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Abstract
This study was conducted to evaluate the microbial load of raw and heat-treated camel milk using LTLT and HTST.
Five batches of camel milk samples were examined. The samples were stored at refrigerator (8°C). The total bacterial
count in the heat-treated milk ranged from 9.4×106 cfu/ml to 2.4×107 and 7.6×106 to 2.4×107 cfu/ml for LTLT and
HTST, respectively, compared to raw milk samples (3.02×1010 - 3.2×1010 cfu/ml). The coliforms count ranged from
4.2×105 to 1.4×106 and 4.09×105 to 1.4×106 cfu/ml respectively, while the raw samples revealed 1.1×107 - 1.4×107
cfu/ml. The results showed low thermoduric bacterial count in the heat-treated milk (6.2×105 to 2.03×106 and 6.1×105
to 2.03×106 cfu/ml at LTLT and HTST, respectively) compared with raw milk samples (1.3×108 to 1.8×108). Also lower
values were obtained for both yeast and mould and psychrotrophic bacterial counts in the heat treated milk than in the
raw milk samples. Highly significant (P<0.001) differences were found in the microbial counts between raw and heattreated milk during storage. Moreover, the shelf life of heat-treated camel milk was high compared with raw milk
samples. It was concluded that heat treatment improves the microbial quality and extends the shelf life of camel milk.
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1. INTRODUCTION
interest to whether food and drink are good to
their health, as their concern being only to have
enough food (Lues et al., 2003). Karimuribo et
al. (2005) stated that the lack of awareness on
health risks associated with milk consumption
amongst nomadic communities needs to be
addressed in order to safeguard their health.
The shelf life of camels milk is longer
compared to other milk animals since it contain
antibacterial agent such as lysozyme,
lactoferrin and immunoglobulin than do bovine
or buffalo milk (Kappeler et al., 1999; Wernery
et al., 2005; Benkerroum 2008), however raw
camel milk may contain some potential
pathogens (Yaqoob and Nawaz, 2007; Shuiep
et al., 2007; Shuiep et al., 2009). Pasteurized
camel milk can last for more than 10 days at
4°C (Wernery, 2008). Hassan et al. (2006)
found that pasteurization of camel milk before
its fermentation improved the microbial content
and increasing the shelf life of the product.
However Abdalla and El Zubeir (2006)
concluded that for efficient heat treatment,
proper handling and strict hygienic measures
should be monitored before manufacturing of

There were wide variations in the constituents
of camel milk, which were attributed to some
factors such as age, number of calving,
management, stage of lactation, the sampling
technique used and season of the year and feed
quality (El-Hag et al., 2003; Parraguez et al.,
2003; Shuiep et al., 2008). Healthy functions of
camel milk have been highlighted (Hamad et
al., 2011). Investigations showed that camel
milk is highly contaminated when milked
under nomadic conditions (Khedid et al., 2003;
Shuiep et al., 2007). Because of its properties,
camel milk bacteriology is relevantly different
in comparing to milk from other species
(Semereab and Molla, 2001; Karimuribo et al.,
2005).
Camel husbandry has a significant contribution
to national economic in Sudan. However camel
milk is being used mainly for family and camel
herders’ subsistence (El Zubeir and Nour,
2006). Being a major constituent of nomadic
diet, healthy camel milk production is
considered essential to their health and welfare.
However, nomads have shown very little
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dairy products. Similarly Mohamed and El
Zubeir (2007) recommended the immediate
cooling for milk after milk and application of
heat treatment to improve its bacteriological
quality. Hassan et al. (2007) reported that
camel milk have special properties that it can
be looked upon as one of the promising
industry in the future by encouraging the
investment of camel milk and products. In the
present study, the microbial loads and shelf life
of camel milk were estimated using low
temperature long time (LTLT) and high
temperature short time (HTST) pasteurization
methods.

the shelf life of milk. Titratable acidity and colt
on boiling test were done according to AOAC
(1990). The camel milk samples (raw and heat
treated milk) were examined for total bacterial
count (TBC), coliform count, psychrotrophic
bacterial count, thermophilic bacterial count,
thermoduric bacterial count and yeast and
moulds counts according to Marshall (1992).
Plate count agar (Scharlau, 01- 161) was used
to determine the total bacterial, psychrotrpic,
thermophilic and thermoduric bacterial counts.
Potato dextrose agar (Scharlau, 01- 483) was
used to determine the total yeast and mould
counts. Eosine methylene blue agar (EMB)
(Himedia, M317-500G) was used for
differential isolation of coliform bacterial
count. All media were obtained in dehydrated
form and were prepared according to the
manufacturer’s instructions. Sterilization was
done according to Marshall (1992). Preparation
of serial dilution, culturing method, incubation
and counting of the developed colonies (cfu/
ml) were also done according to Marshall
(1992).

2. MATERIALS AND METHODS
2.1. Source of samples
Camel milk samples were obtained from Camel
Research Center, University of Khartoum.
Milk samples were collected during the period
between January to April 2011 in sterile bottles
and immediately transferred after milking to
dairy microbiology laboratory in Faculty of
Animal Production, University of Khartoum.
The herd is managed as semi-intensive system.

2.4. Statistical Analysis
The analysis of the data was conducted using a
completely randomize design. The analysis of
variance and the significant differences
between means were determined using Duncan
Multiple range test using SPSS version 13.

2.2. Heat treatment of milk samples
Five batches of raw camel milk samples (1
liter/ batch) were used in this study. Each batch
was divided into three portions. One portion
was kept as a control (raw milk) and the rest
were individually heated. The samples were
heat treated in glass containers, using water
bath. Heat treatment involved two time
temperature combinations: 63°C for 30 min
(Low temperature long time, LTLT) and 72°C
for 15 sec (High temperature short time,
HTST). Then the samples were cooled
immediately and stored at refrigeration
temperature.

3. RESULTS AND DISCUSSION
The results revealed low total bacterial count in
the heat-treated milk (9.4×106 cfu/ml to
2.4×107 and 7.6×106 to 2.4×107 cfu/ml when
using LTLT and HTST respectively) compared
to raw milk samples (3.02×1010 to 3.2×1010
cfu/ml (Table 1). The total bacteria count of
raw camel milk samples was higher than that
reported by Semereab and Molla, 2001; Shuiep
et al., 2007). The high total counts indicate low
quality of some raw camel milk, which may be
due to milking procedures (Shuiep et al., 2007).
Measurement of bacterial number in milk is of
interest, because they are indicators of poor
milk hygiene (Harding, 1999).

2.3. Analysis of camel milk samples
The microbiological examinations were carried
out at day 1, 5, 9, 13 and 17. The acidity and
clot on boiling test were done daily to assess
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Table 1: Variations of total bacterial count of raw and heat treated camel milk during storage
Storage days
Treatments
Standard
error
Raw milk
LTLT heated milk
HTST heated milk
3.02×1010a
9.4×106a
7.6×106a
1.7×106
1
1.7×106
3.2×1010b
1.2×107b
1.2×107b
5
7c
7c
1.7×106
1.6×10
1.5×10
9
7c
7c
1.7×106
1.9×10
2.07×10
13
7c
7c
1.7×106
2.4×10
2.4×10
17
In this and the following tables: LTLT = Low Temperature Long Time (63°C for 30 minutes); HTST = High
Temperature Short Time (72°C for 15 seconds). The same superscript letter in the same column indicate non significant
differences (P< 0.05)
Table 2: Variations of coliform count of raw and heat treated camel milk during storage
Storage
Treatments
days
Raw milk
LTLT
HTST
heat treated milk
heat treated milk
1.1×107a
4.2×105a
4.09×105a
1
7b
5b
1.4×10
7.2×10
7.09×105a
5
5c
9.1×10
8.7×105c
9
6d
1.1×10
1.2×106d
13
6e
1.4×10
1.4×106e
17

Standard
error
1.1×105
1.1×105
1.1×105
1.1×105
1.1×105

Table 3: Variations of yeast and moulds counts of raw and heat treated camel milk during storage
Storage
Treatments
Standard
days
error
Raw milk
LTLT
HTST
heat treated milk
heat treated milk
5.08×105a
1.1×104a
1.3×104a
7.1× 103
1
7.1× 103
6.2×105b
1.8×104b
2.3×104b
5
7.1× 103
2.3×104c
3.4×104c
9
7.1× 103
4.9×104d
5.7×104d
13
7.1× 103
7.1×104e
7.06× 104e
17

Ahmed and El Zubeir stressed on both the
importance of quality control programs to
regulate milk supply and on the training and
education as means of increasing the awareness
of stockholders and people from dairy industry.
The results also showed low coliforms count in
the LTLT and HTST- treated milk, ranging
from 4.2×105 to 1.4×106 and 4.09×105 to
1.4×106 cfu/ml respectively, while in the raw
samples the range was 1.1×107 - 1.4×107 cfu/ml
(Table 2). The coliform bacterial count of raw
camel milk samples was higher than that
reported previously. Benkerroum et al. (2003)
mentioned that coliform bacteria were not
detected in 1 ml of some camel milk samples.
Moreover Semereab and Molla (2001) found
that coliform count in more than half of camel
milk samples was less than 10 cfu/ml. Khedid
et al. (2003) reported that coliforms were the
most abundant microorganisms in camel milk

Available on-line at www.afst.valahia.ro

and they ranged from less than 1 cfu/ml to
8×104 cfu/ml. Shuiep et al. (2007) reported the
mean coliform bacterial count of camel milk
samples collected from Khartoum State was
found to be 1.70×107 cfu/ml. High coliform
count may be due to contamination with feacal
material, improper sanitation, and/ or mastitis
infection (Murphy and Boor, 2000). The yeast
and moulds count of raw camel milk samples
(Table 3) were higher than that reported by
Shuiep et al. (2007). He took the samples
directly from the udders after application of
alcohols as disinfections. Njage et al. (2011)
reported the presence of yeast throughout the
distribution and processing of raw milk and it
was low in samples collected from camel milk
(300 cfu/ ml) compared to those collected from
market (5.0±1.5 log cfu/ml).
The results of psychrotrophic bacteria (Table 4)
were high, that might have been due to storage
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conditions. The results revealed low
thermoduric bacterial count in the heat-treated
milk (6.2×105 to 2.03×106 and 6.1×105 to
2.03×106 cfu/ml at LTLT and HTST,
respectively) compared with raw milk samples
(1.3×108 to 1.8×108) as shown in Table 5.
There a was a decrease in the means values of
microbial measurements (total bacteria,
coliforms,
total
yeast
and
mould,
psychrotrophic bacteria, and thermoduric
bacteria) after heat treatment of camel milk
samples. El Zubeir et al. (2008) found lower
microbial loads when ccomparing raw and
pasteurized milk of the Western Cape, South
Africa. These results were in agreement with
the objectives of pasteurization (IDF, 1994).
Moreover the procedure of heat treatment is
known to improve the quality of dairy product
by killing the pathogenic microorganisms and
increasing the shelf life (Harding, 1999).
Moreover the microbial content revealed that
the count for total bacterial, coliforms, total
yeast and mould, psychrotrophic bacteria, and
thermoduric bacteria showed minimum values
at the beginning of the storage period, and then
increased slightly until the end of storage
period. The slight increase might be due to the
presence of antimicrobial factors in the camel’s
milk (El Agamy et al., 1992).

The acidity at day1 revealed mean of
0.16%±0.002 for both raw and heat treated
camel milk samples. Then the results indicated
gradual increase of acidity which was
continued till end of shelf life of camel milk
(raw and heat treated samples). Moreover,
sharp increase were observed in raw milk
samples up to the end of the shelf life (day 7)
compared to the heat treated samples, which
showed extended shelf life for up to 20 days.
Moreover the results of acidity were
significantly (P< 0.001) affected by storage
conditions (Table 6). This might be due to
fermentation of lactose, which was converted
to lactic acid (Harding, 1999). Higher level of
camel milk acidity was found during the
present study than that reported by Shuiep et al.
(2007. This might be due to the prolong storage
of the samples or their contamination by
microorganisms (Hassan et al. (2006)). As
most of camel owners practiced less hygiene
during milking and storage of their milk
(Shuiep et al., 2007). The increase in lactic acid
(acidity) level was gradually at the beginning
of storage period (Table 6). The rate of increase
in the acidity levels observed to be slow at the
beginning and this might be due to the presence
of the antimicrobial agents in the camel milk
(El Agamy et al., 1992; Wernery et al., 2002).

Table 4: Variations of psychotropic bacterial count of the raw and heat treated camel milk during storage period
Storage
Treatments
Standard error
days
Raw milk
LTLT
HTST
heat treated milk
heat treated milk
1
1.7×108a
6.7×105a
7.7×105a
1.3× 106
8b
6b
6b
1.3× 106
5
2.05×10
1.1×10
1.1×10
6c
6c
1.3× 106
9
1.4×10
1.4×10
6c
6c
1.3× 106
13
1.8×10
1.9×10
1.3× 106
17
1.9×106c
2.07× 106c

Table 5: Variations of thermoduric bacterial count of raw and heat treated camel milk during storage
Storage days
Treatments
Standard error
Raw milk
LTLT
HTST
Heat treated milk
heat treated milk
1
1.3×108a
6.2×105a
6.1×105a
1.0×107
8b
5b
5b
1.0×107
5
1.8×10
8.3×10
8.3×10
6c
6c
1.0×107
9
1.3×10
1.4×10
6c
6c
1.0×107
13
1.7×10
1.7×10
6c
6c
1.0×107
17
2.03×10
2.03×10
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Table 6: Variations of titrable acidity (lactic acid%) of raw and heat treated camel milk during storage period
Storage
Raw milk
Heat treatment
period/days
LTLT
HTST
heat treated milk
heat treated milk
1
0.160±0.002b
0.162±0.002a
0.160±0.002 a
b
b
2
0.170±0.002
0.170±0.002
0.168±0.002 b
c
c
3
0.180±0.002
0.172±0.002
0.170±0.002 c
4
0.192±0.002 d
0.176±0.002 d
0.172±0.002 d
d
d
5
0.208±0.002
0.178±0.002
0.178±0.002 d
e
d
6
0.224±0.002
0.180±0.002
0.178±0.002 d
e
e
7
0.224±0.005
0.180±0.002
0.180±0.002 e
e
8
0.182±0.002
0.180±0.002 e
e
9
0.188±0.002
0.186±0.002 e
f
10
0.188±0.002
0.188±0.002 f
11
0.182±0.002 f
0.192±0.002 f
f
12
0.198±0.002
0.194±0.002 f
g
13
0.198±0.002
0.198±0.002 g
g
14
0.200±0.002
0.202±0.002 g
h
15
0.206±0.002
0.208±0.002 h
h
16
0.210±0.002
0.212±0.002 h
i
17
0.214±0.002
0.216±0.002 i
18
0.220±0.002 j
0.222±0.002 j
k
19
0.228±0.002
0.228±0.002 k
l
20
0.230±0.004
0.230±0.004 l

The two methods of heat treatment of camel
milk samples were found to have a high
keeping quality, since the shelf life of the
heated samples extended up to 20 days under
refrigeration temperature compared to a shelf
life of raw camel milk samples that showed a
shelf life of 7 days at refrigeration temperature.
The long shelf life of the two products (raw and
heat treated) might be due to the presence of
antimicrobial and antibacterial agents in the
camel’s milk (El Agamy et al., 1992; Wernery
et al., 2005). The heat treated milk showed
longer shelf life compared raw milk.
Moreover, pasteurization of the milk had an
effect on the keeping quality of the product,
since the heat treatment is used to kill the
pathogens and the thermoduric organisms in
raw milk if refrigeration is poor might restrict
the shelf life of pasteurized milk (Harding,
1999).
The non complete destruction of organisms
after heat treatment supported Hassan et al.
(2006). This might be because presence
protective factors in camel milk (El Agamy et
al., 1992; Wernery et al., 2005). Moreover non
significant variations between two procedures
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of heat treatments for the measurements
supported by Attia et al. (2001) that more heat
and time are required for pasteurization of
camel milk.
The present study concluded that heat
treatments improve the microbial quality of
camel milk and extended its shelf life. Camel
milk has longer shelf life compared to other
livestock’s. Hence the present study
recommends the use of heat treated for camel
milk by establishment of collection centers and
mobile dairy factories for processing of
pasteurized camel milk in the area of the
production to improve the traditional
productions. Also it is necessary to increase the
awareness on health risks associated with
consumption of raw camel’s milk. Further
research is needed to promote heating degree
without affecting the nutritional values of
camel milk to guarantee the elimination of all
pathogenic and spoilage bacteria or make it at
minimum levels, since the camel milk is more
heat resistant.
The fund from Arab Science and Technology
Foundation (ASTF) is appreciated with thank.
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