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Abstract: Histological pro  le of breast and leg 
muscles of Silkies chickens and of slow-growing 
Hubbard JA 957 broilers. The experiment was 
conducted with 60 slow-growing Hubbard JA 
957 broilers and with 60 Silkies chickens reared 
until the 63rd day of life, in three replications, 20 
birds each, in a closed building on litter. A three-
-stage feeding program was applied in the rear-
ing period. Feed mixtures used in the experiment 
did not differ in contents of nutrients. In the  rst 
stage of rearing (till 21 days of life) the chickens 
were fed a standard starter feed mixture contain-
ing: 20.98% of total protein, 2,845 kcal/kg of me-
tabolizable energy, 1.17% of lysine and 0.98% of 
met. + cys. In the period from 22 to 56 days of 
life they were receiving a grower type mixture 
containing: 20.0% of total protein, 2,900 kcal/kg 
of energy, 1.04% of lysine and 0.88% of met. +
+ cys., whereas contents of these components 
in the  nisher type mixture administered till the 
end of the rearing period were as follows: 18% 
of protein, 2,965 kcal/kg of EM, 0.90% of lysine 
and 0.78% of met. + cys. On day 63 of rearing, 
12 cockerels and 12 hens were selected random 
from each group. The birds were slaughtered in 
a poultry slaughter house, and specimens of their 
major breast muscle (m. pectoralis super  cialis) 
and thigh muscle (biceps femoris) were sampled 
for analyses. The breast and leg muscles of the 
birds were characterized by diversi  ed diameters 
of muscle  bers depending on bird genotype. 
The greatest diameters were found in breast and 
leg muscles of the slow-growing Hubbard JA 
957 broilers, which was con  rmed statistically 

(P  0.01). It was also demonstrated that the mean 
diameter of muscle  bers of Silkies chickens was 
more than two times smaller compared to the 
Hubbard JA 957 chickens. 
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INTRODUCTION 

Contemporarily only highly-selected hy-
brids of slaughter chickens and turkeys 
are used in the production of poultry 
meat in Poland. White meat of chick-
ens, compared to red meat, is deemed as 
basic in a healthy diet of man owing to, 
among other things, relatively low con-
tents of fat and cholesterol. In addition, 
consumers are convinced by a relatively 
low price and usually convenient por-
tions of this meat as well as by a lack of 
religious restrictions in its consumption 
(Jaturasitha 2004).

Quality traits of poultry meat are de-
termined by many factors, including spe-
cies, breed or genetic line of birds, rear-
ing conditions, pre-slaughter handling 
and meat processing procedures. The 
key one include the origin of birds and 
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their age at slaughter. These two factors 
in  uence mainly the organoleptic traits 
of meat, but also affect its technological 
properties. A signi  cant factor determin-
ing meat quality is the rearing system. 
In the intensive production of slaughter 
chickens, constituting the main source 
of poultry meat in Poland, use is mainly 
made of hybrids with a high genetically-
-determined production potential. Con-
sumers of poultry meat are increasingly 
more interested in the welfare of animals 
as well as in the quality and safety of  -
nal products. Many of them pay attention 
to housing conditions, rearing system 
and color of carcass. Today also Polish 
consumers are considering the purchase 
of meat originating from chickens reared 
in less intensive systems and addition-
ally having access to free ranges, as they 
believe that this meat is characterized by 
higher quality. Furthermore, they search 
for meat with good  avor and health-
-promoting values. Meat of slow-grow-
ing chickens is characterized by a higher 
content of protein and a low fat con-
tent desired by consumers (Khantaprab 
et al. 1997, Po towicz et al. 2003). The 
elongation of rearing period affects the 
concentration of chemical compounds 
in breast and leg muscles, their more at-
tractive aroma, taste and, thus, sensory 
properties (Fujimura et al. 1994, Qing-
hua 1994). A faster rate of these birds 
body weight gain, at unequal develop-
ment of their entire bodies, often leads 
to metabolic disorders, exerts an adverse 
effect on their health status and – most of 
all – on meat quality, which is especially 
signi  cant to consumers. 

Meat and animal products are essen-
tial components of a man diet. Accord-
ing to PN-65/A-82000, meat constitutes 

“skeletal muscles and adherent adipose, 
connective and bone tissues, derived 
from carcasses, half carcasses or quarter 
carcasses of particular types of animals 
for slaughter”. One of the most valuable, 
not only from the dietetic point of view, 
is poultry meat being a source of bal-
anced protein, amino acids (e.g. leucine, 
isoleucine, valine or arginine), fatty ac-
ids and minerals (Wangang et al. 2010). 
High digestibility of poultry meat, its 
assimilability, availability and low price 
make it very popular amongst consumers 
(Nowak and Trziszka 2010). The histo-
logical structure of muscles is subject to 
some changes depending on their func-
tions (Klont et al. 1998). Factors that 
affect changes in the character of mus-
cle  bers include: gender (Ozawa et al. 
2000), age (Candek-Potokar et al. 1998), 
breed (Ryu et al. 2008) and physical ac-
tivity (Karlsson et al. 1999). The quality 
of meat is determined by the content of 
three tissues: crosswise striated muscle 
tissue, connective tissue and fatty tissue. 
Mutual proportions and type of particu-
lar muscle  bers may lead to changes in 
the sensory assessment of meat (Damez 
and Clerjon 2008). 

Meat of Silkies chickens has been for 
years appreciated in the Asian cuisine ow-
ing to its health-promoting values. Meat 
of these chickens is characterized by dark 
(blue) color of skin and tissue (Siriwan 
et al. 2004). Nowadays, they are also be-
coming popular in America where their 
meat is deemed to be “super food” and 
“exclusive meat”. They owe this status 
to, among other things, high contents of 
antioxidants, proteins, vitamins (mainly 
B-group vitamins and fat-soluble vita-
mins) as well as macro- and microele-
ments (calcium, iron, phosphorus). 
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The Silkies chickens came to Europe 
from China or from eastern India, where-
as old literate says also about Singapore. 
Amateur breeders keep these hens main-
ly due to their strong hatching instinct 
and great care over chickens. The Silkies 
hens are trustful and are reared for their 
atypical  uffy plumage (silky). They are 
characterized by a dark mulberry color of 
comb and wattles turquoise color of ear-
lobes, dark eyes and exceptional crop of 
hair. Worthy of special attention is dark 
(blue) color of their skin as well as  ve 
toes in each foot. Today, this ornamen-
tal hen in several colors is also reared in 
Europe.

The goal of this study was to deter-
mine differences in the histological and 
morphological structure of  bers of 
breast and leg muscles of Silkies chick-
ens and slow-growing Hubbard JA 957 
chickens. 

METHODS AND MATERIALS

The experiment was conducted with 60 
slow-growing Hubbard JA 957 broilers 
and with 60 Silkies chickens reared un-
til the 63rd day of life, in three replica-
tions 20 birds each, in a closed building 
on litter. A three-stage feeding program 
was applied in the rearing period. Feed 
mixtures used in the experiment did not 
differ in contents of nutrients. In the 
 rst stage of rearing (till 21 days of life) 

the chickens were fed a standard starter 
feed mixture containing: 20.98% of total 
protein, 2,845 kcal/kg of metabolizable 
energy, 1.17% of lysine and 0.98% of 
met. + cys. In the period since 22 to 56 
days of life they were receiving a grower 
type mixture containing: 20.0% of total 

protein, 2,900 kcal/kg of metabolizable 
energy (EM), 1.04% of lysine and 0.88% 
of met. + cys., whereas contents of these 
components in the  nisher type mixture 
administered till the end of the rearing 
period were as follows: 18% of protein, 
2,965 kcal/kg of EM, 0.90% of lysine 
and 0.78% of met. + cys. 

One-day chicks, after weighing and 
tagging, were allocated to two groups 
(each of 60 birds), in three replications 
(20 birds each). On day 63 of rearing, 
from each group 12 cockerels and 12 
hens were selected random from each 
group. The birds were slaughtered in 
a poultry slaughter house, and specimens 
of their major breast muscle (m. pecto-
ralis super  cialis) and thigh muscle (bi-
ceps femoris) were samples for analyses. 
The samples (0.5×0.5×1.0 cm) were col-
lected within 15 minutes since slaughter 
after appropriate chicks bleeding, and 
subjected to 24-hour  xing. Next, the 
samples were rinsed in ethyl alcohol to 
remove the  xing agent and dehydrated 
using a series of ethyl alcohols with in-
creasing concentration. The dehydrated 
preparation were saturated with paraf  n. 
The saturation process was conducted in 
an incubator, at a melting point of paraf-
 n. Its duration was adjusted to the sam-

pled specimens of muscles and lasted 
a few hours. In result, paraf  n blocks 
were formed. Paraf  n preparations were 
sectioned using a Leica RM 2265 rotary 
microtome (Leica Microsystems, Nuss-
loch, Germany) by cutting the muscles 
crosswise into 6 m thick sections that 
were next stained with a standard H+E 
method (Ostaszewska et al. 2008). In 
each preparation, diameters of 300 mus-
cle  bers were measured with a Nikon 
Ellipse E200 light microscope equipped 
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in a Nikon DS-Fi2 camera and COOL 
view 2.7 software. 

Results were developed statistically 
using the variance analysis, computed 
with the method of the least squares us-
ing statistical software SPSS 19.0 PL 
for Windows (SPSS Inc., Chicago, IL, 
USA). Differences were found signi  -
cant at p  0.05 and p  0.01.

RESULTS AND DISCUSSION

Results of microstructural analysis of 
the major breast muscle (m. pectoralis 
super  cialis) and thigh muscle (biceps 
femoris) of chickens were presented 
in Table 1. Both the breast (Figures 1 
and 2) and leg muscles of the experimen-
tal birds were characterized by diversi  ed 
diameters of muscle  bers depending on 
genotype. Cross sections showed a dis-
tinct shelf structure in most of the  bers. 
The largest diameter was determined in 
the breast muscle of slow-growing Hub-
bard JA 957 birds, which was con  rmed 
statistically (P  0.01) – Table 1. The 
diameter of breast muscle  bers in the 
group of Hubbard JA 957 birds reached 
75.61 m, whereas in the group of Silk-
ies chickens it was more than two times 
smaller (33.23 m). More advantageous 
to consumers is  ne-  ber meat as  ne 

 bers improve its juiciness. In the group 
of Hubbard JA 957 chickens, diameters 
of breast muscle  bers were relatively 
equal, 75–90% of the  bers in particu-
lar bundles had diameters in the range 
of 70–80 m, and 10–30% of the  bers 
had diameters in the range of 25–40 m. 
In the group of Silkies chickens, dia-
meters of breast muscle  bers were more 
equalized and reached 25–35 m in ca. 
80–90% of the  bers and less than 25 m 
in 10–15% of the  bers.

The same tendency was observed in 
case of leg muscles – larger diameters 
were demonstrated in Hubbard JA 957 
birds. Diameters of leg muscle  bers in 
the group of Hubbard JA 957 chickens 
were relatively equalized, i.e. 70–90% of 
 bers in particular bundles had diameters 

between 60 and 70 m, and 10–30% of 
 bers had diameters in the range of 25–

–50 m. In the group of Silkies chickens, 
the diameters of leg muscle  bers, like-
wise these of breast muscles, were more 
equalized compared to the Hubbard JA 
957 chickens because 80–90% of  bers 
in particular bundles had diameters in the 
range of 20–35 m, and in 10% of the  b-
ers diameters were lesser than 20 m.

According to Drans  eld and So nicki 
(1999), the fast-growing chickens are 
characterized by a larger diameter of 
muscle  bers compared to the chickens 
with a slow growth rate. As reported by 
other authors, increased diameter and 
length of muscle  bers may be due to 
intensive selection (Brocka et al. 1998, 
Guernec et al. 2003) and changes ap-
pearing in the size and shape of muscle 
 bers (Bogucka and Kapela ski 2004).

Skeletal muscles are a heterogenous 
tissue that is characterized by multi-
ple types of muscle  bers that affect 

TABLE 1. Fiber diameter of breast and leg mus-
cles of chickens (  + )

Group
Fiber diameter ( m)

breast muscles leg muscles
Silkies 33.23B 28.73B

Hubbard JA 957 75.61A 62.51A

SEM 1.311 1.262

A, B – statistically signi  cant differences at 
P  0.01.
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diversi  ed characteristics of particular 
muscles (Bottinelli and Reggiani 2000). 
There are many factors that contribute to 
changes in the character of muscle  bers, 
these including: gender (Ozawa et al. 
2000), age (Candek-Potokar et al. 1998), 
breed (Ryu et al. 2008), and physical ac-
tivity (Jurie et al. 1999). Investigations 
conducted by Castellini et al. (2002a, 
2002b) and Branciari et al. (2009) dem-
onstrate that the access to free runs may 
also in  uence the character of muscle 
 bers.

The number and type of muscle  b-
ers are determined already in the fetal 
life (Petersen et al. 1998, Karlsson et al. 

1999). Dankowiakowska et al. (2012) 
showed that an increased temperature of 
hatching to 38.5 or 39.0°C resulted in an 
increased number of  bers with a larger 
diameter in the breast muscle of broiler 
chickens. The experiment conducted by 
Sobolewska et al. (2011) indicates that 
in the period of 35-day rearing of broiler 
chickens, a more intensive increase of 
muscle  ber diameters was observed be-
tween days 8 and 21. The breast muscle 
 bers of chickens are fully developed al-

ready around the 8th week of birds life. 
The impact of muscle  bers character 

on meat quality has been investigated for 
years. The character of muscle  bers is 

breast muscle – Silkies chickens leg muscle – Silkies chickens

breast muscle – Hubbard JA957 chickens leg muscle – Hubbard JA957 chickens
FIGURE 1. Cross-section of breast and leg muscles of Silkies and Hubbard JA 957 chickens
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determined genetically and is typical of 
particular hybrids and breeds. Histologi-
cal and biochemical properties of mus-
cles, including the type, number, propor-
tions and diameter of muscle  bers as 
well as their metabolic character affect 
the pH value and water absorbability of 
meat, whereas these traits in  uence meat 
quality (Bereta and Eckert 2010). From 
a consumer’s point of view, proportions 
and diameters of particular types of  b-
ers may lead to changes in the sensory as-
sessment. A higher number of  bers with 
small and medium diameters improves 
meat quality (Choi and Kim 2009). 
Additional increase in the thickness of 
white muscle  bers has a positive impact 
on tenderness but a negative impact on 
juiciness of meat. In case of red  bers, 
this dependency is opposite (Cameron 
et al. 1998, Migda  et al. 2005). In hens, 
almost entire breast muscle is constituted 
by white  bers. 

CONCLUSION

Results of histomorphometric analyses 
demonstrate that breast and leg muscles 
of slow-growing Hubbard JA 957 chick-
ens were characterized by a signi  cantly 
greater diameter of muscle  bers com-
pared to muscles of Silkies chickens. 
These differences were most of all due 
to genetic factors. Though slowly grow-
ing, the Hubbard JA 957 chickens are se-
lected for body weight gains. The Silkies 
chickens are a native breed of Chinese 
hens that have for years been valued 
for the health-promoting properties of 
their meat (higher content of carnosine). 
Chickens of this breed could be success-
fully used for small-scale production. 

The end product may be especially ap-
preciated by a taste-loving consumer, 
a connoisseur or a dietitian owing to its 
originality and to the fact of being a val-
uable source of animal protein. 
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Streszczenie: Pro  l histologiczny mi ni pier-
siowych i nóg kurcz t Jedwabistych oraz wolno 
rosn cych Hubbard JA 957. Badanie przeprowa-

dzono na 60 brojlerach wolno rosn cych Hub-
bard JA 957 oraz 60 kurcz tach Jedwabistych 
odchowywanych do 63. dnia ycia, w trzech 
powtórzeniach po 20 szt., w zamkni tym budyn-
ku na ció ce. W okresie odchowu zastosowano 
trzyfazowy program ywienia. Mieszanki u yte 
w do wiadczeniu nie ró ni y si  pod wzgl dem 
zawarto ci sk adników pokarmowych. Kurcz ta 
w pierwszym okresie odchowu do 21. dnia y-
cia ywiono standardow  mieszank  typu starter: 
o zawarto ci 20,98% bia ka ogólnego, 
2845 kcal na kg energii metabolicznej, 1,17% li-
zyny i 0,98% met. + cys. W okresie od 22. do 56. 
dnia stosowano mieszank  typu grower, zawieraj -
c  20,0% bia ka ogólnego, 2900 kcal na kg energii 
metabolicznej (EM), 1,04% lizyny i 0,88% met. + 
cys. Zawarto  wcze niej wymienionych sk adni-
ków w mieszance  niszer, stosowanej do ko ca 
odchowu, wynosi a odpowiednio: 18% bia ka, 
2965 kcal na kg EM, 0,90% lizyny i 0,78% met. + 
cys. W 63. dniu odchowu wybrano z ka dej grupy 
po 12 kogutów i 12 kur o masie cia a zbli onej 
do redniej w grupie. Kurcz ta ubito w ubojni 
drobiu i pobrano wycinki mi nia piersiowego 
powierzchniowego (m. pectoralis super  cialis) 
oraz dwug owego uda (biceps femoris). Mi nie 
piersiowe i nóg ptaków do wiadczalnych charak-
teryzowa a zró nicowana rednica w ókien mi -
niowych w zale no ci od genotypu. Najwi ksz  
rednic  charakteryzowa y si  mi nie piersiowe 

i nóg ptaków wolno rosn cych Hubbard JA 957, 
co zosta o potwierdzone statystycznie (P  0,01). 
Stwierdzono, e rednica w ókien mi niowych 
kurcz t Jedwabistych by a o ponad po ow  mniej-
sza w porównaniu do kurcz t Hubbard JA 957. 
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