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Abstract
Almost a decade ago, the sudden rise of breast muscle defects in fast-growing commercial broiler breeds challenged the broiler produc-
tion industry and meat scientists to address the issue of these novel muscle abnormalities. After that, a widespread hypothesis showing
a correlation between high muscle yield and incidence of these muscle myopathies received much acceptance from the research com-
munity. Increased muscle hypertrophy and unbalanced growth of connective tissues lead to an inadequate blood supply that ultimately
causes hypoxia in muscle fibers. Reduced blood vascular density in muscle fibers induces oxidative stress and mitochondrial dysfunction,
leading to muscle fibrosis, lipidosis and myodegeneration. Along with physical changes, the myopathic muscles exhibit poor sensory
properties, abnormal texture properties and a low nutritional profile. As these myopathies alter meat’s physical appearance, they have
a negative impact on customer’s behavior and preference. A better production environment with proper dietary supplementation with
balanced breeding strategies can minimize the incidence of muscle myopathies in broiler chicken. This review aims to address the under-
lying mechanism behind these myopathies and their impact on poultry meat quality, including nutritional value and consumer behavior.
It describes the link between genetic and non-genetic elements influencing myopathies, along with the strategies to minimize the occur-

rence of breast muscle myopathies.
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In recent years, an increase in poultry meat demand
over red meat has been observed in most parts of the
world, as chicken meat is relatively cheap, nutritious,
healthy, and easy to cook compared to other muscle
foods (Bailey et al., 2020; Estévez, 2015; Wideman et
al., 2016). To meet this ever-growing demand for poul-
try, it led to extensive genetic selection of broiler for
optimum broiler production (Petracci et al., 2019). The
poultry industry has achieved milestones over the pre-
vious 40 to 50 years regarding the feed conversion ra-
tio and broiler chicken growth rates and that is the rea-
son behind higher growth rate of commercial breeds as
compared to the local breeds. Pushing these biological
boundaries in terms of muscle gain has made the com-
mercial chicken more vulnerable to certain meat myo-
pathies. Commonly occurring myopathies include WS
(white striping), WB (wooden breast), DPM (deep pecto-
ral muscle myopathy) and PSE (pale, soft and exudative)
meat. These myopathies occur in pectoral muscles and
are closely linked to the rigorous and exhaustive poultry
production system (Huang and Ahn, 2018; Petracci et al.,
2019). These myopathies are a significant hindrance in
consumer acceptance of poultry meat (de Carvalho et al.,
2020). A study observed a decreasing trend in fresh meat
consumption in European countries as chicken meat con-

sumption decreased by 14% from 2017 to 2018 in Spain
(MAPA, 2018). It is suggested that modern intensive ani-
mal production systems are the main reason behind this
consumer shift as it creates a sense of poor animal wel-
fare and low meat quality (Bailey et al., 2020; EC, 2019;
Skaperda et al., 2019).

It has been reported that chicken breast muscle myo-
pathies occur worldwide, especially in countries where
fast-growing commercial breeds are raised at large scale
as the ratio of chicken breast abnormalities was relatively
higher in commercial breeds than local chicken breeds (de
Carvalho et al., 2020). WS, the most common of the myo-
pathies, affects an overall level of 50% chicken breasts in
Italy, France, Spain, and Brazil (Russo et al., 2015); out of
those affected carcasses, 20-30% of muscles display se-
vere damage. A study conducted on birds at nine weeks of
age in the United States, showed that more than 98% dis-
played some signs of WS, out of which 55% were graded
as moderate to severely affected, and 85% of the samples
were affected by WB (42% severe cases) (Kuttappan et al.,
2017). Apart from age, the probability for occurrence of
breast myopathies rises with high body weight at slaugh-
ter time and higher growth rate that supports the argument
of genetic correlation of breast myopathies (Cruz et al.,
2017; Lorenzi et al., 2014). Some histopathological stud-
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ies also pointed that myodegeneration process regarding
these myopathies is strongly linked to the age of birds at
slaughter (Kawasaki et al., 2018; Radaelli et al., 2017).

In most cases, the presence of white stripes along the
direction of muscle fibers makes WS affected chicken
breast easily recognizable that reduces consumer’s satis-
faction. Sometimes, it is regarded as myodegeneration as
it also involves interstitial inflammation, edema, necro-
sis and accumulation of inflammatory cells. All of these
breast muscle myopathies have been reported to be as-
sociated with fast muscle growth, the inadequate blood
supply for increased muscle mass, and oxidative stress,
consequently leading to tissue degeneration. Extensive
muscle growth induced by muscle hypertrophy normally
requires more blood supply but studies have observed
that capillary density reduces with extensive muscle
growth leading to hypoxia and poor transportation of
waste products in muscles (Kuttappan et al., 2012 a;
Papah et al., 2018; Sihvo et al., 2018; Soglia et al., 2016).
Despite the extensive studies that have been conducted
in recent years, the accurate cause of these myopathies
is still an enigma. Unfortunately, the huge negative im-
pact of these muscular anomalies on the sensory, tech-
nological and nutritional quality, and customer approval
of breast meat, has been underscored. Therefore, a deep
understanding of the fundamental causes and the search
for permanent solutions are the need of the hour (Baldi
et al., 2018; Soglia et al., 2016). This review discusses
all significant information regarding characteristics, po-
tential causes of BMM, relation with meat quality, and
customer attitude toward these muscle abnormalities in
chicken and provides direction to tackle the challenges
the poultry industry faces.

Major breast muscles myopathies in chicken

Rapid strides of genetic improvement, better man-
agement and innovative nutritional approach over the
last five decades have shown significant improvement in
broiler muscle growth. This intensive increase in poultry
production has solved food security up to much extent
compared to the past. At the same time, it has introduced
some new muscle abnormalities triggering the issue of
meat quality (Huang and Ahn, 2018). With the rise of
the poultry industry, some severe muscle abnormalities
have been witnessed, including pale, soft, and exudative
condition, green muscle disease (deep pectoral myopa-
thy), white striping, woody breast, spaghetti meat, and
dark, firm, and dry meat (DFD) having serious undesired
consequences on meat quality, challenging consumer’s
preference (Ferreira et al., 2014; Guo and Dalrymple,
2017; Petracci et al., 2019). Some abnormalities were
known long ago, like PSE and DPM. In contrast, other
meat abnormalities have been observed in recent years of
extensive production, including WB, WS and spaghetti
meat-like conditions (Petracci et al., 2019; Zampiga et
al., 2019). Most of these meat quality issues are related
to the pectoralis major muscle. Recently, a massive in-
crease in meat abnormalities has been reported in differ-

ent parts of the world, with an estimated economic loss
of up to $1 billion per year to the United States’ poultry
industry (Petracci et al., 2019). These myopathies have
severe impacts on the nutritional, functional, and sensory
quality of meat, posing a potential threat to the broiler
chicken industry. Figure 1 illustrates the physical chang-
es in breast muscle of broiler affected with major muscle
abnormalities, including WB, DPM, SM and WS.

Wooden breast (WB)

Recently, an emerging myopathy related to the major
pectoral muscle causing the hardness of breast muscle has
become a major challenge for the poultry industry. WB
is a myodegenerative disease characterized by protruding
ventral part of the major pectoral muscles, a layer of vis-
cous fluid, white striations on muscle fibers with dotted
hemorrhages hard consistency (Sihvo et al., 2014). Sihvo
et al. (2017) studied the chicken breast affected from
WB and found multifocal degeneration, muscle necrosis,
absence of cross striations, infiltration of inflammatory
cells in muscle fibers, perivascular infiltration, vasculitis
and thickened perimysium connective tissue. Some stud-
ies also observed that WB changes the physical structure
(shape, size and diameter) of muscle fiber. Physical char-
acteristics of wooden breast muscles depend on the se-
verity of the disease, including color change, the number
of hemorrhages, the extent of hardness, and gelatinous
fluid on breast muscles (Kuttappan et al., 2016; Tijare
et al., 2016). Histopathological studies on wooden breast
reported extensive fibrosis accompanying fat deposition
and atrophic muscle fibers with polyphasic degeneration.
The presence of more adipose tissues and connective tis-
sues is one of the primary reasons behind the hardening
of muscles (Kuttappan et al., 2016). WB leads to sub-
stantial economic losses to poultry farmers around the
globe. A study on the etiology of WB unveiled that low
protein content and higher deposition in breast muscles
are the leading cause of wooden breast development. WB
manifests multiple negative characteristics like low wa-
ter holding capacity, significant cooking loss, and a high-
er exudate level in muscles (Sihvo et al., 2014; Soglia et
al., 2018).

White striping (WS)

The incidence of WS in broiler has increased mani-
fold for the last few years, disturbing the physical charac-
teristics of major pectoral muscles leading to poor meat
quality. In this disease, major pectoral muscles manifest
white lines or stripes in the direction parallel to the skel-
etal muscle fibers (Mudalal et al., 2015). In short, ma-
jor histological studies of WS affected muscles have
revealed increased fat deposition, muscle fiber necrosis,
interstitial inflammation accompanied by macrophages
and lymphocytes infiltration (Soglia et al., 2016).The
number and size of white stripes are solely dependent on
the bird’s strain and the severity of the condition. The
severity of white stripes in skeletal muscles is divided
into three phases (mild, moderate, and severe). The his-
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topathological study reported increased infiltration of
lymphocytes and macrophages, absence of cross stria-
tions, mineral deposition in muscle cell nuclei, fibrosis,
and lipidosis in muscles suffering from WS. In case of
continuous stimuli or stress, permanent damage occurs
to skeletal muscle satellite cells by converting into fibro-
blasts and adipocytes, leaving no chance for reparation.
According to a study, more than 50% of broiler birds ex-
press WS in their pectoral muscles from days 59—-63 of
their age (Kuttappan et al., 2009). Another study showed
that a physical examination of breast fillets from broiler
chicken unveiled 74.5% of broiler birds were suffering
from WS (Trocino et al., 2015).

In comparison, histopathological studies found white
striped muscle fibers in 97% of birds (Trocino et al.,
2015). Studies on chicken meat quality reported a dra-
matic increase in white striping incidence from 12% in
2012 (Petracci et al., 2013) to 29% in 2015 (Russo et
al., 2015), up to 75% in 2017. This drastic increase in
the incidence of white-striping meat has severe implica-
tions for better meat quality. A comparative study in two
different broiler strains demonstrated that white strip-
ing’s severity and incidence vary within different birds
depending on the genetic line. The incidence of severe
WS was reported much greater in Ross 308 (25.9%) as
compared to Cobb 500 (7.41%) (Lorenzi et al., 2014).

WHITE STRIPING

Genetically modified heavy breeds reared in an inten-
sive environment for commercial purposes had WS con-
ditions in 40% of the total population (Lorenzi et al.,
2014).

Deep pectoral muscle myopathy (DPM)

DPM is a degenerative muscle disorder called green
muscle disease because it changes normal muscle color
into green. DPM is characterized by the ischemic necro-
sis of minor pectoral muscles due to lack of activity in
the respective muscle (Bailey et al., 2015; Bianchi et al.,
20006). In birds, the pectoral region has two muscles, pec-
toralis major and pectoralis minor, both working together
to move their wings. Pectoralis minor muscle is present
between the sternum and pectoral major; it is sandwiched
between two significant structures. When birds move
their wings, it increases the pressure in the pectoral re-
gion’s blood vessels by increasing blood flow towards
pectoral muscles. In heavy commercial broiler breeds,
the pectoralis major muscle grows extensively and puts
pressure on the pectoralis minor. As pressure increases in
the pectoral region, it stops the blood supply to pectoralis
minor muscles by blocking blood vessels in that region
(Jordan and Pattison, 1998). The blockage of blood ves-
sels induces oxygen deficiency in minor pectoral muscles
leading to cell death.

Figure 1. (A) White striping on chicken breast, white lines are more visible. (B) Wooden breast (WB) showing hemorrhages, showing white stripes
hemorrhages and yellowish viscous fluid. (C) Spaghetti meat, disintegrated muscle fibers can be seen clearly. (D) DPM showing muscle damage
and hemorrhages, the greenish part is much visible, indicating DPM (Barbut, 2019)
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The color of the muscles also changes from pink to
greenish (Bilgili, 2016). During the early DPM period,
muscles exhibit edema, inflammation, and hemorrhages;
in later stages, the condition worsens with the onset of
necrosis, muscle atrophy, immune cell infiltration, and
increased connective tissues, and fibrosis (Kijowski and
Kupinska, 2012). DPM incidence in chicken and turkey
varies among birds depending on the birds’ age, breed,
and genotype. Chances of getting DPM are higher at a
younger age (0—12%) as compared to older age (0-5.6%)
(Bianchi et al., 2006). A study reported a higher DPM
incidence in Ross 308 (1.27%) than Cobb500 (0.35%).
3-17% more chances of spontancous DPM were ob-
served in broilers having higher growth rates (Bianchi
et al., 2006). After slaughtering the birds having DPM,
the breast portion with DPM needs to be removed, which
poses severe economic loss to the poultry industry (Ki-
jowski et al., 2014).

Spaghetti meat

Spaghetti meat is widely known as mushy breast,
weak intramuscular connective tissues threadlike and
detached muscle fiber bundles characterize this condi-
tion. Connective tissues in muscles are responsible for
keeping the muscle fibers tightly bound together (Maio-
rano, 2017). The collagen present in connective tissues
is necessary to maintain the integrity of muscle tissues.
Immature connective tissues make muscles more friable
and weak, and meat can easily be pulled apart by hand
(Zampiga et al., 2019). In spaghetti meat conditions, con-
nective tissue layers become weak, consequently follow-
ing collapsed muscle fibers. Histological studies on SM
reported similar lesions like WB and WS with an extensive
proliferation of fatty tissues in endomysium and perimy-
sium spaces of intramuscular connective tissues. However,
the differentiating trait of SM is a progressive rarefaction
of perimysium and endomysium connective tissues that
damages structural integrity and compromises the cohe-
sion among muscle fiber bundles. This condition is mostly
seen in birds with high growth rates as perimysium septa is
very weak in fast-growing broilers' pectoral muscles com-
pared with other birds with slower growth rates (Bilgili,
2016; Radaelli et al., 2017; Sihvo et al., 2014).

The underlying mechanism in the development of
breast muscle myopathies

Insufficient blood supply to increased muscle mass

In the past decade, numerous studies were conducted
to find the underlying mechanism or pathway associated
with the development of breast myopathies in chicken.
However, the exact cause of the development of these
muscle defects is not fully understood. Genetic selection
for meat yield has been carried out extensively to fulfill
the increasing global demands for chicken meat. These
genetic selection strategies paid off with outstanding
growth rates. Despite increased production efficiency,
these genetic programs have changed the muscle archi-
tecture by increasing the diameter, length and number

of myofiber, consequently reducing the density of blood
supply in muscles (Hoving-Bolink et al., 2000). Consist-
ently, studies conducted on commercial broiler strains
have revealed that pectoral muscles are entirely com-
prised of anaerobic type IIB fibers, which corroborates
the hypothesis that this condition makes pectoral muscles
more susceptible to myopathies. Therefore, an increase
in the size of fast-twitch muscle fiber through hypertro-
phy without improving the existing blood supply (capil-
lary network) is the main culprit for these myopathies.
As type IIB muscle fibers get energy from glycogen, dur-
ing the metabolism of glycogen breakdown, lactic acid
is being produced (Petracci et al., 2017). The circulatory
system within myofibers is responsible for nutrient pro-
vision and removal of waste products like lactic acid.
Through blood, lactic acid is transported to the liver,
recycled, converted into glycogen and then sent back to
circulation as an energy source (Sihvo et al., 2018). Thus,
overall damage to breast muscles in fast-growing broil-
ers is considered a result of a reduction in satellite cell
number and in their altered abilities to proliferate and
differentiate (Clark and Velleman, 2017; Daughtry et al.,
2017). In commercial broiler strains, high muscle growth
is achieved through hypertrophy, increased muscular hyper-
trophy reduces connective tissue spacing and leaves limited
area for blood supply in muscle fibers leading to reduced
capillary network. So, extreme muscle growth and reduced
density of blood supply make oxygen transportation more
difficult and also impair the mechanism to remove waste
products from muscle tissues that ultimately damages the
muscle (Alnahhas et al., 2016). All of these findings suggest
that the physical changes in the muscle architecture linked
to genetic selection for rapid growth and higher yield are
predominantly related to the occurrence and severity of pec-
toral myopathies (Griffin et al., 2018).

Hypoxia and poor nutrient transportation in muscles

As all of the breast myopathies almost exhibit simi-
lar histological lesions, it is hypothesized that a common
mechanism is involved in developing these defects. Fast
growth and higher breast yield in commercial broiler
are possible because of muscle fiber hypertrophy, which
results in compromised blood supply, consequently trig-
gering tissue hypoxia. Increased development of major
pectoral muscle could compress the pectoral artery, re-
duce oxygen level, and impair nutrient transportation in
muscles. This is why the severity of histological lesions
increases as we move from surface to inner sections of
pectoral muscles affected with myopathies (Baldi et al.,
2018; Zampiga et al., 2020). Poor blood circulation in
highly developed muscle tissues induces reduced oxygen
level and tissue swelling due to the accumulation of com-
pounds having osmotic characteristics. As discussed ear-
lier, the transportation of metabolic wastes is also carried
out by blood. Simultaneously, low capillary density in
positively grown muscle fibers leads to the displacement
of metabolic wastes and leads to phlebitis and perivas-
cular lipid infiltration (Papah et al., 2017; Sihvo et al.,
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2017). A study performed by (Papah et al., 2017) found
arteriosclerosis and atherosclerosis in the birds affected
with WB. In this context, it has been suggested that to
overcome oxygen deficiency, blood supply increases
through the synthesis of nitric oxide that ultimately trig-
gers oxidative stress, further exacerbating the tissue in-
flammation and myodegeneration. Osmotic imbalance
caused by hypoxia and myodegeneration induces ultras-
tructural changes in muscle fiber, including dilated sarco-
plasmic reticulum, mitochondrial swelling, vacuolation,
citrate loss and mitochondrial hyperplasia. Moreover,
imbalance in calcium homeostasis could lead to proteas-
es and lipases, thus contributing to further protein deg-
radation in muscle tissues. Excessive myodegeneration
in breast muscles overtake the regenerative ability of the
muscle, which ultimately results in fibrosis and lipidosis,
worsening the severity of muscle abnormalities (Abasht
et al., 2016; Boerboom et al., 2018; Petracci et al., 2017,
Sihvo et al., 2018; Zambonelli et al., 2016). A graphical
representation of the mechanism involved in developing
major breast muscle myopathies has shown in Figure 2.

Role of genetics in development of breast myopathies

Breast muscle myopathies result in enormous eco-
nomic loss to the poultry industry, leading to the con-
demnation of whole carcasses or portions. Genomic se-
lection for better growth rates and high breast yield has
been directed as the primary cause of some researchers’
myopathies. Many studies suggest that genetic selec-
tion for high breast meat production has triggered breast

muscle myopathies (Alnahhas et al., 2016; Bailey et al.,
2015). However, studies conducted on large purebred
commercial broiler flocks indicated that though there is
a genetic component to the myopathies, the non-genetic
factors contribute to greater than 65% of the variance in
the incidence of WS of breast muscle and more than 90%
of the variance of the incidence of WB in broiler chicken.
Moreover, the genetic relation between breast yield and
breast myopathies has revealed that factors other than
growth and production are also responsible for the inci-
dence of breast myopathies (Bailey et al., 2015).

A study carried out on two different broiler strains
with different selection histories for breast yield reported
another non-genetic factor responsible for all the breast
muscle myopathy traits. Comprehensive breeding objec-
tives, comprising the traits related to production, welfare,
adaptability, and better reproductive status, are essential to
achieving balanced broiler production progress (Hocking,
2014; Kapell et al., 2012). This breeding strategy approach
has had and will continue to have a potential progressive
trend for the broiler industry. However, researchers ob-
served that increased breast meat production consequently
leads to a higher incidence of breast myopathies. Still, the
association of genetics with these traits is very low, which
diverts the researchers’ attention to other non-genetic factors
linked to these myopathies (Bailey et al., 2020; Lilburn et
al., 2019). Thus, more research is needed to fully understand
the underlying mechanism of the non-genetic components
such as management and nutrition and how they affect mus-
cle growth and development in commercial chicken.
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Figure 2. Flow chart diagram showing the mechanism involved in the development of breast muscle myopathies
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Incidence of breast myopathies is more in commer-
cial fast growing chicken strains. Bailey et al. (2015)
studied two commercial broiler strains and found the
heritability of 0.024-0.097 for WB and 0.185-0.338 for
WS that points that genetics also influences the devel-
opment of myopathies but non-genetic factors also play
a big role in this regard. The heritabilities for DPM, WB
and SB are low with estimates ranging from 0.04 to 0.07
indicating a very strong influence of the non-genetic fac-
tors in the variation in manifestation of these myopathies.
This specifies that selection only for body weight and
breast muscle yield do not clarify the occurrence of the
myopathies. Despite low to modest heritability for breast
myopathies, Bailey et al. (2020) suggests that genetic
factor plays a crucial role in the development of these
myopathies and more studies are needed to fully compre-
hend the mechanism of how the myopathies initiate and
develop. It has also been observed that reducing growth
rate is linked to decreased incidence of myopathies but
it affects the overall production performance of chicken.
This issue can only be addressed by selecting and breed-
ing the chickens according to the traits resistant to breast
myopathies (Barbut, 2019).

Effect of myopathies on meat quality in broiler

Owing to a healthy nutritional profile, low cost and
easy processing, a substantial increase in poultry meat
demand has been noted since the past decades. This pro-
gressive trend in the poultry industry has led to rapid
genetic improvement in poultry to develop fast-growing
chicken to meet ever-growing poultry meat demands. All
of the myopathies mentioned above affect meat quality,
while the extent of quality deterioration depends on the
severity of defects (Bilgili, 2016; Petracci et al., 2019).
A study reported 200 million loss in the United States
during 2016 just because of these abnormal muscle con-
ditions as loss of a considerable portion of breast muscles
because of myopathies account for substantial economic
losses, which includes condemnation of whole breast/
carcass, reduced production, increased processing cost
and customer rejection (Kuttappan et al., 2016).

Myopathies damage the functional properties of
chicken meat

The functional characteristics of meat are associated
with myofibrillar proteins’ capacity to emulsify lipids, re-
tain water and to form stable gels. Simultaneously, these
proteins’ quality depends on their structure, intricate fi-
brillary architecture, and amino acid composition (Pearce
et al., 2011). Some biochemical processes in living cells,
which mainly include proteolysis and oxidation, severely
compromise proteins’ ability to interact with other bio-
molecules such as lipids and water, consequently causing
muscle defects. Among all breast muscle myopathies, the
wooden breast exhibits a reduced capacity to hold wa-
ter, low yield and marinade uptake, as multiple studies
reported a substantial increase in drip loss and reduced
marinade retention in the wooden breast as compared to

normal breast muscle (Petracci et al., 2017; Sihvo et al.,
2014; Trocino et al., 2015). According to previous stud-
ies, low muscle pH is responsible for poor water holding
capacity in muscles (Dalgaard et al., 2018). Therefore, it
is suggested that poor WHC in breast muscle myopathies
is linked to the oxidative stress to proteins at the molecu-
lar level and severe muscle tissue degeneration. Research
conducted by Chen et al. stated that PSE and WB meat
have low gelation properties as compared to the standard
meat, and adding NaCl from 1% to 4% could enhance
the gel-forming ability of WB meat as NaCl improves the
ionic strength and functionality of myofibrillar proteins
(Chen et al., 2018). A nuclear magnetic resonance relaxa-
tion analysis of spaghetti meat unveiled the increased
proportion of extra-myofibrillar water, which displayed
a reduced WHC along with the presence of a higher
amount of oxidized proteins. In short, these myopathies
severely affect the protein functionality by impairing the
myofibrillar structure through oxidative stress, ultimately
triggering proteolysis (Baldi et al., 2018; Estévez, 2015,
2011).

Myopathies directly influence meat’s appearance,
taste and texture

The most important quality traits for poultry meat are
appearance, texture and flavor. Appearance matters a lot
during consumers’ initial selection of the meat and the
consumer’s final satisfaction. The texture is the single
most crucial sensory property for the quality assessment
of meat (Carvalho et al., 2017; Estévez, 2015). The mus-
cle tissue degeneration triggered by myopathies directly
influences meat’s sensory properties, including color,
texture, and flavor. Breast muscle myopathies change the
whole appearance of the breast as compared to normal
breast muscle, and that is a direct consequence of histo-
logical changes during each myopathy characterized by
visible white striations of multiple thicknesses in WS,
bulging out, pale muscle fibers with hardened consist-
ency in WB and collapsed/crumbled bundles of muscle
fibers in SM. Multiple studies on the sensory properties
of WB revealed increased lightness and yellowness in
the color of WB meat. At the same time, these varia-
tions even got worse, depending on the severity of the
condition (de Almeida Assuncgéo et al., 2020; Tasoniero
et al., 2016). Moreover, Zhuang and Bowker found that
cooked WB was more dark, red and yellow than regu-
lar breast fillets (Zhuang and Bowker, 2018). Recently,
it is observed that color modification is just superficial
as a study found that color changes in WS and WB only
occurred in the superficial muscle layer (0.3 cm) while
the color of muscles was quite normal at deeper layers
(Baldi et al., 2018). Soglia et al. (2017) tried to explain
the different texture properties among superficial and
deep layers by reporting that increased extracellular ma-
trix, fibrosis, superficial layer having larger particles and
higher compression force as compared to deep layer is re-
sponsible for color variation among superficial and deep
layers (Soglia et al., 2018). Aguirre et al. (2018) found
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correspondence between texture profile analysis (TPA)
and sensory evaluation of severe WB muscles (Aguirre
et al.,, 2018). The muscles with myopathies displayed
a higher level of hardness, cohesiveness, compactness,
chewiness, springiness, crunchiness and fibrousness than
normal chicken breasts. Consistently, Sanchez Brambila
et al. (2016) found a higher level of cohesiveness and
springiness in WB fillets cooked at 76°C than normal
counterparts did (Sanchez Brambila et al., 2016). They
also reported that springiness, hardness, and fibrous-
ness were perceived differently between ventral and
dorsal sections of cooked WB fillets. Unlike WB meat,
the texture properties of meat during WS condition were
not altered much. Many researchers reported negligible
changes in the texture of chicken and turkey meat suf-
fering from WS (Soglia et al., 2018). Only a few differ-
ences were found even in the most severe WS samples,
and only trained panelists were able to differentiate the
severe WS samples from normal ones (de Carvalho et al.,
2020). Sanchez Brambila et al. (2016) clearly indicated
that the WS condition does not affect the meat’s textural
properties, while the cooked breast fillets affected with
WS exhibit a higher score for cohesiveness, hardness,
and chewiness than normal breast fillets. Breast fillets af-
fected with SM were observed to have a softer texture.
This property displayed by SM is credited to the lower
collagen content compared to normal meat and meat af-
fected by WS and WB. Texture alteration in meat is not
just linked to the collagen content, it is believed that mus-
cle hardness during these myopathies possibly induced
by several underlying mechanisms, which is not fully un-
derstood, and this aspect needs to be examined (Petracci
et al., 2019; Zampiga et al., 2019).

Myopathies disturb nutritive value of poultry meat

From a human health point of view, when compared
to other types of meat, it is verified that fat content in
poultry meat is relatively low (2.8 g/100 g breast and
13 /100 g thigh) and with a positive unsaturated/saturat-
ed fatty acid ratio, thus making it a healthy food. Unfor-
tunately, breast myopathies disturb the average nutritive
value of poultry meat as it increases the number of fat
contents and displays fewer protein contents than normal
chicken breast (Baldi et al., 2019; Petracci et al., 2014).
The respective change in meat composition enhances en-
ergy contents in breast meat suffering from myopathies
(451 Kj/100 g) than in normal ones (421 Kj/100 g) (Pe-
tracci et al., 2014). No significant nutritional change has
been reported in breast muscles myopathies; nutritional
indexes suggest that lipid quality is the same between
both types of breast meat, but a negligible variation in
fatty acid composition has been reported. Breast myo-
pathies mainly deteriorate meat quality by disturbing the
protein contents, which includes degradation of myofi-
brillar proteins and increased collagen contents, oxida-
tion of the muscle proteins and protein carbonylation
(Estévez, 2011). Protein carbonylation is responsible for
the consequent formation of insoluble aggregates and is

linked to an impaired in vitro digestibility of oxidized
protein (Estévez, 2015). To conclude, from previous
studies, it is clear that breast myopathies in chicken have
been linked with a higher level of lipid and increased pro-
tein oxidation, which is being identified as harmful for
meat quality.

Consumer behavior regarding myopathies

Since consumers are the ultimate poultry meat recipi-
ents, their attitude towards these myopathies should be
regarded as a relevant issue. The sole purpose of broiler
production is to fulfill the consumer’s demand regarding
meat quality and nutritional values (Lusk, 2018). The
broiler industry’s focus is recently to increase the broiler
muscle yield by selecting the fast-growing birds, subse-
quently increased the chances of myopathies severely
compromise the consumer’s expectations (Petracci et al.,
2019). Myopathies affect the meat appearance, including
petechial hemorrhages, excessive marbling, bulges and
disintegration of muscles; all of these visual abnormali-
ties contribute to instant meat rejection. A study conduct-
ed by Kuttappan et al. (2012 b) on consumer behavior
towards breast meat affected with WS revealed that many
participants recognized the growth abnormalities visual-
ly in severe WS condition. All the participant consumers
identified the white striping as abnormal marbling that re-
duced acceptability and purchase desire. The author also
reported an interesting phenomenon that 1 out of 5 con-
sumers straightforwardly refused to eat the samples upon
receiving awareness about myopathy, which shows con-
sumers’ emotional and behavioral response towards the
myopathies. It is consumers’ prerogative to know every
information about the food they eat, and it could seri-
ously compromise the acceptability, purchase intent and
emotions evoked during the consumption of that product.
Another study on consumer preferences reported gradual
decrease in consumers’ willingness as the severity of
breast myopathy increased (6.9, normal; 6.1, moderate;
4.5, severe) (Kuttappan et al., 2012 b). Broadly speak-
ing, almost 57% of the customers rejected the meat fillets
with severe WS, while purchase intent also declined sig-
nificantly. On further explanations, consumers revealed
the reasons behind their rejection, which included higher
marbling and abnormal color of the breast fillet.

Strategies to reduce the chances of myopathies in
broiler

The production performance and health of birds or
other livestock animals are mainly linked to the environ-
mental status and management strategies. Consequently,
the development of breast muscle myopathies is inher-
ently linked to nutritional and environmental factors.
Many types of research have been carried out to deter-
mine the possible factors involved in the occurrence of
breast muscle myopathies in fast-growing broilers. It is
widely accepted that the chances of breast abnormalities
rise with higher body weight gain (Lorenzi et al., 2014;
Papah et al., 2017), growth rate (Kuttappan et al., 2017,
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Lorenzi et al., 2014) and genetic modification for high-
er breast meat yield (Alnahhas et al., 2016; Livingston,
2018; Trocino et al., 2015), which is in complete agree-
ment with strong genetic correlations found by Alnah-
has et al. (2016). Histological studies suggested that the
process of muscle degeneration during the development
of myopathies is strictly associated with the age of birds
(Griffin et al., 2018; Kawasaki et al., 2018; Papah et al.,
2017) and breast growth pattern. It was recently demon-
strated that egg storage duration before hatching and ma-
nipulation of embryonic development by egg incubation
temperatures and chick weight at hatching could affect
muscle morphology traits and related to breast abnormal-
ities (Clark et al., 2017; Livingston, 2018). Ideal muscle
growth is dependent on the functioning of the satellite
cells within the muscle tissue. Satellite cells are special-
ized cells; their proliferation is at a peak during the first
week after hatching and then declines; these cells play a
crucial role in muscle fiber growth and repair. Inadequate
satellite cell population in the muscle can badly affect
the ability of a muscle to grow appropriately. In a low
satellite cell population, muscles do not have the support
needed for growth as the bird ages and this increases the
chances of developing myopathies. It has been estab-
lished that satellite cell population and activity are de-
pendent on incubation conditions and the early manage-
ment of the broiler chick. Delayed feeding or insufficient
amino acid provision has been suggested to reduce the
satellite cell population and increase fat deposition in the
muscle. Therefore, better environmental and nutritive
management of the modern broiler chicken is essential
for optimum performance and muscle growth (Baldi et
al., 2019; Petracci et al., 2019).

A study reported an increase in myopathies when
broiler chickens were fed with diets containing low-qual-
ity fats, high amino acid density and low quantity of an-
tioxidant nutrients, which displayed that faulty nutrition
is the critical factor in developing breast muscle myo-
pathy. The use of innovative nutritional approaches dur-
ing key stages of broiler growth can considerably reduce
myopathies’ incidence and severity. Bird management
has also been indicated as an essential factor in farm
strategies to minimize breast myopathies’ chances. Data
gathered from different commercial broiler populations
in the field has shown that insufficient ventilation leads
to an increased carbon dioxide level in the shed, which
is a potential risk factor for myopathies’ development.
This finding agrees with gene expression studies show-
ing that myopathic muscles suffer from hypoxia, which
may be linked to the farm conditions. While oxygen is
not essential for the muscle fibers’ activity in breast mus-
cle (as they are predominantly anaerobic glycolytic), an
adequate oxygen supply to the muscles is required as the
satellite cells, and their associated cells require oxygen
to fulfill their role (Lorenzi et al., 2014; Trocino et al.,
2015).

The main strategy to reduce myopathies’ occurrence
includes reducing energy intake by either feed restric-

tion or modifying feed formulation (Cruz et al., 2017,
Livingston, 2018; Zampiga et al., 2019). However, an
overall reduction in the occurrence of breast muscle ab-
normalities seems to be associated with reduced growth
rate, body weight, and breast yield (Livingston, 2018).
A study reported that dietary feed restriction and remov-
ing lysine from the diet have slightly reduced the severity
of breast myopathies, especially WS and WB, but adopt-
ing these strategies under commercial conditions is not
economically feasible. While a minor reduction in WB
has been noted after dietary supplementation of guanidi-
noacetic acid (Cordova-Noboa et al., 2018), an increase
of arginine: lysine ratio, the diet also has a mitigation ef-
fect on breast meat abnormalities (Zampiga et al., 2020).
Therefore, until now, it appears that there is an absence
of practical nutrition and management involvements to
decrease growth-related abnormalities in the broiler in-
dustry without negatively affecting live and slaughter
performances.

Concluding remarks

Setting a standard for a better quality of chicken meat
is an arduous task as meat quality is indefinite and is not
consistent with any defined description. It depends on
several external and internal factors, but the most sig-
nificant aspect is addressing the customer’s demands.
Actually, no reliable solutions have been devised yet
to address the issue of breast muscle abnormalities in
chicken. Therefore, to prevent the high chances of such
myopathies is still an enigma for poultry researchers.
A thorough understanding of molecular mechanisms and
pathways involved in the pathogenesis of muscle myo-
pathies is essential to provide an effective solution for
this problem. The application of innovative technologies
accompanied by an omics platform could be useful to
provide reliable strategies. Metabolomics and proteomic
studies in breast muscles suffering from abnormalities
are the best way to get inner insight into the mecha-
nisms involved in myopathies, which will further help
develop diagnostic techniques. More studies are required
to check the relationship between genetic selection and
myopathies by comparing myopathies’ incidence among
the local and commercial broiler strains. As consumers’
awareness of these chicken defects’ incidence and basis
is growing, converting abnormal breasts into processed
products could be a feasible option. However, means
to improve their technological, sensory, and nutritional
characteristics are also much needed.
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