-service containers
after 4 days of storage at 5 C in darkness, and in light and

TABLE 4:1

1

temperature conditions simulating the doorstep delivery system

No. Sample
of
trial Glass-E Glass-N SSC-E SSC-N Mean
1 7.700 - 7.730 9.170 3.160 8.440
2 8.710 9.345 10.645 10.665 9,841
3 6.810 7.025 10.780 10.560 8.794
4 7.180 8.410 9,225 9.675 8.622
5 7.055 9.430 10.820 10.615 9.430
B 7.600 7.575 10.510 10.580 9.081
Mean 7.509 8.252 10.158 10,206
7 .881 10.182
Overall mean 9.031
OF, s VR
* Kk
Trial 5 2.22250 30.86
Sample 1 63,54893 885.53*
Exposed { 1 1.87625 28.;5*
Trial sample 5 1.850186 22.53*
Trial exposed 5 0.51168 7.?5*
Sample exposed 4 1 1.45255 20.55*
Trial sample exposed 5 0.39424 5.48
Residual 24 0.67179
Total 47 1.86785
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.1340 0.07 73 0.1094 0.2679

* *
* k%

significant at 5 per cent level

” n 1 ”
n ”n U . /] ”

" ”
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TABLE 4:12

The dissolved oxygen content (ppm) of samples of pasteurized
milk packaged in glass bottles and single-service containers
after 6 days of storage at 50C in darkness and in light and

temperature conditions simulating the doorstep delivery system

* 3k n » O.'l ” .o ”

No. Sample
::F'ial Glass-E Glass-N SSC-E SSC-N Mean
1 §.580 8.220 9.710 10.100 8.150
2 6.390 7.410 11.540 11.240 8.140
3 B.650 6.3860 9,390 10.180 8.150
4 7.120 5,980 10,250 10,110 8.370
5 5.100 4.850 10,000 9,880 7.490
6 6.370 4.470 9,640 8.230 #.180
Mean 6.370 5,880 10.09 8.58
8.130 10.030
" Overall mean - 8.080
oF ns VR
Trial 5 3.818 2.85
Sample 1 183.262 128.;3*
Exposed 1 1.083 0.78
Trial sample . 5 0.938 0.686
Trial exposed 5 1.131 0.789
Sample exposed 1 0.428 0.30
Trial sample exposed 5 0.386 0.27
Residual 24 1.423
Total 47 5.327
Table Trial Samplie Sample exposed Trial sample exposed
REP 8 24 12 2
SED G.5870 0.3440C. 0.4870 1.1930
:* significant ?t 5 per cent level
" , 1. m n ”
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GRAPHS 4:3

The standard curve for the relation between the dissolved oxygen content
and the total colony count of pasteurized milk packapged in glass bottles
after various periods of storage at 5°C
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This nesgative correlation is presented in Graph 4:3. There was no
correlation between the oxygen content and the total colony count in

the samples of SSC.

The variations in the oxygen content during the different periods of
storage are illustrated in Graph 4:2. There was a decrease in the
oxygen content of the samples of milk in glass bottles during the
storage time. However, in the case of samples of milk in SSC there
was a slight increase in dissolved oxygen level after 2 days of

storage.

13

The range of the dissolved oxygen content was 4.47 to 10.05 ppm in the
gsamples of milk in glass bottles, during the period of storage, while
1t ranged from 8.23 to 11.62 ppm in the samples of milk in single

service containers.

4, Acid degree value (ADV)

The results of the tests for ADV are presented in Tables 4:13, 4:14,
4:15 and 4:18. There was a singnificant difference betwsen the trials
(5 per cent level) in the acid degree values of milks tested on the day
of processing. After the milks had been held for 4 and 6 days at

59C the ADV of milks packaged in glass bottles were significantly higher
(p < 0.001) than those of milk packaged in SSC. Exposure to

simulated doorstep delivery conditions for 3 h on the 2nd, 4th and 6th

day after processing had no significant effect on ADV levels.

The ADVs showed a correlation coefficient 0.57, 0.56 and 0.53 with the
loge of the total colony count, psychrotrophic count and lipolytic

count respectively.

The variations in the ADV during the periods of storage are
illustrated an Graph 4:3. There is an increase in the ADV during the

storage time in milk packaged in both types of container.

The range of the ADV in the samples of milk in glass bottles was 0.7395
to 1.630 per cent, while. in the samples of SCC it was 0.775 to 1.520

per cent.
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TABLE 4:13

The acid degree value (ADV) of samples of pastsurized milk
packaged in glass bottles and single service containers on

the day of pfooessing

NO. Sample
of
. Glass *
trial bottle gsst Mean
1 0.805 » 0.775 0.790
2 0.815 0.825 0.820
3 0.785 0.785 0.790
4 0.800 0.885 0.832
5 0.965 0.830 0.897
8 0.995 0.950 0.972
Mean 0.882 0.838 0.850
I VR
*
Trial 5 0.020534 4.94
Sample 1 0.003504 0.84
Trial sample 5 0.004414 1.08
Residual 12 0.004154
Total 23 0.007743
Table Trial Sample Trial sample
REP 4 12 2
SED 0.0458 0.0263 0.0845

& % "
EEE] n

significant at 5 per cent level

” 1 n n ”
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The acid degree value (ADV). of samples of pasteurized milk
packaged in glass bottles and single-service containers
after 2 days of storage at 59C in darkness and in light and

TABLE 4:14

temperature conditions simulating the doorstep delivery system

No. Sample
of
trial Glass-E Glass-N S3C-E SSC-N Mean
1 0.885 0.960 0.815 0.835 0.876
2 0.875 0.820 0.830 0.855 0.845
3 0.830 0.905 1.035 1.040 0.977 «
4 0.960 0.840 0.9680 0.975 0.959
5 1.230 1.305 1.345 1.120 1.250
8 1,180 1.240 1.165 1.135 1.180
Mean 1.012 1.028 1.025 0.993
1,020 ' 1.009
Overall mean 1.015
oF ns VR
* %k
Trial 5 0.216273 33.66
Sample 1 0.001408 g.21
Exposed 1 0.000675 0.10
Trial sample 5 0.011743 1.82
Trial exposed 5 0.003080 0.47
Sample exposed 1 0.007008 1.08
Trial sample exposed 5 0.008483 1.47
Residual 24 0.006425
Total 47 0.029064
Table Trial - Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.0401 10,0231 0.0327 0.0802

* %
* ok ok

significant at & per cent level

n” ” 1

n n D . r] ”
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TABLE 4:15

The acid degree value (ADV) of samples of pasteurized milk
packaged in glass bottles and single-service containers
after 4 days of storage at 5°C in darkness, and in light
and temperature conditions simulating the doorstep delivery

system
No. Sample
of
trial Glass-E Glass-N 38C-E SSC-N Mean
1 1.025 1.035 0.870 0.945 0.994
2 1.000 0.935 0,850 0.935 0.955
3 1.245 1.195 1.100 0.110 1.162.
4 1.160 1.170 0.980 1.050 1.080
-5 1.460 1.425 1.320 1.205 1.352
8 14265 1.565 1.295 1.270 1.324
Mean 1.192 1.221 1.102 1.089
1.207 1.088
Overall mean 1.146
DF, s VR
Trial 5 0.21969 21.%3*
Sample 1 0.17521  17.28"
Exposed 1 0.00007 0.00
Trial sample 5 0.00788 0.77
Trial exposed 5 0.006876 0.66-
Sample exposed 1 0.01141 1.12
Trial sample exposed 5 0.01751 1.72
Residual 24 0.01013
Total 47 0.03594
Table Trial Sample Sample exposed Trial sample exposed
REP 8 24 12 2
SED 0.0503 0.0291 0.0411 0.1007

* %

% &k

significant at 5 per cent level

” ” 1 n n ”
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TABLE 4:18

The acid degree value. (ADV) of samples of pasteurized milk
packaged in glass bottles and single-service containers
after 6 days of storage at 59C.in darkness, and in light
and temperature conditions simulating the doorstep delivery

system '
No. Sample
of
trial Glass-E Glass-N SSC-E SSC-N Mean
1 1.210 1.150 1.125 1.080 1.141
2 1.125 1.200 1.265 1.215 1.201
3 1.330 1.305 1.150 1.205 1.247
4 1.425 1245 0,980 1.110 1117
5 1.830 1.820 1.285 1.520 1.518
6 1.830 1.820 1.295 1.520 1.518
Mean 1.330 1.3486 1.218 1.250
1.338 » 1.234
Overall mean 1,288
OF, s R
Trial 5 0.247527 113.5:*
Sample 1 0.129168 59.22*
Exposed 1 0.007252 3.33
Trial sample 5 0.019784 9.;6*
Trial exposed 5 ¢.011397 S.EZ
Sample exposed 1 0.000752° 0.34
Trial sample exposed 5 0.008807 4.63
Residual 24 0.002173
Total 47 0.034615
Table Trial Sample Sample exposed Trial sample sxposed
REP 8 24 12 2
SED 0.0233 0.0134 0.0190 0.0466
:* significant at 5 per cent level
» » 1 » » n
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5. Phosphatase test

None of the samples which were tested for phosphatase failed. This
means that the temperature of pasteurization was sufficient to destroy
the phosphatase enzymes in the milk and no recontamination with raw

‘milk had occurred.

B. Vitamin C content (Ascorbic and Dehydroascorbic Acid)

The results of ascorbic and dehydroascorbic acid are presented in
Tables 4:17, 4:18, 4:19 and 4:20. The results of determinations of
ascorbic acid in pasteurized milk after 1 day of cold storage showed
that there was no significant difference in ascorbic acid level
between the trials or between the milk which was packaged in glass
bottles and SSC (Table 4:;17).

But, after 3 and 7 days of cold storage there were highly significant
changes in the ascorbic acid content of milks. Table 4:18 shows a
significant (1 per cent) difference in the ascorbic acid level of
samples in different trials. The milk in glass bottles kept in
darkness during storage contained a higher ascorbic acid content

(p < 0.01}than milks exposed to the light and temperature conditions
simulating the doorstep delivery system after 3 days of staorage.
However, there was no significant differsence in ascorbic acid lsvel of
samples of milk in single-service containers kept in darkness and

subjected to simulated doorstep delivery.

After 7 days of storage there was no signifificant difference - in the

ascorbic acid levels of all samples.

"The effect of exposure to day-light conditions was detected in the
samples of milk in glass bottles after 3 days of storage when a laoss

of40.8 per cent af the ascorbic acid content was recorded.

After 7 days of storage there was no ascorbic acid present in any of

the samples.

The effect of the storage and exposure interaction showed a significant
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difference at 5 per cent level.

The degradation in the ascorbic acid during the period of storage of
the milk in the two types of container is illustrated in Graph 4:5

where the differences referred to above are seen.

The results presented in Table 4:19 show a difference (0.113 mg/100 ml
of milk) between the dehydroascorbic apgid content of milk in glass
bottles and SSC. This may be due to an oxidation reaction affecting
the ascorbic acid in the glass bottle more than that in the SSC

samples.

There was a difference between the four trials in the dehydroascorbic
acid content of all milks. It was not significant however after 1
day of storage, but was significant at 1 per cent level after storage

for 3 days.

“

The dehydroascorbic acid content decreased to zero in milk packaged in
glass bottles irrespective of exposure or non-exposure to simulated
doorstep delivery canditions, but in the case of milk in SSC some

dehydroascorbic acid was detectable after 7 days.
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TABLE 4:17

The ascorbic acid content (mg/100 ml milk) of
pasteurized milk packaged in glass bottles and
after 1 day of storage at 5°C.

No. of trial

Ascorbic acid (mg/4100 ml milk)

1 1.41
2 1.05
3 1.49
4 1.96
Mean 1.48
Sample Ascorbic acid (mg/100 ml milk)
Glass bottle 1.23
SSC 1.72
o ns VR
Trial 3 0.2851 0.82
Sample 1 0.4901 1.42
Residual 3 0.3443
Total 7 0.3398
Table Trial- Sample
REP 2 4
SED 0.5870 0.4150



TABLE 4:18

The ascorbic acid content (mg/100 ml milk) of samples of
pasteurized milk packaged in glass bottles and single-
service containers after 3 and.7 days of storage at 5°¢C
in darkness and in light and temperature conditions
simulating the doorstep delivery system,

Sample
Glass-E Glass-N SSC-E SSC-N
After 3 days 0.474 0.802 1.084 1.131
After 7 days 0.044 0.113 0.141 0.047
SED = 0.0405
OF ns VR
Trial 3 0.602316 122,92
Storage 1 4,849440 1010.:5*
Sample 1 0.470207 95.55*
Exposed 1 0.061338 12.5;
Trial storage 3 8.755671 154.5;*
Trial sample 3 0.052794 1D.7;
Storage sample 1 0.412458 84.:;
Trial exposed 3 0.0086845 1.35
Storage exposed 1 0.0793800 16.30
Sample exposed 1 0.098901 20.18
Trial storage sample 3 0.091274 " 18.82
Trial storage exposed 3 0.0004905 0.18
Trial sample sxposed 3 0.009289 1.88
Storage sample exposed 1 0.006882 1.42
Residual 3 0.004900
Total 31 0.3435868
:* gignificant at 5 per cent level
" " 1 n »
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TABLE 4:18

The dehydroascorbic acid content (mg/100 ml milk) of
samples of pasteurized milk packaged in.glass bottles
and single-service containers after 1 day of storage

at 5°9C
No. of trial Dehydroascprbic acid (mg/100 ml milk)
1 0.270
2 0.186
3 0.202
4 0.748
Mean 0.351
Sample Dehydroascorbic acid (mg/100 ml milk)
Glass bottle 0.411
SSC , 0.292
oF ms R
Trial 3 0.14240 B.55
Samp le 1 0.02856 1.31
Residual 3 0.02174
Total . 7 0.07442
Table Trial Sample
REP 2 4

SED 0.1474 0.1043



TABLE 4:20.

The dehydroascorbic acid content (mg/100 ml) of samples of
pasteurized milk packaged in glass beottles and single service
containers after 3 and 7 days of storage at 5°C in darknéss
and in light and temperature conditions simulating the door-

step delivery system

Sample
Glass-E Glass-N SSC-E SSC-N
After 3 days 0.281 0.357 0.315 0.257
After 7 days 0.075 0.081 0.126 0.220
SED = 0.0652
oF ns VR
Trial 3 0.269884 34.35
Storage 1 0.250455 32.18
Sample 1 0.007718 0.98
Exposed 1 0.006982 0.89
Trial storage 3 0.007074 0.90
Trial sample 3 0.006387 0.82
Storage sample 1 0.032832 4,20
Trial exposed 3 0.010220 1.31
Storage exposed 1 0.003383 0.43
Sample exposed 1 0.001083 0.14
Trial storage sample 3 0.005B675 0.72
Trial storage exposed 3 0.0047865 0.61
Trial sample exposed 3 0.013857 0.78
Storage sample exposed 1 0.024478 3.13
Residual 3 0.007802
Total 31 0.042083

* %

* % ¥k

gsignificant at 5 per cent level
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DISCUSSICN

1. Titratable acidity -

From the résults shown in Tables 4:1, 4:2, 4:3 and 4:4, it is clear
that there was no obvious change in the titratable acidity of
pasteurized milk packaged in glass bottles and SSC. This is due to
the fact that the temperature of pasteurization kills most of the
lactic acid organisms except a few species of thermoduric streptococci

which are thermophilic and grow very slowly in milk stored at 5°%¢.

The difference between the trials was significant on the day aof
processing (p < 0.001) and after 2 days (p < 0.01) and 4 days (p < 0.004)
of storage at 59¢, But there was no significant differsence after 6

days of storage. These differences between the trials were due to the
differences in the natural composition of the milk during the period

of study.

There was no significant difference in the titratable acidity of milk
packaged in different containers exposed to light and temperature
conditions simulating doorstep delivery system and thase which were

stored in darkness.

The difference in the titratable acidity of milk packaged in different
types of containers was not significant during the different periods
of storage except after 4 days when there was a significant difference
at 1 per cent level. On the 4th day of storage at 59¢c the milk in
glass bottles showed the very slight increase of 0.0016 per cent over
the milk packaged in SSC.

The results of all the tests for titratable acidity show that this
test is not an effective measure of the guality of pasteurized milk
when the milk is stored below 5°C because while the range of
titratable acidity in all of the samples was only 0.1400 to 0.1575
(per cent lactic acid) there were high levels of bacterial growth,

and off-flavour had developed.

The slight decrease in the titratable acidity in all the samples after
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6 days of storage at 59 may be due to the diffusion of the carbon

dioxide in pasteurized milk.

2. pH

The results of the pH value which are presented in Tables 4:5, 4:B,
4:7 and 4:8 show a highly significant difference (p < 0.001) in the
pH values between the samples of the 6 trials on the day of processing
and after 2, 4 and 6 days of storage at 5°¢, This difference was
related to the different composition of the milk during the period of
testing. It has been found that Na, Cl, Ca, Mg, lactose, total N,
non-casein nitrogen and casein levels affect the pH value of milk
(Lick and Smith, 1875).

The pH of the pasteurized milk packaged in glass bottles was significantly
lower than that of the same milk packaged in SSC except after 2 days of
storage at 5°C when there was no significant diffsrence. From an
examination of the mean of the results, it is clear that the change in

the pH value during the period of storage was very small. This level

of change in the pH does not effect the guality of pasteurized milk
packaged by the twa systems.

There was a significant difference after 4 and 6 days of storage at
5°C between the pH value of samples which were exposed to light and
temperature conditions simulating doorstep delivery and those which
were stored in darkness. This differsnce was not due to the exposure
treatment, but was probably due to the variation in the pH level of the

milk in different trials.

The difference between the highest and the lowest pH value of all
samples tested was 0.24, This very small change indicates that there
was no alteration in the acidity level due to the microbiological

content of the milk.

3. Dissolved oxygen cantent

Oxygen is necessary forlthe growth of aerobic bacteria. The dissolved
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oxygen in the milk and that present in the head space of containers
may increase the growth of the micro-organisms present.’ Schonborn et.
al. (1975} found that the bacteriological quality of pasteurized milk
packaged in containers with a head space was significantly poorer than

that of milk which was packaged in containers without a head space.

From the results of the dissolved oxygen content estimations which are
presented in Tables 4:9, 4:10, 4:11 and 4:12, it is.clear that thers
was a highly significant difference in the dissolved oxygen content of
the samples from the six trials on the day of processing (p < 0.001),
after 2 days (p < 0.001), after 4 days (p < 0.001) and after 6 days

(p < 0.5) of storage at 5°C. The differences between the trials may '

be due to different amounts of oxygen incorporated in the milk at

the time of processing.

The dissolved oxygen content of pasteurized milk packaged in SSC was
significaently higher (p < 0.001) than that of pasteurized milk packaged
in glass bottles when tested on the day of processing and after 2, 4
and § days of storage at SDC.

It is clsar from graph 4:2 that there was a decrease in the dissolved
oxygen caontent of the samples in glass bottles during the storage.
This decrease was probably due toc the growth of the aeveobic bacteria
which utilize oxygen. No similar reduction in dissolved oxygen

content was found with the milk packaged in SSC.

4, Acid degree value (ADV)

ADV is defined as the number of ml of 1 N KOH required to neutralizs
. the free fatty acid present in 100 g of fat. It is congidered- to be

an indication of rancidity in a dairy product.

The results of this study showed that pasteurized milk which was
packaged in glass bottles contained a higher level of the ADV (p < 0.00%)
after 4 and 6 days of storage at 59¢C compared with the samples of the
same milk packaged in SSC. This might have been due to the action of

the larger numbers of bacteria of which the colony count showed a
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significant correlation with the ADV (r = 57, p < 0.001).

There was no significant difference in the ADV levels of samples due
to exposure treatment to the light and temperature conditions

simulating the doorstep delivery system.

There was a significant difference {p < 0.5) in ADV level between the
milks in the different trials on the day of processing. However, the
differences were highly significant (p < 0.001) after 2, 4 and B8 days
of storage at SGC.

The correlation coefficient between the ADV and the‘loge of the
lipolytic count was r = 0,56 (p < 0.001). This result indicates that
the other reason for the increase in the ADV of milk on storege at 5°¢c
is the natural lipase enzymes which are present in milk. Mechanical
operation in milk handling on the farm and in the dairy may ihcreése the
ADV of milk by disrupting the fat-globule membrane and so result in
the enzymes gaining accsss to the triglycerides which are thereafter
hydrolyzed. The standard method for the Examination of Dairy Product,
APHA (1878) suggest that extreme rancidity is evident when milk
contains > 1.5 of ADV. In this study, 14.2 per cent of pasteurized
milk packaged in glass bottles exceeded this level, while only 4.7 per
cent of milks in SSC exceeded this level.

5. Vitamin C (ascorbic and dehydroascorbic acid)

Vitamin C i1s one of the many vitamins present in milk. it is present
in the milk as ascorbic acid and dehydroascorblc acid both of which are
biologically active. The loss in this vitamin could occur during
processing and storage. Light is one of the most importance factors
atfecting this vitamin. It is clear from the results shown in Table
4:18 that exposure to light and temperature conditions simulating
doorstep delivery for 3 h before storage caused a 40.8 per cent loss

in the ascorbic acid in pasteurized milk which was packaged in glass
bottles, while the loss in pasteurized milk packaged by SSC, was 4.1

per cent. The other factor found to affect the vitamin C content in
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pasteurized milk was the storage timse. It is known that reductons
are formed during storage in the milk and these catalize. the oxidation
reaction of vitamin C in.the milk. It is appeard: from the -

results that there’was a difference in vitamin C content in
pasteurized milk during the period of study, which was expected,

because of the change in the composition of the milk from time to time.
The results of the dehydroascorbic acid (Table 4:13) showed that
pasteurized milk in glass bottles gave a higher reading than that which
was packaged in SSC. But, the difference was not significant. This
means that ascorbic acid in the samples of milk in glass bottles changed
more quickly to the dehydroascorbic acid form than in the samples of
milk in the SSC, The other factor which affected the content of the °
dehydroascorbic acid was the storage tims. There was a decrease in
dehydroascorbic acid in all the samples, but the unexposed milks
packaged in SSC contained a higher amount of dehydroascorbic acid than

the other milks after 7 days of storage.
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CONCLUSION

14 In this study, the titratabls acidity and the pH were not affected
after 6 days when the milk was stored at 57¢C. There was no
significant difference betwsen the milk which was packaged in glass
bottles and the SSC system. Exposure to light and temperature
conditions simulating the doorstep delivery system had no effect on

the titratable acidity and the pH.

2. The study showed that the dissolved oxygen content of pasteurized
milk packaged in glass bottles decreased during the period of storage
and had a negative correlation with the loge of total colony count.

It is interesting to note that in the case of the pasteurized milk
packaged in single service contalners the dissolved oxygen content
after 8 days of storage at 5°C was at a similar level to what it was
an the day of proceésing. One may speculate that if the aerobic
bacteria present in the milk used up the oxygen during this period
then the oxygen level was maintained by the diffusion of oxygen from
the atmosphere through the package. The package did not contain a

layer of aluminium foil.

Further work is required to find the effect of different levels of
dissolved oxygen in the milk on the growth of the organisms and

shelf 1life of processed milks.,

3. It is concluded that pasteurized milk packaged in glass bottles
gave higher acid degree values after 4 and 6 days of storage at 5°¢
than the same pasteurized milk packaged in the SSC system. Exposure
to light and temperature conditions simulating the doorstep delivery

system had no significant effect on acid degree values.

4, It is clear that the effect of exposure of pasteurized milk
packaged in glass bottles to light and temperature conditions simulating
the doorstep delivery system brought about a decrease of 40.8 per cent
in the ascorbic acid content after 3 days of storage at 5°C compared to

the level of ascorbic acid in milk packaged in glass bottles which was
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not exposed. However, there was no significant difference in the
ascorbic acid levels of the same milk in either exposed or unexposed
in single service containers. Pasteurized milk packaged in the SSC
system contain mare ascorbic acid after 3 days of storage at 5% than
that which was packaged in glass bottles. The loss in the ascorbic
acid during the storage was significant in both types of packaging

systems.
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CHAPTER FIVE

QUALITY ASSESSMENT OF PASTEURIZED MILK PACKAGED
IN GLASS BOTTLES AND SINGLE-SERVICE. CONTAINERS.

INTRODUCTION

The gquality of pasteurized milk is the most important factor affecting
the acceptability of pasteurized milk to the consumers. Consumers do
not pay too much attention to the bacterial count as long as there is
no effect on public health. The quality of pasteurized milk ean be

assessed for appearance, odour and flavour.

Appearance of the milk is usually chalk-white. But this could be
affectad by the physical, chemical and microbial changes in the milk
during processing and storage. Appearance of the milk is an important
factor from the consumer point of view so that any defect in the

appearance of the milk will affect its quality.

The odour test is an excellent guide -for judging the acceptability of
pasteurized milk. Odours could be present in the pasteurized milk
due to feeding stuffs, rancidity, products of bacterial growth and

absorption after the milk is produced.

Flavour is the most important factor in assessing the gquality of
pasteurized milk. Johnson (1379) reported that there are many types
of flavours which can be found in processed milks and each is caused
by different sets of circumstances in the production or storage
(Table 5:1).

The effect of light on flavour has been investigated by many workers.
They found that the intensity of the light and the wave length are
related to the development of off-flavours (Stull, 41954; Smith and
MacLeod, 1955). :

Milk is considered to be important in our food supply. The loss in

the organocleptic quality is a serious problem from the consumer point
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TABLE 5:1

Categories of off-flavours in milk summarized by Johnson (1978)

Causes

Descriptive or associative terms

Heat
Light induced
Lipolyzed

Microbial

Oxidized
Transmitted

Miscellaneous

Cooked, caramelized, heated and scorched.
Light, sunlight and activated.
Rancid, butyric, bitter*, and goét flavour.

Acid, bitter®, fruity, malty, putrid and
unclean.

Papery, cardboard, metallic, oily and fishy.
Feed, weedy, cowy and byre.

Absorbed, astringent, bitter*, chalky, chemical,
fat, foreign, lacks freshness and salty.

*Bitter flavour may arise from a number of different causes.



of view. The development in the packaging iﬁdustry and the use aof
many different packaging systems for pasteurized milk could affect
milk quality. This study was undertaken to assess the effect of

the following factors on the quality of pasteurized milk:-

(i) the effect of two different containers and related

packaging systems on the quality of pasteurized milk,

{ii) the effect of the exposure for 3 h to light and temperature

conditions simulating doorstep delivery system,

(1iii) the effect of the storage for 0, 2 and 6 days at 5°¢.
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EXPERIMENTAL

1. Quality assessment:

The differsnces in the appearance, odour and flavour were assessed for
each sample of milk using a hedonic scale. This scale contained

eight categories of response defined as follows:-
: f

like extramely:

like very much;

like moderately;
like slightly:
dislike slightly;
dislike moderatelys;

dislike very much and

- N W S~ U O N @
-

dislike extremely.

The intsnsity of any flavour defect whicﬁ the panel could find was

assessed using a four point scale:-

1. very slight;
2. slight;
3. distinct and

4. pronounced.

2. Selecting the samples for quality assessment

The samples for the quality assessment were used only from sources
(ii) and (iii) as described in chapter three (Experimental, Dairy A,
3c).

The guality assessment was made on the day of processing and after 2

and 6 days of storage at 59,

3. The taste panel

The taste panel was chosen from the members of the staff of the
Department of Dairy Technology, The West of Scotland Agricultural

College, Ayr, who have good.experience in grading milk and milk products.
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4.. Presentation of the samples for testing

The samples of milk were heated to 17°C and kept at this. temperature
for 3 h and filled intO‘SQ'mlnbeakers_using the same procedure
described by Schonborn et. al. (1875). Each sample was offered to

four judges for the quality assessment.
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RESULTS

1. Appearance

The mean of the scores given by the taste panel for the appearance of
pasteurized milk packaged in glass bottles and single service containers
and examined on the day of processing and after 2 and 6 days of storage
at 5°C are presented in Tables 5: 2, 5:3 and 5:4.

The mean of the scores show that on the day of processing there was

no difference in the appearance between the pasteurized milk packaged
in.glass bottles and that which was packaged in SSC. However, a
highly significant difference (0.1 per cent level) was found in the
appearance scores awarded in different trials. The difference

between the judges in their grade scores for appearance was significant

at 5 per cent level (Table 5:2).

After 2 days of storage at 5°C the mean of the scores showed that there
was no significamnt difference in the appearance betwesan the milks
packaged in the two packaging systems. The scores, however, showed

a highly significant difference (0.1 per cent level) between trials.
Scores awarded by individual members of the panel differed at the

same significant level, Samples of pasteurized milk in both types of
packages which were exposed for 3 h on the day of processing to light
and temperature conditions simulating the doorstep delivery system

had a higher significance than the smples which were not exposed to the

same conditions.

A%ter 6 days of storage at 5°C the results showed that there was no
significant difference in scores given to the different samples of
pasteurized milk. A highly significant difference in scores was found
between the trials and between the judges. Samples in both types of
packages and which were not exposed to %the simulated doorstep delivery
conditions had scores significantly higher (5 per cent level) than the

samples which were exposed.

The variations of the scores given for the appearance of the milks on
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TABLE 5:2

Means of the scores given by a panel (4 judges) for the
appearance of pasteurized milk packaged in glass bottles
and single-service containers on the day of processing.

No. of trial

S

ample

Glass battle SSC
1 B.25 6,62
2 6.83 §.87
3 6.62 7.25
4 6.75 7.00
5 6.88 5.88
6 5.89 4,80
Mean 6.55 6.55
oF 1S VR
*x %
Trial 5 §.6611 25,37
Judgss 3 0.8618 3.25
Sample 1 0.0000 0.00
Trial judges 11 0.8955 S.Z;
Trial sample 5 2.0205 7.35*
Judges sample 3 0.2886 1.02
Trial judges sample 11 0.6800 Z.ES
Residual 40
Total 79
Table Sample Trial sample
RED 48 8
SED 0.1046 0.2562
* aignificant at 5 per cent level

* %k " ”

***' " n

e] ”
g.1 "

1

n



TABLE 5:3

Means of the scores given by a panel (4 judges) for the
appearance of pasteurized milk packaged in glass bottles
and single-service containers after 2 days of storage at
50C in darkness (N) and in light and temperature conditions
(E) simulating the doorstep delivery system.

Sample
No. of trial
Glass-E Glass-N SSC-E S3C-N
1 6.75 6.62 6.50 6.37
2 B.44 6.44 6.76 6.52
3 6.87 B.75 7.25 6.87
4 5.93 B.72 7.18 6.32
5 6.84 6.71 7.386 7.08
B 5.27 4.80 4,59 4.02
Mean 6.52 .30 6.61 6.30
Overall mean B.41 8.45
oF ns W
*k®
Trial 5 26.4425 164.98
Judges 3 8.1009 50.54*
Sample 1 0.0813 0.50
Exposed 1 3.2738 20.42*
Trial judges 10 3.1880 19.4887
Trial sample 5 1.2838 8.01
Judges sample 3 1.9792 12, 54"
Trial exposed 5 0.2728 1.70,
Judges exposed 3 1.8775 ﬁ1.§1
< Sample exposed 1 0.1112 0.69
Trial judges sample 10 2.3959 14.84"
Trial judges exposed 10 0.1773 1.10
Trial sample exposed 5 0.0372 0.23
Judges sample exposed 3 0.2555 1.58
Residual 86 0.1603
Total 151 1.6668
Table Sample Sample exposed Trial sample exposed
REP 98 48 8
SED 0.0578 0.0817 0.2002

*
#*® R
LE X

significant at

”n " 1 " "

” ” 0 . /I ” ”

5 per cent level
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TABLE 5:4

Means of the scores given by a panel (4 judges) for the
appearance of pasteurized milk packaged in glass bottles
and single-service containers after 8 days of storage at
§0C in darkness and in light and temperature conditions

simulating the doorstep delivery system.

No. of trial Sample
Glass-E Glass-N SSC-E SSC-N
1 5.36 5.83 5.24 5.41
2 5.87 6.00 B.25 8.12
3 6.02 .10 6.29 8.34
4 6.62 .62 8.25 86.75
5 B.75 8.75 6.75 7.00
B 2.75 3.50 3.75 4,00
Mean 5.56 5.80 5.75 5.93
Overall mean 5.68 5.84
' oF (5] R
* %ok
Trial 5 46.2376 131.323.,
Judges 3 5.5848 18.73
Sample 1 1.2963 3.88
Exposed 1 2.1048 5.9
Trial judges 12 3.88640 11.§Z*
Trial sample 5 1.0064 2.88
Judges sample 3 1.5243 4.33
Trial exposed 5 0.2746 0.78
Judges exposed 3 0.2367 0.67
Sample exposed 1 0.0380 d0.10
Trial judges sample 12 0.8296 2.36
Trial judges exposed 12 0.2168 - 0.81
Trial sample exposed 5 0.2784 0.78
Judges sample exposed 3 0.2317 0.94
Residual 86 0.3515
Total 167 2.1686
Table Sample Sample exposed Trial sample exposed
REP g8 48 12
SED 0.0856 0.1210 0.2964

*
* %
* %k

significant at 5 per cent level

n n 1 L "

n n D . /l ” ”

m
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GRAPH 5:1

Mean appearance scores awarded by a panel (4 judges) for pasteurized milk
in glass bottles and single-service containers and stored at 5°C for 6

Scores

days after various treatments
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storage at 5°C are shawn in graph 5:1. There was only a very slight
decrease in the scores given for the appearance of pasteurized milk

during storage compared to the scores given on the day of processing.

2. Ddoup”‘

The mean of the scores given by the taste panel for the odour of
pasteurized milk packaged in glass bottles and single-service
containers are presented in Tables 5:5, 5:6 and 5:7 an the day of

processing and after 2 and 6 days of storage at 5°C.

The scores given by the taste panel on the day of processing showed
that there was no significant difference in the odour of the
pasteurized milk packaged in the two different containers. A highly
significant difference (0.1 per cent level) was found in the odcur
scores awarded in different trials and by different members aof the

panel.

After 2 days of storage at SOC, the results show that pasteurized

milk packaged in the single-service containers had higher scores

{p < 0.001) than pasteurized milk in glass bottles. Exposure or
non-exposure to simulated doorstep delivery conditions had no
significant effect on the odour scores of pasteurized milk in two types

of containers after 2 days of storage at 5°C.

After B days of stofage at 5DC, the odour scores showed that there
was no significant différence between samples in the two ‘different
containers. However, pasteurized milk in glass bottles which were
not exposed to simulated doorstep delivery conditions had higher

scores (p < 0.5) than milk from the exposed samples.

It is clear that there was no significant difference betwsen the
members in their judgement of milk odour, However, the differences
in odour scores of milk in the different trials was highly significant

(0.1 per cent level.

The variation in the scores given for the odour of pasteurized milk in

the two types of package during the storage time at 5°C is illustrated
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TABLE 5:5

Means of the scores given by a panel (4 judges) for the
odour of pasteurized milk packaged in glass bottles and
single-service containers on the day of processing.

Sample
No. of trial
Glass bottle 3SC
1 8.00 8.00
2 8.69 6.87
3 8.75 B.75
4 6.50 .12
5 6.61 8.75
5] 7.08 7.14
Mean 6.61 6.60
DF. 1S VR
Trial 5 2.49059 ZB.ZE*
Judges 3 5.81539 68.25*
Sample 1 0.00003 0.00
Trial judges 11 0.70454 B.EE*
Trial sample 5 0.155394 1.78
Judges sample 3 0.58811 8.;5*
Trial jﬁdges sample 11 0.27136 3.:6
Residual 40 0.08756
Total 79 J.58090
Table Sample Trial sample
REP 48 8
SED 0.0604 0.1479

*
* %
* % ok

significant at 5 per cent level

" b l] ”

n n D B /i n

"

n

n



TABLE 5:8

Means of the scores given by a panel (4 judges) for the
odour of pasteurized milk packaged in glass bottles and
single-service containers after 2 days of storage at 59C
in darkness and in light and temperature conditions
simulating the doorstep delivery system

No. of trial Sample
Glass-E Glass-N SSC-E SSC-N
1 8.12 5.87 5.87 5.99
2 6.70 7.18 7.16 7.31
3 5.12 5.12 5.87 5.74
4 5.29 5.71 6.14 5.96
5 5.81 5.28 : 5.27 5.96
B 6.70 6.85 7.33 5.82
Mean 5,96 6.00 6.27 §.30
Overall mean 5.98 6.29
oF ns R
% kK
Trial 5 16.3244 54.97,
Judges 3 24.4984 82.30,
Sample 1 4,5430 15.%8
Exposed 1 0.0687 0.22*
Trial judges 10 §.7019 22,585
Trial sample 5 0.7153 2.40
Judges sample 3 1.4510 4,88
Trial exposed 5 0.1899 0.69
Judges exposed 3 0.3466 1.16
Sample exposed 1 0.0006 0.0%,
Trial judges sample 10 1.2842 4,32
Trial judges exposed 10 0.28986 0.97
Trial sample exposed 5 0.8078 2.72
Judges sample exposed 3 0.4979 1.67
Residual 886 0.2968
Total 151 1.8776
Table Sample Sample exposed Trial sample exposed
REP 986 438 8 -
SED 0.0787 0.1112 0.2725
* significant at 5 per cent level
¥ K ” " 1 n Ei ”

¥ ok % " » g.1 " ” ”»



TABLE 5:7

Means of the scores given by a panel (4 judges) for the
odour of pasteurized milk packaged in glass bottles and
single-service containers after B days of storage at 59C
in darkness and in light and temperature conditions
simulating the doorstep delivery system

Sample
No. of trial
Glass-E Glass-N SSC-E SSC-N
1 4,62 4,99 4.67 5.186
2 5.37 5.50 5.25 4,87
3 4,94 5.50 5.10 5.46
4 6.00 5.75 5.75 .12
5 5.62 5.75 5.62 5.62
B 5.75 6.00 6.25 6.37
Mean 5.38 5.58 5.44 5.60
Overall mean 5.48 5.52
DFE ns VR
X 2
Trial 5 6.8507 30.79
Judges 3 0.4878 2.19
Sample 1 0.0880 0.3}
Exposed 1 1.5556 6.99
Trial judges 12 6.7396 30.28"
Trial sample 5 ~0.5535 2.29
Judges sample 3 1.2489 5.61
Trial exposed 5 0.4206 1.89
Judges exposed 3 0.4124 1.85
Sample exposed 1 0.0130 0.05,
Trial judges sample 12 1.1763 : S.QQ*
Trial judges exposed 12 1.0948 4,92
Trial sample exposed 5 0.2868 1.28
Judges sample exposed 3 0.0298 0.13
Residual 986 0.2225
Total 187 1.0872
Table Sample Sample exposed Trial sample exposed
REP 96 48 8
SED C.0681 0.0963 0.2358

*
* k
* kK

1] ” /1 n ”

n n D R 1 n n

n

significant at 5 per cent level



GRAPH 5:2

Mean odour scores awarded by a panel (4 judges) for pasteurized milk
packaged in mwmmm bottles and single-service containers and stored
at 5°C for 6 days after various treatments,
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in Graph 5:2. The correlation coefficients between the scores given
for odour and the 1oge of the total colony count, the psychrotrophic

count and the acid degree value are presented in Table 5:13.

3. Flavour (taste)

The scorses given by the panegl for the flavour (taste) of pasteurized
milk packaged in glass bottles and single service containers on the day
of processing and after 2 and 6 days of storage.at 5°C are presented

in Tables 5:8, 5:9 and 5:10.

On the day of processing there was no significant difference between v
the flavour scores of pasteurized milk in the two different containers.
However, there was a significant difference (1 per cent level) between
the flavour scores given by the judges in the different trials. A
highly significant differsnce was found between the judges in their

scoring of the flavour of pasteurized milks on the day of processing.

After 2 days of storage at SOC, the flavour of pasteurized milk packaged
in SSC had higher (p < 0.01) scores than that packaged in glass bottles.
There was a highly significant difference (p < 0.001) between the
flavour scores awarded by the judges in the differsent trials. A

highly significant differasnce (p < 0.001) was found between the judges
in their assessment of the flavour of pasteurized milk after 2 days

of storage at SOC.

After 6 days of storage at 5°c, a highly significant (p <.U.DD1]
difference was found between the judges in their assessment of the
flavour of pasteurized milks. However, a significant difference

{(p < D85) was found between the flavour scores given for pasteurized

milks from different trials.

Pasteurized milk in glass bottles had hiéher scores (p < 085) than that
in single-service containers. There was no significant difference in
flavour scores of pasteurized milk which was exposed to light and

temperature conditions simulating the docrstep delivery system and that

which was not exposed to- these conditions. This was found for the
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TABLE 5:8

Means of the scores given by a panel (4 judges) for the
flavour of pasteurized milk packaged in glass battles
and single-service containers on the day of processing

Sample
No. of trial
Glass bottie S3C
1 6.00 5.25
2 6.58 8.53
3 6.00 8.00
4 6.50 6.50
5 5.90 6.06
5] §.34 B.21
Mean 6.21 6.09
oF s W
* %
Trial 5 1.9931 4,19
* k%
Judges 3 4,3817 10.48
Sample 1 0.3750 0.78
Trial judges 11 0.7578 1.58
Trial sample 5 0.4084 0.86
Judges sample 3 0.8719 1.83
Trial judges sample 11 G.5983 1.28
Residual 40 0.4750
Total 78 0.8084
Table Sample Trigl sample
REP 48 8
SER 0.1407 0.34486

significant at 5 per cent level
R " ” 1 " n ”

L ] ” ” 0.1 " " ]



TABLE 5:9

Means of the scores given by a panel (4 judges) for the
flavour of pasteurized milk packaged in glass bottles

and single-service containers after 2 days of storage at
50C in darkness and in light and temperature.conditions

simulating the doorstep delivery system

No. of trial Sample
Glass-E Glass-N SSC-E SSC-N
1 5.50 4.87 6.00 5.00
2 4.52 5.16 4.84 5.14
3 4.50 3.87 5.25 4.87
4 4,12 4,34 4.42 4,17
5 5,72 5.23 5.80 5.80
6 6.85 6.33 7.17 8.81
Mean 5.20 4.97 5.54 5.30
Overall mean 5.08 5,42
oF ns VR
EX R
Trial 5 25.4801 21.28.
Judges 3 10.39308 22.97]
Sample 1 5.4648 11.90
Exposed 1 2.7968 5.83,
Trial judges 10 9.8043 18.75
Trial sample 5 0.B6657 1.3i*
Judges sample 3 5,8901 11.88
Trial exposed 5 1.5824 3.20
Judges exposed 3 0.9688 1.88
Sample exposed 1 0.0016 D.gg*
Trial judges sample 10 1.7591 3.54
Trial judges exposed 10 0.6833 1.37
Trial sample exposed 5 0.4130 0.83
Judges sample exposed 3 0.3712 0.74
Residual a8 0.4964
Total 151 2.4412
Table Sample Sample exposed Trial sample exposed
REP 98 48 8
SED 0.1017 0.1438 0.3523

* %

* k%

significant at 5 per cent level
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TABLE 5:10

Means of the scores given by a panel (4 judges) for the
flavour of pasteurized milk packaged in glass bottles
and single-service containers after 6 days of storage at
59C in darkness and in light and temperature conditions
simulating the deorstep delivery system

No. of trial Sample
Glass-E Glass-N SSC-E SSC-N
1 4.13. 4,861 3.70 4,57
2 4.62 4,37 3.62 3.87
3 3.97 3.58 4,58 3.83
4 5.25 4,75 2.75 4.00
5 3.87 3.87 4.00 4,25
B8 4.25 4.75 4.50 5.37
Mean 4,35 4,32 3.86 4,31
Overall mean 4,33 4,09
or ns VR
*
Trial 5 2.2993 3.57.
Judges 3 12.7768 19.86
Sample 1 2.9482 4,58
Exposed 1 2.2217 3.49,
Trial judges 12 4,72489 7.34*
Trial sample 5 5.3297 8.28
Judges sample 3 2.,7005 4,18
Trial exposed 5 1.8141 2.8%
Judges exposed 3 0.9545 1.48
Sample exposed 1 2.8399 .47,
Trial judges sample 12 3.0460 4.73
Trial judges exposed 12 1.3432 2.08
Trial sample exposed 5 0.9522 1.48
Judges sample exposed 3 1.47589 2.29
Residual 96 0.6431
Total 187 1.7055
Table Sample Sample exposed Trial sample exposed
REP 96 48 8
SED 0.1158 0.1637 0.4010
* significant at 5 per cent level
* %k n n 4] n n ”
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Scores

GRAPH 5:3
Mean flavour scores awarded by a panel (4 judges) for pasteurized

MWI milk packaged in glass bottles and single-service containers and
stored at 5°C for 6 days after various treatments
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milks in glass bottles and in single-service contalners.

Changes in the flavour scores of pasteurized milk packaged in the two

different containers with storage at 5°C are illustrated in graph 5:3.

The flavour scores for pasteurized milk in both types of container showed
correlation coefficients which were significant at the 0.1 per cent

level with the loge of the total colony count and psychrotrophic count
{Table 5:13).

4. Total scores of the organoleptic tests

The total scores. given for pasteurized milk packaged in glass bottles
and single-service containers on the day of processing and after 2 and
8 days of storage at 5°C are given in Tables 5:11, 5:12 and 5:13

respectively.

The total scores on the day of processing show that there was no
significant difference between the samples in the two different
containers. The differences between the trials were significant at
0.1 per cent level. The same significant difference was found

between the members of the panel in the scores awarded.

After 2 days of storage of the milks, the results show that pasteurized
milk packaged in SSC had a higher total score (significant at 0.1 per
cent) than pasteuriied milk packaged in glass bottles. The scores
given to the milks in glass bottles which were exposed for 3 h to light
and temperature conditions simulating the doorstep delivery system,
were not significantly different from the scores given to the samples
which were not exposed to these conditions. However, milk packaged

in SSC which were exposed to simulated doorstep conditions had a
higher score (p < 0.5) than the milk in SSC which were not exposed.

The difference betwsen the means of these was only 0.52, which is not

a very great difference from the practical point of view. The
differences were significantly higher (p < 0.001) between the trials

and also between the samples.
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Means of the total scores given by a panel (4 judges)
for appearance, odour and flavour of pasteurized milk

TABLE 5:11

packaged in glass bottles and single~service containers

on the day of processing.

No. of trial Sample
Glass bottle ssc
1 18.25 17 .87
2 20.09 20.28
3 19.37 20.00
4 19.75 18.62
5 19.41 18,81
8 19.43 19.87
Mean 19.38 19.26
oF s VR
Trial 5 9.812 8.55*
* %ok
Judges 3 23.841 21.87
Sample 1 0.382 0.34
Trial judges 11 1.845 1.67
Trial sample 5 2,222 2.02
Judges sample 3 4,818 4.5;
Trial Jjudges sample 11 2.703 2.4%
Residual 40 1.100
Total 79 3.045
Table Sample Trial sample
REP 48 8
SED 0.214 0.524

* %
* ok k

significant at

” "

5 per cent level

l] n
D‘fl n



Means of the total scores given by a panel (4 judges) for

the appearance,

TABLE 5:12

odour and flavour of pasteurized milk

packaged in glass bottles and single-service containers
after 2 days of storage at 5°C in darkness and in light
and temperature conditions simulating the doorstep delivery

system.
Sample
No. of trial
Glass-E Glass-N SSC-E SSC-N
1 18.37 17.37 18.37 17 .37
2 17.68 18.78 18.77 18.87
3 18.50 15.75 18.37 17 .50
4 18.35 18.77 17 .78 17.07
5 18.37 17 .23 18.23 18.74
B 18.86 17 .78 19.10 17 .80
Mean 17 .63 17 .28 18.43 17 .91
Jverall mean 17 .48 18.08
OF ns R
L
Trial 5 14.816 10.30
Judges 3 115.784 81.83,
Sample 1 22.6824 15.9%
Exposed 1 10.464 7.92*
Trial judges 10 25.142 17.72
Trial sample 5 3.316 2.33*
Judges sample 3 20,837 14.§§
Trial exposed 5 ., 3.6B93 2.80
Judges exposed 3 8.213 5.78"
Sample exposed 1 0.164 0.11.
Trial judges sample 10 7.3907 5.57
Trial judges exposed 10 0.714 0.50
Trial sample exposed 5 1.881 1.33
Judges sample exposed 3 1.527 1.07
Residual 86 1.418
Total 151 B.858
Table Sample Sample exposed Trial sample exposed
REP 96 48 12
SED 0.1718 0.2431 0.5855

* %

* & ok

significant at

n

b

"

5 per cent level

IE- ”
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TABLE 5:13

Means of the total scores given by a panel (4 judges) for the
appearance, odour and flavour of pasteurized milk packaged in
glass bottles and single-service containers after 6 days of
storage at 59C in darkness and in light and temperature
conditions simulating the doorstep delivery system.

Sample
No. of trial
Glass-E Glass-N SSC-E SSC-N
1 14.12 15.43 13.62 15.15
2 15.87 15.87 15.12 14.87
3 14.85 15.21 15.97 15.64
4 17.87 17 .12 14.75 16.87
5 18.25 16.37 16.37 16.87
B 12.75 14.25 14.50 15.75
Mean 15.30 15.71 15.05 15.86
Overall mean 15.50 15.48
oF s VR
* %ok
Trial 5 28.977 15.87
Judges 3 18.270 g.88"
Sample 1 0.112 0.08
Exposed 1 17,516 9.47
Trial judges 12 23.279 12,587
Trial sample 5 11.225 6.8/
Judges sample 3 5,442 2.54
Trial exposed 5 3.668 1.98
Judges exposed 3 3.484 1.88
Sample exposed 1 1.896 1.0%*
Trial judges sample 12 9.187 4.§Z
Trial judges exposed 12 3.767 2.03
Trial sample exposed 5 3.191 1.72
Judges sample exposed 3 0.841 0.45
Residual 96 1.849
Total 167 5.696
Table Sample Sample exposed Trial sample exposed
REP 96 48 8
SED 0.1962 0.2775 0.6798

*
* %k
* k%

significant at 5 per cent level

n ” 1 ”

”n ” 0 . 1 n

»
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Total Score

GRAPH 5:4

Mean total scores awarded by a panel (4 judges) for

pasteurized milk packaged in glass bottles and single-

service containers and stored at 5°C for 6 days after
various treatment
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The scores given by the taste panel to milks stored for 6 days at 5°¢C
showad that there was no significant difference between the quality of
milk in the two packaging systems. Pasteurized milk in the single-
service containers which were notexposed to simulated doorstep delivery
had higher scores (p < 0.01) than that which was exposed. However,
there was no significant difference in the scores of pasteurized milk
in glass bottles which had been or had not been exposed to simq}ated

doorstep delivery conditions.

The total scores for pasteurized milk packaged in single-service
containers showed correlation coefficients of -0.7310 (p < 0.001),
-0.7846 (p < 0.001) and -0.5862 (p < 0.001) with the loge of the

total colony count, logg of the psychrotrophic count and the acid

degree values respectively. However, in the case of pasteurized
milk in glass bottles, the correlation coefficients witQ the abave
parameters were -0.7131 (p < 0.001), -0.7365 (p < 0.001) and -0.8614
(p < 0.001) respectively (Table 5:13).

The reduction in the total scores for pasteurized milk in the two

types of containers with storage time is illustrated in graph 5:4.

5. Flavour defect

The flavour defects referred to by the members of the panel when the
. milks were examined on the day of processing and after 2 and 6 days of

storage at 5°C are given in Tables 5:14, 5:16 and 5:16.

The results indicate that on the day of processing (Table 5:14) the panel
did not detect any flavour defect in the samples of milk packaged in

either glass bottles or single service containers.

After 2 days of storage at 59¢ {Table 5:15) some of the milks in esach
type of container were judged to have very slight (level 1) and slight
off-flavours (level 2). However, none of the samples showed distinct

or pronounced off-flavours,

After 6 days of storage (Table 5:18) at 59C a few samples gave a distinct
fruity flavour but none of these samples gave pronocunced off-flavours.
One sample from each type of package gave a pronounced oxidized flavour,
after 6 days of storage at 5°C.
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TABLE 5:14

Categorization of comments by a panel (4 judges) of the flavours
of pasteurized milk packaged in glass bottles and singie-service

containers when examined cn the day of processing.

Flavour
type

Flavour
scale

No.

of samples

Glass bottle

SSC

Malty

No flavour
very slight
slight
distinct
pronocunced

1

OO0 ORN

OO0 oo N

Fruity

No flavour
very slight
slight
distinct
pronocunced

oo oN

CcCOoOoOoOoON

Oxidised

No flavour

very slight

slight
distinct
pronounced

QOoocoN

OO CaoON

Bitter

No flavour

. very slight

slight
distinct
pronounced

OO ocoN

OO0 0OoN

Cooked

No flavour
very slight
slight
distinct
pronounced

cCooonN

Oo0ocoamN




TABLE 5:15

Categorization of comments by a panel (4 judges) of the flavours
of pasteurized milk packaged in glass bottles and single-service

containers after 2 days of storage at 5°C in darkness and in

light and temperature conditions simulating the doorstep delivery

system.

Flavour
type

Flavour
scale

No. of samples

Glass-E

Glass-N

BSC-E

SSC-N

‘Malty

No flavour
very slight
slight
distinct
pronounced

OO0 -=>PhN

O0OoND

OO0 Www

oo oNO

Fruity

No flavour
very slight
slight
distinct
pronounced

o000 oom

OO oNDO

OO0 = -

O0O0OO0ON

Oxidized

Na flavour
very slight
slight
digtinct
pronounced

oo NOoO

[ I o s [P AP

OO NN

OO0 N =0

Bitter

No flavour
very slight
slight
distinct
pronounced

o R an R an B

OO0 OoN

OODODO0OON

OO0OO0OON

Cooked

No flavour
very slight
slight
distinct
pronounced

oo NOO

oo oOoOoOoN

OO0 CcCanN

OO0 oOooOoON




TABLE 5:18

Categorization of comments by a panel (4 judges) of the flavours
of pasteurized milk packaged in glass bottles and single-service

containers after 6 days of storage at 59C in darkness and in

light and temperature conditions simulating the doorstep delivery

system.

Flavour
type

Flavour
scale

No. of sample

Glass-E

Glass=N

SSC-E

SSC-N

Malty

No flavour
very slight
slight
distinct
pronounced

[on T an Ty o IR o)

OO NPD

OO0 O0oOu~N

OO0 ->wm

Fruity

No flavour
very slight
slight
distinct
pronounced

O = =2N @

o200 -

OoONDO -~

OO MN->W

Oxidized

No flavour
very slight
slight
distinct
pronaunced

W= NN R

OO NN®

=~ O 0N

O-2NNN

Bitter

No flavour
very slight
slight
distinct
pronounced

O0OOoONO

OO0 ~0 -

ocoooNDO

OO0 aON

Cooked

No flavour
very slight
slight
distinct
praenounced

O ->-~0

OO0 -~ NG

OO0 Oo0ON

OO0 =20 =




TABLE 5:17

Correlation coefficients found between the organoleptic tests and the total
colony count, psychrotrophic count and acid degree value obtained from
pasteurized milk packaged in glass bottles and SSC which were stored for 6

days at 5°C

romm of total colony count romm of psychrotrophic count Percentage of ADV
Organoleptic test : .
Glass bottle 3SC Glass bottle 3sC Glass bottle SSC
*. * * %k
Appearance -0.3189 -0.1701 ~0.2912 -0.2364 -0.4765 -0.3936
* %k % * k% * %k *k % % % * * %k
Odour -0.5472 -.4887 -0.6184 -0.4756 -0.3052 -0.3830
% %k k * k¥ * k% * %k * %k *
Flavour -0.6438 -0.7166 -0.6671 -0.7539 -0.4017 -0.3327
* %k * % % ExT: * % % * &k EXES
Total scores -0.7131 -0.7310 ~0.7365 -0.78486 -0.6614 -0.5882
DF = 58
* significant at 5 per cent level
* % ” " \_ ” " ”
LR ] ”n

” D . \— " n



DISCUSSION

1. Appearance

The scores which were given to the appearance of pasteurized milk an
.the day of processing showed that there was no difference between the
glass bottle and SSC samples in this respect. There was a significant

difference (at 0.1 per cent level) between the trials.

.

After 2 days of storage at SDE, the scores for the appearance of the
milks showed a slight decrease. There was no significant difference
between the appearance of pasteurized milk packaged in glass bottles
‘and that in single service containers under the above conditions.
Samples of milk in bottles which were exposed to simulated doorstep
delivery conditions had higher (p < 0.01) scores for appearance than the
same milk in non-exposed comtainers. Similariy, milks in single-
service containers expodsed to light had a higher (p < 0.001) score for
appearance than the unexposed milk in SSC. While the differences were
significantly higher when analysed statistically.The result. is of

little importance from the practical point of view because the differences

between the scores lay in the first decimal point.

After the milk had 6 days of storage at SDC, the mean of the scores
showed that the taste panel liked the appearance of the milk only
moderately. There was no significant difference between the scores
given to the appearance of the milk in glass bottles and single-

service containers at this time.

The difference between the scores given for appearance of the milk an
the day of processing and after 6 days of storage at 5°C was less than

1 point on the grading scale.

The results of the gradings for appearance are in agreement with those
of Schonbern et. al. (1975), who reported that there was no difference
in the appearance of pasteurized milk one day after delivery and no

statistically significant difference five and eight days after delivery.
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2. Odour

The mean of the scores for pasteurized milk on the day of processing
showed that there was no difference in the odour betwesn the milk in the

glass bottles and that in single-service containers.,

There was a highly significant difference (0.1 per cent level) betwsen
the scores awarded in different trials. There was also a significant

difference (0.1 per cent level) between the judges.

After two days of storage at 5°C the odour scores given for the SSC
milks were significantly higher [b < 0.001) than those which were given
for the milk in glass bottles. There was no significant difference
between the odour scores of milks exposed to light and temperature
conditions simulating the doorstep delivery systeﬁ and those which were
not exposed to these conditions. There was a highly significant
difference (0.1 per cent level) bstween the scores awarded in different
trials. The other highly significant difference at the 0.1 per cent

occurred in the score awards made by individual graders.

After six days of storage at EOD, there was no significant difference
between the odour scores given to the pasteurized milk packaged in glass
bottles and SSC. The results showed that the samples of milk in glass
bottles which were not exposed to the light and temperature conditions
simulating the doorstep delivery system had higher (p < 0.5) odour
scores (better quality] than those which were exposed. This may have
been due to the affect of induced light in the case of the exposed
samples. However, exposure to simulated doorstep delivery conditions
had no significant effect in the case of SSC samples. A significant
difference (0.1 per cent level) was found between the trials. The
decrease in the ddour scores during the storags time was higher in

the case of milk in glass bottles exposed to simulated doorstep delivery,

The results of the odour scores were in agreement with those of
Schénborn et. al. (1975).

The odour scores showed highly significant negative correlations
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(p < G.001) with the loge of the total colony count and the psychrotrophic
count. This suggests that the increase in these counts.and the
resulting enzymic activity was :esponsible to a certain degree for odour

defects in the pasteurized milk.

3. Flavour

The flavour scores of pasteurized milks on the day of processing showed
that there was no significant difference between the milks packaged in
glass bottles and SSC. There was a significant difference (0.1 per
cent level} between the flavour scores in the two types of package.

The différences betwesn the trials were significant at 1 per cent ;

level.

After two days of storage at SDC, the flavour scores given to
pasteurized milk packaged in SSC were significantly higher than those
given to pasteurized milk packaged in glass bottles. The differences
were statistically significant. Some flavours specified by the taste
panel in some milks in both types of container were classified as
'Very slight’'. However, most of the samples showed no flavour

defect after two days of storage at SDC.

On the sixth day of storage, the flavour scores given to the pasteurized
milk in the glass bottles wers significantly higher (p < 0.5) than
those which were given to the SSC samples. But, the differences

were not of practical importance. On the other hand the difference
between the two means was 0.24, There was no significant difference
in the flavour score due to exposure to the simulated doorstep delivery
conditions. There was clear evidence of the light-produced oxidized
flavour in the samples of milk in glass bottles which were expoéed to
the day light for 3 h compared with those which were not exposed.
Oxidized flavour appeared in some milks in SSC. This may have been
due to the absorption of oxygen during storage. Highly significant
negative correlation coafficients (p < 0.001) were found between the
flavour scores and loge of the total colony count, psychrotrophic

count and the acid degree value. Randolph et. al. (1864) stated that
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the most common defects such as unclean, bitter, fruity, and stale
flavours in pasteurized milk at the time of spollage.were those

resulting from the growth of psychrotrophic bacteria.

It appeared from the results that the flavours in pasteurized milk were
caused by microbial growth, and chemical and phsycial changes in the
milk. There was a decrease in the flavour scores during the storage
time at 5°C. The mean of the flavour scores after six days of

storage at 5°¢ showd on the scale between 'like slightly’ and

'dislike slightly’.

4, Total scores

The combined scores for appearance, odour and flavour (taste) showed
that there were no significant differences between the milks in glass
bottles or single-service containers on the first day of processing
and after six days of storage at 5°¢c. However, on the second day of
storage, the overall total score given to the SSC samples was
significantly higher (p < 0.001) than that given to the milks in

glass bottles. There was a highly significant difference (p < 0.001)
between the trials and between the judges in the scores awarded on the
day of processing and after 2 and 6 days of storage at 5°C, From the
practical point the effect of the exposure was not significant.
Samples which were not exposed to simulated doorstep delivery
conditions had a higher total score for quality than the samples which
were exposed in both types of package, i.e. glass bottles and single

service containers.
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CONCLUSION

1. It is concluded that thers was no significant difference in the
appearance scores of pasteurized milk packaged in glass bottles or

single service containers after 6 days of storage at SDC. There was
a wide difference between the judges in their scoring for appearance

of pasteurized milk.

2. It is concluded that there was no difference in the cdour scores
of pasteurized milk packaged in the two types of container on the day
of processing, but the milk packaged in SSC showed better odour after
2 days of storage at 5°C than that packaged in glass bottles. Howeveg,
there was no significant difference betwsen the odour scores of milk in

the two types of contailners after 6 days of storage.

3. .It is concluded that there was no significant difference in the
flavour scores of milk packaged in glass bottles and single-service
containers on the day of processing. After 2 days of storage the
flavour scores for pasteurized milk packaged in SSC was better (p < 0.01)

than those of pasteurized milk packaged in glass bottles.

4, The total scores for the assessment of quality of pasteurized milk
packaged in SSC were higher (p < 0.001) than those of pasteurized milk
packaged in glass bottles. However, there was no significant difference
between the total scores of the milk in both types of container aon the

day of processing and after 6 days of storage at 5°¢.

5. Oxidized flavour was the predominant off-flavour in the samples
of milk packaged in glass bottles which were exposed to the light and

-temperature condition simulating the doorstep delivery. system.

G. The results obtained in this study showed a highly significant
difference between the scores given for the quality of the milk in the
six trials. These differences may be related to differences in the
milk because of composition, age, handling procedures etc. and also to

differences in judging ability of the panel members.
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CHAPTER SIX

EVALUATION OF INHIBITORS TO DETERMINE THE
MICROBIOLOGICAL QUALITY OF PASTEURIZED MILK

INTRODUCTION

The incidence of psychrotrophic Gram-negative bacteria is the most
important bacteriological problem in the market milk industry today.
Post-pasteurization contamination in pasteurized milk is usually

caused by psychrotrophic Gram-negative bacteria.

Many attempts have been made to find a rapid method for the enumeration
of psychrotrophic bacteria, a test which could be used to determine :
the efficiency of cleaning and sanitizing in dairies. These attempts
were based on the fact that the majority of psychrotrophic organisms

in refrigerated milk are Gram-negative bacteria. The count of these
organiems can be determined by using a selective agar containing
inhibitors for the growth of Gram-positive bacteria. Many inhibitors
were used for this purpose by Gyllenberg et. al. (1880) and Olson
(1961), e.g. sodium deoxycholate and alkyldimethylbenzyl ammonium

chloride.

Lightbody (1864, 1965 and 1866) found that penicillin agar was a useful
medium for detecting post pasteurization contamination of milk, cream
and butter. He found that only a few Gram-positive. mlicrococei,
torynebacteria and aerobic sporeformers proauce colonies on it, :and
more than 80 per cent of the organisms which grew on it were Gram-

negative rods.

Smith and Witter (1978) found thet the presence of 2 mg of crystal
violet per litre medium or 2 mg of neotetrazolium chloride per 1 of
medium inhibited the growth of non-psychrotrophic bacteria while it

did not reduce the counts of psychrotrophs.

Langveld et. al. (1978) found that plate count agar (Difco) with the
addition of 100 mg benzyl-dimethyl-alkyl-ammonium chloride {(Benzalkon
A-50 per cent) per kg of medium or 1000 mg Janus green per kg medium

or 1000 mg Bromothymel blue per kg medium showed no growth when
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stroked with 0.01 ml of non-reinfected pre-incubated pasteurized milk.
They pointed out that micro-organisms surviving HTST-pasteurization

are Gram-positive except for Alcaligenes tolerans.

The aim of this study was:-

1. To evaluate some of the previously tested inhibitors with.pure
strains of spore-forming Gram-positive bacteria and non-spore

forming Gram-negative bacteria.

2. To find the relationship between the total colony count of
pasteurized milk on a selective medium after pre-incubation
for 24 h at 25°C and after 7 days of storage at 5°C on plate

count agar without any selective inhibitors.
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EXPERIMENTAL

1. Pure strains of Bacillus subtilis, Bacillus cereus, Bacilllus

licheniformis, Bacillus megaterium, Bacillus pumilus, Bacillius firmus,

Bacillus coagulans, Bacillus circulans, Bacillus brevis, Bacillus

sphaericus, Bacillus polymyxa, Pseudomonas species, proteus and

Escherichia coli 904 were grown for 24 h in nutrient broth at the

optimum temperature for each organisms as described by Gibbs and
Shapton (1888). Each organism was then stroked on Difco plate count

agar medium to which addition had been made:-

(1) 100 mg of Benzalkon A-50 per cent per 1 and,

(i1) 1000 mg of Janus green per 1.
This experiment was repeated three times.
2. Eight samples of pasteurized milk were collected twice from the
filling machines in a dairy - four samples in each trial from the
bottling machine and the other four from the single-service filling

machine. Each sample was mixed and divided aseptically into two

sterile jars. The portions were treated as follows:-

Portion A This lpt was incubated at 25°C for 24 h and then 0.1
ml amounts of serial ten fold dilutions in quarter strength
Ringer?s solutions were plated in duplicate on plate count agar

to which one of the following selective agents had been added:-

(i) 100 mg Benzalkon A-50 per cent per 1 medium,

(ii) 1000 mg Janus Green per 1 medium.

The plates were incubated for 24 h at 30°C and examined Fop growth.
Portion B This lot was incubated at 5°C for 7 days to allow
psychrotrophs to develop and then the total colony count was

determined according to the method described in chapter one/sectian
1:1)- ‘
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TABLE B:1

Regression analysis of Log TTC/3G on Log_ of TCc?

Logg TTC/3G

Regression
Correlation
Estimate SE I coefficient
* ¥ K
Y-intercept of logE TTC 16.3826 2.9168 -5.62 0.9144
Slope of 1oge TTC 1.9993 = 0.2367 8.45
The regression equation is:-
Loge TTC/JG = =16.3828 + 1.9989 x lage TTC
Analysis of variance:-
oF ss s
Regression 1 194,64 194,64
Residual 14 22.49 1.80
Total 15 217.13 14 .47
Change -1 -194164 194.642
% Variance acdounted for 88.9.
1. Loggy of total colony count of pasteurized milk after pre-

incubation for 24 h at 25°C using Janus green as an

inhibitor for gram positive bacteria.
2. Loge of total colony count of the same pasteurized milk
referred to above, after 7 days of storage at 59¢ using plate

count agar.

***  gignificant at 0.1 per cent level



TABLE 8:2
Regression analysis of loga TTC/B! on 1oge TCC?

Loge TTC/B
Regression
Correlation
Estimate SE T coefficient
* ek
Y-intercept of loge TTC ~-7.1864 2.1874 -3.29 0.8857
Slope of logB TCC 1.26870 0.1775 7.14
The regression equation is:-
che TTC/B = -7.1864 + 1.267 X loge TTC
Analysis of variance:-
oF s s
Regression 1 72.88 72,880
Residual 14 20.02 1.430
Total 15 92.88 6.192
Change ' -1 -72.86 72.880

Q,

% variance accounted for 76.9

1. Log8 of total colony count of pasteurized milk after pre-
incubation for 24 h at 25°C using Banzalkon A-50 per cent

as an inhibitor for gram-positive bacteria.

2. Log8 of total colony count of the same pasteurized milk
referred to above, after 7 days of storage at 59¢C using plate

count agar.

*#*  gignificant at 0.1 per cent level



TABLE 6:3

The effect of Benzalkon A-50 and Janus green as inhibitors
on the growth of some Gram-negative and Gram-positive
bacteria after 24 h at the optimum temperature growth for

each

Type of organism

Benzalkon A-50
100 mg/l media

Janus green
1000 mg/l media

Bacillus

subtilis

Bacillus

cereus

Bacillus

licheniformis

Bacillus

pumilus

Bacillus

firmus

Bacillus

coagulans

Bacillus

circulans

Bacdllus

brevis

Bacillus

sphaericus

Pseudomonas spp.

Proteus

Escherichia coli 304




RESULTS AND DISCUSSICN

Experiment 1

The results of this experiment are presented in Table 6:3. It is
clear that the addition of 1000 mg Janus green per 1 medium completely
inhibited the growth of the pure cultures of spore-forming bacteria.

However, the non-sporeforming bacteria [Eseudomonas’ proteus and

E. coli) had grown after 24 h at 30°C. The same result was found
where Benzalkon A-50 per cent (100 mg per 1) was added to the agar.
It could bs'possible, therefore, to use these agents in media for
enumeraticn of the Gram-negative psychrotrophic bacteria in

pasteurized milk.

HTST-pasteurization destroys most Gram-negative bacteria, but there

are some Gram negative which survive this heat treatment.

Abd-£1-Malek and Gibson (1952) found that Alcaligenes tolerans was the

only Gram-negative rod occurring in milk after laboratory
pasteurization at 53°C for 30 min. They reported that it grew at
10°%C and at 37°C, the optimum being about 30°C.  Stadhouders (1875)

found some of the Alcaligenes and Microbacterium species as the

thermoresistant bacteria commeonly  present in pasteurized milk. There-

fore Alcaligenes tolerans is the Dhly problem facing the attempts to

find an efficient test for the quality of pasteurized milk using a

selective medium which inhibits Gram-negative bacteria.

Martin (1974) reported that Bacillus spp. accounted for about 85 per
cent of the sporeforming bacteria in market milk in the USA. of

these 43 per cent belonged to the species Bacillus licheniformis,

37 per cent were Bacillus cereus, and the remaining 20 psr cent

comprised other Bacillus spp.

The Bacillus specles were chosen in this experiment because of this

finding.
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Experiment 2

The results of the second experiment presented in TablesB:2 and 6:3
show that there was a highly significant correlation between the total
colony count of pasteurized milk after pre-incubation for 24 h at 25°%¢
using a sélective media and the total colony count of milk after 7

days of storage at 5°¢.

Janus green was a more effective inhibitor than Benzalkon A-50 per cent.
The correlation coefficients were 0.9144 (p < 0,001) and 0.8857
(p < 0.001). The regression analysis also showed a highly significant

correlation when the t-value was compared with the statistical tables. .

In view of this one cannot conclude that the growth of Gram-negative
bacteria on a selective medium is guaranteed identification of post-

pasteurization contamination.

The results showed that the relationship between the counts on both
selective media and the total colony count of pasteurized milk at

59C for 7 days was not sufficiently accurate from the practial point
of visw. However, more work neéds to be done on this project using

other strains of micro-organisms.

CONCLUSION
1. The use of Janus green at 1000 mg per 1 of medium and Benzalkon
A-50 (100 mg per litre medium) totally inhibited the strain of Bacillus

spp. uUsed in this experiment but not the growth of Pseudomanas SpP. »

proteus, and Escherichia coli 904

2. There was a highly significant correlation (p < 0.001) between
the counts of pasteurized milk after pre-incubation at 25°C for 24 h
and the total colany count of the milk after 7 days at 5°C.

3. The relationship between the counts on the two selective media
and the total colony count after 7 days of storage was not enough to

Justify their use in practice.
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