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ABSTRACT
This study was aimed to investigate the effect of camel age and muscle type on meat quality and composition 

of Longissimus thoracis, biceps femoris, semitendinosus and semimembranosus muscles. Selected muscles were randomly 
collected from 12 Sudanese (Camelus dromedarius) of two age groups: group one ( (3-4 year-old) and group two (6-7 
year-old) at the Tambol slaughterhouse, Al-Butana State, Sudan. Moisture, protein, fat and ash contents of freeze 
dried samples were determined. Meat quality parameters including muscle ultimate pH, shear force, expressed 
juice, cooking loss%, myofibril fragmentation index and colour lightness (L*), redness (a*) and yellowness (b*) were 
determined. There were significant differences in moisture, fat, and protein contents between muscles. The results 
also showed that old camel longissimus thoracis muscle had significantly higher fat content than the young one. The 
semimembranosus muscle sample from 6-7 year-old camel had significantly lower expressed juice than 3-4 year-old 
camel. The longissimus thoracis had the lowest and highest shear force and lightness values than other muscles. 
The semitendinosus had the highest shear force value, while semimembranosus had the lowest lightness than other 
muscle samples. This study indicated that composition and quality parameters varied among camel muscles and the 
knowledge of this variation allows for better marketing and processing of camel meat.
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The Sudanese camels are mostly exposed to 
Egypt, Libya and other countries for meat production. 
Camel can provide high quality meat as alternative 
source of protein for human consumption (Kadim et 
al, 2011). The demand for camel meat appears to be 
increasing, especially in arid regions. Camel meat is 
healthier as they produce carcasses with less fat as 
well as having low levels of cholesterol in fat than 
other meat animals. Camel meat is also relatively 
high in polyunsaturated fatty acid in comparison to 
beef (Kadim et al, 2008). Camel meat could become 
an ideal choice for health conscious consumers due 
to its low fat content and relatively high content of 
polyunsaturated fatty acids in comparison to beef 
(Kadim et al, 2008). Traditionally, meat comes mostly 
from males, seven years and above and females that 
are primarily kept for milk, racing, and transportation 
rather than for meat production (Kurtu, 2004). Kadim 
et al (2006) concluded that the age of Arabian camel 
has an important influence on the composition and 
meat quality and should be taken into consideration 
for meat consumption. A comprehensive review 

(Kadim et al, 2008) also revealed that camel age is the 
most important factor affecting quality characteristics. 
Therefore, the general consumers view is that camel 
meat is unacceptably tough. The aim of this study 
was to investigate the effects of age on the chemical 
composition and meat quality characteristics of the 
Sudanese dromedary camels.

Material and Methods 
Meat Samples

Forty-eight meat samples from each longissimus 
thoracis, biceps femoris, semitendinosus and 
semimembranosus muscles were collected from 
12 Sudanese camels slaughtered at the Tambol 
slaughterhouse (yard) at Al-Butana State, Sudan. The 
camels were classified into group 1 (3-4 year old) and 
group 2 (6-7 year old). Animals were slaughtered 
after having been held in a lairage for 1–2 h and 
dressed following routine commercial slaughterhouse 
procedures. The selected muscles were removed 
from the left side within 60 min of post-mortem. Each 
individual muscle was trimmed off external fat, kept 



210 / December 2015 Journal of Camel Practice and Research

in zipped plastic bags and transported in insulated 
cool box and kept on -18°C for 7 days in University of 
Khartoum, College of Animal Production Lab, then 
transported to Meat Lab at Sultan Qaboos University, 
College of Agricultural and Marine Since, Department 
of Animals and Veterinary Sciences and kept in chiller 
on-18°C until chemical composition and quality 
measurements were determined.

Chemical Analysis
Any visible fat was removed from the muscles, 

then approximately 100 g of meat samples from each 
muscle were chopped into small pieces, weighed into 
pre-weighed containers then immediately frozen 
(-2°C) and dried in a freeze dryer (MODULOD Freeze 
Dryer thermo electronic corporation) for seven days 
under 100-mbar pressures at -50°C. The samples 
were reweighed after making these completely dried, 
then ground to a homogenous mass through a 1 mm 
mesh in a micro-Wiley mill and stored in plastic 
air-tight containers and cooled in -4°C for chemical 
analysis. The analysis was carried out in duplicates 
following the standard methods of AOAC (2000). 
Protein was determined by the Kjeldal procedure 
(AOAC, 2000). The procedure consists of three steps: 
digestion, distillation and titration. Approximately 
0.5 g of each sample was weighed and transferred 
into Kjeldal flask. A K2SO4Se catalyst and 10 ml of 
concentrated sulfuric acid were added, respectively. 
The flask was kept in the digesting system at 42°C 
for 2 hours until all organic matter was oxidised and 
the nitrogen got converted into ammonium sulfate. 
The solution was then cooled overnight. Distillation 
and titration were completed in Kjeldal manual unit. 
Approximately 200 ml distilled water, and 50 ml of 
40% sodium hydroxide solution were added to each 
flask. The ammonia was volatilised using Kjeltec 
Tecator Distillation. The ammonia was captured in 
weak acid solution (boric acid) containing methyl red 
and bromocresol indicator then titrated with known 
standard 0.2N hydrochloric acid (HCl) to determine 
the amount of nitrogen in the original sample. Fat was 
determined by Soxtec system HT 1043 extraction of 
the dry sample, using petroleum ether (AOAC, 2000, 
procedure # 991.36). Clean flasks were dried in an 
oven for one hour at 100°C and kept in a desiccator 
for 45 minutes to cool and weighed. One gram of each 
sample was weighed (in duplicate) onto filter paper 
and transferred into thimble and plugged with cotton 
wool. Thimbles were then placed into the extractor 
that was fixed to each flask and were placed on the 
heaters. One hundred ml of petroleum ether was 
added to each extractor. The condensers were fixed to 

the extractors and water was turned on to condense 
the hot solvent at 60°C. Extraction was carried 
out for eight hours. Thimbles were then removed 
and the distilled solvent was collected in a bottle 
(recovered solvent). Flasks were placed in an oven at 
100°C for two hours allow the remaining solvent to 
evaporate. Flasks were cooled in a desiccator for 45 
min, and then weighed with the extracted fat. Total 
ash was determined according to standard methods 
of AOAC (2000). One gram of sample (in duplicate) 
was weighed into porcelain dishes and placed in the 
muffle furnace Gallen Kamp Size 3 (500°C) for 24 
hours. The muffle was turned off and allowed to cool 
at room temperature. The dishes were transferred to 
desiccators, then weighed.

Meat quality evaluation
Meat quality measurements including ultimate 

muscle pH, expressed juice, cooking loss per cent, 
tenderness, sarcomere length, myofibril fragmentation 
index and colour L*, a*, b* were determined. The 
ultimate pH was assessed in homogenates at 20–
22 °C (usingan Ultra Turrax T25 homogenizer) 
of duplicate 1.5–2 gof muscle tissue in 10 ml of 
neutralised 5-mM sodium iodoacetate and the pH 
of the slurry measured using a Metrohm pH meter 
(Model No. 744) with a glass electrode. Expressed 
juice was assessed using a filter paper method, as 
the total wetted area less the meat area (cm2) relative 
to the weight of the sample in gram (Hamm, 1986). 
A cube of 500±20 mg of meat sample was placed 
on a filter paper (Whitman N°1, 11.0 cm diameter) 
between two Perspex plates for exactly 5 min. The 
wet and meat areas were measured with a plan meter. 
Duplicate measures of expressed juice were made for 
each sample. Expressed juice values were calculated 
according to the following formula: Expressed juice 
(cm²/g) = (Wet area – meat area) / meat weight.

The muscles slices (2.5 mm thick) were placed 
in polyethylene bags, cooked in a water bath at 70°C 
for 90 minutes and then cooled in a chiller (2-3°C) 
over night. Samples were carefully dried using paper 
tissues for removing excess surface moisture and then 
re-weighed for cooking loss per cent determination. 
Chilled muscle samples (13 mm • 13 mm cross 
section) were used for assessment of shear force by 
a texture analyser machine (Stable Micro Systems, 
Texture Analyser, Model TA.XT. Plus, UK) from 
muscle samples cooked in a water bath at 70ºC for 
90 min. Sarcomere length by laser diffraction was 
determined using the procedure described by Cross 
et al (1980/1981). Myofibrillar fragmentation index 
(MFI) was measured using a modification of the 
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method of Johnson et al (1990). This basically measured 
theproportion of muscle fragments that passed through 
a 231-lm screen after sample had been subjected to 
a standard homogenisation treatment. A 5 g (±0.5 g) 
sample of diced (6 mm3 pieces) was added to 50 ml of 
cold physiological saline (85% NaCl) plus five drops 
of antifoam A emulsion (Sigma Chemical) in a 50 ml 
graduated cylinder, and homogenised at 1/4 speed 
using an 18 mm diameter shafton an Ultra-Turrax 
homogeniser for 30-s periods separated by a 30 second 
rest period. The homogenate was poured into apre-
weighed filter (231 • 231 lm holes). The filter typically 
ceased dripping after 2–3 h, at which time they were 
dried at 26–28°C in an incubator for 40 h before being 
reweighed. The MFI values presented here in were 
calculated as 100 minus the percentage of the initial 
meat sample weight that remained on the filter. 
Approximately 30 min after exposing the fresh surface, 
CIE L*, a*, b* light reflectance coordinates of the 
muscle surface were measured at room temperature 
(20 ± 2°C) using a Minolta Chroma Meter CR-300 
(MinoltaCo., Ltd., Japan) with a colour measuring area 
1.1 cm diameter. The meter was calibrated using a 
Minolta calibration plate (L*=97.59, a*=-5.00, b*=6.76). 
The L* value relates to Lightness; the a* value to Red-
Green hue where a positive value relates to the red 
intensity, and the b* value to the Yellow-Blue where 
a positive value relates to yellow. The average of two 
measurements from each sample was recorded as the 
colour coordinate value of the sample.

Statistical analysis
The general liner model (GLM) procedure 

within Statistical Analysis System (SAS, 1993)was 
used to evaluate the effect of age on meat composition 
and quality characteristics. Significant differences 
between means were assessed using the least-
significant-difference procedure.

Results and Discussion

Chemical composition
The chemical composition of muscles 

is presented in Table 1. Generally the values for 
moisture, protein, fat and ash were within the range 
reported for dromedary camel meat (Babiker and 
Yousif, 1990; El-Faer et al, 1991; Elgasim and Alkanhal, 
1992; Kadim et al, 2006, 2008, 2013). The overall mean 
moisture of 72.7% (66.1 to 75.3%) was similar to 
that reported by Dawood and Alkanhal (1995) and 
Kadim et al (2006), but lower than the values (73–78%) 
reported by Shalas (1988), El-Faer et al (1991) and 
Elgasim and Alkanhal (1992) for Saudi camels. These 
differences may probably be due to variations in 

slaughtering techniques, muscle locations or age of 
animals. In the present study, the longissimus thoracis 
muscle had significantly (P<0.05) lower moisture 
than other muscles. The importance of moisture 
in camel meat lies in its pronounced effects on the 
functional properties of meat, its processing potential 
and sensory characteristics (Kadim et al, 2013). The 
semitendinosus and semimembranosus and biceps 
femoris muscles had the highest moisture: protein 
ratio compared with other muscles. The present study 
indicated that the moisture to protein ratio of the four 
selected muscles were moderate to high, which reflect 
the suitability for camel meat for processing (Forrest 
et al, 1975). The mean protein of 18.2% for four camel 
muscles is lower than value reported by Kadim et al 
(2006). This level of protein indicates that the camel 
meat is a source of high quality protein in harsh 
climate arid regions. The semimembranosus muscle 
had significantly (P<0.05) higher protein content 
than longissimus thoracis muscle (Table 1). Similarly, 
Kadim et al (2013) found that semimembranosus 
muscle from Omani dromedary camel had 
significantly (P<0.05) higher protein than longissimus 
thoracis and semitendinosus muscles. The range of fat 
content (2.0 to 10.1%) of the current study confirmed 
that camel meat could be leaner than meat produced 
by other species such as sheep, cattle or pig (Kadim et 
al, 2008) especially if it is slaughtered at a young age. 
The mean fat (4.9%) of camel’s muscles was lower than 
7.7% (Kadim et al, 2006) and 6.7% (Dawood, 1995) but 
similar to the ranges listed by Shalash (1988), El-Faer et 
al (1991) and Elgasim and Alkanhal (1992) and higher 
than those 0.50–1.43% reported by Babiker and Yousif 
(1990) and 3.6% found by Kadim et al (2013). The mean 
ash of 1.3% ash in the present study with no significant 
differences between muscles was in agreement with 
those of Kadim et al (2006, 2008, 2013). The range of 
values of ash content in Sudanese camel meat (Table 
1) was comparable to those reported by Elgasim and 

Table 1. Proximate composition (%) of longissimus thoracis 
(LT), bicepis femoris (BF), semitendinosus (ST) 
and semimembranosus (SM) muscles of Sudanese 
dromedary camel. 

Composition
Muscle

SEM1

LD BF ST SM
Moisture 68.7a 73.8b 74.1b 74.3b 0.72
Protein 17.4a 17.9ab 18.6ab 19.1b 0.38
Fat 10.1b 2.0a 3.6a 3.9a 0.44
Ash 1.44 1.21 1.25 1.13 0.09
Moisture: protein ratio 3.95 4.12 3.98 3.89 0.38

1SEM: standard error of Mean. Means within each row with 
different letters were significantly different (P<0.05).
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Alkanhal (1992), Kadim et al (2006) and Kadim and 
Mahgoub (2008) for dromedary camel.

The mean of chemical composition of the 
Sudanese camel muscles within two age groups 
is presented in Table 2. With exception of the 
longissimus thoracis, there were no significant 
differences between the two age groups within each 
muscle. Longissimus thoracis muscle sample had 
significantly (P<0.05) lower moisture content (68.7%) 
than biceps femoris (73.8%), semitendinosus (74.1) 
and semimembranosus (74.3%). In contrast, Kadim 
et al (2006) and Kadim and Mahgoub (2008) reported 
no significant effect of age on moisture content of 
longissimus thoracis muscle of dromedary camel. 
The level of variation between the different studies 
in moisture content of dromedary meats may be due 
to physiological factors, which may play a major role 
in determining the moisture contents in camel meat.

The present study revealed no significant 
differences in protein content between the two age 
groups (3-4 vs. 6-7 year-old) within each muscle. 
The insignificant differences in protein content 
between the two age groups in the currents study 
is in agreement with those reported by Kadim et al 
(2006), who found that protein content remained 
unaffected between 3-5 and 6-8 year-old camels. In 
contrast, Kadim and Mahgoub (2008) reported that 4-8 
year-old camel had significantly lower protein (20.5%) 
than 2-4 year-old (22.7%) camel. The maximum 
value recorded for fat in the present study was 
12.4% in longissimus thoracis muscle for 6-7 year-
old group, which indicated that fat content of camel 
meat may increase significantly with age. This study 
confirmed that meat sample from camels above 6 
years contained significantly (P < 0.01) higher fat 
than below 4 year-old (Table 2). The high fat content 
is a well-documented phenomenon in meat animals 
as they deposit more body fat with progressing age 
because fat is a late maturing body tissue. This implies 

that meat industry should target younger camels for 
prime meat production, which is in line with other 
recommendations for slaughtering camels less than 
3 years of age (Kadim et al, 2006). The longissimus 
thoracis muscle from group 2 (6-7 year-old) had 
significantly (P<0.01) higher fat content than group 1 
(3-4 year-old). Kadim and Mahgoub (2008) reported 
that longissimus thoracis muscle from 4-8 year-old 
dromedary camel had significantly (P<0.05) higher 
fat content than 2-4 year-old camel. However, Kadim 
et al (2006) studied effect of camel age on chemical 
composition of longissimus thoracis and found no 
significant differences between 3-5 and 6-8 year of 
age. The fat content of different muscles appeared to 
be controversial between different studies, may be 
due to nutrition status, sex, age, and breed, which will 
affect the percentage of fat in the same study.

In the present study, there were no significant 
differences in ash content between the two age groups 
within each muscle, which in agreement with the 
results of Kadim et al (2006 and 2008), who reported 
that age had no significant effect on ash content. As for 
other species, ash content of camel meat varied widely 
most probably because of differences in sampling 
methods, sites in the carcass (Kadim et al, 2008) or to 
wide range of variability within individual animals.

Meat quality
Meat quality characteristics of the Sudanese 

dromedary camel muscle are presented in Table 
3. Value for meat quality characteristics including 
ultimate pH, shear force value, sarcomere length, 
myofibrillar fragmentation index, expressed juice, 
cooking loss and colour (L*, a*, b*) were within the 
range reported for dromedary camel meat (Kadim et 
al, 2008, 2009, 2013).

Ultimate pH is one of the main factors influence 
the organoleptic characteristics of meat, which is 
related to the biochemical processing during the 
transforming of muscle to meat (Dutson, 1983; 

Table 2. Mean and Standard Error of Mean (SEM) of chemical composition for two age groups (3-4 and 6-7 year-old) of the Sudanese 
camel muscles.

Composition

Muscle1

SEM
LD BF ST SM

Age (year)
3-4 6-7 3-4 6-7 3-4 6-7 3-4 6-7

Moisture 71.3b 66.1a 72.6bc 74.9c 74.0bc 74.1bc 75.3c 73.2bc 0.69
Protein 17.7ab 17.1a 18.6ab 17.1a 18.8bc 18.4ab 18.4ac 19.8c 0.26
Fat 7.84e 12.40d 2.49b 1.57ab 3.47cb 3.74c 3.33c 4.38c 0.24
Ash 1.41 1.47 1.37 1.04 1.26 1.23 1.13 1.13 0.13

1Muscle: LD: Longissimus thoracis, BF: Bicepis femoris, ST: Semitendinosus, SM: Semimembranosus.
Means within each row with different letters were significantly different (P<0.05).
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Watanabe et al, 1966). In the current study, there were 
no significant differences in ultimate pH between 
selected muscles (Table 3). The ultimate pH values 
of the Sudanese camels were within the normal 
range for dromedary camel meat (Abdelhadi et al, 
2012; Kadim et al, 2006, 2008, 2013). The ultimate pH 
values of the longissimus thoracis (5.53), biceps femoris 
(5.63), semitendinosus (5.63) and semimembranosus 
(5.54) found in this study were lower than the values 
of 5.61, 5.74, 5.67 and 5.74, respectively reported for 
the dromedary Omani camel muscles by Kadim et 
al (2013). Moreover, the pH values of the longissimus 
thoracis and biceps femoris muscles observed in the 
current study were also lower than the values for the 
same camel muscles reported by Suliman et al (2011) 
and Kadim et al (2006). The differences between the 
current study and other studies may be due to a 
combination of several factors including pre-slaughter 
handling, post-mortem treatment and metabolism 
of the muscles, with low muscle glycogen stores at 
slaughter preventing the development of a desirable 
ultimate pH (Ashmore et al, 1973).

Table 3. Meat quality characteristics of the longissimus thoracis 
(LT), biceps femoris (BF), semitendinosus (ST) and 
semimembranosus (SM) of Sudanese camel.

Parameter
Muscle

SEM1

LD BF ST SM
Ultimate pH 5.53 5.63 5.63 5.54 0.039
Expressed Juice 34.4 35.6 33.6 34.6 0.718
Cooking loss% 23.3 29.3 34.6 34.5 0.428
Tenderness (kg) 5.67a 8.47b 11.4b 9.33b 0.649
Sarcomere length (µm) 1.95 1.85 1.95 1.85 0.167
Myofibrillar fragmentation 
index Colour 75.2 75.0 74.6 75.9 1.17

Lightness (L*) 33.2b 28.7ab 29.4ab 27a 1.21
Redness (a*) 11.9 10.2 11.2 10.6 0.39
Yellowness (b*) 4.25 3.21 3.35 3.29 0.311

1SEM: standard error of mean. Means within each row with 
different letters were significantly different (P<0.05).

Expressed juice reflects the ability of muscle 
to retain its constituent water between the actin and 
myosin filaments when an extraneous force is applied 
to it (Offer and Knight, 1988). Therefore, it is an 
important camel meat quality characteristic because of 
its influences on the nutritional value, appearance and 
palatability. Meat sample that lose water easily are 
drier and would lose more water during refrigeration, 
storage, transport and marketing. The present study 
indicated that expressed juiced was not affected by 
muscle type. With significant differences in expressed 
juice between the selected muscles, the biceps femoris 

muscle had the highest value and semitendinosus 
muscle had the lowest value compared to other 
muscles. When expressed juice was calculated by 
combining pressing losses and cooking losses, the 
mean value of longissimus thoracis muscle was the 
lowest and semimembranosus muscles was the highest. 
The pre-slaughter condition for animals in the present 
study was the same. Therefore, it is possible that the 
rapid decline of temperature due to muscle sizes and 
removal from carcasses pre-rigor made the longissimus 
thoracis muscle remained comparatively lower in 
protein functionality and expressed juice (Joo et al, 
1999). 

Tenderness is presently rated most important 
by the average consumer out of all the meat quality 
attributes and appears to be sought at the expense 
of flavour or colour (Lawrie, 2006). The shear force 
values for muscles in the current study were within 
the same range reported by Kadim et al (2006, 2009, 
2013). The longissimus thoracis muscle had significantly 
(P<0.05) lower shear force values (5.67 kg) than 
biceps femoris (8.47 kg), semitendinosus (11.36 kg) 
and semimembranosus (9.33 kg) muscles, which 
might be due to less connective tissue. Similarly, 
Kadim et al (2013) found that camel longissimus 
thoracis muscle had significantly lower shear force 
values than biceps femoris, semitendinosus and SM 
muscles. The muscle had more soluble collagen than 
other muscles (Kamoun, 1995), which rendered it 
more tender. Higher shear force values of the biceps 
femoris, semitendinosus and semimembranosus 
muscles may be due to the post-mortem contraction 
of the myofibrillar proteins and amount of structure 
of the connective tissue. Relatively high shear force 
values with leg muscle samples further support 
previous published conclusion of Belew et al (2003) 
that muscles of the loin region had lower shear 
force value and had delectable connective tissue 
than muscles from the leg region. According to 
Koohmaraie et al (1987), all muscles with the same 
pre-slaughter treatments had similar tenderness, and 
that differences in tenderness were created during 
the first 24 h post-mortem. The rate of muscle pH and 
temperature decline, intramuscular fat, connective 
tissue structure, size of the muscle bundles, rigidity 
and water retention capacity are among many other 
features contributing to the tenderness of the muscle 
(Asghar and Pearson, 1980; Rees et al, 2003).

Meat colour is one of the most important 
criteria for initial selection, which is related with 
the concentration of pigments, the chemical state 
of the myoglobin, structure of muscle protein, and 
proportion of intramuscular fat. In the present study, 
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muscle L* values indicated that the longissimus thoracis 
muscle (33.2) had significantly (P<0.05) higher lean 
colour than semimembranosus muscle (27). Other 
factors causing this phenomenon include muscle 
fibre type and cooling rate of individual muscle 
(Abril et al, 2001; Faustman and Cassens, 1990). 
Post-mortem protein degradation increases light 
scattering properties of meat and thereby increase 
L*, a* and b* values (Offer, 1991), which is also 
directly related to the pH (Abril et al, 2001). In the 
present study, low pH values across muscles might 
have led small degradation of muscle protein. The 
longissimus thoracis, biceps femoris, semitendinosus 
and semimembranosus muscles had similar redness 
(a*) values. The highest average yellowness (b*) 
value was recorded in the longissimus thoracis 
muscle (4.25) with comparable values with the biceps 
femoris, semitendinosus and semimembranosus muscles. 
Similarly, no difference between the longissimus 
thoracis and biceps femoris, semitendinosus and 
semimembranosus muscles in redness was reported 
by Kadim et al (2013) for dromedary camel. 
Myoglobin concentration, pH and muscle fibre 
type influence the development of muscle colour 
(Faustman and Cassens, 1990). The lightness, redness 
and yellowness values in the present study are 
lower than those reported by Kadim et al (2013). The 
difference between the two studies values might be 
due to age, breed and post-mortem treatment.

Meat quality characteristics of Sudanese 
dromedary camel muscles from two age’s groups 
are presented in table 4. Although, there were no 
significant differences in ultimate pH between the 
two age groups, the 6-7 year-old camel produced 
numerically higher ultimate pH value than 3-4 year-
old animal (Table 4). The trend of high ultimate 
pH of the samples from older camels in the present 
study might be due to differences in proportions of 
muscle fibre types and or lower muscle glycogen 
stores at the time of slaughter. Fibre types have been 
shown to differentiate at various stage of development 
and therefore have different metabolic functions 
in the body (Ashmore et al, 1972). The proportion 
of red muscle fibres with high glycogen content is 
increasing with animal age (Cornforth et al, 1973). Such 
differences might cause different patterns of muscle 
metabolism (Swatland, 1982) and ultimate muscle pH.

The present study indicated that expressed 
juiced was not affected by age within each muscle. 
The semimembranosus muscle sample from 3-4 
year-old camel had significantly (P<0.05) higher 
expressed juice (37.1 cm2/g) than 6-7 year-old camel 
(32.1 cm2/g). In agreement with the present study, 

(Dawood, 1995) reported that young camel meat 
(8 month of age) had significantly (P < 0.05) higher 
expressed juice than the meat from 26 month of 
age. In general, for longissimus thoracis and biceps 
femoris muscle, younger camels had numerically 
lower expressed juice than older camels, while the 
opposite for semitendinosus and semimembranosus 
muscles (Table 4). The small variation between the 
two age groups for expressed juice may have been 
due to variations in fat content or muscle functions. 
Miller et al (1968) found a decrease in the water-
holding capacity as fat levels increase due to an 
increase in the ratio of moisture to protein. The 
current findings are for muscles removed from the 
carcass pre-rigor, which may cause some muscle 
stimulation. This is explained by the strong 
contraction that takes place when muscle is removed 
soon after slaughter (Bendall, 1973). Meat of a high 
pH value has a greater water holding capacity than 
low pH value (Abril et al, 2001). The effect of age on 
cooking loss is also shown in Table 4. In the present 
study, there were no significant differences between 
the two age groups within each muscle. In contrast, 
Dawood (1995) found that younger camels had 
significantly more cooking loss than older camels.

The value for shear force was significantly 
(P < 0.001) higher for 6-7 than 3-4 year-old camels 
longissimus thoracis (7.06 vs. 4.27 kg/cm2), biceps 
femoris (12.0 vs. 4.93 kg/cm2), semitendinosus (14.1 
vs. 8.61 kg/cm2) and semimembranosus (12.2 vs. 6.46 
kg/cm2). However, myofibrillar fragmentation index 
showed no significant differences between the two age 
groups of camels within each muscle in the present 
study (Table 4). In excised camel muscles that were 
cooled while still a pre-rigor condition, cold shortening 
might take place. Therefore, some of the muscles in the 
present study might have undergone cold-shortening, 
which has been shown to be associated with high 
shearforce. However, muscles from young camel were 
not affected by cold-shortening as much as for old 
camel. The differences between the two age groups 
might be due to connective tissue structure and its 
heat stability and related to histological changes that 
take place in muscle structure and composition as 
animal’s mature (Asghar and Pearson, 1980; Bruce 
et al, 2004). It is commonly accepted that younger 
animals yield more tender meat than older ones. A 
number of studies have substantiated the findings 
that shear values increase with increase age of camels 
(Kadim et al, 2006; 2008).

Small differences between the two ages 
groups within each muscle indicated that high fat 
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content in older camels reduce the concentration of 
myoglobin with increasing age. Other factors causing 
this phenomenon include muscle fibre type and 
cooling rate of individual muscle (Abril et al, 2001; 
Faustman and Cassens, 1990). Post-mortem protein 
degra dation increases light scattering properties 
of meatand thereby increase L*,a* and b* values 
(Offer, 1991), which is also directly related to the 
pH (Abril et al, 2001). In the present study, low 
pH values across muscles and age groups might 
have led small degradation of muscle protein. The 
semimembranosus muscle from 6-7 year-old camel 
had significantly higher redness (11.7) than counter 
part from 3-4 year-old camel (9.51). Similar conclusion 
was reported by Kadim et al (2006), who found that 
camel at 6-8 year-old had significantly higher redness 
value than camel at 3-5 year-old. 

Conclusion
This study revealed that type of muscle and age 

of camel had a significant influence on composition 
and quality parameters of Sudanese camel muscles. 
The Longissimus thoracis muscle proved to be 
one of the best quality muscles for marketing. The 
young camel (3-4 year-old) meat contains low fat as 
well as being a good source of minerals and better 
quality than old camel (6-7 year-old). This study 
concluded that individual muscles and age of camel 
are the main factors that determine the composition 
and meat quality characteristics and should be 
considered for development of positive marketing 
strategies towards consumer perception of camel  
meat.

Acknowledgement
This work was partially funded by the German 

Academic Exchange services DAAD-in-Sudan. Meat 
Science and Feed Analytical Laboratories at the 
Department of Animal and Veterinary Sciences, 
College of Agricultural and Marine Sciences, Sultan 
Qaboos University are also acknowledged for quality 
and composition analyses.

Reference
Abdelhadi OMA, Babiker SA, Picard B, Jurie C, Jailler R, 

Hocquette JF and Faye B (2012). Effect of season on 
contractile and metabolic properties of desert camel 
muscle (Camelus dromedarius). Meat Science 90:139-144.

Abril M, Campo MM, Onenc A, Sanudo C, Alberti P and 
Negueruela AI (2001). Beef colour evolution as a 
function of ultimate pH. Meat Science 58:69-78.

AOAC (2000). Official Methods of Analysis of Association of 
Analytical Chemist. (17th Ed). 

Asghar A and Pearson AM (1980). Influence of ante- and 
postmortem treatments upon muscle composition and 
meat quality. Advanced Food Research 26:53-213.

Ashmore CR, Carroll F, Doerr J, Tompkins G, Stokes H and 
Parker W (1973). Experimental prevention of dark-
cutting meat. Journal of Animal Science 35:33-36.

Ashmore CR, Tompkins G and Doerr L (1972). Postnatal 
development of muscle fibre types in domestic animals. 
Journal of Animal Science 34:37-41.

Babiker SA and Yousif OK (1990). Chemical composition and 
quality of camel meat. Meat Science 27:283-287.

Belew JB, Brooks JC, McKenna DR and Savell JW (2003). 
Warner–Bratzler shear evaluations of 40 bovine 
muscles. Meat Science 64:507-512.

Bendall JR (1973). Post-Mortem Changes in Muscle (2nd ed.). 
In G. H. Bournr (Ed.). The structure and function of 

Table 4. Means and Standard Errors of Mean (SEM) for some meat quality characteristics of Sudanese longissimus thoracis (LT), 
biceps femoris (BF), semitendinosus (ST) and semimembranosus (SM) from 3-4 and 6-7 year-old groups.

Parameter

Muscle1

SEM1LD BF ST SM

Age (year)

3-4 6-7 3-4 6-7 3-4 6-7 3-4 6-7

Ultimate pH 5.47 5.59 5.59 5.66 5.61 5.64 5.48 5.60 0.058

Expressed Juice 33.7a 35.0ab 34.1a 37.0ab 34.9a 32.3a 37.1b 32.1a 0.651

Cooking loss% 22.7a 23.9a 29.1b 29.4b 34.5c 34.6c 34.1c 34.8c 0.533

Tenderness (kg) 4.27a 7.06b 4.93a 12.0c 8.61b 14.1c 6.46a 12.2c 0.731

Sarcomere length 3(µm) 1.95 1.94 1.92 1.77 2.19 1.71 1.88 1.81 0.127

Myofibrillar fragmentation index Colour 75.1 75.3 75.0 75.0 75.2 73.9 75.2 76.5 1.071

Lightness (L*) 30.7ab 35.6b 30.5ab 26.9a 30.3ab 28.4a 26.9a 27.1a 1.19

Redness (a*) 11.1ab 12.7b 9.48a 10.9ab 10.9ab 11.4b 9.51a 11.7b 0.46

Yellowness (b*) 4.27b 4.23b 3.58ab 2.83a 3.16ab 3.53ab 3.56ab 3.01a 0.26
1SEM: standard error of mean. Means within each row with different letters were significantly different (P<0.05).
2MFI: Myofibrillar fragmentation index. 3SL: Sarcomere length.



216 / December 2015 Journal of Camel Practice and Research

muscle (Vol. 2, pp. 243-309). New York, USA: Academic 
Press.

Bruce HL, Stark JL and Beilken SL (2004). The effects of 
finishing diet and postmortem ageing on the eating 
quality of the M. longissimus thoracis of electrically 
stimulated Brahman steer carcasses. Meat Science 67: 
261-268.

Cross HR, West RL and Dutson TR (1980/1981). Comparisons 
of methods for measuring Sarcomere length in beef 
semitendinosus muscle. Meat Science 5:261-266.

Dawood A (1995). Physical and Sensory characteristics of Najdi 
camel meat. Meat Science 39:59-69.

Dutson TR (1983). Relationship of pH and temperature to 
distribution of specific muscleproteins and activity of 
lysosome proteinases. Journal of Food Biochemistry 
7:223.

El-Faer MZ, Rawdah TN, Attar KM and Dawson MV (1991). 
Mineral and proximate composition of the meat of 
the one-humped camel (Camelus dromedarius). Food 
Chemistry 42:139-143.

Elgasim EA and Alkanhal MA (1992). Proximate composition, 
amino acids and inorganic minerals content of Arabian 
camel meat: comparative study. Food Chemistry 45:1-4.

FAOstat (2014). Food and Agricultural Organisation, United 
Nations statistics. Available at :http://faostat.fao.org/
site/339/default.aspx (accessed 7 July 2014).

Faustman C and Cassens RG (1990). The biochemical basis for 
discoloration in fresh meat: a review. Journal of Muscle 
Foods 1:217.

Forrest JC, Aberlee ED, Hedrick HB, Jude MD and Merkel RA 
(1975). Principles of Meat Science. San Francisco, CA: 
W.H. Freeman

Hamm R (1986). Post-mortem changes in muscle affecting 
the quality of comminuted meat products. In: 
Developments in Meat Science –2 Elsevier Applied 
Science, Barking, U.K. p 93 http://jap.physiology.org/
cgi/content/abstract/90/5/1936.

Johnson MH, Calkins CR, Huffman RD, Johnson DD and 
Hargrove DD (1990). Differences in cathepsin B + L 
and calcium-dependent protease activities among breed 
type and their relationship to beef tenderness. Journal 
of Animal Science 68:2371-2379. 

Joo ST, Kauffman RG, Kim BC and Park GB (1999). The 
relationship of sarcoplasmicand myofibrillar protein 
solubility to colour and water-holding capacity in 
porcine longissimus muscle. Meat Science 52:291-297.

Kadim IT and Mahgoub O (2008). Effect of age on quality 
and composition of one-humped camel Longissimus 
muscle. International Journal of Postharvest Technology 
and Innovation 1:327-336.

Kadim IT, Al-Ani MR, Al-Maqbaly RS, Mansour MH, 
Mahgoub O and Johnson EH (2011). Proximate, amino 
acid, fatty acid and mineral composition of raw and 
cooked camel (Camelus dromedarius) meat. British Food 
Journal 113: 482-493.

Kadim IT, Al-Karousi A, Mahgoub O, Al- Marzooqi W, Al-
Maqbaly R, Khalaf SK and Raiymbek G (2013). Physical, 
chemical, quality and histochemical characteristics of 

infraspinatus, triceps brachii, longissimus thoraces, 
biceps femoris, semitendinosus, and semimembranosus 
of dromedary camel (Camelus dromedarius) muscles.
Meat Science 93:564-571.

Kadim IT, Mahgoub O and Purchas RW (2008). A review 
of the growth, and of the carcass and meat quality 
characteristics of the one-humped camel (Camelus 
dromedarius). Meat Science 80:555-569

Kadim IT, Mahgoub O, Al-Marzooqi W, Al-Zadgali S, 
Annamali K and Mansour MH (2006). Effects of age on 
composition and quality of muscle Longissimus thoracis 
of the Omani Arabian camel (Camelus dromedarius). 
Meat Science 73:619-625.

Kadim IT, Mahgoub O, Al-Marzooqi W, Khalaf SK, Mansour 
MH, Al-Sinani SSH and Al-Amri IS (2009). Effects of 
electrical stimulation on histochemical muscle fibre 
staining, quality, and composition of camel and cattle 
Longissimus thoracis muscles. Journal of Food Science 
74:S44-S52.

Kamoun M (1995). Dromedary meat: production, qualitative 
apects and acceptability for transformation. Option 
Mediterraneennes serie B, Etudes et Recherché 13:105-
130.

Koohmaraie M, Seidemann SC and Schollmeyerb JE (1987). 
Effect of post-mortem storage on Ca++ dependent 
proteases, their inhibitor and myofibril fragmentation. 
Meat Science 19:187-196.

Kurtu MY (2004). An assessment of the productivity for meat 
and carcass yield of camel (Camelus dromedarius) and 
the consumption of camel meat in the Eastern region 
of Ethiopia. Tropical Animal Health and Production 
36:65-76.

Lawrie RA (2006). Lawrie’s Meat Science, Seventh Edition, 
Woodhead Publishing Limited, Cambridge England.

Miller WO, Staffle RL and Zirkle SB (1968). Factors, which 
influence the water-holding capacity of various types 
of meat. Food Technology 22:11390.

Offer G (1991). Modeling of the formation of pale, soft and 
exudative meat: effects of chilling regime and rate and 
extent of glycolysis. Meat Science 30:157-184.

Offer G and Knight P (1988). The structural basis of water-
holding in meat. In: Lawrie, R. (Ed.). Developments in 
Meat Science UK: Elsevier Applied Science (4).

Rees MP, Trout GR and Warner RD (2003). The influence of the 
rate of pH decline on the rate of ageing of pork. Meat 
Science 65:791-804.

SAS (1993). Statistical Analysis System. SAS/STAT users guide, 
Vol. 2, version 6, Cary, C.

Shalash MR (1988). Provisional report, International 
Foundation for Science 6:85.

Suliman, G, Sami A, Alowaimer A and Koohmaraie M (2011). 
Effect of breed on the quality attributes of camel meat. 
Indian Journal of Animal Science 81:407-411.

Swatland HJ (1982). The challenges of improving meat quality. 
Canadian Journal of Animal Science 62:15-24.

Watanable A, Daly CC and Devine CE (1996). The effects of 
the ultimate pH of meat on tenderness changes during 
aging. Meat Science 42:67-78.


