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ABSTRACT A trial was conducted to compare muscle
traits and meat quality characteristics of the pectoralis
muscle in 2 chicken commercial hybrids having stan-
dard (SBY) and high breast yield (HBY), respectively.
A total of 2,124 one-day-old male chicks, equally di-
vided into 2 experimental groups represented by strains
(SBY and HBY), were grown using homogenous condi-
tions and fed the same standard diets until reaching live
weight of 4.2 kg at 53 and 55 d for the SBY and HBY
groups, respectively. Thirty-six birds per each geno-
type were randomly selected, and their pectoralis ma-
jor muscles were used to assess meat quality properties
(color attributes, pH, drip loss, cook loss, Allo-Kramer
shear values after cooking, moisture, proteins, total
lipids, and ashes) as well as histological traits (cross-
sectional area, frequency of abnormal fibers, and intra-
muscular fat infiltration). As expected, HBY genotype
had higher breast yield (31.0 vs. 30.0%; P < 0.05). His-
tological evaluations showed that HBY pectoralis mus-
cles had higher cross-sectional fiber area coupled with a
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INTRODUCTION

In the last 50 yr, consumption of poultry meat has
increased rapidly, and it is supposed that it will contin-
ue to grow in the future, particularly in the developing
countries. It is well known that this huge demand for
poultry meat has put pressure on breeders, nutrition-
ists, and farmers to improve the growth rate of birds,
feed efficiency, and breast-meat yield. Today, chickens
and turkeys are marketed at about half the time and at
about twice the BW compared with 50 yr ago (Barbut
et al., 2008). Elevated heritabilities of BW and carcass
composition are the main reasons for these successes
(Le Bihan-Duval et al., 2003). These selection criteria
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dramatically higher (P < 0.001) incidence of abnormal
fibers and more abundant infiltration of intramuscu-
lar fat. Moreover, histopathological anomalous features
such as central nuclei, proliferation of endomysial and
perimysial collagen, inflammatory infiltrate, and necro-
sis of the fibers were also observed. As for meat qual-
ity, SBY hybrid showed lower ultimate pH values (5.97
vs. 6.07; P < 0.01), whereas overall color parameters
were not affected by genotype. Breast meat from the
HBY genotype also exhibited significantly lower ability
to retain liquid during refrigerated storage (drip loss,
2.46 vs. 2.06%; P < 0.05) and cooking (26.2 vs. 21.1%;
P < 0.05) as well as higher shear-force values (2.59 vs.
2.11 kg/g; P < 0.001). Finally, with regard to chemi-
cal composition, significant differences (P < 0.05) were
detected in protein (22.8 vs. 23.5%) and lipid (1.65 vs.
1.82%) contents, which were significantly lower in the
HBY hybrid, whereas moisture content tended (P =
0.07) to be inferior in the SBY hybrid.

histological muscle abnormality, meat quality
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have created conditions favoring disease susceptibility
and modifying skeletal-muscle cell structure, metabo-
lism, and meat quality (Barbut et al., 2008). In gen-
eral, the number of fibers is related to changes during
muscle growth, and fast-growing birds have more mus-
cle fibers than do slower-growing strains (Scheuermann
et al., 2004). In birds, the large postnatal increase in
muscle mass is achieved by the hypertrophy of the ex-
isting fibers because of the fusion of satellite cells with
the fibers (Picard et al., 2010). This increase is also
associated with the increase of the number of giant
fibers, which typically have cross-sectional areas 3 to
5 times larger than normal ones, although these may
also result from severe contraction (hypercontracted
fibers; Dransfield and Sésnicki, 1999; Remignon et al.,
2000). With the increase in growth rate and muscle
size, there has been an increase in incidence of pec-
toral myopathies (e.g., focal myopathy, deep pecto-
ral disease; Velleman et al., 2003; Lien et al., 2012).
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Moreover, an increase was observed in susceptibility
to stress-induced myopathies, which can impair meat
quality and favor the occurrence of abnormalities such
as pale, soft, and exudative-like meat (Anthony, 1998;
Duclos et al., 2007; Petracci et al., 2009; Strasburg
and Chiang, 2009). At the present, a high increase of
quality issues such as white striping (Kuttappan et al.,
2012a; Petracci et al., 2013), poor cohesiveness, and
hypercontraction in breast meat (Petracci and Cavani,
2012) has been observed at the poultry-industry level.
The origin of these new quality defects is still not clear,
but it can be hypothesized that there is a strict con-
nection with still increasing growth rate and breast
yield achieved in some broiler hybrids, together with
increasing slaughter ages and weights employed by
processors during the last years. Sésnicki and Wilson
(1991) evidenced that the width of the muscle fiber ex-
ceeds that of the connective tissue, leading to a loss of
muscle integrity or focal myopathy in turkeys selected
for rapid growth. An increase was also observed in the
number of giant fibers in pectoralis muscle from fast-
growing birds (Dransfield and Sésnicki, 1999). More
recently, Kuttappan et al. (2012b, 2013) observed that
white-striping defect is usually associated with muscle
degeneration and myopathic changes beneath the stri-
ation area and hypothesized a similarity with muscular
dystrophies.

Overall, extreme fiber hypertrophy and increased oc-
currence of giant and abnormal fibers are strong indi-
cators for the development of insufficient meat quality
(Dransfield and Sésnicki, 1999; Mitchell, 1999; Rehfeldt
et al., 2004). However, only a few studies focused on
the consequences of such new emerging quality defects
such as poor cohesiveness, hypercontraction, and white
striping on technological properties and chemical com-
position of the meat. This study was aimed at compar-
ing histological traits of pectoralis major muscle and
quality characteristics of breast meat obtained from
2 commercial chicken hybrids having different breast
yield.

MATERIALS AND METHODS

Birds and Treatments

For this experiment, 1,062 one-day-old male chicks
for each broiler genotype were supplied by a commer-
cial hatchery. The chicken hybrids were known to have
different breast yields and are here referred to as high
breast yield (HBY) and standard breast yield (SBY).
The chicks were housed separately per hybrid at a stock-
ing density of 10 chicks/m? (59 birds per pen in 18 pens
per group of about 6 m? each). Pens were equipped
with pan feeders to ensure at least 2 cm/bird of front
space and an automatic drinking system (1 nipple/10
birds). Each pen was equipped with an individual bin
as reservoir for the experimental feed, clearly labeled.
On a daily basis, the experimental feed was manually

transferred from the bin to the feeder. Any changes in
diet were made uniformly to all birds. Feed and water
were provided for ad libitum consumption.

Birds were slaughtered at the same body live weight
of 4.2 kg, reached at 53 and 55 d for the SBY and
HBY hybrid, respectively. Two birds per each pen were
randomly selected (36 birds/genotype), individually
weighed, labeled, and subsequently subjected to a total
feed withdrawal of 12 h, including the holding time of
2 h at the processing plant. The birds were processed
under commercial conditions using electrical stunning
(120 V, 200 Hz), and after chilling, carcasses were stored
at 4°C for 20 h and used for subsequent meat-quality
evaluation. Carcasses were obtained by removing head,
neck, shanks, and abdominal fat from bled, plucked,
and eviscerated birds. Carcass and breast yields were
determined according to the method described by
Working Group 5 of the World’s Poultry Science As-
sociation (1984). After leg and wings removal, breast
was dissected by making a cut from the caudal end of
the cristu sterni toward the shoulder joint on both sides
of each carcass and by pulling the breast apart from
the back and breaking the connection at the shoulder
joints. Color attributes, pH, drip loss, cook loss, Allo-
Kramer shear values after cooking, moisture, proteins,
total lipids, and ashes as well as histological traits
(cross-sectional area and frequency of abnormal fibers
and of intramuscular fat infiltration) were determined
on each left breast fillet (pectoralis major muscle) ac-
cording to Figure 1.

Histological Evaluation

Fiber Cross-Sectional Area. Approximately a
2-cm? muscle sample of each pectoralis major breast
muscle was removed at 20 h postmortem as shown in
Figure 1. The samples were fixed in 10% buffered for-
malin for 24 h at room temperature. The specimens
were oriented for the transverse fiber sectioning, dehy-
drated in a graded series of ethanol, and embedded in
paraffin. From each sample, 10 serial transverse sec-
tions (6 pm thick) were obtained, mounted on poly-L-
lysine coated slides, and stained with hematoxylin and
eosin. For each bird, cross-sectional area of 100 fibers
was estimated using KS 300 image-analysis software
(Kontron Elektronic, Munich, Germany) by outlin-
ing the fibers profiles on the monitor screen using a
computer mouse. Moreover, an index was calculated
by subdividing values of fiber cross-sectional area into
4 ranges: <1,000 pm?2, >1,000 to <2,000 pm?, >2,000
to <3,000 qu, and >3,000 umz. This subdivision has
been chosen to better highlight the size distribution of
the areas of the fibers within the respective experimen-
tal groups because, in some birds, fibers of small caliber
were frequently associated with fibers of larger caliber
and, consequently, a mean evaluation of all fibers for
each experimental group would have been not entirely
representative.
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Figure 1. Positions for the determinations of pH, histological
traits, technological properties (drip loss, cook loss, and Allo-Kramer
shear force), and chemical composition (moisture, protein, lipid, and
ash) in the pectoralis major muscle of the chicken hybrids investigated.
Color version available in the online PDF.

Abnormal-Fiber Index. For ecach section of muscle,
the presence of abnormal fibers (giant fibers, fibers with
hyaline degeneration, and fibers with round profile) for

10 primary myofibers fascicles (PMF) was assessed.
Results were expressed in the following way:

e when the number of abnormal fibers was 1 or 2 for
each PMF, a score of F1 was assigned;

e when the number of abnormal fibers was 5 or 10
for each PMF, a score of F2 was assigned;

e when the number of abnormal fibers was more
than 50% for each PMF, a score of F3 was as-
signed; and

e when the abnormal fibers represented almost all
of the fibers for each PMF, a score of F4 was as-
signed.

In Figure 2, low and abundant presence of abnormal
fibers in PMF is given.

Intramuscular-Fat-Infiltration Index. For ecach sec-
tion (about 1 cm?), the histological analysis was carried
out evaluating the adipose tissue present in the peri-
mysium connective tissue surrounding the PMF. The
different histological features were classified as follows:

e when the intramuscular adipose tissue was repre-
sented by 1 or 2 areas of infiltration of the PMF,
a score of IF1 was assigned (Figure 3A);

e when the intramuscular adipose tissue was repre-
sented by 3 to 4 areas of infiltration of the PMF, a
score of IF2 was assigned (Figure 3B); and

e when the intramuscular adipose tissue was repre-
sented by more than 5 areas of infiltration of the
PMF, a score of IF3 was assigned (Figure 3C).

Meat-Quality Analyses

Color Measurement. The CIE (1978) system color
profile of lightness (L*), redness (a*), and yellowness
(b*) was measured by a reflectance colorimeter (CR-

Figure 2. Muscle fibers of the pectoralis major muscle stained with hematoxylin and eosin (H & E). Low presence of abnormal fibers in pri-
mary myofibers fascicle (PMF) is illustrated in (A). In (B), almost all of the fibers appear abnormal. (A) and (B) Bars: 800 pm. Color version

available in the online PDF.
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Figure 3. Muscle fibers of the pectoralis major muscle stained with hematoxylin and eosin (H & E). Categorization of the amount of adipose
tissue (asterisks) present in the perimysium connective tissue surrounding the primary myofibers fascicle (PMF). IF1 score was given when 1 area
of infiltration of the PMF was detected (A); IF2 score was given when 3 to 4 areas were detected (B); IF3 score was given when more than 5 areas
were detected (C). (A)—(C) Bars = 800 pm. Color version available in the online PDF.

400, Minolta, Milano, Italy) using illuminant source C.
The colorimeter was calibrated throughout the study
using a standard white ceramic tile. Color was mea-
sured in triplicate on the bone-side surface of each fillet.

pH Measurement. The pH was determined using
a modification of the iodoacetate method initially de-
scribed by Jeacocke (1977). Approximately 2.5 g of
meat samples was minced by hand and homogenized
in 25 mL of a 5 mM iodoacetate solution with 150 mM
potassium chloride for 30 s, and the pH of the homog-
enate was determined using a pH meter calibrated at
pH 4.0 and 7.0.

Drip-Loss Determination. A sample weighing about
80 g (approximately 7 x 4 x 3 cm) obtained from the
cranial portion of each fillet was individually weighed
and suspended in a plastic box at 2 to 4°C. After 48
h, samples were blotted for the excess surface fluids,
reweighed, and drip-loss determined as a percentage of
weight lost by the sample during the refrigerated stor-
age period (Petracci and Baéza, 2011).

Cook-Loss Determination. Meat samples after drip-
loss determination were individually weighed, packaged
in a plastic bag under vacuum, and cooked in a water
bath (80°C) until their final internal temperature was
80°C following the recommendations given by Petracci
and Baéza (2011). The samples were then allowed to
equilibrate to room temperature and reweighed, and

cook loss was determined as a percentage of weight lost
by the sample.

Shear-Value Determination. Shear values were de-
termined using a TA.HDi Heavy Duty texture analyzer
(Stable Micro Systems Ltd., Godalming, Surrey, UK)
equipped with an Allo-Kramer shear cell using the
procedure described by Sams et al. (1990). One meat
sample (approximately 2 x 4 x 1 cm) from each sam-
ple used for cook-loss determination was cut parallel
with the muscle-fiber direction, weighed, and sheared
with the blades at a right angle to the fibers using a
250-kg load cell and cross head speed of 500 mm /min.
Shear values are reported as kilograms shear per gram
of sample.

Chemical Analysis. Moisture and ashes were de-
termined in duplicate according to the Association
of Official Analytical Chemists procedure (AOAC,
1990). Proteins were determined using the standard
Kjeldahl copper catalyst method (AOAC, 1990). To-
tal lipids were measured using a modification of the
chloroform:methanol procedure described by Folch et
al. (1957).

Statistical Analysis

The influence of the hybrid (SBY vs. HBY) on
slaughtering traits, cross-sectional fiber area, and meat
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Figure 4. Size distribution of the fiber cross-sectional area of pec-
toralis major muscles from chickens belonging to standard-breast-yield
(SBY, n = 36) and high-breast-yield (HBY, n = 36) hybrids. *Means
within each category differed at P < 0.05.

quality characteristics was evaluated by using one-way
ANOVA (SAS, 1988). Moreover, fiber cross-sectional
area, abnormal fibers, and intramuscular-fat-infiltra-
tion indexes were analyzed using chi-squared test. If
the value of the frequency was expected to be less than
5, the Fisher’s exact test was used (Fleiss, 2003). Indi-
vidual birds were considered as the experimental unit
for the entire analysis.

RESULTS

The slaughtering performances and fiber cross-sec-
tional area of pectoralis major muscle from birds be-
longing to the 2 hybrids are presented in Table 1. Body
live and carcass weight did not differ, whereas hybrid
HBY had higher carcass (74.1 vs. 72.9%; P < 0.01)
and, as expected, breast yield (31.0 vs. 30.0%; P <
0.05). In accordance with this result, fiber cross-sec-
tional area was greater in breast muscles from hybrid
HBY (2,674 vs. 2,240 pm?; P < 0.01). Size distribution
of the cross-sectional area of skeletal muscle fibers in
the pectoralis major muscles is reported in Figure 4.
The SBY hybrid had a higher number of muscle fibers
included in the first 2 ranges (<1,000 pm? and >1,000
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Figure 5. Prevalence of abnormal fibers in the pectoralis major
muscles from chickens belonging to standard-breast-yield (SBY, n =
36) and high-breast-yield (HBY, n = 36) hybrids. *Means within each
category differed at P < 0.05. F1 = 1 or 2 abnormal fibers; F2 = 5
or 10 abnormal fibers; F3 = more than 50% of abnormal fibers; F4 =
almost all abnormal fibers.

to <2,000 qu) with respect to group HBY. In the
range >2,000 to <3,000 pm?, the number of the fibers
is almost the same in the 2 hybrids, whereas the birds
from group HBY have a larger number of fibers >3,000
pm?. Figure 5 and 6 show, respectively, the prevalence
of abnormal fibers and intramuscular fatty infiltration
areas in pectoralis major muscles obtained from birds
belonging to the 2 hybrids. Histological observation of
the PMF identified that the SBY hybrid has a limited
number of abnormal fibers, scored F1 and F2, respec-
tively. On the contrary, in HBY birds many abnormal
fibers in the PMF scored F3 and F4, respectively. The
intramuscular fatty infiltration is particularly abundant
in the genotype HBY, where most of the histological
samples were scored IF2 and TF3, whereas the samples
from hybrid SBY were almost all scored IF1 and IF2.
The histological observations, particularly in group
HBY, have shown that most of the muscle fibers were
characterized by amorphous-looking central area (cen-
tral or eccentric; Figure TA) weakly stained. This area
may be referred to hyaline cytoplasm. In addition,
these fibers exhibited central nuclei and a rounded pro-
file (Figure 7A, B). In most sections, tiny fibers were

Table 1. Slaughtering traits and fiber cross-sectional area of pectoralis major muscle in chickens
belonging to standard-breast-yield (SBY) and high-breast-yield (HBY) hybrids

Hybrid
Parameter SBY HBY SEM Probability
no. 36 36
Body live weight (g) 4,236.1 4,226.3 76.0 NS
Carcass weight (g) 3,086.8 3,134.4 64.6 NS
Carcass yield (%) 72.9 74.1 0.27 ok
Breast yield! (%) 30.0 31.0 0.51 *
Fiber cross-sectional area (jm?) 2,239.6 2,674.3 146.8 ok

1Based on carcass weight.
**P < 0.01; *P < 0.05.
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Figure 6. Prevalence of intramuscular fatty infiltration areas in the
pectoralis major muscles from chickens belonging to standard-breast-
yield (SBY, n = 36) and high-breast-yield (HBY, n = 36) hybrids.
*Means within each category differed at P < 0.05. IF1 = 1 area of fat
infiltration; IF2 = 3 to 4 areas of fat infiltration; IF3 = more than 5
areas of fat infiltration.

observed (Figure 7B). Proliferation or damage of the
connective perimysial network (Figures 2B and 3C)
and fatty tissue replacement (Figure 3C) with abun-
dant infiltration of mononuclear cells were also seen.
In some cases, necrotic fibers undergoing mononuclear

cells with consequent central or eccentrical vacuolation
were observed (Figure 7C, D).

As for meat quality characteristics (Table 2), the
SBY hybrid showed lower ultimate pH values (5.97 vs.
6.07; P < 0.01), whereas overall color parameters were
not affected by genotype with the exception of yellow-
ness (b*), which revealed significantly higher values in
the hybrid HBY (17.5 vs. 16.4; P < 0.05). Breast meat
from genotype HBY also exhibited significantly lower
ability to retain liquid during refrigerated storage (drip
loss, 2.46 vs. 2.06%; P < 0.05) and cooking (26.2 vs.
21.1%; P < 0.05) as well as higher Allo-Kramer shear-
force values (2.59 vs. 2.11 kg/g; P < 0.001). Finally,
with regard to chemical composition, significant differ-
ences (P < 0.05) were detected in protein (22.8 vs.
23.5%) and lipid (1.65 vs. 1.82%) contents, which were
significantly lower in the HBY hybrid, whereas mois-
ture content tended (P = 0.07) to be inferior in the
hybrid SBY. Otherwise, ash content was not affected
by genotype.

DISCUSSION

The use of hybrids selected for different breast yields
allowed us to obtain pectoralis major muscles hav-
ing different fiber cross-sectional areas. Guernec et al.

Figure 7. Muscle fibers of the pectoralis major muscles from high-breast-yield hybrid stained with hematoxylin and eosin (H & E). (A) Most
of the muscle fibers show hyaline cytoplasm characterized by an amorphous-looking central area (central or eccentric; arrows) weakly stained. In
addition, these fibers exhibit central nuclei and a rounded profile. (B) Tiny fibers (arrows) that surround greater-caliber fibers and are immersed
in a compromised connective tissue are showed. (C) A muscle fiber surrounded by inflammatory mononuclear cells (arrow) near to adipose tissue
(probably adipose tissue replacement) is illustrated. (D) A necrotic fiber, magnification of (C), surrounded by mononuclear cells (arrows) exhib-
iting an eccentrical vacuolation is showed. (A) and (D) Bars = 50 pm. (B) and (C) Bars = 100 pm. Color version available in the online PDF.
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Table 2. Quality traits of breast meat from chickens belonging to standard-breast-yield (SBY) and

high-breast-yield (HBY) hybrids

Parameter SBY HBY SEM Probability
no. 36 36
pH 5.97 6.07 0.03 ook
Color
Lightness (L*) 53.84 54.04 0.51 NS
Redness (a*) 0.03 0.06 0.13 NS
Yellowness (b*) 16.36 17.53 0.48 *
Drip loss (%) 2.06 2.46 0.17 *
Cook loss (%) 21.05 26.23 1.16 *
Allo-Kramer shear force (kg/g) 2.11 2.59 0.15 A
Chemical composition
Moisture (%) 75.07 75.52 0.26 0.0706
Protein (%) 23.48 22.82 0.37 *
Lipid (%) 1.82 1.65 0.10 *
Ash (%) 1.24 1.21 0.02 NS

kP < 0.001; *P < 0.05.

(2003) evidenced that broiler selection focused on im-
proved breast yield led to wider and thicker pectoralis
major muscles essentially by increasing the diameter
and length of fibers without significantly altering their
number. Nevertheless, Scheuermann et al. (2004) sug-
gested that increased muscle-fiber number may also
participate to improve breast yield even though it was
confirmed that fiber hypertrophy is an essential fac-
tor for an increase in muscle volume. Otherwise, in the
present study, the increase in the area of muscle fibers
was largely associated with a greater presence of abnor-
mal muscle fibers. This feature was particularly evident
in the genotype HBY. In addition, muscle fibers of very
small size were observed in correspondence of abnormal
fibers. Dransfield and Sésnicki (1999) described how
the increase of muscle-fiber size in broilers is associated
with the increase in giant fibers having an area 3 to 5
times larger than normal fibers. In their review, Tumo-
va and Teimouri (2009) supported the hypothesis that
genetic selection to achieve a higher breast yield could
be considered one of the main reasons for the presence
of giant fibers in chicken muscle. Moreover, Miraglia
et al. (2006) found a higher percentage of giant fibers
in the pectoralis major muscle from Ross birds (fast
growing, ADG >50 g/d) compared with Kabir ones
(medium growing, ADG around 30-35 g/d). Interest-
ingly, the same authors did not observe these differ-
ences in other muscles, such as the lateral iliotibial and
the semimembranosus. On the contrary, Werner et al.
(2008) observed a low prevalence of degenerated or gi-
ant fibers in turkeys from both selected and unselected
genotypes. In an earlier study, Remignon et al. (2000)
suggested that the occurrence of giant fibers is inde-
pendent of the genetic background of the turkeys or
the type of muscle, but it depends on the biochemical
events occurring during rigor mortis. These structurally
abnormal fibers are considered to arise from hypercon-
traction of the muscle fibers or parts of them that are
not able to undergo normal relaxation after initial rigor
mortis (Rehfeldt et al., 2004).

Besides giant fibers, additional fiber abnormalities
have been found by analyzing the microstructure of the
pectoralis major muscles, and these were particularly
abundant in the HBY genotype. It is well known that
improvements in the genetic selection for production
traits such as growth rate, slaughter weight, and feed
conversion efficiency have been associated, in some cas-
es, with adverse effects in skeletal muscles (Mitchell,
1999).

In the present study, from the evaluations carried
out under a microscope, most of the fibers showed an
increase in the number of nuclei that were located in
a central position (so-called internalization of the nu-
clei). In addition, these myonuclear abnormalities are
again associated with fibers with hyaline sarcoplasm.
The presence of nuclei in the central position of the
muscle fibers is considered as an index of abnormality
in mammals, and when the number of nuclei becomes
conspicuous, it comes to a disorder due to a muscle
myopathy (Dubowitz and Brooke, 1973); the same con-
dition was also described by Pizzey and Barnard (1983)
in dystrophic chickens.

Soike and Bergmann (1998) claimed that central nu-
clei and fibers with hyaline or necrotic features were
symptomatic of structural damage of the muscle fiber;
also Nakada et al. (1998) described the presence of hy-
aline cytoplasm such as a consequence of the muscle
fiber degeneration. Finally, in a recent study, Polak et
al. (2010) observed a considerable number of degener-
ated muscle fibers characterized by hyaline cytoplasm
in broiler pectoralis major muscle.

In many animal species, in addition to the above
anomalies of the muscle architecture, a distinct change
of perimysial and endomysial connective tissue was evi-
denced. These alterations were frequently accompanied
by inflammatory infiltrate (lymphocytes, micro- and
macro-phages) and necrosis of some muscle fibers; in
the latter, a sarcoplasmatic vacuolation was sometimes
identified. Histopathological anomalous features such
as hypertrophy and modification of the muscle fiber
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profile, central nuclei, proliferation of endomysial and
perimysial collagen, inflammatory infiltrate, and necro-
sis of the fibers, entirely because of what we have above
mentioned, have been reported by several authors in
chickens (Pizzey and Barnard, 1983; Ashmore et al.,
1988; Ishimoto et al., 1988; MacRae et al., 2006; Polak
et al., 2009; Nishita et al., 2012) and in turkeys (Sds-
nicki et al., 1989, 1991). The same authors mentioned
above described how these histopathological changes
accompanied by ultrastructural and enzyme abnormali-
ties were identified as characteristic of congenital mus-
cular dystrophy.

The presence of muscle fibers of small caliber shown
in correspondence of the abnormal fibers is a further
histological appearance that supports the hypothesis of
muscular dystrophy. Abnormal fibers surrounded by fi-
bers of small caliber (also referred to as regenerative fi-
bers) have been described in chickens and turkeys with
various myopathies including dystrophy (Pizzey and
Barnard, 1983; Ashmore et al., 1988; Sdésnicki et al.,
1989; Polak et al., 2009, 2010). In this context, the in-
crease in infiltration of adipose tissue in the perimysial
connective tissue is also included. Pizzey and Barnard
(1983), in the pectoral muscle of dystrophic 60-d-old
chickens, described degenerated muscle fibers that were
subsequently removed and replaced with the adipose
or collagen tissue: the same histological features have
been described by Sésnicki et al. (1989) in turkey breast
muscle.

Overall, extreme fiber hypertrophy and increased oc-
currence of giant and abnormal fibers are strong indi-
cators for the development of insufficient meat quality
(Mitchell, 1999; Rehfeldt et al., 2004). This assumption
has been confirmed in the present study, because the
higher degree of abnormalities observed in pectoralis
major muscles from birds belonging to the HBY geno-
type is associated with an impairment of meat quality.
Indeed, breast meat from the HBY hybrid exhibited a
significant reduced ability to retain liquid during refrig-
erated storage and cooking as indicated by the higher
drip-loss and cook-loss values. These results agree with
some previous studies that stated that muscle altera-
tions are related to selection for breast yield (Remignon
et al., 1995; Berri et al., 2001; Guernec et al., 2003).
However, in the present study poor water-holding ca-
pacity cannot be related to poultry pale, soft, and
exudative-like abnormality, because it was not associ-
ated with low pH or pale meat color (Petracci et al.,
2004; Barbut et al., 2008). Indeed, breast meat from
the HBY hybrid had a higher pH if compared with the
SBY group, whereas no differences were found in meat
lightness. As a consequence, reduced ability to hold lig-
uids found in the present study may be attributed to
the set of microstructure observations previously de-
scribed such as a diffused degeneration of muscle fibers
with a replacement of myofibrillar and sarcoplasmatic
proteins by connective layers and infiltration of adipose
tissue. It is well known that myofibrillar proteins (e.g.,

myosin, actin) are mainly responsible for the water-
holding capacity of the meat, whereas connective-tissue
proteins are water insoluble (Xiong, 2004). Hence, it is
not surprising that breast meat from the HBY hybrid
presented a reduced ability to retain its own water dur-
ing storage and cooking. In a previous study (Petracci
et al., 2013), it was found that HBY broiler hybrids
exhibited a higher incidence of breast fillets showing
white-striping defect, which has been associated with
a decreased water-holding and binding capacity. This
higher amount of liquid loss during cooking can ex-
plain the increased toughness of breast fillets from
HBY birds (Murphy and Marks, 2000). Moreover, it
should be noted that breast meat from the HBY hy-
brid also exhibited a significantly lower protein content
and tended to a have a higher moisture content. This
demonstrated that muscular microstructure degenera-
tion is able to determine a macroscopic quantitative
reduction of proteins with a correspondent increase of
water. Also, Kuttappan et al. (2013) found a decrease
in protein content in breast meat samples affected by
myopathic lesions such as loss of cross striations, vari-
ability in fiber size, floccular or vacuolar degeneration
and lysis of fibers, mild mineralization, and occasional
regeneration. On the other hand, there is no associa-
tion between the higher level of infiltration of adipose
tissue in the perimysial connective tissue observed in
samples from the HBY group and total lipids content,
which is found to be higher in breast fillets from birds
belonging to the SBY hybrid. This inconsistency can be
due to the different localization of meat samples (Fig-
ure 1), because histological and chemical composition
analyses were carried out in samples taken from cranial
and caudal parts, respectively, of pectoralis major mus-
cle. This hypothesis is supported by Kuttappan et al.
(2013), who observed a higher lipid content correspond-
ing to the cranial part of the pectoralis major muscle
where the fillets showed more pronounced histological
lesions. However, it should also be noted that in the
present study, a specific staining to quantify (by means
of morphometric measurements) the adipose tissue in
the cross-sectional areas was not adopted, and these
discrepancies may be due also to the lack of precision
in the evaluation of the infiltration of adipose tissue.

In conclusion, this study showed that the ever-increas-
ing genetic pressure to improve breast yield of broiler
chickens has led to a very high occurrence of alterations
in pectoralis major muscle such as tiny, split, abnor-
mal, hyaline, and necrotic fibers referable to muscular
dystrophy. As expected, this large extent of microstruc-
tural anomalies within breast fillets played a remark-
able detrimental effect on meat-quality attributes by
decreasing protein content and deeply reducing ability
of the meat to hold liquids during processing and stor-
age. Based on these results, it is strongly recommended
to emphasize relevance of meat quality traits among
the selection criteria of commercial chicken hybrids in
the near future.
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