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A comparative histological and morphometric study based on selected skeletal muscles - musculus pectoralis superﬁcialis
and musculus gastrocnemius - in two lines of meat-type chickens, Anak Titan and Isa ,+/, was performed to detect potential
di#erences regarding the e#ect of three production systems (chickens raised indoors in a conventional facility, indoors with
limited outdoor access and outdoors with an umbrella roof) on muscle structure. The muscle ﬁber size was found to be
a#ected by the production system, while the impact of the breeding line was less apparent. Disseminated ﬁber degeneration
occurred more frequently in both examined muscles of Isa chickens raised outdoors. Necrotic ﬁbers were very often
inﬁltrated by mononuclear cells and underwent phagocytosis. The intensity of abnormal changes in muscle structure,
including tiny ﬁbers, ﬁbers with hyaline cytoplasm and ﬁbers with central nuclei, was substantially higher in chickens having
outdoor access. This trend was particularly noticeable in musculus pectoralis superﬁcialis and within the Isa ,+/ line. This
indicates that it is more di$cult for chickens of this line to adapt to changing environmental conditions. Signiﬁcant changes
observed in both muscles of birds raised outdoors can be considered highly undesirable with respect to the breeding objectives
and breeding strategies for meat-type chickens. Environmental factors were found to play a more important role in chickens
of the highly selected Isa ,+/ line, thus pointing to their worse adaptability to the less stable outdoor conditions. Furthermore,
the present results suggest that the indoor housing system with access to an outdoor area can be an alternative to the
traditional production system with regard to Anak Titan chickens.
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Introduction
Modern poultry production systems are usually based
on intensive chicken rearing. Systems that ensure the
welfare of birds is safeguarded, including litter-based
housing, low stocking density, free range, traditional
farming with limited or free access to the outdoors, are
much less popular (Anders, ,**,).
The intensive rearing of highly selected fast-growing
broilers conﬁned indoors at high stocking density per
square meter of ﬂoor area is most proﬁtable, due to high
feed costs and low market prices o#ered for live birds.
The risk of disease occurring or spreading (including
infections with the highly pathogenic avian inﬂuenza
virus) is also minimized under intensive farming conditions. However, intensive chicken production causes certain problems. The natural behaviors of birds cannot be
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expressed, which leads to physical and psychological discomfort reﬂected in lower production results and a considerable deterioration of meat quality, including the occurrence of exudative meat and muscle ﬁber dystrophy
(Koῌacz and Bodak, +333; Koῌacz, ,**.; Le Bihan-Duval
et al., ,**2). This causes concern among producers and
consumers who claim that the taste and processing suitability of poultry meat produced through intensive farming
are worse, compared with meat from chickens reared in
extensive conditions. Therefore, the proposed alternatives, although more expensive and labor-consuming, are
gaining in popularity, especially that poultry meat producers are forced to comply with animal welfare guidelines.
Another important issue in poultry production is a
much higher incidence of pathological changes in breast
muscle ﬁbers observed in fast-growing chickens, compared
with slow-growing birds (Wilson et al., +33*; Kῌosowska
et al., +332; Mitchell, +333; Bogucka et al., ,**+;
Witkiewicz et al., ,**.; Wattanachant et al., ,**/). In
addition, highly selected meat-type chickens show poor
adaptability, which results in muscle damage in response
to stress. Degenerative changes in muscles may be caused
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by a variety of stressors which a#ect the neuro-hormonal
system, leading to physiological and morphological disorders in birds. One of the stress factors causing muscular
lesions in highly selected meat-type chickens is psychomotor stress (Soike and Bergmann, +332a). The susceptibility to stress of broiler chickens is a#ected by the line and
mode of selection (MacRae et al., ,**0, ,**1).
The quality of poultry raw material, related to muscle
structure, is dependent on two factors, i.e. the genetic
potential of birds and husbandry conditions. This issue
has not been discussed at length in literature. The objective of the present study was to determine the e#ect of
three production systems (broilers raised indoors in a
conventional facility, indoors with limited outdoor access,
outdoors with an umbrella-shaped roof) on the histological structure of selected muscles in meat-type chickens of
two lines.
Materials and Methods
Experimental Birds, Climate and Production Systems
(Rearing Conditions)
The experimental materials comprised two lines of
broiler chickens known under the trade names of Anak
Titan (A) and Isa ,+/ (Is). The experimental procedure
was approved by the Local Ethics Committee at the
University of Warmia and Mazury in Olsztyn (Opinion no
-0/N), and it complied with the universally accepted
broiler production standards. One day - old broiler chickens of the two lines were obtained from the Czarne Bῌ oto
Hatchery and housed at the Instructional Farm of the
Department of Poultry Science in Olsztyn (NE Poland,
/-῍.-’N and ,*῍-*῍E). The experiment was conducted
during summer months (August-September), with mean
air temperature of +1./῎ (2./ῌ,1./῎) in August and
+,.,῎ (,.*ῌ,1./῎) in September, and mean relative humidity of 13.3ῌ (/3ῌ31ῌ) and 2/.0ῌ (1-ῌ31ῌ), respectively. From + to ,- days of age, all chickens were kept on
deep litter in a windowless house with light control. On
day ,., birds of the two lines were randomly divided into
three groups, as follows:
+. groups I A and I Is (control) - chickens raised
indoors, in a windowless house with mean air temperature of ,+./῎ (+1.*ῌ,0.*῎), constant humidity of 0*ῌ and artiﬁcial light intensity of +/ lx with
L:D +2:0 (+st-/th day of the experiment), L:D ,*:.
(0th-+-th day of the experiment) and L:D ,,:*,
(+.th-,.thday of the experiment).
,. groups II A and II Is - chickens raised indoors, in a
house with windows and with outdoor access.
Mean air temperature in the house was ,,.+῎ (+..,ῌ
-,..῎), and relative humidity was /,.3ῌ (-+.*ῌ
1+.*ῌ). Chickens could use the range area with
mean temperature of +3./῎ (++.*ῌ,3.,῎) and relative humidity of /3.-ῌ (/*.*ῌ1,.*ῌ), between 1:
-* a.m. and 1: ** p.m.
-. groups III A and III Is - chickens raised outdoors,
in a shelter with an umbrella-shaped roof. Mean

temperature of ,+.3῎ (+,.1ῌ--.0῎) and relative
humidity of .2.2ῌ (-/.*ῌ0,.*ῌ). Chickens could
use the range area with mean temperature of +3.0῎
(+*.+ῌ,1./῎) and relative humidity of /0..ῌ (-3.*ῌ
1+.*ῌ), between 1: -* a.m. and 1: ** p.m.
The house with windows and the shelter with an umbrella roof are located along the east-west axis, with the
range area in the south. The stocking density was up to ,/
kg body weight per square meter of ﬂoor area in the house,
and ﬁve birds per square meter in the range area. All
chickens were fed complete starter, grower and ﬁnisher
diets (Table +). Feed and water was provided ad libitum
to all experimental groups. The body weight of birds were
monitored throughout the experiment (Fig.+).
Histological Examinations
The study was performed on twenty-four male chickens
(six groups of four birds each) at the age of .2 days. The
chickens were killed by decapitation. Approximately +.,
cm- samples of musculus pectoralis superﬁcialis (m.
pectoralis) and musculus gastrocnemius (m. gastrocnemius) were taken immediately after slaughter, from
standardized regions of the right side of the bird. The
samples were ﬁxed in a /ῌ solution of trichloroacetic acid
and postﬁxed in 3/ῌ ethanol. The muscle blocks were

Table +.

Compound feed and rest period for their use

(weeks)
Description
Metabolizable energy, kcal
Total protein, ῌ
Crude ﬁber, ῌ
Lysine, ῌ
Methionine, ῌ
Methioineῌcysteine, ῌ
Tryptophan, ῌ
Threonine, ῌ
Calcium, ῌ
Available phosphorus, ῌ

Starter (+ῌ-)

Grower (.ῌ/)
Finisher (0ῌ1)

,3**
,,4+*
-4,*
+4.*4/1
*43/
*4,1
*42,
+4++
*4.1

,3-/
+34/*
-4+*
+4+*4/.
*421
*4,.
*403
*42*4.-

Fig. +. Mean body weight of Anak Titan and Isa ,+/
lines of broilers at .2 days of age.
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para$n-embedded. Longitudinal and cross para$n sections 1 mm thick were prepared and stained with
hematoxylin-eosin (HE) and Mallory’s method. A qualitative and descriptive evaluation of muscle pathology, and
the determination of muscle ﬁber cross-sectional area were
performed using m. pectoralis and m. gastrocnemius
samples from four birds representing each line and production system.
Morphometric Analyses
Morphological analyses were performed on HE stained
cross-sections of muscle ﬁbers. Muscle ﬁber size was
estimated in HE stained sections by measuring the crosssectional area. The area was measured using Olympus
iTEM image analysis software. Images of ,** muscle ﬁber
cross-sections, +** of m. pectoralis and +** of m. gastrocnemius for each bird, were randomly registered at an
objective magniﬁcation of ῍+* using an Olympus DP-+,
digital camera (Olympus Optical Co., Japan). The mean
ﬁber cross-sectional areaῌSE were calculated.
The percentages of muscle ﬁbers with more than one
central nucleus, ﬁbers with hyaline cytoplasm, necrotic
ﬁbers and tiny ﬁbers (with a cross-sectional area below
+-** mm,) were determined. The percentages were calculated for +** ﬁbers of m. pectoralis and +** ﬁbers of m.
gastrocnemius taken from each bird.
The data was analyzed using ANOVA followed by the
Duncan’s test.
Results
Muscle Fiber Cross-sectional Area
A comparison of the cross-sectional ﬁber area determined for m. pectoralis and m. gastrocnemius in Anak
Titan and Isa ,+/ chickens showed that ﬁber size was
a#ected by the production system, and that this e#ect
varied depending on the muscle, whereas the impact of the
breeding line was less apparent (Table ,). In general, in
birds of both lines, the cross-sectional ﬁber area of m.
pectoralis was smaller in groups having access to the
outdoors (P῏*.*+). The opposite trend was observed
with respect to the cross-sectional ﬁber area of m. gastro-
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cnemius, which was found to be considerably larger in
chickens raised with outdoor access (P῏*.*+).
Nuclear Distribution
The percentage of m. pectoralis ﬁbers with more than
one central nucleus was a#ected by both chicken line and
production system (Fig. ,G). The percentage of such
ﬁbers ranged between 1.2 and +0.. in the A line, and
between ,./ and +.., in the Is line (Table -). Within the
A line, the percentage of ﬁbers with more than one central
nucleus was +0.. in group I A, and it decreased to 1.2 in
group II A and to +*.. in group III A (P῏*.*+). Within
the Is line, the percentage of the above ﬁbers showed the
opposite tendency, increasing from the level of ,./ in
group I Is to ++./ and +.., in group II Is and III Is,
respectively (P῏*.*+). As shown in Table ., no m.
gastrocnemius ﬁbers with more than one central nucleus
were observed in chickens of the A line. In the Is line
these ﬁbers were present regardless of the production
system, and their percentage was 1.* in group I Is increased to ++.* in group II Is, whereas in group III Is it
increased to ,2.* (P῏*.*+).
Fibers with Hyaline Cytoplasm
Within the A line, ﬁbers with hyaline cytoplasm were
present in m. pectoralis sections regardless of the production system (Table -, Fig. ,C, ,F, ,H). The highest
(.,./) percentage of ﬁbers with hyaline cytoplasm was
noted in group I A and the lowest (-/.*) in group II A (P
῏*.*+). As regards m. gastrocnemius, the percentage of
ﬁbers with hyaline cytoplasm was as low as ,.* in group I
A, and it increased distinctly (P῏*.*+) to +/.0 in chickens
provided with limited outdoor access - group II A and to
,,., in chickens raised outdoors-group III A (Table .).
In chickens of the Is line, the percentage of ﬁbers with
hyaline cytoplasm in m. pectoralis sections was considerably lower (P῏*.*+), compared with the A line and it
increased only insigniﬁcantly in chickens raised with outdoor access (Table -). In m. gastrocnemius sections, a
noticeable increase (P῏*.*+) in the percentage of these
ﬁbers was observed only in chickens kept under an
umbrella-shaped roof (group III Is - -..2), as compared

Fiber cross-sectional area of the m. pectoralis superﬁcialis and m. gastrocnemius of the Anak Titan and Isa ,+/ lines of broilers at .2 days of age raised
indoors in a conventional facility (I) indoors with limited outdoor access (II) and
outdoors with an umbrella roof (III)

Table ,.

Chicken line and production system
ῌ
῍
῎
ῌ
῍
῎

Anak Titan
Anak Titan
Anak Titan
Isa ,+/
Isa ,+/
Isa ,+/

M. pectoralis superﬁcialis

M. gastrocnemius

Mean ﬁber area (ῌSE)

Mean ﬁber area (ῌSE)

+32.ῌ.,-a
+../ῌ-/,b
+../ῌ-/,cde
+1.*ῌ,0+dec
+03,ῌ,0-edc
+//2ῌ--.f

+3-,ῌ/1-aef
,*1+ῌ---bef
,/*/ῌ/+3c
+1,-ῌ-*3d
+303ῌ-3/eabf
,*+*ῌ-.+fabc

Fiber area (mm,) are meanῌSE (n῎+**). The values marked with di#erent letters are signiﬁcantly di#erent from each other (P῏*.*+).
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Fig. ,. Abnormal structure of ﬁbers in the examined muscles of two
lines of meat-type chickens raised in three production systems:
A. Muscle bundles showing ﬁbers with hyaline cytoplasm (asterisks)note the changes in their area and ﬁber size variation. Anak line,
m. gastrocnemius, group II A, H&E.
B. Necrotic ﬁbers exhibiting vacuolation. Anak line, m. pectoralis,
group I A, H&E.
C. Fibers with a hyper-contracted appearance (arrows), degenerating
ﬁbers (head of arrows), and ﬁber splitting (asterisks). Anak line,
m. gastrocnemius, group II A, H&E.
D. Muscle bundles showing ﬁbers with segmental necrosis and phagocytosis of damaged part (asterisks), ﬁbers splitting (head of
arrows). Isa line, m. pectoralis, group III Is, H&E.
E. Adhesion of damaged muscle ﬁbers in the middle part of muscle
bundles. Note the lack of muscle ﬁber integrity. Isa line, m.
pectoralis, group II Is, H&E.
F. Muscle bundles with necrotic ﬁbers (head of arrows) and ﬁbers
with hyaline cytoplasm (arrows). Note the process of phagocytosis of necrotic ﬁbers. Isa line, m. pectoralis, group III Is, H&
E.
G. Central nuclei in ﬁbers with hyaline cytoplasm (arrows). Isa line,
m. pectoralis, group I Is, H&E.
H. Cross-section of muscle ﬁbers. Note the presence of ﬁbers with
hyaline cytoplasm(arrow) and mononuclear cell phagocytosis of
necrotic ﬁbers (asterisk). Isa line, m. pectoralis, group III Is, H&
E.
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Fibers withῌ+ central nucleus and hyaline cytoplasm, and tiny and necrotic ﬁbers of the
m. pectoralis superﬁcialis of the Anak Titan and Isa ,+/ lines of broilers at .2 days of age raised
indoors in a conventional facility (I) indoors with limited outdoor access (II) and outdoors with an
umbrella roof (III)

Table -.

Chicken line and
production system
ῌ
῍
῎
ῌ
῍
῎

Anak Titan
Anak Titan
Anak Titan
Isa ,+/
Isa ,+/
Isa ,+/

Fibers with over
one central nucleus

Fibers with hyaline
cytoplasm

Tiny ﬁbers

Necrotic ﬁbers

+04.ῌ+41,af
142ῌ+4,+bec
+*4.ῌ+42*cbe
,4/*ῌ*4.2d
++4/ῌ.40*ebc
+.4,ῌ,4*1fae

.,4/ῌ++4*-a
-/4*ῌ,4,0b
-24*ῌ+-401c
+040ῌ+4,0d
+342ῌ.4-*e
,+4/ῌ,4.*f

/42ῌ,4,3ade
+42ῌ*4,+b
-43ῌ*4--cd
.4.ῌ*4-.daec
/43ῌ*4,*ead
24*ῌ+4./f

*4,ῌ*4+2a
*4+ῌ*4+.a
*4,ῌ*4+2a
*4,ῌ*4+2a
*4.ῌ*4+2a
140ῌ*41+b

Mean percentages of ﬁbers. The values marked with di#erent letters are signiﬁcantly di#erent from each other
(P῍*.*+).

Fibers withῌ+ central nucleus and hyaline cytoplasm, and tiny and necrotic ﬁbers of the
m. gastrocnemius of the Anak Titan and Isa ,+/ lines of broilers at .2 days of age raised indoors
in a conventional facility (I) indoors with limited outdoor access (II) and outdoors with an umbrella roof (III)

Table ..

Chicken line and
production system
ῌ
῍
῎
ῌ
῍
῎

Anak Titan
Anak Titan
Anak Titan
Isa ,+/
Isa ,+/
Isa ,+/

Fibers with over
one central nucleus

Fibers with hyaline
cytoplasm

Tiny ﬁbers

Necrotic ﬁbers

*ῌ*4**a
*ῌ*4**a
*ῌ*4**a
14*ῌ,43.b
++4*ῌ,43-c
,24*ῌ-4-/d

,4*ῌ+4-0a
+/40ῌ/413bde
,,4,ῌ.4+0cb
+*4+ῌ.4--dbe
++4.ῌ14-*edb
-.42ῌ041*f

34-ῌ*43.a
/4/ῌ,4+-bec
14+ῌ+4+*cb
-4/ῌ*4.*dbe
.40ῌ*4-0edb
042ῌ+4,/f

*4-ῌ*4,.abcd
*4+ῌ*4+.bda
,42ῌ*4.-c
*4.ῌ*4,.dabe
*42ῌ*41-eadb
.42ῌ+4.*f

Mean percentages of ﬁbers. The values marked with di#erent letters are signiﬁcantly di#erent from each other
(P῍*.*+).

with groups I Is and II Is (Table .).
Necrotic Fibers
Fibers exhibiting segmental necrosis, abnormal shapes,
enlargement, splitting, vacuolation and phagocytosis were
observed in the analyzed muscle sections (Fig. ,B, ,C, ,
D, ,F, ,H). As shown in Table -, with respect to m.
pectoralis, the incidence of necrotic ﬁbers was low in
chickens of groups I A, II A, III A and I Is, II Is, while a
high percentage of such ﬁbers (above 1) was noted in
group III Is chickens (P῍*.*+). As regards m. gastrocnemius, the incidence of necrotic ﬁbers was low in chickens of groups I A, II A, and I Is, II Is (Table .). The
percentage of necrotic ﬁbers did not exceed one in these
groups. However, in groups III A and III Is the proportion of necrotic ﬁbers increased signiﬁcantly (P῍*.*+).
Tiny Fibers
Tiny ﬁbers (Fig. ,A, ,F) were noted in m. pectoralis
sections in all groups of both lines. The percentage of tiny
ﬁbers was a#ected by both chicken line and production
system (Table -). Within the A line, the percentage of
tiny ﬁbers in m. pectoralis sections was /.2 in group I A
and it decreased signiﬁcantly (P῍*.*+) to +.2 in group II
A and to -.. in group III A. The opposite tendency was
observed in chickens of the Is line. The percentage of tiny

ﬁbers was ... in group I Is, and it increased signiﬁcantly
(P῍*.*+) to /.3 in group II Is and to 2.* in group III Is.
As regards m. gastrocnemius, the percentage of tiny ﬁbers
was 3.- in group I A and it decreased signiﬁcantly (P῍
*.*+) to /./ in group IIA and 1.+ in group III A. Within
the Is line, the percentage of tiny ﬁbers increased
signiﬁcantly (P῍*.*+) from the level of -./ in group I Is
to ..0 and 0.2 in groups II Is and III Is, respectively
(Table .).
Muscle Microstructure
A detailed analysis of muscle microstructure was
performed in chickens of both lines, raised in three di#erent production systems. Particular attention was paid to
the occurrence and intensity to pathological changes. The
following factors were taken into account: muscle structure resulting from the presence of connective tissue,
di#erences in ﬁber diameter, the presence and distribution
of ﬁbers with hyaline cytoplasm, ﬁbers contracting in
response to the applied procedure, ﬁbers exhibiting
vacuolation, split ﬁbers, necrotic ﬁbers and the degree of
their desintegration, and inﬁltration by mononuclear cells
accompanying necrotic ﬁbers.
In m. pectoralis of Anak Titan line, endomysial connective tissue was thin, with numerous blood vessels, and the
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layer of perimysium was observed in all birds of groups II
A and III A. In the muscles of I A chickens the perimysium was well-developed with abundant blood vessels.
Di#erences in ﬁber size were noted in the muscles of all
birds.
The incidence of hyaline ﬁbers in the examined muscles
was high. Hyaline ﬁbers were randomly scattered in
muscle ﬁber bundles or almost entirely made up muscle
bundles (groups I A and II A). Few necrotic ﬁbers were
present in all birds of all groups within the Anak line.
There were lymphocytes in some necrotic areas. Fiber
splitting was observed incidentally. Some ﬁbers exhibiting
vacuolation were also noted (Fig. ,B).
In m. gastrocnemius of Anak Titan line, connective
tissue (the endomysium and the perimysium) with numerous cells and blood vessels was visible in all birds, regardless of the production system. Birds of group I A showed
a low incidence of hyaline ﬁbers and numerous hyaline
ﬁbers was present in chickens of groups II A and III A.
Hyaline ﬁbers were widespread throughout all muscle
bundles, irrespective of their number. Necrotic ﬁbers
occurred at low frequency in chickens of groups II A and
III A, and were incidentally observed in some birds of
group I A. Lymphocytes were seen in the necrotic area.
Muscle ﬁbers di#ered considerably in size (Table ,).
Fiber splitting was observed in birds of all groups (Fig.
,A, ,C).
M. pectoralis of Isa ,+/ chickens was characterized by
well-developed endomysial and perimysial connective
tissue, with abundant blood vessels in all groups. The
ﬁbers were loosely arranged in muscle ﬁber bundles. A
distinctive feature was the presence of numerous lymphocytes whose number was the highest in the connective
tissue cells of Isa ,+/ chickens raised outdoors.
The incidence of hyaline ﬁbers did not show marked
di#erences. They formed small conglomerates within
muscle bundles. Necrotic ﬁbers were incidentally observed in chickens of groups I Is and II Is, and were a
common feature of III Is birds. Numerous necrotic ﬁbers
were inﬁltrated by mononuclear cells. Split ﬁbers were
often observed, particularly in two individuals. Cases of
adhesion between damaged muscle ﬁbers were noted (Fig.
,D, ,E, ,F, ,G, ,H).
In m. gastrocnemius of Isa ,+/ line connective tissue
comprised layers of well-developed endomysium and perimysium, irrespective of the production system. The frequency of occurrence of hyaline ﬁbers varied markedly,
depending on the group of birds. The number of ﬁbers
with hyaline was the highest in group III Is, lower in
groups II Is, and the lowest in group I Is. The patterns of
muscle ﬁber distribution di#ered among groups. Necrotic
ﬁbers were found in all groups, but their incidence was
higher in group III Is, compared with groups I Is and II Is.
Numerous lymphocytes were observed in necrotic areas.
Fiber splitting was observed frequently.

Discussion
The results of this study revealed signiﬁcant di#erences
in the microstructure of m. pectoralis and m. gastrocnemius between two lines of chickens raised in three
production systems. The ﬁndings reported by other authors di#er considerably in this respect. According to
Kῌosowska (+32.), the histological characteristics of poultry muscles change in response to environmental conditions, irrespective of genetic factors. On the other hand,
experiments on turkeys proved a profound impact of
genetic factors on changes in muscle structure (Sośnicki et
al., +33+; Kῌosowska et al., +333). The results of studies
on the e#ect exerted by di#erent production systems also
vary widely. Some authors point to a signiﬁcant inﬂuence
of the production system on skeletal muscle morphology
(Burs et al., ,**0), while other claims that there is no such
a relationship (Sowińska, ,**,). Burs et al. (,**0) reported that the microstructure of m. pectoralis and m.
gastrocnemius was a#ected by both the type of turkeys and
the farming system (indoors and outdoors). These authors found that turkey-toms having access to the outdoors were characterized by more desirable muscle microstructure. Studies on geese have conﬁrmed that histological changes in breast muscles are related to the origin of
birds (Kῌosowska et al., +332; Bogucka et al., ,**+). The
present study revealed marked di#erences in muscle microstructure, dependent on the line of chickens, production system and the analyzed muscle.
A smaller cross-sectional ﬁber area of m. pectoralis was
noted in chickens of both lines, having access to the
outdoors. An increment in m. pectoralis mass results
primarily from the hypertrophy of type IIB ﬁbers
(Goldspink and Yang, +333; MacRae et al., ,**1). These
large-size ﬁbers contribute to the growth of breast muscles
(MacRae et al., ,**1). Despite their considerable thickness, type IIB ﬁbers can function well in birds kept indoors, since they are rarely used (Hughes and Scha$no,
+333). The decrease in ﬁber size, observed in this study,
resulted from the increased motor activity of chickens.
The rate of ﬁber growth was reduced to avoid the risk of
insu$cient di#usion of oxygen and metabolites (Soike and
Bergmann +332b; Mahon, +333). At the same time, the
increase in the number of damaged ﬁbers is indicative of
problems with muscle tissue adaptation to new conditions.
Since breast muscle enlargement is dependent on ﬁber
hypertrophy, a decrease in ﬁber size must be followed by a
decrease in muscle mass, and degenerative changes in
ﬁbers must lead to a deterioration in muscle quality. The
reverse e#ect was observed in m. gastrocnemius, where
intensive motor activity resulted in ﬁber hypertrophy.
Type I ﬁbers making up m. gastrocnemius have a smaller
diameter in broiler chickens raised indoors, due to oxidative metabolism characteristic of these muscle ﬁbers
(Hughes and Scha$no, +333). An increase in ﬁber size is
generally considered disadvantageous as it reduces the
e$ciency of oxidative metabolism which can lead to ﬁber
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damage (Soike and Bergmann, +332b). An example may
be an increase in the number of necrotic ﬁbers, which in
the present study was particularly evident in chickens of
the Isa ,+/ line.
The most signiﬁcant changes observed in this study
were those indicating the occurrence of destructive processes within muscles. The intensity of pathological
changes was estimated based on the presence of the following types of ﬁbers: ﬁbers with a cross-sectional area
below +-** mm,, ﬁbers with hyaline cytoplasm, ﬁbers with
central nuclei and necrotic ﬁbers. The occurrence of such
ﬁbers is considered symptomatic of structural abnormalities, lesion and damage (Soike and Bergmann, +332a;
MacRae et al., ,**0, ,**1). The number of pathological
changes was substantially higher in Isa line birds, particularly in those kept outdoors. Compared with the Anak
Titan line, Isa ,+/ chickens are selected more for meat
production, and are characterized by a faster growth rate.
It has been proposed that the location of myonuclei may
be related to altered myoﬁbrillar pressure (Goldspink,
+31.) or to a larger ﬁber size in certain avian muscles
(MacRae et al., ,**0). Central nuclei were observed in
both degenerated and less a#ected ﬁbers (Pizzey and
Barnard, +32-). In our study central nuclei were found
primarily in ﬁbers with hyaline cytoplasm, both in m.
pectoralis and m. gastrocnemius sections. Their occurrence was closely correlated with line of chickens. Within
the Anak Titan line, central nuclei were reported exclusively in m. gastrocnemius and their percentage was lower
in birds raised with outdoor access. In birds of the Isa ,+/
line outdoor access increased the percentage of ﬁbers with
central nuclei, both in m. pectoralis and m. gastrocnemius.
It should be emphasized that despite the presence of
central nuclei in both normal and degenerating ﬁbers,
their role in poultry skeletal muscles has not been fully
elucidated (MacRae et al., ,**0).
Hyaline cytoplasm is one of the symptoms of muscle
ﬁber degeneration (Nakada et al., +332). In a study
performed by MacRae et al. (,**0), ﬁbers with hyaline
cytoplasm were the predominant type of abnormal ﬁbers
in broiler m. biceps femoris samples and were observed at
low frequency in m. pectoralis. The present study showed
more degenerating muscle ﬁbers with hyaline cytoplasm in
m. pectoralis samples in birds with outdoor access, regardless of the line. It should be stressed that there were
signiﬁcant di#erence between particular chickens in this
respect. A tendency towards an increased occurrence of
muscle ﬁbers with hyaline cytoplasm in chickens provided
with outdoor access was also observed in m. gastrocnemius
samples, and it was more pronounced within the Isa line.
Pathological changes in muscle ﬁbers in poultry, irrespective of the type of myopathy, show certain similarities
(Sośnicki et al., +323; MacRae et al., ,**0). Histological
examinations of poultry muscles have demonstrated that
the frequency of occurrence of various pathologies is
much higher in broilers than in layers (Soike and
Bergmann, +332a). The sources of muscle degeneration
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have not been investigated thoroughly, but one of them is
the disproportion between the growth rate of birds and
their muscles (Mahon, +333). Damaged ﬁbers are inﬁltrated by leukocytes and undergo necrosis (Kranen et
al., ,***). Necrotic ﬁbers are among the most common
abnormalities reported in broiler chickens (Soike and
Bergmann, +332a; MacRae et al., ,**0).
In the present study a common feature of the examined
muscles was the occurrence of necrotic ﬁbers. Our ﬁndings show that the number of necrotic ﬁbers was higher
in chickens having outdoor access. This trend was particularly noticeable in m. pectoralis and within the Isa ,+/
line, which suggests that it is more di$cult for chickens of
this line to adapt to changing environmental conditions.
The changes observed in both muscles of chickens
raised outdoors can be considered highly undesirable,
from the perspective of the health of birds and the quality
of the produced meat. Studies conducted to date indicate
that dystrophic changes in muscle tissue are usually accompanied by the exudativeness of meat resulting from
low water-holding capacity (Grabowski, +33-), which
adversely a#ects the eating quality of meat. Another
unfavorable feature of muscles is a high proportion of
ﬁbers with hyaline cytoplasm, whose presence contributes
to the occurrence of pale, soft and exudative-like meat
(Barbut et al., ,**/)
The results of the present study conﬁrm the existence of
di#erences between the analyzed breeding lines of broiler
chickens, and provide information on the e#ect of di#erent farming systems on skeletal muscle characteristics.
Our ﬁndings are in agreement with the results reported by
Fanatico et al. (,**2), who pointed to di#erences among
genotypes and their e$ciency and potential for alternative
poultry production systems. It can be concluded that
chickens of the Anak Titan and Isa ,+/ lines are not suited
for outdoor production. Environmental factors were
found to play a more important role in chickens of the
highly selected Isa ,+/ line. The intensity of pathological
changes observed in these birds is indicative of their worse
adaptability to the less stable outdoor conditions. As
regards Anak Titan line chickens, the indoor housing
system with access to an outdoor area, despite certain
disadvantages, can be considered a viable alternative to
traditional farming.
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