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Introduction
Production of animals with a greater muscle mass in order to 

increase productivity of animal is a crucial goal in animal breeding 
and husbandry. Farm animals are classed precocial species due 
to their relative maturity at birth. Precocial species e.g. cattle and 
camel, are able to stand and walk immediately after birth, which 
suggests that a considerable functional development of muscles 
has occurred prior to birth. Skeletal muscle quantitatively makes 
up about 50-60% of the carcass weight in the precocial species 
[1,2]. The type of mechanical activity plays an important role in the 
development of muscle, including passive stretch imposed by bone 
growth, shortening of muscle fibres during movement exercise, or 
chronic stretch imposed by limb immobilization, which each have a 
differing effect on muscle development [3]. 

 
Skeletal muscle is a highly organized, complex, and dynamic tissue 
that responds to the mechanical forces placed upon it [4-6]. It 
provides maintenance of body posture against force by distributing 
loads and absorbing shocks [7]. Locomotion, which is a function of 
muscle development is essential for acquiring food and to escape 
predation and is, thus, a key ability of most animals. The specific 
condition under which skeletal muscle tissue functions in a species 
impacts on the structural design of the muscle tissue. A dominant 
mechanical constraint for the function of muscle tissue is animal 
size. Hoppeler et al. [8] reported that, as animals increase in length, 
muscle force should increase with the square of the length change 
while animal mass should increase with the cube of the length 
change. An important consideration in all modeling efforts is the 
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Abstract

Skeletal muscle is a highly organized, complex, and dynamic tissue which provides maintenance of body posture against force by distributing loads 
and absorbing shocks. In this work efforts were done in bringing up information on some anatomical areas related to camel and cattle musculatures. In 
this study, forelimbs were obtained from 25 male camels (Camelus dromedarius) and from 25 male cattle (Zebu type) each within the ages of 6 months, 1 
year, 3 years, 5 years and 7 years from Sokoto Municipal Modern abattoir, Sokoto, Nigeria. The triceps brachii, biceps brachii and the deltoideus muscles 
were dissected out, and their morphometrics (transverse sectional area and densities) determined. Results showed general increment in transverse 
sectional area values along chronological age advancement of the animals used, with values in cattle ranging from 11.33±0.80cm2 (deltoideus of 6 
month old cattle) to 209.12±7.16cm2 (triceps brachii of 7 year old cattle); and in camel values of 13.83±0.78cm2 (deltoideus of 6 month old camel) to 
178.90±6.68cm2 (triceps brachii of 1 year old camel). Muscle density on the other hand indicated decreased values as the ages of the animals increased, 
with the camel having values ranging between 0.33±0.03g/cm3 (deltoideus of 7 year old camel) to 2.22±0.13g/cm3 (biceps brachii of 6 month old 
camel); and in the cattle values of 0.26±0.02g/cm3 (deltoideus of 5 year old camel) to 1.16±0.14g/cm3 (biceps brachii of 6 month old camel). From the 
overall result shown for camel and cattle, the camel on the averagely had higher values for both transverse sectional area and muscle densities. Results 
from interaction outcomes, revealed that triceps brachii from 7 year old camel had a significantly highest value of transverse sectional area than those 
obtained from other muscles across different ages from both species studied. In the same vein, biceps brachii muscle obtained from 6 months old camel 
had highest value for muscle density. The information obtained in this study may not only advance the course of knowledge in this study field, but 
could also serve a useful tool in clinical practices as well as in proper planning for animal husbandry, more especially in meat science evaluation and 
monitoring.
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assumption that force per unit muscle cross-sectional area is the 
same for animals of all sizes [9].

Efforts were done in bringing up information on some 
anatomical areas related to camel and cattle musculatures; few 
among these are our previous works on: Gross and Morphometric 
Evaluation of Deltoideus Muscle of Cattle and One-Humped Camel 
[10]; Comparative morphologic and biometric studies of triceps 
brachii and biceps brachii muscles of cattle and one-humped 
camel [11]; as well as Determination of perimysial and fascicular 
diameters of triceps brachii, biceps brachii and deltoideus muscles 
in Zebu cattle and one-humped camel [12]. Literature searches 
however could not yield information on muscle transverse sectional 
area and muscle densities in either the cattle or the camel nor both 
comparatively; it is against this background that this work was 
carried out in order to bridge the information gap in these animal’s 
species. 

Materials and Methods
Forelimbs were obtained from 25 male camels (Camelus 

dromedarius) and from 25 male cattle (Zebu type) each within the 
ages of 6 months, 1 year, 3 years, 5 years and 7 years, the limbs 
were purchased from Sokoto Municipal Modern abattoir. The age of 
each animal was determined prior to slaughter, using the methods 
of Wilson [13] and Dyce et al. [14], while evaluation of the animals 
were done through physical examination to exclude any animal with 
musculoskeletal deformity or diseases [14]. The live body weights 
of the animals were estimated using linear body measurement 
based on the formula of Yagil [15].

The forelimbs from the slaughtered animals were obtained and 
wrapped in clean sterile polythene bags and transported in a clean 
box containing ice cubes to the Laboratory of the Department of 
Veterinary Anatomy, Usmanu Danfodiyo University, Sokoto, Nigeria, 
where the triceps brachii, biceps brachii and deltoideus muscles 
were all carefully identified and dissected out using the methods of 
Chibuzo [16] as slightly modified by Sonfada [17]. The connective 
tissues unsheathing each muscle were trimmed off as much as 
possible, noting the origin and insertion of every muscle before 
further different processing and analyses were done. The triceps 
brachii, biceps brachii and the deltoideus muscles were dissected 
out, and their morphometrics (muscle weight, length and diameter) 
determined. The muscle lengths and diameters were measured with 
a measuring tape (butterfly® type) in centimeters. The weights 
of larger muscles were however measured using Metler Balance 
(P1210, Metler Instruments, AG Switzerland, with a sensitivity of 
0.1kg) while smaller muscles’ weights were determined using a 
Digital Electronic Balance (CITIZEN SCALES 1 PVT. LTD, Model MP-
600, with a sensitivity of 0.1g).

The transverse sectional area (TSA) of the muscles was 
determined as described by Sivachelvan [18]. Using this method, 
each of the muscles was cut into two halves across the center of the 
muscle belly (transverse section). A predetermined area of 12cm 
by 14cm (168cm2) was traced on a tracing paper (Natural Tracing 
Paper Gateway® model) using a pencil and the traced outline was 
weighed on a sensitive Digital Electronic Balance (CITIZEN SCALES 

1 PVT. LTD, Model MP-600, with a sensitivity of 0.1g) recorded. The 
cut surface (transverse or cross section) of the muscle was pressed 
against the weighted tracing paper to outline the circumference of 
the muscle on the tracing paper. The outlined area of the muscle, 
already obtained, was cut off from the tracing paper and also 
weighed. From the known weight of the tracing paper and its 
initial coverage area, and the now known weight of the transverse 
section “cut surface” of the muscle on the tracing paper, the TSA was 
calculated and recorded in cm2. The muscle volume was calculated 
using a mathematical formula using the already known muscle area 
and muscle length. Thus: Volume (cm3)=Area (cm2) x Length (cm). 

The Muscle Density was calculated using a mathematical 
formula by substituting the values of muscle mass (weight) and 
muscle volume (which was already obtained) in the formula: 

Density (g/cm3) = Mass/(Volume(cm^2))

Numerical data obtained were reported as mean±SD (Standard 
deviation) and presented in form of tables and figures. Data 
generated from the study were analyzed using a two way ANOVA 
and correlation analysis was also done on the transverse sectional 
area and the muscle density. Statistical significance of experimental 
observations were set at p<0.01 and p<0.05 where appropriate. All 
statistical analyses were done using SPSS (Version 16.0, 2007). 

Results

Figure 1: Effect of age versus species interaction on muscle 
transverse sectional area.

Figure 2: Effect of age versus muscle interaction on muscle 
transverse sectional area.
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As shown on Table 1, there was a general increment in TSA values 
along chronological age advancement of the animals used. Muscle 
density on the other hand indicated decreased values as the ages of 
the animals increased (Table 1). From the overall result shown on 
Table 2 for both camel and cattle, the camel on the average indicated 
higher values for both TSA and the muscle densities. Figure 1 & 2 

indicated interaction outcomes, which revealed that triceps brachii 
from 7 year old camel had a significantly highest value of TSA than 
those obtained from other muscles across different ages from both 
species studied. In the same vein, Figure 3-5 indicated that biceps 
brachii muscle obtained from 6 months old camel had highest value 
for muscle density.

Table 1: Transverse sectional area (TSA) and muscle density (MD) of triceps brachii, biceps brachii, and deltoideus in camel and cattle 

(Mean±SD).

Age/ Muscle
Muscle TSA (cm2) Muscle Density (g/cm3)

Camel Cattle Camel Cattle

6 Months Old

BB 36.92±2.68a 13.43±0.91b 2.22±0.13 a 1.16±0.14b

D 13.83±0.78a 11.33±0.80b 0.49±0.03b 0.96±0.17a

TB 84.19±2.95 82.80±4.77 0.59±0.02a 0.39±0.01b

1 Year old

BB 37.71±2.84a 27.84±2.17b 1.86±0.06a 0.56±0.01b

D 14.79±0.49a 21.43±0.49b 0.60±0.04 0.44±0.07

TB 178.90±6.68b 196.41±3.67a 0.45±0.02a 0.22±0.01b

3 years Old

BB 49.56±1.99a 26.12±0.95b 1.06±0.06 1.14±0.10

D 30.52±1.33a 22.59±1.71b 0.58±0.03b 0.97±0.07a

TB 76.73±1.38b 176.92±7.29a 1.09±0.02a 0.27±0.02b

5 Years Old

BB 37.03±1.81a 18.80±1.14b 0.68±0.04 0.63±0.04a

D 49.39±5.89 39.10±2.36 0.38±0.02a 0.26±0.02b

TB 169.60±7.92a 104.48±3.94b 0.46±0.03 0.43±0.03

7 Years Old

BB 51.19±5.84a 29.08±1.68b 0.61±0.06 0.45±0.02

D 76.37±4.75a 30.42±1.57b 0.33±0.03 0.32±0.02

TB 126.99±3.81b 209.12±7.16a 0.38±0.02b 0.48±0.02a

abMeans bearing different superscript in the same row within a subclass differ significantly (p<0.05)

 BB: Biceps Brachii; D: Deltoideus; TB: Triceps Brachii; TSA: Transverse Sectional Area

Table 2: Overall mean muscle density and transverse sectional area.

Factor
Muscle Characteristics

Density (g/cm3) TSA (cm2)

Species

Camel 0.79a 74.06a

Cattle 0.58b 61.85b

SEM 0.03 2.05

Age

6 Months 0.97a 40.43c

1Year 0.69b 79.53a

3 Years 0.85a 63.24b

5 Years 0.47c 69.73b

7 Years 0.43c 86.86a

SEM 0.04 3.24

Muscle

Biceps 1.03a 32.47b
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Deltoid 0.55b 30.78b

Triceps 0.48b 140.63a

SEM 0.03 2.51

Interactions

S x A - -

S x M - NS

A x M - -

Figure 3: Effect of age versus species interaction on muscle 
density.

Figure 4: Effect of muscle versus species interaction on 
muscle density.

Figure 5: Effect of age versus muscle interaction on muscle 
density.

Discussion
This present study, with the mean TSA value of 35.85cm2 for 

the cattle aged 6 months, agreed with the findings of Albrecht 
et al. [19], where they reported that German Angus, studied at 
different ages of 6 months, 1 year and 2 years have shown mean 
transverse sectional area (TSA) of 35.3cm2, 59.3cm2, and 99.6cm2; 
so also agreed with the general increase in the TSA values along 
chronological ages as was also observed in this present study. 

Coefficients of correlation between muscle TSA and muscle density, 
indicated significantly positive values (p<0.01), this means that 
increase in muscle TSA had corresponding effects of muscle density 
increase. This was found to agree with the findings of Hall, [20]. 
This also further proved that muscle growth is isometrical across 
age advancement [21].

The obtained muscle density for the camel and cattle was in 
contrast to the report of Morale et al. [22]. He asserted that the 
composite tissue densities (e.g. muscle with slight amounts of 
fat) in man are the same as those for the common experimental 
mammals. In the present work, the camel had denser muscle than 
the cattle with the muscle density for the biceps brachii being 
denser than other muscle types across the species. This finding 
could be attributed to the stout nature of this muscle compared to 
triceps brachii and the deltoideus. 

In this study, the muscle density showed decreased values along 
age increase, as observed from the overall means among both camel 
and cattle studied, this was confirmed from the correlation result 
where correlation coefficient of muscle TSA and muscle density 
were all significant (p<0.05). This however, is in contrast to the 
reports of Shareha et al. [23] that camel muscle had an increased 
density and muscle fibres diameter, which reduces the percentage 
of fat deposition between the muscle fibres. This assertion has on 
the other hand supported the fact that camel muscle has less fat 
compared to cattle as claimed by Eliman et al. [24], although in the 
present study the analysis of muscle fat was not done.

The shape of muscle fibre bundles is influenced by the region 
within the muscle as reported by Totland et al. [25], however, in 
the present study the muscles sampled for the TSA were all from 
the mid belly region of the different muscles, obtained somewhere 
half way along the entire muscle length, and as such the TSA values 
were true reflection of the muscle architecture. In the present work, 
muscle TSA showed increased values with increased chronological 
ages, this is in agreement with the findings of Wegner et al. [26], 
and it is a reflection of muscle growth along age increase among the 
animals studied. The ability to accurately and efficiently quantify 
muscle size is vital for assessing muscle function, because muscle 
mass is the primary determinant of muscle strength [27,28] 
although in the present study, muscle strength and functions were 
not assessed.

Though this study was concerned with only normal muscles, 
the application of the findings in this work may find acceptance 
in clinical practice as it has been reported by Paddon et al. [29] as 
well as Nosaka et al. [30] that muscle swelling can be assessed by 
measuring limb/muscle circumference using a tape measure, and/
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or muscle thickness. However, to evaluate muscle swelling more 
accurately according to Chan et al. [31] it is better to measure 
muscle transverse sectional area, these were however evaluated in 
this work but they are not related to muscle swelling but to normal 
muscle growth along chronological age advancement of the animals 
and their body status. It has been asserted that two muscles of the 
same transverse-sectional area will have the same potential force 
of contraction but if one is twice as long, it will be able to contract 
further and thus perform more external work. The forelimb 
muscles of a quadrupedal animal should therefore be specialized 
in weight bearing, since they are critical in stabilization and force 
production during gait [32-35]. The information obtained in this 
study may not only advance the course of knowledge in this study 
field, but could also serve a useful tool in clinical practices as well 
as in proper planning of animal husbandry more especially in meat 
science evaluation and monitoring.
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