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The objective of this study was to identify factors influencing the toughness of longissimus dorsi (LD) and psoas
major (PM) muscles of camel and to compare it with that of beef. Total collagen content was slightly higher,
whereas insoluble collagen content was significantly higher in muscles of older animals. TheWarner-Bartzler shear
force (WBSF) value was significantly (PB0.05) higher for camel meat than beef, and this value increased with age
in camel meat. Significant correlations between insoluble collagen content and WBSF were found in camel meat
(r�0.850; PB0.01) and beef (r�0.643; PB0.05). Sarcomere length was numerically higher in muscles of younger
than older animals. Camel meat had significantly higher pH values than beef at 6 and 24 h post-slaughter and the
LD and PM muscles of younger animals had a significant higher pH values than older ones.
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1. Introduction

The one-humped camel (Camelus dromedarius) is a

good source of meat for human consumption (Yagil

1982; Kadim et al. 2006). Camels are drought-

tolerant and can survive and produce high-quality

animal proteins at comparatively low costs under

extremely harsh environments. The camel, therefore,

could be a good choice to meet the growing needs for

meat in developing arid and semi-arid countries

(Morton 1984; Kadim et al. 2006). The world camel

meat production has increased by 100% between

1979 and 2009 and represents about 1.3% of the

world meat production (FAOSTAT 2011).
From nutritional point of view, camel meat is

considered a healthy food; it contains 64.4�76.7%
moisture, 18.6�22.8% protein, 1.1�10.5% fat and

1�1.4% ash, with lower level of cholesterol in edible

meat tissue than other farm animals (Babiker &

Yousif 1990; Kadim et al. 2008).
Camel meat, moreover, contains higher amounts

of polyunsaturated fatty acids and similar essential

and non-essential amino acids ratio in comparison to

beef (Elgasim & Alkanhal 1992; Rawdah et al. 1994;

Dawood 1995). Traditionally, camel meat is obtained

from old animals (seven years and above) that are

primarily kept for milk and transportation. There-

fore, the common consumers’ opinion is that camel

meat is tough and firm (Kurtu 2004; Kadim et al.

2006).

Few studies performed on camel meat (Morton

1984; Babiker & Yousif 1990; Elgasim & Alkanhal

1992; Kadim et al. 2008) suggested that the quality of

camel meat is comparable to beef if animals are

slaughtered at comparable ages, whereas, physico-

chemical and textural characteristics of camel meat

have not been fully exploited.
Among the meat quality attributes, tenderness is

rated as the most important by the average consumers

(Lawrie & Ledward 2006). The background tough-

ness of meat is a key factor determining its ultimate

tenderness (Veiseth & Koohmaraie 2005), and the

former has been found to be dependent on the

connective tissue and myofibrillar components of

muscle (Harper et al. 1999).
Kadim et al. (2008) found that Warner-Bartzler

shear force (WBSF) values of 5�8 years old camels

were significantly higher than those of 1�5 years old.

Increase in toughness due to age may be related to

changes in muscle structure and nature of connective

tissue in the meat.
Collagen is an important constituent when the

physical properties of meat are considered. The

strength of collagen increases with increasing age of

animal, and the solubility of collagen, in old animals,

is reduced as a higher number of cross-links are

formed within the collagen molecule at increased age

(Bailey & Light 1989). Toughness of raw meat is

highly correlated with collagen content, but the role
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of collagen in camel meat toughness has received little
attention.

In view of the fact that factors affecting camel
meat toughness are not fully understood and the
possibility that they could influence marketing of
camel meat, the aim of this study was to investigate
possible interrelationship among animal age, meat
toughness and its collagen content in camel and
compare it to beef.

2. Materials and methods

2.1. Sample collection

This study was carried out in Fars Province, southern
Iran. Holstein bulls were used for the experiments and
were housed in individual pens on the same feed,
including alfalfa hay, corn silage and some grain mix.
Camels were reared in extensive conditions on semi-
arid pastures. The farms had veterinary assistance.
Longissimus dorsi (LD) and Psoas major (PM)
muscles were obtained from eight male one-humped
male camels (Camelus dromedarius), including Group
1 (2�3 years old, n�4) and Group 2 (5�8 years old,
n�4) and eight Holstein bulls, including Group 3
(2�3 years old, n�4) and Group 4 (5�7 years old,
n �4). Male camel and bull attain their physical
maturity at about 5 and 3 years of age, respectively
(Abdel Rahim 1997). Animals were fasted for 6 h
prior to transport and transported to the abattoir
with no water or feed available during average time
period of 4 h. Animals were housed overnight in
separate boxes with free access to water and were
slaughtered under routine industrial conditions ac-
cording to Halal methods by bleeding. The experi-
ment started at May 20 and ended in June 22, while
the ambient temperature on slaughter day was
between 21 and 288C. The samples were removed
from each carcass within 1 h post-slaughter.

Tissue samples (0.5�0.5�1 cm) for histological
study were removed from the core portion of muscles
2 h post-slaughter and before the onset of rigour
mortis. After trimming of all visible connective tissues
and visible fat, meat samples were packed in poly-
ethylene bags and transferred to the laboratory on
ice. Once the meats were delivered to the laboratory,
additional samples were taken and stored at �808C
for determination of collagen content. The rest of
samples (about 1 kg for each muscle) were maintained
at 48C for further analyses.

2.2. pH

The pH of the two muscles was measured using a
portable Testo 205 pH /temperature metre (Testo,

Germany) with a piercing pH electrode and tem-
perature probe. Measurements were performed at
6 and 24 h post-mortem and for each measurement
the probe was inserted into muscle with a similar
depth.

2.3. Total and insoluble collagen

Total collagen content was estimated by hydroxypro-
line quantification according to ISO 3496 (1994).
Briefly, 4 grams of the ground meat sample was
hydrolysed with 30 ml of 3 M H2SO4 for 16 h at
1058C. Hot hydrolysate was filtered through What-
man No. 1 paper into a 250-ml volumetric flask, and
the filter paper was washed three times with 10 ml
portions of hot 3 M sulphuric acid, and the solution
was diluted to volume with distilled water.

Four millilitre of the solution was added to a test
tube and 2 ml of chloramines-T reagent added. The
solution was mixed and left at room temperature for
20 min. Two millilitre of colour reagent (10 g of
P-dimethylamino benzaldehyde in 35 ml of perchloric
acid solution and 65 ml of propan-2-ol) was added
and mixed. The tube was placed in a water bath at
608C for 20 min, then cooled to the room temperature
and the absorbance measured at 558 nm. Blank and
standard solutions were made according to ISO 3496.
The collagen content was calculated from hydroxy-
proline content using the coefficient 8 (1994). Hydro-
xyproline is a major component of the protein
collagen and a conversion factor of 8 is used for
determination of collagen.

Soluble collagen was extracted according to the
method of Palka (1999), with some modifications.
Four grams of chopped meat was homogenised with
12 ml of Ringer’s solution diluted with deionised
water at 1:3. Homogenate was placed in a water bath
at 778C for 70 min and centrifuged for 20 min at
3000 g. The sediment was dried at 1058C, and the
collagen content of the sediment was determined as
described for total collagen determination. Soluble
collagen was calculated by the differences between the
total and insoluble collagen contents.

2.4. Shear force measurement

Muscle samples were removed from each muscle for
WBSF measurement 28 h post-slaughter. For each
meat sample, eight cylindrical cores (1.27 cm dia-
meter) perpendicular to the orientation of muscle
fibres were taken and sheared by a V-shaped blade
attached to the texture analyzer (Texture Analyzer,
TA plus, Stable Micro Systems, Surrey, UK) using a
30-kg load cell and a crosshead speed of 120 mm/min.
The force-deformation curves were analysed by
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Texture Exponent Lite software supplied by the
manufacture. The maximum forces needed to shear
each core were obtained and the eight replicates were
used for shear force test for all samples.

2.5. Sarcomere length

Tissue samples (0.5�0.5�1 cm) were taken from
core portion of muscles and fixed in 10% buffered
formalin solution and embedded in paraffin blocks.
The blocks were sectioned into 6 mm slices with a
microtome. After slide preparation and Masson
Trichrome Staining, sarcomere length was measured
according to the method described by Torrescano
et al. (2003), with some modifications. The length of
10 consecutive sarcomeres was measured in 10
randomly selected fibre fragments using an objective
lens (100) and a calibrated ocular objective micro-
metre (10) by a light microscope model CHS from
Olympus corporation of Japan (CHS model, Olym-
pus Corporation, Tokyo, Japan).

2.6. Statistical analysis

Data were statistically analysed by one-way ANOVA
in which the significant differences among muscle
samples was tested by Duncan’s test using SPSS
(Version 10.0.6, SPSS Inc, Chicago, IL, USA). Differ-
ences were considered significant at the PB0.05 level.
Correlation analysis was used to study the relation-
ships between variables.

3. Results and discussion

3.1. Total and insoluble collagen content

Total and insoluble collagen contents are summarised
in Table 1. Total and insoluble collagen contents
in camel meat ranged from 1.67 to 2.03 and 0.64 to
1.19 mg/g of fresh meat, respectively. To our knowl-
edge, very few studies have explored the collagen

content in camel meat (Babiker & Yousif 1990;
Siddiqi et al. 2000). Babiker and Yousif (1990)
reported higher values of total collagen for LD in
comparison to semitendinosus and triceps brachii
muscles of camel. Many investigations determined
total and insoluble collagen contents in beef (Cross
et al. 1973; Prost et al. 1975; Torrescano et al. 2003).
Torrescano et al. (2003) reported similar values of
total and insoluble collagen for PM and LD in beef.
The data for both beef and pork have indicated that
PM and LD had least hydroxyproline content
amongst the muscles studied (Lawrie & Ledward
2006).

Total and insoluble collagen contents did not
differ significantly (P�0.05) between PM and LD
muscle in camel meat and beef. These two muscles
ranked among the most tender muscles. The highest
concentration of insoluble collagen was observed in
5�8 years old camel meats. Insoluble collagen was
significantly higher in older animals. It is known that
the degree of cross linking of collagen increases with
age of animals, increasing the mechanical strength of
meat (Lawrie & Ledward 2006). This is consistent
with our results showing higher insoluble collagen and
shear force values in older animals. The connective
tissue in younger animals has less crosslinks. The
degree of inter- and intra-molecular cross-linking
between the polypeptide chains in collagen increases
with increasing animal age (Lawrie & Ledward 2006).
Total and insoluble collagen contents were strongly
correlated with WBSF values in beef and camel meat
(Table 2).

3.2. pH

Table 1 represents the average pH of meat samples at
6 and 24 h post-mortem. The pH values of camel
meat and beef ranged from 5.83 to 6.16 and 5.63 to
5.73, respectively, after 6 h post-mortem. These
values varied between 5.4�5.78 and 5.22�5.3 after

Table 1. Comparison of some quality attributes (Mean9SD) of one-humped camel and cattle longissimus dorsi (LD) and
psoas major (PM) at two different age groups.

Species Age
Muscle
type

Total collagen
mg/g wet tissue

Insoluble
collagen mg/g
wet tissue WBSF (kg)

Sarcomere
length (mm)

pH 6 h
post-mortem

pH 24 h
post-mortem

Camel 2�3 year old LD 1.6a90.25 0.64a90.22 5.43b90.96 1.83a90.13 6.16b90.13 5.75b90.32
PM 1.79a90.25 0.67a90.26 6.55b90.11 1.84a90.09 6.14b90.15 5.78b90.14

Camel 5�8 year old LD 2.03b90.18 1.08c90.13 8.49c90.38 1.56b90.33 5.83ab90.2 5.43c90.02
PM 1.96b90.32 1.19c90.18 9.82c90.56 1.5b90.14 5.96ab90.11 5.4c90.21

Cattle 2�3 year old LD 1.65a90.12 0.61a90.2 2.2a90.23 1.87a90.02 5.73a90.08 5.3a90.18
PM 1.63a90.23 0.63a90.13 2.66a90.19 1.93a90.19 5.73a90.23 5.27a90.1

Cattle 5�7 year old LD 1.8ab90.15 0.9b90.15 2.77a90.17 1.53b90.25 5.63a90.09 5.22a90.05
PM 1.86ab90.34 0.94b90.1 3.05a90.13 1.5b90.17 5.65a90.18 5.23a90.26

Note: Means with different superscripts in same column significantly different (PB0.05) between animal groups.
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24 h post-slaughter. Camel meat had significantly
(PB0.05) higher pH values than beef at 6 and 24 h
post-mortem. Similarly, Soltanizadeh et al. (2008)
reported that post-slaughter pH decline of camel
meat was significantly slower than that of beef.
Post-mortem metabolic rate is usually related to
histochemical and biochemical properties of muscle
such as fibre type composition, fibre area and
oxidation and glycolytic capacity, and usually lower
in muscles containing more slow oxidative fibres than
in muscles containing fast glycolytic fibres (Karlsson
et al. 1999). It would be valuable to know the
differences of fibre types between beef and camel
meat. Also, the slower glycogen degradation and
subsequent lactic acid accumulation in camel is
attributed to its unique ability to starve for a long
period (Wensvoort et al. 2001). The LD and PM
muscles of younger camels had a significantly
(PB0.05) higher pH values than older ones; this
may be due to lower glycogen stores in younger
animals (Kadim et al. 2008). In cattle, younger
animals fight before slaughter, they consume part of
the glycogen leading to higher ultimate pH (Grandin
1997). It could be the same with camel. A strong
positive correlation between pH 6 h and 24 h post-
mortem was found in camel meat.

3.3. Textural properties

WBSF values ranged from 2.2 to 3.05 kg for beef and
from 5.43 to 9.82 kg for camel muscles. The WBSF
values were significantly (PB0.05) higher for camel
meat than beef (Table 1). However, Kadim et al.
(2009) found that the value for shear force was not
different between longissimus thoracic muscle in
camel and beef, when slaughtered at or below 3 years

of age. The most general factor influencing meat

tenderness is species. It may be explained by differ-

ences in coarseness of their musculature (Lawrie &

Ledward 2006). The camel meat obtained from 2�4�
year-old animals showed a significantly (PB0.05)

lower shear force values than the meat obtained from

6�8-year-old camels. Similarly, Kadim et al. (2006)

showed that shear values increase with increasing age

of the animals. It may be related to histological

changes that occur in muscle structure and composi-

tion as animals mature, particularly in the connective

tissue (Asghar & Pearson 1980).
Kadim et al. (2008) showed that the WBSF values

for longissimus thoracic muscle was 6.98 and 8.11 kg

for 1�3 and 3�5-year-old camels, respectively, which

is in agreement with our results. The value for shear

force was not different between 2�3 and 5�7�year-old
cattle. Shorthose and Harris (1990) showed that the

tenderness of 12 beef muscle significantly decreased

with age. They found that the rate of increase in the

toughness of individual muscles with animal age was

related to their connective tissue strength. The find-

ings of this research showed that the tenderness of

bovine PM muscle was not affected by increasing

animal age. In both beef and camel meat, WBSF

values were significantly correlated with total and

insoluble collagen content. De Smet et al. (1998), Liu

et al. (1994) and Torrescano et al. (2003) have shown

that the contents of total and insoluble collagen are

reversely correlated to meat tenderness. These results

indicate that the collagen content and its maturity are

factors for determining the toughness of meat.
In camel meat, the correlation between WBSF

values and pH after 6 and 24 h post-mortem were

�0.662 and �0.842, respectively. Similarly, Silva

Table 2. Correlation coefficients for various traits of camel meat and beef.

TC IC WBSF SL PH6 PH24

Camel
TC 1 0.788** 0.514 �0.477 �0.557 0.680*
IC 1 0.850** �0.658* �0.632* �0.936**
WBSF 1 �0.559 0.662* 0.842**
SL 1 0.426 0.680*
PH6 1 0.705*
PH24 1
Beef
TC 1 0.707** 0.692** �0.585* �0.334 �0.620*
IC 1 0.643** �0.673* �0.501 �0.477
WBSF 1 �0.461 �0.114 0.394
SL 1 �0.725** 0.399
PH6 1 0.181
PH24 1

TC, total collagen; IC, insoluble collagen; WBSF, Warner-Bartzler shear force; SL, sarcomere length; pH6, pH 6 h post-slaughter; pH24, pH
24 h post-slaughter.
*Level of significance (PB0.05).
**Level of significance (PB0.01).
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et al. (1999) found a significant linear regression

between the ultimate pH and the tenderness of beef.

However, the relation between the ultimate pH and

the meat tenderness is controversial. Some research-

ers found a linear relationship between these two

parameters, but others showed a curvilinear relation-

ship. Possibly, the ultimate pH influences tenderness

via an effect on the ageing rate of meat (Silva et al.

1999; Van Laack et al. 2001).

3.4. Sarcomere length

Sarcomere length ranged from 1.5 to 1.84 and 1.5 to

1.93 mm in camel meat and beef, respectively. The

length of sarcomere did not differ significantly

(PB0.05) between PM and LD muscles in both

meats, whereas this value was slightly higher in the

younger than the older animals.
These results are in agreement with the results of

Kadim et al. (2008) for longissimus thoracis muscle in

camel.

4. Conclusions

In conclusion, LD and PM muscles of camel were

found tougher than the corresponding muscles in

beef. Mature camel meat has more insoluble collagen

content than beef. There is a high positive correlation

between insoluble collagen content and WBSFV in

beef and camel meat. Adaptation of processes such as

adjusting the cooking condition and making minced

meat would facilitate the marketing of camel meat.
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