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Abstract: Results of examinations of the prenatal dynamic of development of 
skeletal musculature of chicken have been presented in this paper. Eggs of two 
types of chicken hybrids were incubated – broiler (Ross 308) and layer (Hy-Line 
Brown). Samples were taken in determined intervals. For the analyses of samples, 
light and scanning electron microscopy were used. Morphological characteristics of 
skeletal musculature (muscle of hind extremity – m. biceps femoris and chest 
muscle – m. pectoralis profundus) were observed: diameter of muscle cells, 
morphological characteristics of nucleus and cytoplasm of skeletal muscle cells and 
forming of bundles of muscle cells. It was established that the diameter of muscle 
cells was greater in layer chicken and that differences in development of nucleus 
and cytoplasm between these two chicken hybrids exist. These results are 
explained with prolonged proliferation of myoblasts and delayed differentiation of 
muscle cells in broiler chickens, which leads to greater development of skeletal 
musculature of broilers in the postnatal period.  The results of this experiment 
present a basis for further investigations of dynamics of embryonal development of 
skeletal musculature of chicken, the defining of characteristics of embryonal 
development of different types of chicken hybrids, as well as the establishment of 
influence of embryonal characteristics of organism on the postnatal muscle 
development of an individual. 
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Introduction 

 
Observations of broilers and layers in the postnatal period of development 

show significant differences in their weight, quantity of feed intake, growth rate 
and so on (Ušćebrka et al., 2008). Because of that, these hybrids are used for 
different purposes in poultry farming. Selection of these types of hybrids is also 
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aimed at development of characteristics which have economic effect (greater 
growth rate and meat yield for broilers and higher egg production for layers). It can 
be assumed that the differences between these hybrids will keep increasing, both in 
the adult and in embryonal stages of development, and these differences will also 
be manifested in morphological characteristics of skeletal musculature. 

More recently, special attention is devoted to embryonal development of 
skeletal musculature of chicken, dynamics of development of myoblasts, process of 
forming of muscle cells, as well as the development of satellite cells (Collins and 
Partridge, 2005). The objective of these studies is to influence on chicken 
development not only during the period of their growth on farms through feed, 
light and temperature regimes (Halevy et al., 1998), but also by treating chicken 
during the embryonal stage that will influence on development of required 
characteristics (Kocamis et al., 1999; Collin et al., 2005). This increases the 
differences between morphological characteristics of broilers and layers. 

 
Materials and Methods 

 
Within the experimental part of this work, the eggs of Ross 308 (broiler) and 

Hy-Line Brown (layer) were incubated under the standard conditions. A total of 
144 eggs were incubated - 72 eggs of broilers and 72 of layers. 

Samples of muscle tissue were taken on days 9, 12, 15, 18 and 20 of incubation 
(9e, 12e, 15e, 18e, 20e), as well as on day 1 after the chicks were hatched (1p), 
both from the broiler (BC) and layer chicken (LC). Samples were taken from the 
muscle of hind extremity – from the area of m. biceps femoris (MHE) and chest 
muscle – from the area of m. pectoralis profundus (CM), from which histological 
preparations were made and stained with hematoxilin-eozin (H&E), the Mallory 
and Маy Grűnwald Giemsa method (Humason, 1972). The microscopic analysis of 
preparations was performed using light microscope Leica DMLS with a digital 
camera Leica DC 300, and software package  IM 1000 (Leica Imaging Systems 
Ltd, Cambridge, UK). Samples were also observed on scanning electron 
microscope JEOL JSM35. For preparation of samples for scanning electron 
microscopy (SEM), the methods described in Silva et al. (1992) were used. The 
following parameters were observed in the analysis of preparations and 
micrographs: diameter of muscle cells of muscle of hind extremity (m. biceps 
femoris) and chest muscle (m. pectoralis profundus ) of broilers and layers, 
morphological characteristics of skeletal muscle cells, their arrangement in muscle 
and forming of bundles of muscle cells.  

Statistical significance of differences was determined using variant analysis, 
Student's t-test and LSD test. It was expressed as statistically very significant 
(p<0.01), statisticlly significant (p<0.05), or as a difference which is not 
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statistically significant (n.s.). For statistical processing of data software package 
Statistica for Windows ver. 5.0 (Statsoft Inc., 1996) were used. 

 
Results and Discussion 
 

It was determined on the basis of a comparison of the diameter of muscle cells 
between broiler and layer chickens, that there are statistically significant 
differences on day 15 of incubation in muscle of the hind extremity (m. biceps 
femoris), and statistically very significant differences on days 18 and 20 of 
incubation, as well as on day 1 after the hatching of chicks in muscle of the hind 
extremity (m. biceps femoris) and chest muscle (m. pectoralis profundus) (Table 1, 
Figure 1). In all these results, muscle cells of layers had greater diameter.  

 
Table 1. Diameter of muscle cells (μm) 
 

Group Muscles Day x 1 MIN2 MAX3 SD4 

BC MHE 15e 6.37 6.17 6.87 0.25 

LC MHE 15e 7.63 5.86 9.16 1.06 

BC MHE 18e 7.23 6.81 7.9 0.39 

LC MHE 18e 9.36 8.43 9.7 0.48 

BC MHE 20e 10.5 10.26 10.86 0.25 

LC MHE 20e 13.43 12.80 14.29 0.55 

BC MHE 1p 13.41 12.81 14.13 0.56 

LC MHE 1p 18.65 17.41 19.11 0.63 
 

1
−

x : mean value 2MIN: minimal value 3MAX: maximal value 4SD: standard deviation 

 

With the objective of monitoring the dynamics of the increase of skeletal 
muscle cells, comparisons were also made between the values of the diameter of 
muscle cells of skeletal musculature in certain period of development in the same 
types of chicken hybrids. Statistically very significant differences in the diameter 
of skeletal muscle cells (observed for both muscle of the hind extremity and for the 
chest muscle) were determined between days 12 and 15 of incubation in layers, and 
between days 15 and 18, 18 and 20 of incubation, and between day 20 of 
incubation and day 1 after the hatching of chicks in broilers and layers (observed 
for both muscle of the hind extremity and for chest muscle). 

The analysis of morphological characteristics and differentiations of skeletal 
muscle cells, and forming of bundles of muscle cells, show that muscle cells of 
muscle of hind extremity and chest muscle in broilers and layers are set 
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individually or form groups of most often 2-4 cells on days 9 and 12 of incubation. 
Connective tissue is found between each cell or between formed groups of cells. 
Forming of bundles of muscle cells and increased quantity of connective tissue 
between them is determined on day 15 of incubation, while there was less 
connective tissue between the individual cells than on days 9 and 12 of incubation. 
Toward the end of incubation, the differentiation of bundles of muscle cells and the 
quantity of connective tissue between them was increasingly expressed. 

 
Figure 1. M. biceps femoris, day 1 after the hatching of chicks, SEM, x200 
  
 

 
 
 
 
 
 
 
 
 
 

 
The results of experiment which show greater diameter of muscle cells of 

muscle of hind extremity and chest muscle of layers in comparison with broilers, 
are explained with the prolonged period of proliferation of myobalsts (Ashton et 
al., 2005) in broilers, i.e. with the faster increase of diameter of muscle cells of 
layers during incubation. During the time that the proliferation of myoblasts is still 
under way in embryos of broilers, an increase occurs in the diameter of muscle 
cells of layers. Since the proliferation of muscle cells of broilers ends later than in 
layers (Halevy et al., 2006a; Halevy et al., 2006b), only after the proliferation of 
myoblasts is completed in embryos of broiler chicken, a more significant increase 
takes place in the diameter of the muscle cells of broilers. 

Since a significantly greater diameter of muscle cells of the skeletal 
musculature was observed during the postnatal period in broiler chickens in 
comparison with layer chickens (Scheuermann et al., 2004), the question is until 
which period of postnatal development will the diameter of skeletal muscle cells be 
greater in layer chickens and when will the diameter of muscle cells in broilers 
become greater than the diameter of layer chickens. The results obtained in this 
work present a basis for such investigations in the future. 

The different morphological characteristics of skeletal muscle cells between 
broilers and layers during the embryonal development are shown in differences in 
development of nucleus and cytoplasm. Because of the smaller diameter of muscle 
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cells of broilers, nucleus takes up a greater part of the cell, while in the muscle cells 
of layers, which have a greater diameter during incubation, nucleus takes up a 
smaller part of the cell. There is also a difference between the amount of cytoplasm 
in muscle cells of broilers and layers. The amount of cytoplasm within muscle cells 
of broilers, which are smaller, is smaller, and the amount of cytoplasm is greater 
within muscle cells of layers, which are greater.  

 
Conclusion 

 
Based on the results obtained in this work, comparing the diameter of muscle 

cells of muscle of hind extremity (m. biceps femoris) and chest muscle (m. 
pectoralis profundus) between broilers and layers during the embryonal period of 
development, it is established that diameter is greater in layers. These differences 
are explained by prolonged proliferation of myoblasts and delayed differentiation 
of muscle cells in embryos of broilers, which enables increased growth and 
development of muscle cells in broilers during the postnatal period. Such 
occurrences in embryonal period of development are cause of  mentioned 
differences in diameter of muscle cells and differences in morphological 
characteristics of skeletal muscle cells between these two types of hybrids. 

It can be concluded, that in chickens, there is a difference in the prenatal 
dynamic of development of skeletal musculature depending on type of hybrid, 
which indicates the possibility of further investigations in order to establish some 
other characteristics which are different in broilers and layers in the period that 
precedes hatching. These examinations will be significant in establishing of 
postnatal characteristics while the chickens are still in the stage of incubation. 

 
Prenatalna dinamika razvoja skeletne muskulature teških i 
lakih hibrida pilića 

 
S. Stojanović, Z. Kanački, D. Žikić, G. Ušćebrka 
 
Rezime 

 
Cilj ispitivanja u ovom radu je bio da se ustanove karakteristike prenatalne 

dinamike razvoja skeletne muskulature teških i lakih hibrida pilića.  
Nakon inkubacije pilića i analize dobijenih uzoraka skeletnog mišićnog tkiva 

(m. biceps femoris i m. pectoralis profundus), utvrđeno je da postoje razlike 
između ova dva tipa hibrida pilića. One se ogledaju većim dijametrom  skeletnih 
mišićnih ćelija lakih hibrida tokom inkubacije, kao i različitim morfološkim 
parametrima razvoja skeletnih mišićnih ćelija ova dva tipa hibrida (odnos nukleusa 
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i citoplazme), što se objašnjava produženom proliferacijom mioblasta i odloženom 
diferencijacijom mišićnih ćelija kod teških hibrida pilića, a to dovodi do većeg 
razvoja skeletne muskulature teških hibrida u postnatalnom periodu, tj. bržeg 
uvećanja dijametra skeletnih mišićnih ćelija lakih hibrida tokom embrionalnog 
perioda razvoja. 

Ovakvi rezultati mogu predstavljati osnov za dalja ispitivanja kojima bi se 
mogle utvrditi i druge osobenosti razvoja teških i lakih hibrida pilića tokom 
embrionalnog perioda razvoja, kao i uticaj prenatalnog perioda razvoja na 
manifestovanje pojedinih karakteristika odraslih jedinki.  
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