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Abstract: In order to find out the histomorphometrical differences of muscle fibers of Quadiceps femoris
between commercial broiler and domestic fowls, 40 birds (20 each species) from both sexes, aged 8 weeks, were
used. Tissue samples were taken from the middle parts of left and right Quadiceps femoris muscle. After fixation
in  10%  buffered   formalin   solution,   sections   were   prepared,  using  routine  histological  techniques.
Tissue  samples  were stained by Hematoxylin and eosin. By using ocular  micrometer, the mean diameters of
the muscle fiber were measured. Also, the total numbers of muscle fibers were determined by using the lattice
line graticule (5*5). Results showed that the domestic fowls had more muscle fiber percentage than the Ross
broilers. The histomorphometrical features of muscle fibers were similar in the left and right sides of Quadiceps
femoris muscle in both chicken genotypes. No significant sex-based differences were found. It is concluded
that the species-specific differences in muscle mass are primarily due to differences in the diameters and total
number of muscle fibers.
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INTRODUCTION colored muscles by Mobini [4, 5], in broiler chickens, no

Fast-growing chicken strains have shown much and diameters of the muscle fibers of Quadiceps femoris
higher muscularity and pronounced hypertrophy [1] as in the Ross commercial broilers and domestic fowls.
compared  with  laying  or  slow   growing chickens [2]. Therefore, the present study was aimed to find out the
The major component of a muscle is the constituent differences of total numbers and diameters of the muscle
muscle  fibers.  Species-specific differences in muscle fibers of Quadiceps femoris between these two chicken
mass are primarily due to differences in the number of strains in both sexes.
muscle fibers. Muscle mass is therefore largely determined
by the number of muscle  fibers and the size of those MATERIALS AND METHODS
fibers [3].

In Shahrekord, most of the farmers rear Ross A  total  of  40  adult  clinically  healthy chickens
industrial broiler and domestic fowls. These two chickens' (aged 8 weeks), 20 from domestic fowls and 20 from Ross
strains reared in different conditions. The commercial commercial broilers of both sexes (20 each sex) were
broilers reared in well hygienic condition, in contrast, the obtained from the Research farm of household bird's
domestic fowls are scavenger in nature fed by grains, maintenance of College of Veterinary Medicine, Islamic
seeds, green grasses and garden leftover [4]. In spite of Azad University of Shahrekord. The domestic fowls were
scattered histological investigations on intramuscular fed by grains, seeds, green grasses and garden leftover,
connective tissues differences between dark and light in  contrast,  the  commercial  Ross broilers were reared in

comparative information is yet available on the numbers
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well hygienic condition and received feed and water ad
libitum. The birds were deeply anesthetized by excess
ether inhalation. Tissue samples were taken from the
middle parts of left and right Quadiceps femoris muscle.
The samples were immediately fixed in 10% buffered
neutral formalin solution for 24-48 hours, dehydrated and
embedded in paraffin blocks. Tissue sections (5 µm) were
stained by Hematoxylin and eosin [6]. The total numbers
of muscle fibers per mm  were determined by using the2

lattice line graticule (5*5) and the mean diameters of the
muscle fiber were measured by using ocular micrometer.
Data were analyzed by one-way ANOVA, using the SPSS
statistic  software  version 18. Duncan's multiple range
test was also used to detect significant differences
(P<0.05).

RESULTS

The total numbers of muscle fibers per mm  of2

Quadiceps  femoris   muscle   are   shown   in   Table 1.
The numbers of muscle fibers per mm  of Quadiceps2

femoris muscle were more in the both sexes of the
domestic fowls than those of the Ross broilers (Table 1).

Sex related differences  were not observed for the
total number of muscle fibers per mm  of Quadiceps2

femoris muscle of both chicken strains. The minimum
muscle fiber number in right side of Quadiceps femoris
muscle was recorded in female Ross broilers (P<0.05).
Although the minimum muscle fiber number in left side of
Quadiceps femoris muscle was found in male Ross
broilers, but the difference was not significant (P>0.05).
The mean muscle fiber percentage in various sides of
Quadiceps femoris muscle in domestic fowls varied
between 73.3–81.3 and in Ross broilers: between 60–69.3
(Table 1).

No evident  difference between the left and right
sides of Quadiceps femoris muscle was observed in the
histomorphometrical features of muscle fibers in both
chicken strains (Tables 1, 2).

Sex related differences were not also observed for the
mean muscle fiber diameters of Quadiceps femoris muscle
of both domestic fowls and Ross broilers (Table 2).

The lowest muscle fiber diameter in left side of
Quadiceps femoris muscle was found in female Ross
broilers (P<0.05). The diameters of muscle fibers in right
side of Quadiceps femoris muscle showed no significant
differences between two chickens' genotypes (P<0.05).
The mean muscle  fiber diameters in domestic fowls
ranged from 34.5–51.5 µm, whereas in Ross broilers
ranged from 37–45 µm (Table 2).

Table 1: Average numbers of muscle fibers per mm  (%) in different2

regions of Quadiceps femoris muscle in adult domestic fowls and

Ross broilers (Mean ± SE).

Strains Gender Right Left

domestic fowl Male 77.3±6.1 76.0±14.4b

Female 81.3±2.3 73.3±6.1b

Ross broiler Male 66.7±9.2 64.0±10.6ab

Female 60.0±10.6 69.3±14.0a

Non-similar small letters within a column differ significantly (P<0.05).

Table 2: Average diameters ( m) of muscle fibers in different regions of

Quadiceps femoris muscle in adult domestic fowls and Ross

broiler (Mean ± SE).

Strains Gender Right Left

domestic fowl Male 45.0±6.4 51.5±10.9b

Female 34.5±8.4 42.5±12.4ab

Ross broiler Male 42.5±6.4 43.0±4.8ab

Female 45.0±10.3 37.0±4.5a

Non-similar small letters within a column differ significantly (P<0.05).

DISCUSSION

The results revealed that histomorphometrical
features of muscle fibers were similar in the left and right
sides of Quadiceps femoris muscle in both chicken
genotypes which is in agreement with the results reported
by Mobini [4-5].

Sex-related differences  in  the number of muscle
fibers have been reported for rats [7-8], cattle [9], chickens
[10-11] and humans [12-13]. In these cases males exhibited
higher muscle fiber numbers compared to females. But in
the present study, sex related differences were not
observed for the total number of muscle fibers per mm  of2

Quadiceps  femoris  muscle  of  both chicken  strains.
Also no differences were found between male and female
rat Soleus muscles [14], several mouse muscles [15-17]
dog  Pectineus  muscle  [18],  pig Longissimus  muscle
[19-22] and human Vastus lateralis muscle [23-24].
Studies undertaken by Tobin and Joubert [25] revealed
that the sex difference in muscle fibre number of rat
Levator ani muscle is under the control of testosterone
during the  perinatal period. Testosterone treatment in
later postnatal periods is able to increase muscle growth
in a direct or indirect manner [26-27] by stimulating
satellite  cell  proliferation  and  muscle protein synthesis
[7, 28-29]. Additionally, differences in fiber number have
been related to different physical activity between male
and female muscles [12].



World Appl. Sci. J., 22 (10): 1506-1509, 2013

1508

The domestic fowls had more muscle fiber percentage 7. Joubert, Y., C. Tobin and M.C. Lebart, 1994.
in Quadiceps femoris muscle than the Ross broilers in the
present study. These differences might be due to the
differences between the breeds [30].

In the present study, the mean muscle fiber diameters
in domestic fowls ranged from 34.5–51.5 µm, whereas in
Ross broilers ranged from 37–45 µm. The mean muscle
fiber diameters range of various skeletal muscles among
different the species were from about 20 to 80 µm [3].
Muscle fiber diameters in two muscles of the laboratory
mouse  and  rat  were  20-41  and  39-64  µm  respectively
[8, 16-17, 31-32].

No marked differences in muscle fiber diameter of
Quadiceps femoris muscle were found between different
chicken  strains  which  is  similar  to  previous findings
[19, 33].

In  conclusion,  the  domestic  fowls  had  more
muscle  fiber   percentage   than    the    Ross   broilers.
The histomorphometrical features of muscle fibers were
similar in the left and right sides of Quadiceps femoris
muscle in both chicken genotypes. Sex related differences
were not observed for  the all histomorphometrical
features of muscle fibers. Species-specific differences in
muscle mass are primarily due to differences in the
diameters and total number of muscle fibers.

REFERENCES

1. Aberle, F.D., P.B. Addis and R.N. Shoffner, 1979.
Fiber types in skeletal muscles of broiler and layer
type chickens. Poult. Sci., 58: 1210-1212.

2. Burke, W.H. and M.H. Henry, 1997. Characteristics of
the Pectoralis superficialis and Semimembranosus of
broiler strain chickens, Bantam chickens and the
reciprocal crosses. Poult. Sci., 76: 767-773.

3. Rehfeldt, C., N.C. Stickland, I. Fiedler and J. Wegner,
1999. Environmental  and  genetic  factors  are
sources of variation in skeletal muscle fiber number.
Basic Appl. Myol, 9(5): 235-253.

4. Mobini, B., 2013. Comparative histological studies of
intramuscular connective tissues of muscle Pectoralis
Profundus  from  native  and  broiler chickens.
Middle-East J. Sci. Res. In press.

5. Mobini, B., 2013. Histological differences in
intramuscular connective tissues composition
between dark and light colored muscles in broiler
chickens. Global Veterinaria, 10(3): 360-364.

6. Kiernan, J.A., 2008. Histological and Histochemical
Methods: Theory and Practice. 4  ed., Bloxham,th

Scion, UK.

Testosteroneinduced masculinization of the rat
levator  ani   muscle   during   puberty.  Dev.  Biol,
162: 104-10.

8. Rehfeldt, C., R.  Weikard  and  K.  Reichel, 1994.
Effects of the ßadrenergic agonist clenbuterol on
skeletal  muscle  growth  in  rats. Arch. Anim. Nutr,
45: 333-344.

9. Papstein,  H.J.,  B.  Losand,  M.  Gabel,  I.  Fiedler and
K. Ender, 1999. Wachstums-untersuchungen an
Fleischrindbullen und-färsen aus Zwillingsgeburten
bei hohem Ernährungsniveau. 2. Mitteilung:
Wachstumsverlauf, Fleischbeschaffenheit und
Muskelstruktur. Züchtungskunde, 71: 267-276.

10. Scheuermann,  G.N.,   S.F. Bilgili,   S.   Tuzun  and
D.R. Mulvaney, 2004. Comparison of chicken
genotypes: Myofiber number in Pectoralis muscle
and myostatin ontogeny, Poult. Sci., 83: 1404-1412.

11. Rehfeldt, C., R. Schadereit, R. Weikard and K.
Reichel, 1997. Effect of the beta-adrenergic agonist
clenbuterol on growth, carcass and skeletal muscle
characteristics  in  broiler  chickens. Br.  Poul.  Sci.,
38: 368-375.

 12. Henriksson-Larsén, K., 1985. Distribution, number
and size of different types of fibres in whole
crosssections of female m Tibialis anterior. An
enzyme histochemical study. Acta. Physiol. Scand.
123: 229-235.

13. Nygaard, E., 1981. Skeletal muscle fibre
characteristics in young women. Acta. Physiol.
Scand, 112: 299- 304.

14. Eliot, T.S., R.C. Wigginton and  K.B. Corbin, 1943.
The number and size of muscle  fibers in the rat
soleus in relation to age, sex and exercise. Anat. Rec.
85: 307-308.

15. Nimmo, M.A. and D.H. Snow, 1983. The effect of
ageing on  skeletal  muscle  fibre characteristics in
two inbred strains of mice. J. Physiol, 40: 24-25.

16. Rowe, R.W.E. and G. 1969. Goldspink, Muscle fibre
growth in five different muscle in both sexes of mice.
J. Anat, 104: 519-530.

17. Timson, B.F, 1982. The effect of varying postnatal
growth rate and skeletal muscle fibre number in the
mouse. Growth, 46: 36-45.

18. Ihemelandu, E.C., 1980. Decrease in fibre numbers of
dog pectineus muscle with age. J. Anat, 130: 69-73.

19. Fiedler, I., K. Ender and H. Domröse, 1989.
Ergebnisse zur Muskelstruktur unterschiedlicher
Geschlechter und Rassen beim Schwein. Genetische
Probleme in der Tierzucht, Akademie der
Landwirtschaftswissenschaften (Berlin) 20: 95-101.



World Appl. Sci. J., 22 (10): 1506-1509, 2013

1509

20. Otto, E. and J. Wegner, 1976. Quantitativ- 28. Joubert, Y. and C. Tobin, 1995. Testosterone
mikroskopische Untersuchungen der Muskelfaser treatment results in quiescent satellite cells being
und ihrer Beziehung zum  Fleischansatz beim activated and recruited into cell cycle in rat levator
Schwein. Arch. Anim. Breed, 19: 419-429. ani muscle. Dev. Biol, 169: 286-294.

21. Rehfeldt, C. and R. Weikard, 1995. Cellular response 29. Urban, R.J., Y.H. Bodenburg, C. Gilkison, J. Foxworth,
of muscle to porcine somatotropin (pST) in pigs. A.R. Coggan, R.R. Wolfe and A. Ferrando, 1995.
Proc. 2nd Dummerstorf Muscle Workshop "Muscle Testosterone  administration  to elderly men
Growth and Meat Quality", Rostock., Germany, increases skeletal muscle strength and protein
Schriftenreihe FBN 6: 35-42. synthesis. Am. J. Physiol, 269: E820-E826.

22. Staun, H., 1963. Various factors affecting number and 30. Voutila, L., 2009. Properties of intramuscular
size of muscle fibers in the pig. Acta. Agric. Scand, connective tissue in pork and poultry with reference
13: 293-322. to weakening of structure. Ph.D. thesis, Faculty of

23. Schantz, P., E. Randall-Fox, P. Norgren and A. Tydén, Agriculture and Forestry of the University of
1981. The relationship  between  the mean muscle Helsinki, pp: 1-94.
fibre area and the muscle cross-sectional area of the 31. Schadereit, R., M. Klein, C. Rehfeldt, F. Kreienbring
thigh in  subjects  with  large differences in thigh and K. Krawielitzki, 1995. Influence of nutrient
girth. Acta. Physiol. Scand, 113: 537-539. restriction and realimentation on protein and energy

24. Schantz, P., E. Randall-Fox, W. Hutchison, A. Tydén metabolism,  organ  weights   and  muscle  structure
and P.O. Astrand, 1983. Muscle fibre type in  growing   rats.   J.   Anim.   Physiol.  Anim.  Nutr,
distribution, muscle cross-sectional area and maximal 74: 253-268.
voluntary  strength  in  humans. Acta. Physiol. 32. Summers, P.J. and J.F. Medrano, 1994. Morphometric
Scand, 117: 219-226. analysis of skeletal muscle  growth  in the high

25. Tobin, C. and Y. Joubert, 1991. Testosterone-induced growth mouse. Growth. Dev. Aging, 58: 135-148.
development of the rat levator ani muscle. Dev. Biol. 33. Kuhn,  G.,   M.   Hartung,  K.   Nürnberg,  I.  Fiedler,
146: 131-138. H. Falkenberg, G. Nürnberg and K. Ender, 1998.

 26. Florini, J.R., 1987. Hormonal control of muscle Körperzusammensetzung und Muskelstruktur von
growth. Muscle & Nerve. 10: 577-598. genetisch differenten Schweinen in Abhängigkeit

27. Spencer, G.S.G., 1985. Hormonal systems regulating vom MHS-Status. Arch. Anim. Breed, 41: 589-596.
growth. A review. Livestock. Prod. Sci., 12: 31-46.


