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This study was set out to identify microbial load, chemical, and sensory characteristics of camel meat s
collected in the winter and summer seasons from bot h butchery shops and supermarkets butcheries.

On day 0, the viable cell count, Pseudomonas count, Streptococcus fecal, coliform fecal count,
Staphylococcus count and Staphylococcus aureus were higher in the summer as compared with winter
season. Also, the data showed that the numbers of m icroorganisms were affected by seasoning and
storage temperature. On day 0, the total viable cou  nt in camel meat sample collected in the winter and
summer was 5.6 and 6 logl0 CFU/g and increased to 6 .7 and 8.4 log10 CFU/g, respectively after 48 h of
storage at refrigerator temperature 7+1<C. Pseudomonas count in winter and summer samples on day 0
was 4.4 and 7.5 log 10 CFU/g, respectively. After 48 h of storage, the = Pseudomonas count increased and
reached 6.2 and 7.7 logl0 CFU/g. Streptococcus fecal count in winter and summer sample was 3 and

4.2, and increased to 3.4 and 5.1 log10 CFU/g durin

in winter and summer sample was 2.4 and 4.2 but inc

g storage at 7+1TC, respectively. Coliform fecal co unt
reased to 2.7 in winter sample and decreased to 2

log1l0 CFU/g in summer sample. The initial  Staphylococcus count in camel meat collected in winter was

3.2 and 5.5 1og10 CFU/g in the summer and reached 3

.8 and 5.9 log10 CFU/g after 48 h in the refrigerat or

temperature. S. aureus count in winter sample on day O was 2.5 and 5.8 1o 910 CFU/g in summer sample

and reached 3.3 and 5.6 log10 CFU/g after 48 hiin t

he refrigerator temperature. There were no signific  ant

differences in thiobarbituric acid reactive substan ces (TBARS) in camel meat collected in the wintera  nd

summer seasons. However, there were significant dif
supermarkets butchery and from butchery shops. Ther

ferences in TBARS in camel meat collected in
e were significant differences of lightness,

redness and yellowness P <0.05 after 48 h in storage. However, there were no  significant differences in

the meat color of the second and third day of stora
between the results obtained during the summer and

ge. Overall, there were no significant differences
winter periods, which means that seasons do not

have a significant  impact on the values of Hunter lab instrument.
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INTRODUCTION

Camel meat is considered as an excellent source of
protein, low fat content and rich in polyunsaturated fatty
acid (PUFA) content (Rawdah et al., 1994; Dawood and
Al-kanhal, 1995). Also, the camel meat is healthier as it
contains less intramuscular fat and cholesterol as well as
being relatively richer in PUFAs than beef (Kadim et al.,

2006). Camel meat contains 70-77% moisture, 20-23%
protein, 10.5% fat for camel between 5 and 8 years, while
4.4% for 1-3 years old, and 1.1-1.5% ash (Kadim et al.,
2008; Al-Owaimer, 2000). The chemical composition of
camel meat provides suitable media for growth of both
spoilage and pathogenic microorganisms. Therefore, the
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shelf life of fresh meat is limited to a few days during
storage at refrigerator temperature. Suitable storage
temperature, good handling and transportation, and
hygiene can extend the shelf life and improve the safety
and quality of camel meat and meat products. In general,
microorganisms grow well at 5C with a good supply of
nutrients. Food that is stored for prolonged periods at 7C
provides the perfect conditions in which microorganisms
can thrive.

Lipid peroxidation depends upon the degree of
unsaturation of the fatty acids. Increase in the degree of
unsaturation of the fatty acids results in decrease in color
and oxidative shelf-life. Lipid oxidation is a main con-
tributor to flavor deterioration in meat and meat products.
Postmortem can influence lipid oxidation and can
decrease both the shelf life and meat quality due to the
initiation of peroxidation (Vercellotti et al., 1992). Oxida-
tions of fatty acid start after animal's slaughter. Lipid
oxidation can be evaluated by the determination of
thiobarbituric acid reactive substances (TBARS). Low
temperature can delay the oxidation but do not prevent it.

The attractiveness of meat to the consumers is mainly
related to the color. The color of meat may vary from the
deep purplish-red of freshly cut beef to the light gray of
faded cured pork. However, the color of meat can be
controlled by some factors that have influence on the
color meat. When oxygen from the air comes into contact
with the exposed meat surfaces it is absorbed and binds
to the iron and called oxymyoglobin, gives beef its bright
cherry red color. To maintain this meat color requires that
the meat surface be free from any contamination which
would cause a chemical reaction resulting in the
formation of the brown pigment metmyoglobin. Vacuum
packaged fresh meat has a dark, purplish red color
because the oxygen has been removed from the package
and reducing enzymes have converted the meat pigment
back to myoglobin. Once the meat is taken out of the
vacuum package, it will recover its bright red color.

Therefore, the objective of this study was to investigate
the effect of storage temperature on microbiological,
chemical, and sensory properties of meat collected in
winter and summer seasons from supermarket and
butchery shops in the Saudi Arabia.

MATERIALS AND METHODS

Microbiological analyses

Aseptically approximately 25 g of camel meat was diluted 10-fold in
225 ml buffered peptone water and homogenized in a stomacher

bag for 1 min. Serial decimal dilutions were made and the following
analyses were carried out on duplicate agar plates: (1) Total viable
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Abbreviations: PUFA, Polyunsaturated fatty acid; TBARS,
thiobarbituric acid reactive substances.

count on plate count agar aerobic incubation at 30C for 48 h, (2)
Pseudomonas count on Pseudomonas agar media aerobic
incubation at 30C for 24 h, (3) Streptococcus count on tryptic soy
agar at 35C for 24 h, (4) Coliform fecal at violet red bile agar
aerobic incubation at 30C for 24 h, (5) Staphyloccous and
Staphylococcus aureus at Staphylococcus medium 110 aerobic
incubation at 35<C for 48 h.

Chemical analyses

Lipid oxidation was evaluated by the determination of TBARS using
the extraction method described by Witte et al. (1970). 20 g of the
minced meat were blended with 50 ml of cold solution containing
20% trichloroacetic acid in 2 M phosphoric acid for 2 min. The
resulting slurry was transferred to a 100 mL volumetric flask. It was
diluted to 100 ml with double-distilled water, homogenized by
shaking and filtered through Whatman no. 1 filter paper. 5 ml of the
filtrate was then pipetted into a test tube and 5 ml of fresh chilled 2-
thiobarbituric acid (0.005 M in double-distilled water) added. The
test tube was shaken well and placed in dark at room temperature
(25%C) for 15 h to develop the color reaction. The resulting color
was measured in a spectrophotometer at 530 nm to calculate the
TBARS value. The results were expressed as mg
malonaldehyde/kg meat.

Meat color analyses

Fresh camel meat color was measured by Hunter values L, a, and b
and for each slide at three sites (duplicates) different from the
surface of the slide for each store and then calculate the average
L, a, b type of scales simulate like: L (lightness) axis—O0 is black,
100 is white; a (red-green) axis—positive values are red; negative
values are green and 0 is neutral; and b (yellow-blue) axis—positive
values are yellow; negative values are blue and 0 is neutral. These
scales can also measure the color difference between a sample
and a standard. Measurements of the color of red meat samples
were obtained by using a Hunter lab. Values of L, a, and b was
measured by D65 as a source of light and then the device was
standardized by the white standard. Color measurement was
repeated three times during each period of storage after a piece of
meat was exposed to light and air for 45 min and during the offer
period, pieces were covered with a flexible membrane with a high
permeability for oxygen to prevent drying of the piece.

Statistical analyses

All analyses were performed using three samples (bags) for each
separate replicate. Three replicates were done. All the data were
statistically analyzed using the one-way analysis of variance of the
SPSS software. The differences among means at P< 0.05 were
compared by Duncan multiple analysis method.

RESULTS AND DISCUSSION
Microbiological analyses

On day 0, the total viable count, Pseudomonas,
Streptococcus fecal, Coliform fecal, Staphylococcus
count and S. aureus in camel meat collected in winter
and summer seasons in Saudi Arabia are shown in Table
1. The data also show that the numbers of micro-
organisms were affected by both seasons and storage
temperature. A high count of total viable count in camel
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Table 1. Growth of microbial count on camel meat collected in the winter and summer seasons and stored at 7<C for 48 h.

Winter season

Summer season

Types of microorganism

0 24 h 48 h 0 24 h 48 h
Total viable cell count 5.6 6.7° 6.6° 6.0° 7.8° 8.4°
Pseudomonas 4.4° 5.8° 6.2¢ 75° 752 7.7°
Streptococcus fecal 32 3.3° 3.4° 42° 5.0° 5.1°
Coliform fecal 2.4° 2.6° 2.7° 4.2° 36° 2.0°
Staphylococcus 3.2° 352 3.8° 552 5.9° 5.9°
Staphylococcus aureus 25° 3.0° 3.3° 5.8° 5.8° 5.6°

Each number is average for three replicates. Numbers that carry different letters for the same values of one sample in the same row

are significantly different (p<0.05).

meat indicated that meat is of low quality. High count may
be related to factors such as slaughtering, handling,
delay in chilling and elevated temperature during trans-
portation. High microbial load can reduce both shelf life
and quality of meat. Also, it can cause economic losses
and health problems. The initial total viable counts in
camel meat samples collected in the winter was 5.6 and
6 logl0 CFU/g in summer and increased to 6.7 and 8.4
logl0 CFU/g after 48 h of storage at refrigerator
temperature of 7+1C. High microbial load in camel meat
indicates that the meat was heavily contaminated during
slaughtering, handling and processing operations or
alternatively, the meat had been stored for an unknown
length of time before it was purchased for the study.
According to Al-Bachir and Zeinou (2009), the total plate
count and total coliforms on camel meat on day 0 were
10° and 10° CFU/g, respectively. After 48 h of storage at
refrigerator temperature 7+1<C, the total count inc reased
to 6.6 and 8.4 log10 CFU/g in samples collected in winter
and summer, respectively. During storage, total viable
count increased significantly (p<0:05) in all the samples
and reached a level of 6.6-8.4 log CFU/g after 2 days of
storage at 7C. This study confirmed that refrigerator
temperature alone did not interact with microbial popula-
tions on camel meat. The low temperature effectively
suppressed the growth of aerobic spoilage bacteria on
camel meat and prolonged the shelf-life by 48 h. The
temperature 7C is not suitable to prolong shelf life of
meat and should be lower than 7C. Most meats have a
short shelf life that varies between 3-5 days when kept at
4T (Kanatt et al., 2010). Short shelf life of fre sh meat is
due to the microbial growth, Pseudomonas,
Enterobacteriaceae and lactic acid bacteria being mainly
responsible for meat spoilage. According to Chinen et al.
(2001), meat may be contaminated by pathogens such as
S. aureus, Salmonella Typhimurium, Escherichia coli
0157:H7 and Yersinia enterolitica. There are many ways
to save and prolong the shelf life period of meat; these
methods include refrigeration, freezing, drying, irradiation
and high pressure treatment.

Pseudomonas count in samples was 4.4 and 7.5 log10
CFU/g in winter and summer seasons. After 48 h of

storage Pseudomonas count increased and reached 6.2
and 7.7 logl0 CFU/g. On day O, the total count of
Pseudomonas in winter samples indicated medium count
of microorganisms; however, in the summer,
Pseudomonas count was higher. Al-Sheddy et al. (1999)
found that the initial psychrotrophic count on the surface
of camel meat was of 3.3 log10 CFU/cm? which indicate
that meat contain low count of microorganisms.
Pseudomonas can grow at low temperature are rarely
responsible for meat spoilage.

The initial Staphylococcus counts in camel meat
collected in winter was 3.2 and 5.5 in summer logl10
CFU/g and reached 3.8 logl0 CFU/g after 48 h in the
refrigerator temperature. S. aureus counts in winter
samples at day 0 was 2.5 and 5.9 in the summer logl10
CFU/g and reached 3.3 and 5.6 log10 CFU/g after 48 h in
the refrigerator temperature.

Streptococcus fecal count in winter was 3 and 4.2 in
summer and increased to 3.4 and 5.1 log ;o CFU/g during
storage at 7+1<C. Coliform fecal count in winter and
summer sample was 2.4 and 4.2 logl0 CFU/ g, res-
pectively. After 48 h in refrigerator temperature, coliform
fecal count in winter sample increased to 2.7 log10 CFU/
g and decreased in summer sample to 2.0 log10 CFU/ g.

Oxidative rancidity analyses

Chemical deterioration especially lipid oxidation is the
main factor limiting the shelf life of foods. Lipid
peroxidation or oxidative rancidity was measured in terms
of TBARS and results are shown in Table 2. All meat
samples from supermarkets and butchery shops induced
an increase in TBARS values. Accelerated TBARS
formation during storage of irradiated meat and meat
products has also been reported (Galvin et al., 1998;
Lefebvre et al., 1994). The results show that the highest
values of the reactants with the TBARS were reached on
the fifth day but the unwanted odors began to appear on
the third day of the storage. According to Chang and
Peterson (1977), the judges’ trainers were able to detect
the undesired odors and flavors when the values of the
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Table 2. Average values of the reactants with thiobarbituric acid reactive substances (TBARS) meat samples collected in the
summer and winter from the supermarkets and small butchery shop (mg malonaldehyde/kg meat).

Supermarkets butchery

shop butchery

Type of meat Time (days) Winter season ~ Summer season  Winter season Summers eason
mg malonaldehyde/kg mg malonaldehyde/kg
1 0.37% 0.32% 0.40% 0.37%
Camel meat 2 0.412 0.342 0.533 0.49:
3 0.44 0.49 0.65 0.61
5 0.71° 0.83° 0.76° 0.88"

Each number is average for all three replicates. Numbers that carry different letters for the same value in the same row are

significantly different (p<0.05).

TBARS in meat range between 0.5 and 1.0 ppm. The
values of TBARS in camel meat samples collected from
supermarkets butchery was 0.32 and 0.37 mg
malonaldehyde/kg in the meat collected from butchery
shops, indicating a low degree of lipid oxidation. After 2
days of storage at 4C, camel meat collected from
butchery shop had significantly (P<0.05) higher TBARS
than day 1 and the levels of TBARS were positively
correlated with the storage time. At day 5, the levels of
TBARS increased and reached 0.83 in the meat from
supermarket butchery and 0.88 mg malonaldehyde/kg in
the meat from butchery shop positively. The results
indicated that the meat from butchery shop had a higher
level of rancidity than meat from supermarket. The lower
value of TBARS in meat collected from supermarket may
be due to low storage temperature covering way of meat
and light. The low level of TBARS in meat indicates that
the meat was of good quality.

The results show that the value of TBARS in meat
collected in summer season was higher than the meat
collected in winter season. Further interpretation of data
indicated that TBARS levels were lowest during winter
and highest during the summer. Almroth et al. (2005)
indicated the presence of a seasonal cycle with TBARS
levels lowest during colder winter months and highest
during the summer.

Table 2 shows the changes that occur in the values of
TBARS in the camel meat obtained from supermarkets
and butchery shops. These values have been increasing
significantly different (p<0.05) during storage in the
refrigerator and reached the highest values on the fifth
day. The odors began to appear on the third day. In this
study, all the meat had become unacceptable in terms of
odor. The differences in values of TBARS between the
meat collected from supermarkets and butchery shops
may be due to condition of transport, storage and
distribution especially temperature.

Data show that there are significant differences during
storage periods. After 5 days, there was a significant rise
in the value of TBARS. These results are in consistent
with results from many others studies concerning the
effect of temperature on TBARS values. During periods
of storage, Keller and Kinella (1973) noted that the value

of thiobarbituric acid in uncooked hamburger meat had
increased during the period of the freeze. In frozen
chicken meat, the value of the TBARS had increased
during storage at -10C for 3 months (Pikul et al, 1984).
Also, TBARS in frozen meat and cattle fat stored at
temperature -10C for a period of 35-70 and 60-175 days
had increased (Table 2).

Meat color analyses

Results of color analyses carried out on camel meat
collected from supermarket and butchery shop in the
winter and summer seasons are presented in Table 3. A
Hunter lab instrument was used for measuring the meat
color during storage time. L measuring the white, a for
red and b for yellow color. The length of time of the meat
has been stored. Postmortem affects the color stability of
the meat or meat product. Increased time from slaughter
results in reduced color stability because co-factors
necessary for the reduction of met-myoglobin are
depleted as postmortem time increases. Table 3 shows
the value of Hunter lab (L, a, b) for the rib eye muscle
(Longissimus dorsi) in the summer and winter seasons.
The data indicated that there was change in the color
values of redness (a), yellowness (b) and lightness (L).
There were significant differences of lightness (L),
redness (a) and yellowness (b) P<0.05 after 48 h of
storage. However, there were no significant differences of
redness (a), yellowness (b) and lightness (L) P<0.05
during the second and third day of the storage. Swan
and Boles (2002) found that the freezing does not affect
the color in frozen cooked meat. Sakate et al. (1995),
found that the freezing temperature -20C for a month
had increased the value of redness (a) of meat. There
were no significant differences in the results obtained
during the summer and winter periods, which means that
seasonal factors here did not have a significant impact on
the values of Hunter lab instrument. There was no
difference in the color of meat that was collected from
supermarkets and butcher shops. Both storage time and
temperature have a great effect on color stability. Color
acceptability decreases as storage time increases;
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Table 3. Impact of cold storage on the characteristics of the camel meat collected during summer and winter seasons from the

supermarkets and small shops.

Type of Sample Hunter Day 1 Day 2 Day 3 Day 5

meat place value Winter Summer Winter Summer Winter Summer Winter Su  mmer
Supermarkets L* 38.452 38.452 41.31?) 41.80: 40.28°b 40.21z 39.262 42.282
butchery a* 17.83 17.23 19.34 X 19.06 : 18.67 : 18.99 : 15.43b 15.29

Camel b* 18.16%  18.17%*  20.14 21.74 19.71 20.81 18.78 19.18°

meat L* 39.36°  39.14%  40.87°  41.65° 41.30° 41.08° 4063°  41.42°
Butcher shops a* 16.95% 17.81* 18.45° 1951°  18.13°  19.00° 16.23°  16.04°

b* 18.08%  18.34%  20.42° 21.82° 1973 21.03° 19.10° 19.58°

Each number is average for all three replicates. Numbers that carry different letters for the same values for the Hunter value one sample in the

same column significantly different (p<0.05).

however, the length of time the color is acceptable is
greatly affected by storage temperature. Fresh meat and
meat products should be stored at temperatures lower
than 4T to give maximum color shelf life and safety of
products.

The values of ‘a’ starts to increase after the first day of
storage, then decreas after the second day in the display,
regardless of location and season in which the sample
was collected. However, it is clear that there is variation
in the speed of increase or decrease between the
samples collected in the summer or winter. This is due to
oxidation that can occur to meat dye, which weakens
their ability to form pigment of oxy-myoglobin. Kropf et al.
(1992) explained that the shortage of the amount of
oxygen can lead to oxidation of dye oxymyoglobin and
adversely results in a change in color from bright red to
brown. Bhattacharya et al. (1988) indicates that the
decrease in the values with time may be due to the
inability of myoglobin dye to combine with oxygen.

Conclusion

From the results, it is clear that the total number of micro-
microbes is high in the summer samples compared to the
winter samples. Low microbial load in winter samples is
due to low temperature. Also note that the TBARS value
is high in butcher shops compared to the butcher shops
in the supermarket. This gives the impression that the
small butcher shops have high temperature inside the
store and meat are not covered and are exposed directly
to oxygen. Seasons have no effect on color, but
conservation in the refrigerator has an effect.

REFERENCES

Al-Bachir M, Zeinou R (2009). Effect of gamma irradiation on microbial
load and quality characteristics of minced camel meat. Meat Sci.,
82:119-124.

Almroth BC, Sturve J, Berglund A, Forlin L (2005). Oxidative damage in
eelpout (Zoarces viviparus), measured as protein carbonyls and
TBARS, as biomarkers. Aquat. Toxicol., 73: 171-180.

Al-Owaimer AN (2000). Effects of dietary Halophyte Salicornia bigelovii
Toor on carcass characteristics, mineral, fatty acids and amino acids
profile of camel meat. J. Appl. Anim. Res., 18:185-192.

Al-Sheddy |, Dagal M, Bazaraa A (1999). Microbial and sensory quality
of fresh camel meat treated with organic acid salts and / or
bifidobacteria. J. Food Sci., 64:336-339.

Bhattacharya M, Hanna MA, Mandigo RW (1988). Effect of frozen
storage conditions on yields, shear strength and color of ground beef
patties. J. Food Sci., 53:696—700.

Chang SS, Peterson RJ (1977). Recent developments in the flavor of
meat. J. Food Sci., 42: 298-305.

Chinen JD, Tanaro E, Miliwebsky LH, Lound G, Chillemi S, Ledri A,
Baschkier M, Scapin E, Manfredi, Rivas M (2001). Isolation and
characterization of Escherichia coli O157:H7 from retail meats in
Argentina. J. Food Prot., 64:1346-1351.

Dawood AA, AL-Kanhal MA (1995). Nutrient composition of Najdi-camel
meat. Meat Sci., 39:71-78.

Galvin KP, Morrissey A, Buckley DJ (1998). Effect of dietary a-
tocopherol supplementation and gamma-irradiation on a-tocopherol
retention and lipid oxidation in cooked minced chicken. Food Chem.,
62:185-190.

Kadim IT, Mahgoub O, AL-Marzoogi W, Al-Zadjali S, Annamalai K,
Mansour MH (2006). Effects of age on composition and quality of
muscle Longissimus thoracis of the Omani Arabian camel (Camelus
dromedaries). Meat Sci., 73:619-625.

Kadim IT, Mahgoub O, AL-Marzoogi W, Purchas RW (2008). A Review
of the growth, and of the carcass and meat quality characteristics of
the one-humped camel (Camelus dromedaries). Meat Sci., 80:555—
569.

Kanatt SR, Rao KM, Chawla SP, Sharma A (2010). Shelf life extension
of convenience meat products sold in Indian supermarkets by
radiation processing. Radiat. Phys. Chem., 79:1259-1263.

Keller JD, Kinsella JE (1973). Phospholipid changes and lipid oxidation
during cooking and frozen storage of raw ground beef. J. Food Sci.,
38:1200-1204.

Kropf DH, Hunt MC, Kastner CL (1992). Appearance Characteristics of
Fresh Beef as Affected by Display Lighting for Two Packaging
Systems. Research Project Final Report to Nat'l. Livestock and Meat
Board, Chicago, I .

Lefebvre N, Thibault C, Charbonneau R, Piette JPG (1994).
Improvement of shelf-life and wholesomeness of ground beef by
irradiation-2. Chemical analysis and sensory evaluation. Meat Sci.,
36: 371-380.

Pikul J, Leszczynski DF, Kummerow FA (1984). Effects of frozen
storage and cooking on lipids oxidation in chicken meat. J. Food Sci.,
49:838-843.

Rawdah TN, El-Faer MZ, Koreish SA (1994). Fatty acid composition of
the meat and fat of the one-humped camel (camelus dromedarius).
Meat Sci., 37:149-155.

Sakate R, Oshida H, Morita, Nagata Y (1995). Physico-chemical and
proceeding quality of porcine M. longissimus dorsi frozen at different



4844 Afr. J. Microbiol. Res.

temperature. Meat Sci., 39:277-284.

Swan JE, Boles JA (2002). Processing characteristics of beef roasts
made from high and normal pH bull inside rounds. Meat Sci., 62:399—
403.

Vercellotti JR, St. Angelo AJ, Spanier AM (1992). Lipid oxidation in
foods: An overview, Lipid Oxidation in Food, American Chemical
Society, Washington.

Witte VC, Krause GF, Bailey ME (1970). A new extraction method for
determining 2-thiobarbituric acid values of pork and beef during
storage. J. Food Sci., 35:582-585.



