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Abstract 
A total number of fifty forelimbs com-
prising Twenty-five forelimbs male 
dromedary camels (camelus drome-
daries) and those of male cattle, 
Zebu type, (Bos taurus indicus) 
within the ages of 6 months, 1 year, 
3 years, 5 years and 7 years, were 
purchased from Sokoto Municipal 
Modern abattoir. Selected muscles 
sampled (1 cm2) from the forelimbs 
of both cattle and camel were taken 
from the middle part of the muscle 
bellies (from the biceps brachii, tri-
ceps brachii and deltoideus), fixed in 
Bouin’s solution and prepared for 
histochemical analyses.  
The photomicrographs obtained 
from the biceps brachii, deltoideus 
and triceps brachii among both cattle 

and camel demonstrated the mor-
phology of the different fibre types 
(type I, type IIA and type IIB). Muscle 
fibre types showed different propor-
tions. Even though the overall mean 
proportion of muscle fibre type I, type 
IIA and type IIB could not present 
any significant (p>0.05) differences 
between the camel and the cattle 
looking at it holistically. As revealed 
in this work, the effects of the inter-
actions of species versus age, spe-
cies versus muscle and muscle ver-
sus age on the proportion of muscle 
fibre type I revealed that the del-
toideus muscle of 1 year old camel 
had significantly (p<0.05) higher pro-
portion. Type IIA muscle fibre ob-
tained from the deltoideus muscle of 
5-year-old camel showed a signifi-

Animal species in this issue 

One-humped came (Camelus dromedaries) 

 

Kingdom: Animalia, Phylum: Chordata, Class: Mammalia, Oder: Artiodactyla. Family:Camelidae, 
Genus: Camelus 

Camel is an even-toed ungulate within the genus Camelus, bearing distinctive fatty 
deposits known as humps on its back. There are two species of camels: the dromedary 
or Arabian camel has a single hump, and the Bactrian camel has two humps. They are 
native to the dry desert areas of West Asia, and Central and East Asia, respectively. 
Both species are domesticated to provide milk and meat, and as beasts of burden. 

The average life expectancy of a camel is 40 to 50 years. A fully grown adult camel 
stands 1.85 m at the shoulder and 2.15 m at the hump. The hump rises about 30 inches 
(76.20 cm) out of its body. Camels can run at up to 65 km/h (40 mph) in short bursts and 
sustain speeds of up to 40 km/h (25 mph). 

Fossil evidence indicates that the ancestors of modern camels evolved in North America 
during the Palaeogene period, and later spread to most parts of Asia. Humans first 
domesticated camels before 2000 BC.  

Camels are able to withstand changes in body temperature and water content that 
would kill most other animals. Their temperature ranges from 34 °C at night and up to 
41 °C during the day, and only above this threshold will they begin to sweat. 
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Sokoto Municipal Modern abattoir. 
The age of each animal was deter-
mined using the method of Wilson 
(1984) and Dyce et al. (2010) to de-
termine their ages, while evaluation 
of the animals to exclude any animal 
with musculoskeletal deformity or 
diseases was done through physical 
examination. The live body weights 
of the animals were estimated using 
linear body measurement based on 
the formula used by Yagil, (1994).  
  
The samples (forelimbs) obtained 
were wrapped in clean sterile poly-
ethylene bags and transported in a 
clean cool box containing ice cubes 
to the laboratory of the Department 
of Veterinary Anatomy, Usmanu 
Danfodiyo University, Sokoto-Nige-
ria, where the triceps brachii, biceps 
brachii and the deltoideus muscles 
were all carefully dissected out using 
the methods of Chibuzo (2006) as 
slighly modified by Sonfada (2008), 
noting the origin and insertion of 
every muscle before further different 
processing and analyses followed. 
  
After the dissection and isolation of 
the muscles of interest, scalpel blade 
was used to excise portions of mus-
cle samples measuring about 1 cm2 
(measurements were obtained with 
the aid of a tape rule, placed across 
the muscle section) from the fore-
limbs of both cattle and camel were 
taken from the middle part of the 
muscle bellies (from the biceps bra-
chii, triceps brachii and deltoideus), 

fixed in Bouin’s solution and pre-
pared for histochemical analyses us-
ing the method of Dubowitz (1985) 
as a guide. This procedure helped in 
demonstrating the specific muscle fi-
bre types from the selected muscles. 
After histological preparation of the 
slides, the prepared slides were 
viewed using a microscope (Olym-
pus® CH 23, Germany) at different 
magnifications (x40, x100, x400). 
Photomicrographs were then ob-
tained and transferred into a com-
puter (Compac® Laptop, HDM, Pre-
sario CQ60) for further evaluation 
and detailed studies. The area and 
number of muscle fibres were calcu-
lated from 5 randomly selected 
fields.  The proportions of muscle fi-
bre types were calculated by dividing 
the number of each muscle fibre 
types by the total number of muscle 
fibre types as indicated    by Fuentes 
et al. (1998).  
Numerical data obtained were re-
ported as mean±SD (Standard devi-
ation) and presented in form of ta-
bles and charts. Data generated 
from the study were analyzed follow-
ing a completely randomized design 
with a factorial arrangement of treat-
ments using the general linear model 
(GLM) of SPSS (Version 16.0, 
2007). Statistical significance of ex-
perimental observations was set at 
P<0.01 and P<0.05 where appropri-
ate. All statistical analyses were 
done using SPSS (Version 16.0, 
2007).  
 

 

         

cantly highest value, while muscle fi-
bre type IIB showed significantly 
higher value from the triceps brachii 
of cattle aged 1 year. The im-
portance of the knowledge of micro-
scopic characteristics in the determi-
nation of myofibre types could be of 
help in advancing the knowledge on 
muscle morphology (anatomy) and 
as well be of help in meat science in-
dustry.  
  
Keywords: Muscle Fibre, Propor
tion, Triceps Brachii, Biceps Brac
hii, Deltoideus, Cattle; Camel. 

 
Introduction 
The phenotypic differences among 
skeletal muscle cells, termed fiber 
types, their potential for adaptation 
and underlying mechanisms have 
been a topic of study for several dec-
ades. In mammals, skeletal muscles 
are composed of a mixed population 
of red, intermediate and white mus-
cle fibres (Close, 1972). Most mam-
malian skeletal muscles are com-
posed of varying proportions of the 
three major types (I, IIA and IIB) of 
fibers, while certain muscles such as 
the rat soleus consist predominantly 
of type I fibers (Dimov and Dimov, 
2007).  
Skeletal muscles are composed 
mainly of three myofibre types that 
differ in histochemical properties, 
which reflect physiological and func-
tional aspects of myofibres (Suzuki 

et al., 1999). Myofibres are classified 
into types I, IIA, and IIB by differ-
ences in reactivity for myosin 
ATPase and dehydrogenases. Type 
I myofibres correspond to slow-
twitch/oxidative myofibres, type IIA 
myofibres to fast-twitch/ oxida-
tive/glycolytic myofibres, and type IIB 
to fast-twitch / glycolytic myofibres 
(Handel and Stickland, 1987). The 
distinctive physiological properties of 
different skeletal muscle fibre types 
allow the muscle to respond to vari-
ous mechanical (speed and endur-
ance) and metabolic (anaerobic or 
aerobic) demands (Pette, 2001).  
 
Paucity of information particularly on 
the muscle histochemical profile in 
camel and cattle is a driving force in 
this present research, considering 
the utility of these animal species in 
different fields. Similarly, observation 
of the proportion of the muscle fibre 
types in these animal species may 
help at elucidating general principles 
of musculoskeletal function and de-
sign, which could find application in 
Anatomy and Meat Science Indus-
tries. 
 
Materials and Methods 
Twenty-five forelimbs of male one-
humped camels (Camelus drome-
daries), and twenty-five of male cat-
tle ,Zebu type, (Bos taurus indicus), 
all within the ages of 6 months, 1, 3, 
5 and 7 years, were purchased from 
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old camel, triceps brachii of 3 years 
old camel and deltoideus of 3 years 
old cattle all had higher significant 
(p<0.05) values. All interactions on 
the proportion of muscle fibre type 
IIB indicated that 1 year old camel 
and cattle both had higher propor-
tions (p<0.05), with the biceps bra-
chii of camel having the highest 
value which was closely followed by 
the triceps brachii. This is consistent 
with the findings of Sonfada (2008) in 
camel, who reported that biceps bra-
chii muscle showed the presence of 
fast twitch (white fibres) predominat-
ing the red fibres. That is possibly 
why camels can walk for long dis-
tance with sustained activitity and 
sometimes even being used in rac-
ing. In the same vein, it has been re-
ported by Gonyea et al. (1981) that 
the proportion and regional distribu-
tion of muscle fibre types within a 
muscle appear to be related to the 
degree of functional complexity. 
 
In agreement to the findings of 
Kadim et al. (2009) on their work on 
camel and cattle, and to the work of 
Brandstetter et al. (1998) on fibre 
characteristics in growing bull, this 
present work indicated that muscle 
fibre type IIB had the highest mean 
proportion followed by muscle fibre 
type IIA and type I from both the 
camel and cattle studied. For both 
species studied in this work, higher 
proportion of type IIB fibres is in 

agreement with Wegner et al. 
(2000), although with different distri-
bution pattern for the other fibres 
types (types I and IIA).  
 
The fact that muscle fibre type IIB 
(white fibres) predominate in the bi-
ceps brachii and triceps brachii mus-
cles may be due to the fact that these 
muscles are under constant tension 
due to their structural, supportive 
and propulsive roles in these animal 
species thus depleting them of their 
glycogen content. Another possible 
reason could be due to the likely con-
version of muscle fibres between 
types IIA and IIB as was reported by 
Brandstetter et al. (1998), with em-
phasis being laid on the preference 
of type IIB fibres even at an early 
stage after birth (Picard, et al., 1995).  
Kassem et al. (2004) also reported 
that in camel muscles, type IIA fibres 
had the highest percentage followed 
by type IIB and type I respectively.  
The differences between the finding 
of the current study and that of 
Kassem et al. (2004) might be at-
tributed to variations between the 
camels due to the heterogeneity of 
dromedary camels, as there are no 
established pure camel breeds as 
obtainable in other species, and this 
could also be probably due to differ-
ences in muscle type as they used 
longissimus thoracis muscle in their 
study.  
 

         

Results 
The photomicrographs obtained 
from the biceps brachii, deltoideus 
and triceps brachii from both cattle 
and camel demonstrated the mor-
phology of the different fibre types 
(type I, type IIA and type IIB) as pre-
sented in Plates (1) and (2). 
Even though the overall mean pro-
portion of muscle fibre type I, type IIA 
and type IIB could not present any 
significant (p>0.05) differences be-
tween the camel and the cattle look-
ing at it holistically (Table 2). As re-
vealed in this work, the effects of the 
interactions of species versus age, 
species versus muscle and muscle 
versus age on the proportion of mus-
cle fibre type I revealed that the del-
toideus muscle of 1 year old camel 
had significantly (p<0.05) higher pro-
portion (Table 1, Figures 1, 2 and 3). 
Type IIA muscle fibre obtained from 
the deltoideus muscle of 5-year-old 
camel showed a significantly highest 
value (Table 1; Figure 4), while mus-
cle fibre type IIB showed significantly 
higher value from the triceps brachii 
of cattle aged 1 year (Table 1; Fig-
ures 5 and 6).  
 
Discussion 
Although the overall mean proportion 
of muscle fibre types I, IIA and IIB 
could not present any significant 
(p>0.05) differences between the 
camel and the cattle in this work, the 
effects of the interactions of species 

versus age, species versus muscle 
and muscle versus age on the pro-
portion of muscle fibre type I re-
vealed that the deltoideus muscle of 
1 year old camel had significantly 
(p<0.05) higher proportion. The ob-
served larger proportion of muscle fi-
bre type I in triceps brachii irrespec-
tive of the species, is indicative that 
this muscle is larger and heavier 
than other muscle types. This obser-
vation is consistent with the report of 
Fuentes et al. (1998) that who fur-
thermore also observed that type I fi-
bre is designed for slow body move-
ments and are significantly present 
in postural muscles. Muscle fiber 
types differ between individuals, but 
they also differ between mus-
cles. Some muscle groups are very 
slow twitched (they have a high type 
I muscle fiber proportion) and other 
muscle groups are very fast twitched 
(they have a high type II muscle fiber 
proportion), although most muscle 
groups display an even mixture of 
both fiber types. The musculature of 
the forelimbs in larger animals ap-
pears to be more involved with main-
taining a posture and as well aiding 
in propulsive movements, even 
though in this present research the 
individual roles of the limbs/muscles 
were not assessed.  
 
All effects of interactions on type II A 
muscle fibre proportions indicated 
that the deltoideus muscle of 5 years 
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A myofibre's indigenous physiologi-
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Plate (1):  Photomicrograph of camel’s deltodeus muscle demonstrating the fibre types 
(PAS x100). 

 

 
Plate (2): Photomicrograph of cattle’s deltoideus muscle demonstrating the different fi-
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Table 2: Overall mean proportions of muscle fibre types and their interac-
tions in camel and cattle muscles 

 
 
Factor 
 
 
 
 

 
          Percentages of muscle fibre types  
 
 
Muscle fibre  
type I (%) 

 
Muscle fibre 
 type IIA (%) 

 
Muscle fibre  
type IIB (%) 

Species    
      Camel 33.96 a 28.13 a 37.59 a 
      Cattle 33.92 a 28.23 a 37.88 a 
SEM 1.07 0.82    1.07 
    
Age    
      6 months 30.47 c 28.70 b 40.83 a 
      1Year 38.17 a 20.10 c 41.40 a 
      3 Years 31.00 bc 32.90 a 35.77 b 
      5 Years 35.67 ab 29.27 ab 35.07 b 
      7 Years 34.40 abc 29.93 ab 35.60 b 
SEM 1.69 1.29 1.67 
    
Muscle    
      Biceps 26.94 c 24.72 c 47.74 a 
      Deltoid 35.58 b 31.90 a 32.72 b 
      Triceps 39.30 a 27.92 b 32.74 b 
SEM 1.31 1.00 1.31 
    
Interactions    
      S x A ** NS NS 
      S x M * NS * 
      A x M ** NS ** 

 

abcd Means bearing different superscripts along the same column within a subclass 
differ (p<0.05) 
Key: S = Species; M = Muscle; A = Age; SEM = Standard Error of the mean, NS 
= Not Significant; * p<0.05; ** p<0.01 
 

         

Table (1): Proportions of Muscle fibre types in camel and cattle 

 
Factors 

Camel  Cattle  Camel Cattle Camel Cattle 

Type I Type I Type IIA Type IIA Type IIB Type IIB 
 

6 MO        
           BB 17±1.30b 32.2±1.59 a 32.2±2.76 a 17.6±1.21 b 48.8±1.36 49.2±1.56 
           D 40.6±1.20 a 34.2±1.77 b 30±1.00 25±2.17 29.4±1.57 b 40.8±2.56 a 
          TB 18.2±1.46 b 39.6±3.09 a 30.2±2.82 37.2±2.22 51.6±3.44 a 23.2±2.81 b 
1 YO       
           BB 20.2±3.14 b 35.6±2.16 a 22.2±1.98 a 14.4±1.86 b 54.6±3.54 a 50±2.70 b 
           D 53.4±5.46 a 36.8±1.56 b 23.8±2.48 b 29.8±0.86 a 22.8±3.48 b 33.4±1.50 a 
           TB 52.3±2.08 a 29.8±5.05 b 14.8±1.43 15.6±2.20 32±1.58 b 56.6±2.36 a 
3 YO       
         BB 31±1.22 a 20.2±2.59 b 21±2.00 27.8±2.42 48±1.67 50.4±3.09 
         D 33.4±3.85 35±3.19 35±4.59 39.4±3.07 31.6±3.91 25.6±3.53 
        TB 33.6±3.88 32.8±2.59 38.2±3.56 36±2.41 27.8±6.77 31.2±2.82 
  5 YO       
        BB 33±2.12 26.2±2.35 30.2±1.16 30.4±0.51 36.8±3.04 43.4±1.96 
         D 24.6±4.90 33.4±2.50 40.6±3.19 a 27.6±4.94 b 34.8±5.23 39±5.51 
         TB 50.6±2.58 46.2±3.97 17±1.52 b 29.8±2.67 a 32.4±1.89 24±4.37 
7 YO       
          BB 29.4±3.41 23.6±3.34 22±1.58 b 29.4±2.16 a 48.2±3.51 47±3.88 
         D 24.6±4.13 38±4.70 36.2±4.69 31.6±3.81 37.4±3.29 30.4±5.39 
        TB 44.8±5.58 44.2±5.23 28.6±3.83 31.8±5.39 26.6±5.33 24±3.78 

          
Key: MO = Months Old, YO = Year Old, BB = Biceps brachii, D = Deltoideus, TB = Triceps 
brachii 
                ab Means bearing different superscript in the same row within a subclass differ 
(p<0.05) 
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Fig (3): Effect of age versus muscle interaction on proportion of muscle fibre type I 
 
 
 

 
Fig (4): Effect of age versus muscle interaction on proportion of muscle fibre type IIA 
 

 

 
 

 
Fig (1): Effect of age versus species interaction on proportion of muscle fibre type I 

 
 
 
 

 
Fig (2): Effect of muscle versus species interaction on proportion of muscle fibre type I 
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Fig (3): Effect of age versus muscle interaction on proportion of muscle fibre type I 
 
 
 

 
Fig (4): Effect of age versus muscle interaction on proportion of muscle fibre type IIA 
 

 

 
 

 
Fig (1): Effect of age versus species interaction on proportion of muscle fibre type I 

 
 
 
 

 
Fig (2): Effect of muscle versus species interaction on proportion of muscle fibre type I 
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Fig (5): Effect of muscle versus species interaction on proportion of muscle fibre type IIB  
 

 
Fig (6): Effect of age versus muscle interaction on proportion of muscle fibre type IIB 
 

 


