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Abstract: The present study was conducted to investigate the effects of storage conditions on the hygienic
quality and shelf life of pasteurized milk produced by one of the dairy factory in Khartoum State. Moreover
investigations on the possible sources and causes of contamination of pasteurized milk were also done. Three
areas (Sixty samples) were selected in Khartoum North according to fluctuations in electrical supply, permanent
supply (stand by generator) and immediate marketing. Other twenty samples were stored in the laboratory
(Faculty of Animal Production) at 7°C. These samples were examined to determine the total number of bacteria,
coliform bacterial counts, Escherichia coli counts and psychrophic bacterial counts. Also the presence of
Salmonella spp. and Proteus spp., in pasteurized milk were reported. The counts of total bacteria were found
to range between 6.5x10  and <6.5x10 , psychrophilic bacteria were between 6.5×10  to <6.5×10 , coliform5  14      7  14

counts revealed 6.5× 10  to 6.5×10 and E. coli were between 0 and <6.5×10 . The results showed that storage12  14        11

conditions have effects on bacterial counts (P <0.001). The results also showed that pasteurized milk samples
were free from Salmonella whereas Proteus spp. were found in 20 % of the examined samples and E. coli was
isolated from 90 % of the samples. The survey in the factory revealed 100%, 80% and 80% positive isolation
of E. coli from raw milk samples and pasteurized milk before and after filling, respectively. While filling machine
after used, rinsed water and tap water showed 100% 100% and 0% for the presence of E. coli. The present study
concluded that the pasteurized milk distributed in Khartoum State by the selected dairy factory is of low quality.
Hence it was recommended that hygienic quality monitoring programs are urgently needed to ensure that
quality milk are produced and consumed in the country.
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INTRODUCTION that pathogenic organisms are killed. It also ensures that

Improving the microbial safety of perishable food is number, for optimum keeping quality . Gruetzmacher and
currently a major preoccupation in the food industry . Bradley cited that factors that limit the shelf life of[24]

Assurance of the quality of dairy products begins at the refrigerated pasteurized milk are the microbial quality of
farm and ends in the hands of the consumers . In order raw milk, time and temperature of pasteurization, presence[16]

to improve the quality control of milk and milk products and activity of post pasteurization contaminants, types
and to increase the shelf life of milk, eliminating sources and activity of pasteurization resistant microorganisms,
of post contamination and proper cleaning should be and the storage temperature of milk after pasteurization.
followed . Post pasteurization contamination has received most of[8]

Bacterial quality of raw milk is important for both the attention and is considered to be the factor, which
industry and consumers, since high bacterial counts on limits shelf life in the majority of cases .
the farm contributes to poor keeping quality and inferior Imele et al  reported that milk pasteurized at 85°C
products . The number of bacteria depends upon the and milk heated to boiling temperature had revealed[14]

cleanliness and health of the animal and milkers, <30000 and 10000 cfu/ml bacterial counts, respectively.
cleanliness and sanitation of milking utensils, and the age Padilha et al  analyzed 250 samples of pasteurized
and storage temperature of collected milk . milk; Salmonella spp. was not isolated while 32.8, 24.0 and[22]

The heat treatment of milk prior to packaging for 12.4% of the samples contained coliform bacteria, feacal
liquid consumption, or manufacture into milk based coliform and mesophilic bacteria, respectively. 
product, is an important critical control point to ensure Hence the objectives of this study are:

spoilage organisms are eliminated, or at least reduced in
[12]

[8] 

[11]

[ 13]

[20]



Res. J. Anim. & Vet. Sci. 1(1): 12,17 2006

13

C To estimate the level of microbial load of pasteurized at the Dairy Department in a control temperature (7°C). 
milk distributed in Khartoum State.

C To investigate the possible sources and causes of Factory survey:
contamination and the high microbial load of  The sources of E. coli were also studied in the plant.
pasteurized milk. The survey included raw milk samples purchased from

C To assess the effect of the storage conditions on the near farms, raw milk of the company farm, pasteurized milk
keeping quality of pasteurized milk. before filling, and pasteurized milk after filling, filling

MATERIALS AND METHODS In this investigation the pasteurized milk samples

Sources of samples: This investigation was done during standard plant count (SPC), psychrotrophic count (PC),
the period of June to October 2002. The milk samples were coliform count, Escherichia coli count and the presence
produce by Dairy Land Factory; the pasteurization was of Salmonella spp..
done at 95°C for 10 seconds. Pasteurized milk samples Sterilization of culture media and equipment were
were collected from Khartoum North. carried out according to Barrow and Feltham . Serial

Shops samples: Survey on milk distribution, preservation Richardson . The bacterial count was determined
and marketing conditions was performed before the according to Richardson  by using standard plate count
selection of shops to be investigated. One shop was agar. Psychotropic bacterial count was done on standard
selected from each of the three locations: plate count agar as described by  anonymous.

Location D: The reason behind chosen the shop in this count . Metachromogelb agar was used to determine the
location is that the electricity is intermittent (subjected to E. coli count.
period of off electricity). The planting and counting were done following the

Location C: The shop that was selected from this area has identification of purified isolates was carried out
a good distribution and marketing of pasteurized milk. according to Barrow and Feltham .

Location B: The shop in this location was selected Statistical analysis: SPSS 10.00 (Statistical Packages for
because it has a permanent supply of cooling (standby Social Sciences) was used to analyze all data using anova
Generator is available). test and Duncan multiple range test (DMRT) for mean

Control samples (Location A): Milk samples were
obtained directly either from the factory or the company’s RESULTS AND DISCUSSIONS
chilled car distributing the milk to the selected shops (the
milk samples were collected and stored at 7°C). Standard plate counts: The maximum, minimum and mean±

Five batches of milk samples were collected at 5 standard deviation of SPC revealed 6.5x×10 , 6.5×10 , and
months, by purchasing four samples each time from the 7.9×10 ± 1.9×10 for pasteurized milk respectively, as
selected location (all milk was purchased in the same day shown in Table 1. Bacterial counts (log cfu/ml) were
of its processing. plotted against storage conditions for each of the five

 The milk samples were brought in an icebox to the batches to obtain the effect of the storage conditions on
laboratory of the Department of Dairy Production, Faculty bacterial growth for the samples. Storage I revealed
of Animal Production, University of Khartoum for the 1.44×10 ± 2.56×10  compared to that of storage II
laboratory analysis. The analysis was carried out for the (1.44×10 ± 2.56x10 ) as shown in Table 2. Moreover,
duplicate samples after two days of processing the analysis of variance shown in Table 3 revealed that the
pasteurized milk to represent the first part of the storage periods, batches and locations played significant
experiment (storage 1). In the second part of the roles (P< 0.001) in the bacterial growth rate. 
experiment the analysis of the other left duplicate
samples; which were stored in the same refrigerator at the Psychotropic bacterial counts: The psychotropic
selected different shops; were carried out to assess the bacterial counts were found to be 6.5×10 , <6.5×10 and
shelf life of pasteurized milk. The factory samples, which 7.5×10 ± 1.9332x10 for minimum, maximum, mean and
represent the control samples, were collected and stored standard     deviation     values     for     pasteurized     milk,

machine, rinsed water and tap water.

were subjected to the microbial tests that including

[3]

dilation of milk samples was done according to
[21]

[21]

MacConkey agar was used to determine the coliform
[3]

method described by Christen et al  and the[4]

[3]

separation.

14  5

13  14 

13  13

14  14

7  14

13  14 
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Table 1:The mean, standard deviation, minimum and maximum of microbial content of the different pasteurized milk samples
Item Mean Standard deviation Maximum Minimum
Standard plate count 7.9x10 1.9x1014 6.5x10 6.5x1013 14 5

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Psychrotrophic bacterial counts 7.5x10 1.9332x10 <6.5x10 6.5x1013 14 14 7

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Coliform counts 4.33x10 1.4146x10 <6.5x10 6.5x1011 12 14 12

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
E. coli counts 4.33x10 1.41146x10 <6.5x10 010 10 11

Table 2: The effect of storage periods on the microbial content of the different pasteurized milk samples
Item Storage I Storage II
Standard plate count 1.44x10 ± 2.56 x10 1.44x10 ± 2.56 x1013   13 14   14

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Psychrotrophic bacterial counts 1.931x10 ± 7.937x1012 2.56x10 ± 1.437 x1013  14   14

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Coliform counts 1.93x10 ± 7.94x1010 1.93x10 ± 7.87 x1011  12   11

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
E. coli counts 1.93x10 ± 7.94x109 1.93x10 ± 7.87x101010  11

Table 3: Composition of the hygienic quality of different pasteurized milk samples using standard microbial counts
Item Locations Batches Storage periods

-------------------------------------------------- -------------------------------------------------- ------------------------------------------------
M-squire F Sig. level M-squire F Sig. level M-squire F Sig. level

Standard plate counts 0.7574 1 0.001 3.686X10 83.783 0.001 6.693X10 152.094 0.001*** 29 *** 29 ***

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Psychrophlic counts 0.07762 1 0.001 3.400X10 67.040 0.001 7.374X10 145.368 0.001*** 29 *** 29 ***

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Coliform counts 5.973 X 10 1 0.001 2.373X10 17.160 0.001 2.005X10 14.499 0.001-8 *** 25 *** 25 ***

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
E. coli counts 5.972 X 10 1 0.001 2.373X10 17.160 0.001 2.005X10 14.499 0.001-6 *** 23 *** 23 ***

*** = Significance at P< 0.001

respectively as shown in Table 1. The storage conditions Survival of E. coli on the plant: Table 4 shows that there
as illustrated in Table 2 showed that the different value  in
psychrotropic bacterial counts were <7.937×10 ±12

1.931×10 and <1.437×10 ± 2.560×10 for storage I and13  14  14 

storage II, respectively. These differences were
significantly (P< 0.001) affected by storage periods,
batches and locations (Table 3).

Coliform bacterial counts: The minimum, maximum and
mean standard deviation were found to be 6.5× 10 ,12

6.5×10 and 4.33×10 ± 1.4146×10 during the present14  11  12 

study (Table 1). The coliform bacterial counts were
7.94×10 ± 1.93×10 cfu/ml in storage 7.87×1011± and I10  11 

1.93×10 cfu/ml in storage II as shown in Table 2. The12 

data in Table 3 indicated that there was highly significant
variation (P< 0.001) for coliform count as affected by
storage conditions.

Escherichia coli counts: Escherichia coli were identified
from 90% of the samples. Table 1 shows the minimum, to 6.5×10  cfu/ml (Table 1). Similarly, Nader et al  found
maximum and means ± standard deviation of E. coli to be, 28 samples (20 %) were outside the legal microbiological
0%, <6.5×10 , 4.33×10 ± 1.41146×10 , respectively. The standards   and   19  samples  (13.l6  %)  were11  10  10

effect of storage conditions on E. coli counts for storage contaminated   by   feacal   coliform.   The   high   counts
I and storage II were 7.94×10 ± 1.93×10 and 7.87×10 ± of total bacteria might be due to the pasteurization9  10  10

1.93×10 as shown in Table 2. The result shows that there temperature,   which   was   done  at  95°C  for  1011  

was highly significant effect (P< 0.001) of the different seconds.   This   supported   Vante   and   Castberg
storage conditions on the E. coli counts (Table 3). who     reported     that     if     the     processing 

was positive isolation of E. coli from 80 % of the samples
isolated from the plant. The survey indicated that 100% of
the raw milk samples purchased from near farms were
contaminated with E. coli. Raw milk of the company farm,
pasteurized milk before filling and pasteurized milk after
filling revealed 100%, 80%, and 80%, respectively, for the
positive isolation of E. coli. While filling machine after
used, rinsed water and tap water showed 100% 100% and
0% for the presence of E. coli.

Salmonella count: The present result revealed negative
isolation of Salmonella spp. from all samples (milk and
plant samples). However, the positive growth on S.S agar
medium was confirmed to be Proteus spp., which were
isolated from 20 % of the samples (8 % in storage I and 12
% in storage II).

Results of total bacterial counts obtained during this
study showed high values, which ranged between 6.5×107

14       [17]

[25]
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Table 4: Incidence of E. coli and Salmonella spp. in the factory
Item E. coli Salmonella spp.
Samples of market raw milk 100% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Samples of farm raw milk 100% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Milk after pasteurization before filling 80% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pasteurized milk in bottle 80% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Filling machine before used 20% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Filling machine after used. 100% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tab water 0% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rinsed water 100% 0%
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Empty bottle 0% 0%

temperature were increased to the range of 80 to 90°C higher count of E. coli. The result was similar to those of
would actually stimulate the growth of spore, decrease the
inhibiting effect of antimicrobial compounds and thus
decrease the shelf life of milk. It might also be due to
microbial quality of raw milk, post pasteurization
contamination and the storage temperature of milk after
pasteurization as stated by Gruetzmacher and Bradley  or[8]

milk handling or storage equipment . The filling machine[10]

might be another reason for the high counts as reported
by Elliker  that the major source of post pasteurization[6]

contamination  by  bacteria was a filler or improper
pasteurization. He also found bacterial count after 7 to 14
days at 7° C being higher in samples from piston fillers
than those from rotary fillers. 

The results of psychrotrophic bacteria were high
especially in storage II and that may be due to storage
conditions as citied by Simon and Hasen . They[23]

reported  that  the  microbial spoilage rate is doubled by
2° C increase in temperature. Also, Olson and Mocquat[18]

reported that psychrotrophic bacteria tend to be present
in higher count in milk and are often associated with
occasional neglect of proper cleaning or sanitizing
procedures. However, Gruetzmacher and Bradley[8]

reported that Gram negative psychrotrophic
microorganisms are destroyed by pasteurization and their
presence is due to post pasteurization contamination. 

Pasteurized milk, which was collected from the shops,
showed different values for standard bacterial counts
compared to the control samples (Table 2). The high
count of coliform bacteria in this study might be due to
improper handling, poor cleaning and storage of
equipments  as  stated by Hayes et al . Similarly Manie[10]

et al  reported that coliform bacteria commonly[15]

contaminate raw milk and as they do not survive
pasteurization, and is frequently used as an indicator of
inadequate processing or post processing contamination.
These high counts of coliform were reflected by the 

Dasilva et al  who isolated entropathogenic Escherichia[5]

coli (EPEC) serogroups from pasteurized milk. The higher
count of E. coli may be due to unrefrigerater
transportation and poor microbiological quality of water .[1]

Moreover, member of E. coli may be associated with
definite signs of illness and sometimes death as cited by
Osman . Hence the present study suggested that the[19]

high count of E. coli in pasteurized milk might be the
reason of the high count of pyschrotrophic. 

Results  of  the survey carried out in the factory
(Table 4) revealed that 100%, 100% and 80% of the raw
milk, pasteurized milk both in sterile laboratory or the
commercial   bottles   were  positive  for  the  presence of
E. coli. However the swabs from the filling machine before
and after filling recorded 20% and 80% positive of E. coli.
All samples of rinsed water revealed isolation of E. coli
however, all samples revealed the absence of E. coli in the
tap water. Similarly, the empty bottles of pasteurized milk
revealed negative isolation for E. coli (Table 4). This
might suggested that the E. coli predominated in the line
of pasteurized milk. However the negative isolation of
Salmonella spp. indicated that the labours and herds are
free from those pathogens. However, the isolation of
Proteus spp. during the present study was in support to
Gallardo et al  who isolated Proteus spp. from pasteurized[7]

milk. 
The present study concluded that low quality

pasteurized milk were distributed in Khartoum in terms of
high   bacterial   counts,  high  coliform  and  presence of
E. coli. Hence the following recommendations are been
drown:

 1- The hygiene in the factory need to be reorganized
and periodical examinations should be carried out
regularly.

 2- Raw milk supply should be of low bacterial load and
free from the pathogenic and spoilage
microorganisms.
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 3- A well-equipped quality control laboratory should be 9. Harding, F., 1999. Milk Quality. First edition,
established in each factory and efficient staff has to
be employed. 

 4. Efforts are needed to prevent post pasteurization
contamination and reducing microorganisms in milk
and milk products by application of general hygiene
and employing healthy labours.

 5- The official authorities should implement quality
assurance programs and regular monitoring, in order
to ensue that all dairy plants are producing high
quality products.

 6- Further studies are needed to cover the lacking
information on the factors influencing the shelf life
and keeping quality of milk and milk products under
Sudan conditions. 
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