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ABSTRACT.- Fraga S.T, Jaenisch ER.FE, Peixoto J.0, Coldebella A., Borges K.A.,, Furian T.Q,,
Dickel E.L. & dos Santos L.R. 2021. Wooden breast and white striping: occurrence in
three poultry companies. Pesquisa Veterindria Brasileira 41:e06685, 2021. Faculdade de
Agronomia e Medicina Veterindaria, Universidade de Passo Fundo, Av. Brasil Leste 285, Sdo
José, Passo Fundo, RS 99052-900, Brazil. E-mail: karen.borges@ufrgs.br

To increase the amount of meat produced, researchers have promoted intensive genetic
selection for growth rate and muscling and have improved nutrition and management conditions.
However, there has been an increase in the number of reports of breast muscle myopathies
observed in poultry processing plants, including white striping (WS) and wooden breast
(WB). This study aimed to evaluate and to compare the occurrence of WS and WB myopathies
in three poultry processing plants and to perform an anatomopathological characterization,
including macroscopic and microscopic analyses. A total of 408,334 carcasses were condemned
or downgraded due to the presence of WB or WS, which represents 0.73% of the total number
of slaughtered animals during the evaluated period. WB was more frequent than WS, but
the occurrence of each myopathy varied significantly according to each establishment. WB
was more frequent in the establishment which includes only male flocks, an average age of
45 days, and an average live weight of 2775g (B). WS was more frequent in establishment
with male, female and mixed flocks, average ages ranging from 41 to 44 days, and average
live weight 1731g-2830g (A). It is probably related with specific condition of each poultry
company, including genetics, age, nutrition and management conditions. Macroscopically,
WB and WS lesions are characterized by hypertrophy and stiffness of the pectoralis major
muscle. Under microscopy, the myopathies showed similarities regarding the detected
histological abnormalities, characterized by a process of myodegeneration, although the
connective tissue infiltrate was more severe in the breasts with WB than in those with WS
myopathy. The results found in this study demonstrate that the rates of condemnation for
these myopathies are high, vary significantly among the analyzed companies and may cause
major economic losses for the productive sector in the region.

INDEX TERMS: Wooden breast, white striping, poultry companies, myopathy, slaughterhouse, macroscopic
lesions, histopathology lesions.

RESUMO.- [Wooden breast e white striping: ocorréncia
em trés empresas avicolas.] Para melhorar a quantidade
de carne produzida, os pesquisadores tém promovido
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ao longo dos anos uma sele¢do genética intensiva para a
taxa de crescimento e desenvolvimento de musculos, além
de melhorias nas condi¢des nutricionais, sanitarias e de
manejo. No entanto, houve um aumento no ntimero de
relatos de miopatias dos musculos do peito observados em
abatedouros-frigorificos de aves, incluindo white striping
(WS) e wooden breast (WB). O objetivo deste estudo foi avaliar
a ocorréncia de WB e WS em trés abatedouros-frigorificos
de aves e realizar uma caracterizagdo anatomopatolégica,
incluindo analises macroscépicas e microscopicas. Um total
de 408.334 carcacas foi condenado (total ou parcialmente)
devido a presenga WB ou WS, o que representou 0,73% do
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numero total de animais abatidos durante o periodo avaliado.
Apesar de a ocorréncia de WB ter sido maior do que a de
WS, a frequéncia de cada uma variou significativamente de
acordo com o estabelecimento. WB foi mais frequente no
estabelecimento que incluia apenas lotes de machos, com
média de 45 dias de idade e peso médio ao abate de 2775g
(B). WS foi mais frequente no estabelecimento com lotes
de machos, fémeas e mistos, com idade entre 41 e 44 dias
e peso médio ao abate entre 1731g-2830g (A). Isto pode
ser justificado por condi¢des especificas de cada empresa,
incluindo genética, idade das aves, nutricdo e condi¢des de
manejo. Macroscopicamente, as lesdoes de WB e de WS foram
caracterizadas principalmente por hipertrofia e rigidez do
musculo pectoralis major. A microscopia, ambas as miopatias
mostraram semelhancas em relagdo as anormalidades
histolégicas detectadas, caracterizadas principalmente por
um processo de miodegeneracdo. Nos musculos apresentando
WHB, o infiltrado de tecido conjuntivo foi mais intenso quando
comparado aqueles com WS. Os resultados encontrados neste
trabalho demonstram que os indices de condenacdo por
essas miopatias sdo altos, variam significativamente entre
as empresas analisadas e podem causar grandes perdas
econdmicas para o setor produtivo da regido.

TERMOS DE INDEXAGAOQ: Wooden breast, white striping, miopatias,
abatedouros avicolas, lesdes macroscépicas, lesdes histopatologicas.

INTRODUCTION

Brazil is the third largest producer and the main exporter of
chicken meat in the world. Over the past several decades, the
consumption of chicken meathas increased worldwide, including in
Brazil (ABPA 2020). To increase the amount of meat produced, the
number of housed birds has been increased. Simultaneously, over
the past 50 years, professionals and researchers have promoted
intensive genetic selection for growth rate and muscling and
have improved nutrition and management conditions (Aviagen
2016). Itis estimated that this continuous selection has resulted
in nearly a 5% increase in breast meat, representing more than
one-fifth of a broiler’s weight (Poultry World 2017). However,
these improvements in growth rate and breast muscle size have
introduced serious abnormalities that influence the quality of
the meat (Huang & Ahn 2018).

White striping (WS) myopathy is characterized by white
striations parallel to the muscle fibers due to fiber degeneration
with infiltrated fat (lipidosis) and connective tissue (fibrosis),
while wooden breast (WB) is characterized by swollen, hard and
rigid muscles surfaces (Kuttappan et al. 2013a, Mazzoni et al.
2015, Mudalal etal. 2015, Huang & Ahn 2018). The incidence of
WS and WB varies widely depending upon researchers, country,
and region. Over the past decade, there have been an increasing
number of reports of breast muscle myopathies observed in
poultry processing plants (Huang & Ahn 2018, Aviagen 2019).
Some of these myopathies, such as WS and WB, have only recently
been reported, even though they have been known for some time
(Huang & Ahn 2018). Along with the altered appearance, breast
muscles affected by these myopathies display poor technological
properties, impaired texture properties, and reduced nutritional
value. As consumers have become aware of these abnormalities
and concerns for animal welfare have risen, efforts are being
made to inhibit the onset of myopathies or alleviate the severity
of the symptoms and lesions (Petracci et al. 2019).
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Even though these myopathies do not represent a risk
to public health, it has been reported that broilers with WS
and/or WB cause from $200 million to $1 billion per year in
economic losses to the U.S. poultry industry (Kuttappan et
al. 2016, Huang & Ahn 2018, Barbut 2019). WS has not been
associated with any systemic infection, inflammation, or stress
conditions, butincreased levels of serum creatine kinase (CK),
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and lactate dehydrogenase (LDH) have been observed
with this myopathy (Kuttappan et al. 2013a). WB, on the other
hand, presents with inflammatory characteristics, and the
primary inflammatory cells found around the degenerative
fiber are macrophages (Huang & Ahn 2018).

Although the gross and/or histologic characteristics of
modern myopathies are similar to those of known conditions
such as hereditary muscular dystrophy, nutritional myopathy,
toxic myopathies, and marbling, the WS and WB myopathies
may have a different basis (Kuttappan et al. 2016). The
etiology of these myopathies is not completely elucidated, and
several factors are probably associated with their occurrence,
including diet, weight gain, and the accelerated growth rate.
Factors related to abrupt and massive weight gain favor
muscle tissues outgrowing their supporting systems such as
connective tissues and capillaries, and they can change the
structure and metabolism of the muscle (Huang & Ahn 2018).
Muscle hypertrophy along with the unbalanced growth of
supportive connective tissue leads to a compromised blood
supply and hypoxia. The associated oxidative stress and
mitochondrial dysfunction then leads to lipidosis, fibrosis,
and overall myodegeneration (Petracci et al. 2019).

Environmental or management conditions, nutrition,
feed additives and genetics are some possible factors
that contribute to an increase or an aggravation of these
myopathies in certain poultry companies (Moreira et al.
2004, Trocino etal. 2015, Zanetti et al. 2018). The occurrence
of these myopathies among Brazilian poultry companies is
still not well known. It is within this context that this study
aimed to evaluate and to compare the occurrence of WS and
WB myopathies in three poultry processing plants and to
perform an anatomopathological characterization, including
macroscopic and microscopic analyses.

MATERIALS AND METHODS

Sample characterization. Samples were collected over a period
of six months from three poultry slaughterhouses (A, B, and C)
located in the state of Rio Grande do Sul (southern Brazil). All the
establishments are under the Brazilian Federal Inspection Service
and slaughter only broilers of the Cobb lineage. Establishment’s
characterization, including type of flock, average age and average
slaughter weight, is described in Table 1.

Sample collection. During the evisceration process, carcasses
that presented with hypertrophy and stiffness of the chest region
were separated for the “Departamento de Inspe¢do Final” (DIF)
(Brasil 1998) by trained employees on the inspection lines. As
previously described (Kuttappan et al. 2012a, 2013a, Sihvo et al.
2014, Mudalal et al. 2015, Cruz et al. 2017), the presence of WS or
WB was determined by trained professionals in the DIF based on
their visualization of macroscopic lesions. Liver fragments were also
collected from all carcasses for microscopic analyses.

Anatomopathological and histopathological characterization.
The carcasses were classified according to the type of injury (WB
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or WS) following characterization standards previously described
in the literature (Kuttappan et al. 2012a, 201343, Sihvo et al. 2014,
Mudalal et al. 2015, Cruz et al. 2017). The apparent macroscopic
changes observed externally in the carcasses were confirmed by
cutting the pectoralis major muscle. After the macroscopic analysis,
1.5cm? fragments of the pectoralis major muscle were collected for
histopathological analysis. Ten fragments of each myopathy and
three additional samples from the same flock without apparent
macroscopic lesions (control group) were collected. Liver samples
were collected from all carcasses to evaluate whether a relationship
existed between the severities of the breast and liver lesions. Samples
were fixed in 10% buffered formalin and sent to the laboratory of
“Embrapa Suinos e Aves” (Brazilian Agricultural Research Corporation,
Ministry of Agriculture, Livestock and Supply) for histopathological
analysis. The materials were routinely processed and stained with
hematoxylin and eosin (HE). Some paraffin-embedded tissues were
selected and stained with Masson’s trichrome stain, which is widely
used to study muscular pathologies and allows for the quantitative
visualization and analysis of collagen fibers in connective tissue (Street
etal. 2014). Lesions in the breast and liver were classified according
to their severity: no lesion or mild, moderate, and severe lesions.
Statistical analysis. Descriptive statistics were used to calculate
the absolute and relative frequencies of the WB and WS myopathies
and liver lesions according to their severity. Chi-Square (x?) and Fisher
exact tests were used to examine the proportion of lesions among
the companies and the association of WB or WS with liver lesions.
Statistical testing was performed with SPSS software (Statistical
Package for Social Sciences) with a 5% level of significance.

RESULTS

Occurrence of wooden breast and white striping

A total of 55,839,154 birds were slaughtered in the three
establishments during the observation period: 25,728,260 (46.08%)
in Establishment A, 26,015,695 (46.59%) in Establishment B,
and 4,095,199 (7.33%) in Establishment C. A total of 408,334
(0.73%) of the slaughtered birds were condemned for WS or WB
myopathies. Of these, 74.94% (306,005) were affected with WB
and 25.06% (102,329) with WS. Table 1 shows the occurrence
rates for WB and WS according to each establishment.

Establishment B had the highest rate of total condemnations
(p<0.05), and most (79.44%) were for WB lesions (p<0.05).
Establishment A was the main responsible (70.94%) for WS
condemnations (p<0.05). Finally, Establishment C, which had
the least number of carcasses processed during the period,
had lower rates of condemnation.

Macroscopic characterization

Wooden breast. The analysis of the breasts with WB
myopathy showed that the lesions could be unilateral or
bilateral. The affected breasts had slightly pale skin in
comparison to those without apparent macroscopic lesions
(Fig.1A-D). When cutting the skin, a fluid (color ranging
from translucent to yellowish) with a gelatinous aspect was
observed on the ventral surface of the pectoralis major muscle.
It was also observed the presence of a thick, white mass
covering the ventral surface of the pectoralis major muscle
(Fig.1E). Some carcasses also showed white stripes similar
to those observed in the WS cases. Lesions similar to those
of WB were observed in the gastrocnemius muscle (Fig.1F).
Muscle hypertrophy and a pale to yellowish color were also
observed in the breasts, mainly in the caudal region. Muscle
hypertrophy was also observable after cutting the breasts.
In rare cases, hemorrhage was found among the fibers. Some
breasts also had white striations, but they were not parallel
to the direction of the fibers.

White striping. The analysis of the breasts with WS
myopathy indicated unilateral and bilateral lesions. The
skin of the breasts affected by WS was slightly reddish, and
blood vessel thickening could be observed. After cutting the
breast, the carcasses had translucent to yellowish fluid with a
gelatinous aspect on the ventral surface of the pectoralis major
muscle. In addition to the white stripes, there were cases of
superficial hemorrhage and muscles with a firmer consistency
than muscles without apparent macroscopic lesions. Upon
cutting, the muscle hypertrophy was observable. Rare cases
of hemorrhage were also found among the fibers (Fig.2).

Microscopic characterization

Control group. The pectoralis major muscle of the controls
showed bundles of muscle fibers of uniform size and shape,
with visible transversal striations. Lymphocytes cells infiltrate,
a few adipose cells, and mild interstitial connective tissue
hyperplasia were also observed.

Wooden breast. The degenerative lesions of the muscle
fibers presented interstitial connective tissue, inclusion of
adipose tissue, cellular debris, and infiltrated of heterophilic
and lymphocytes cells. Perivascular inflammatory cell
infiltrate could also be seen in some fragments. The
degenerative lesions were classified as moderate or severe
according to the magnitude and scope of the microscopic
lesions. The lesions were considered moderate when some
of the myofibers of the analyzed fragment showed hyaline
degeneration with hyper-eosinophilic fibers and a loss of

Table 1. Occurrence of white striping (WS) and wooden breast (WB) at three slaughterhouses in southern Brazil

Establishment Type of flock Average age Average weight (WST 2?\1NB) WS WB
A Male 44 days 2830g 102,552 (25.11%)* 72,592 (70.94%)? 29,960 (9.79%)?
Female 34 days 1731g
Mixed 41 days 2407g
Male 45 days 27758 246,860 (60.46%)° 3,766 (3.68%)° 243,094 (79.44%)"
C Male 44 days 2732g 58,922 (14.43%)" 25,971 (25.38%)° 32,951 (10.77%)"
Female 45 days 2420g
Mixed 44 days 2710g

TOTAL

408,334 102,329 306,005

abe Distinct letters in the same column indicate statistically significant difference (p<0.05)

Pesq. Vet. Bras. 41:€06685, 2021
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presence of a thin layer of serous fluid, pale and stiff areas and a marked hypertrophy on the ventral surface, mainly in the caudal
left region (arrow) of the pectoralis major muscle. (C) WB lesion: lesion located mainly in the cranial portion of the pectoralis major
muscle, presence of a thin pale membrane on the ventral surface of the muscle (arrow). (D) WB lesions: severe lesion with edema,
thickening and yellow discoloration of the skin, mainly in the cranial left region of the pectoralis major muscle. (E) Presence of a thick,
white mass (arrow) covering the ventral surface of the pectoralis major muscle. (F) Presence of a lesion similar to WB lesions, but in
the gastrocnemius muscle, with the presence of petechiae on the muscle surface.

Pesq. Vet. Bras. 41:¢06685, 2021
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transversal striations. When the majority of the myofibers
showed hyaline to floccular degeneration and necrosis, the
lesion was considered severe (Fig.3). In these cases, abundant
interstitial connective tissue, cellular debris, lymphocytes
and sometimes heterophiles infiltrates were observed along
with the adipose tissue, compromising the entire tissue
interstitium. After classification, 60% (18/30) of the lesions
were rated severe, and 40% (12/30) were moderate. There
was no significant difference (p>0.05) in the occurrence of
WB among the three establishments evaluated, regardless of
the degree of lesions in the pectoralis major muscle.

White striping. Sample fragments from breast meat with
WS presented interstitial connective tissue, cellular debris,
and lymphocytes and heterophilic cell infiltrates. Infiltrated
adipose tissue was detected in all fragments analyzed and
was relatively abundant. In some fragments, it was also
possible to observe perivascular inflammatory cell infiltrate.
Degenerative muscle fiber lesions were classified as moderate
(Fig.4A) or severe (Fig.4B). The lesions were considered
moderate when the observations included tumefied fibers
and the interstitial infiltration of loose connective tissue,
adipose tissue, sparse mononuclear cells (lymphocytes), and

D

Fig.2. Carcasses presenting white striping (WS) lesions. (A) Control: broiler carcass without macroscopic changes. (B) WS lesions:
hypertrophy and stiffness in the cranial portion of the pectoralis major muscle and a slight change in the color of the skin and blood
vessels in the region. (C) White stripes in parallel to the muscle fibers, a ventral view of the breast. (D) White stripes and muscle

hypertrophy observed after transverse section.

Pesq. Vet. Bras. 41:e06685, 2021
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cellular debris. In severe lesions, most myofibers exhibited
degeneration (ranging from hyaline to floccular) and an
abundant interstitial infiltration of adipose and connective
tissues. Cellular debris and lymphocytes and heterophilic
infiltrates were also detected in these cases. The severe
lesions corresponded to 36.7% (11/30) of the WS lesions,
while 33.3% (10/30) were moderate. Fragments with no
lesions, 20% (6/30), and slight lesions, 10% (3/30), were also
observed. There was no significant difference (p>0.05) in the

A

B Sy N ‘J s/ Nl S

occurrence of WS among the three establishments evaluated,
regardless of the lesion degree in the pectoralis major muscle.

Livers. Histological findings in the livers ranged from no
lesions to mild or moderate lesions. A lesion was considered
mild when the parenchyma had sparse foci of hepatocyte
degeneration and lymphoid follicle hyperplasia. The lesion
was classified as moderate when degenerate hepatocyte foci
with well-defined vacuoles, congestion, and lymphoid follicle
hyperplasia were observed. There was no significant difference

IR 1Y )

Fig.3. Severe wooden breast lesions in the pectoralis major muscle. (A) Muscle fibers in several stages of degeneration and fiber with
vacuolization (arrow), transverse section. HE, obj.40x. (B) Muscle fibers in different stages of degeneration (arrow), transverse section.

Masson'’s trichrome, obj.10x.

X P

Fig.4. Sections of the pectoralis major muscle with white striping lesions. Presence of interstitial adipose tissue in (A) moderate lesion,

transverse section, and (B) severe lesion, transverse section. (A) HE, obj.40x. (B) HE, obj.10x.

Pesq. Vet. Bras. 41:¢06685, 2021
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(p>0.05) in the occurrence of histopathological alterations
among the three establishments evaluated, regardless of the
degree of liver lesions. Furthermore, there was no association
(p>0.05) between the presence or degree of injury observed
in the pectoralis major muscle and in the liver of the respective
carcass, regardless of the establishment evaluated.

DISCUSSION

In this study, a total of 408,334 carcasses were condemned
or downgraded due to the presence of WB or WS, which
represented 0.73% of the total number of slaughtered animals
during the evaluated period. As the selection of carcasses for
inspection in the DIF was performed by the official inspection
service during the routine slaughter process, it is possible
that carcasses with an initial degree of myopathy, but no
evidentlesions, were not been identified. In total, the majority
(74.94%) of affected carcasses were due to WB myopathy,
while a smaller number (25.06%) were for WS. The occurrence
of WS and WB among all myopathies can vary from 1% to
75% depending on the establishment, the region, and the
country (Kuttappan et al. 2009, 2012a, 2013a, Owens 2014,
Trocino et al. 2015, Gratta et al. 2017, Huang & Ahn 2018,
Malila et al. 2018). Although information on the occurrence
of these myopathies is limited, and at times contradictory, it
is assumed that chicken breasts with abnormalities appear
in all countries where fast-growing hybrids are used and that
the number is higher than the chicken industry would care
to admit (Petracci et al. 2019).

WB and WS were more frequently in Establishments B
(79.44%) and A (70.94%), respectively. Since WB is strongly
associated with carcasses from heavier birds (Norring et al.
2018), the higher occurrence of this myopathy in Establishment
B, which slaughters only heavier birds and male flocks,
would be expected. Kuttappan et al. (2013a) also observed
adifference in the occurrence of myopathies associated with
the live weight of broilers. In addition to a correlation with
slaughter body weight, WB is also a consequence of the age
of the birds. In general, the flocks in Establishment B were
older. These lesions are more frequent in broilers after 21
days of age, when the growth rate is higher. During this period,
more than 50% of the birds can develop WB (Owens 2014).
Bauermeister et al. (2009) also reported a higher occurrence
of WB in broilers processed at an older (8-weeks old) rather
than younger age (6-weeks old), presumably due to the greater
body weight of the older birds. Histological observations have
confirmed that the myodegeneration process associated with
the development of breast abnormalities is strictly related
to age at slaughter and is higher in males (Kuttappan et al.
2013a, Trocino et al. 2015, Sihvo et al. 2017). Differences in
the feed composition used by different companies could also
be areason for the variation in rates of WS and WB (Huang &
Ahn 2018). High-energy diets and the associated increased
levels of lipid production increase the occurrence of WS
in breast fillets (Kuttappan et al. 2009), as was especially
observed in Establishment A.

During the evaluation of the carcasses in this study, a
significant number (5,770; 1.89%) presented with the dorsal
cranial myopathy (DCM) lesions in association with WB. Most
of these were detected in Establishment A (60.05%), followed
by Establishments B (33.66%) and C (6.29%). There are still
no studies on a possible relationship between DCM and WB

lesions in chicken breasts. However, both myopathies are
associated with heavier birds and with rapid growth rates
(Zimermann et al. 2012, Sihvo etal. 2014). In rare cases (one
in Establishment A and one in Establishment C), carcasses with
WB and deep pectoral myopathy were also found in this study.

The macroscopic lesions in our study were similar to
those of previous studies (Kuttappan et al. 2012a, 2016,
Velleman & Clark 2015). The lesions of both myopathies were
characterized by hypertrophy and stiffness of the pectoralis
major and gastrocnemius muscles. In the WB lesions, there was
noticeable bulging of the fillets, mainly in the caudal region.
This caudal location differs from that described by Zotte et al.
(2017), who reported WB abnormalities that were primarily
localized in the cranial portion of the fillet. It is important
to highlight that the occurrence of fibrosis in WB myopathy,
especially in the severe cases described in this study, may not
necessarily affect the texture properties of the breast (Sihvo
etal. 2017), and that detection of this myopathy by palpation
may be an intricate task (Petracci et al. 2019). However, some
birds showed markedly hardened breast musculature with
no histologically apparent fibrosis, indicating that fibrosis
is not the sole factor behind the hardness of WB and that
the lesions are not restricted to the pectoralis major muscle
(Huang & Ahn 2018).

On microscopy, the breast fragments affected by WB and WS
were similar regarding the histological abnormalities detected
and characterized mainly by a process of myodegeneration.
However, compared to the WS group, the connective tissue
infiltrate in the WB group was more intense, affecting both
the endomysium and perimysium. Generally, highest levels of
fibrosis are observed in WB myopathy (Trocino etal. 2015), and
the fibrotic changes in this myopathy can also vary between
different broiler lines (Velleman et al. 2014, Velleman & Clark
2015). In contrast, despite the replacement of muscle fibers
with fibrous connective tissue (fibrosis) in fragments from the
WS group, the interstitial infiltrate of adipose tissue was more
evident, and generally occurred only in the perimysium. An
accumulation of adipose tissue (lipidosis) is one of the major
histologic changes associated with WS, which also includes
fiber necrosis, the degeneration and regeneration of fibers of
variable size, a loss of cross striations, the mineralization of
nuclei, and hyalinization (Sihvo et al. 2014, Russo et al. 2015).
Other studies have also shown similar histologic changes in
the muscles affected by WS and WB (Kuttappan et al. 2009,
Sihvo etal. 2014, 2017), which may reinforce the hypothesis
of a common etiology for these myopathies. However, Sihvo et
al. (2014) observed that fillets with WB were affected by an
inflammatory process, as demonstrated by the presence of T
lymphocytes, which was not seen in the WS cases (Kuttappan
et al. 2013a). One possibility is that WS occurs during the
initial phase of muscle degeneration, while WB occurs at a
later stage of development (Mudalal et al. 2015).

Previous studies have shown that some myopathies
are related to changes in serum enzyme levels in broilers
(Kuttappan et al. 2013b, Sesterhenn et al. 2017). In these
cases, concentrations of the enzymes ALT, AST, CK, and LDH
were increased (Kuttappan et al. 2013b). These plasmatic
enzymes changes can indicate hepatic damage or damage in
the skeletal muscles of the broilers (MacRae et al. 2006, Yan
et al. 2009). This is why the livers of the carcasses affected
with WB and WS were also analyzed, to look for a possible

Pesq. Vet. Bras. 41:€06685, 2021
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relationship between the lesions present in the muscle with
those found in the liver. However, no relationship was found
between the severity of the microscopic changes in the
pectoralis major muscle and the liver lesions. It probably
suggests that the enzyme elevations are primarily due to the
muscle degeneration rather than liver damage.

Chicken meat consumption has increased worldwide,
which is mainly attributable to its relatively low cost and
nutritional properties (Estévez 2015, Wideman et al. 2016,
Petracci et al. 2019). However, lesions in poultry meat have
led to economic losses within the industry, especially due
to WS and WB (Huang & Ahn 2018, Zanetti et al. 2018).
Once WS and WB impair the appearance and functional
quality of breast meat (Huang & Ahn 2018), affected breast
fillets are often downgraded and sold at a discount, used for
further processing, or even discarded (Balticetal 2019). The
notable discolorations on the skin-side surfaces of severe WB
fillets after cooking and the white striations on the ventral
surfaces of raw WS fillets negatively impacts the purchasing
decisions of consumers (Huang & Ahn 2018). Over 50% of
consumers have indicated they would not buy WS and WB
fillets (Kuttappan et al. 2012b).

In Brazil, there is no legislation regarding carcass
condemnation due to these myopathies. In any case, both the
federal inspection service and the poultry companies have the
responsibility of preventing the commercialization of breast
fillets from birds affected by WS or WB myopathy. Specific
legislation would allow for these cuts to be commercialized as
alternative products (Zanetti etal. 2018). A previous study in
the same region of Southern Brazil showed that WS and WB
could be responsible for losses of up to US$17,962.56 per year
in a single establishment with a similar occurrence (0.8%)
of these myopathies (Zanetti et al. 2018). With the exception
of breast fillets sold with skin, two of the three companies in
this study target all slaughtered poultry for cutting. However,
one of the companies analyzed sells whole carcasses, which
increases the likelihood of affected birds reaching consumers’
tables. As consumer awareness on the presence and origin of
these chicken defects is increasing, transforming abnormal
breasts into processed chicken products may be a feasible
option. However, a means of improving breast meat’s
technological, sensory, and nutritional properties are also
required (Petracci et al. 2019).

CONCLUSIONS

White striping (WS) or wooden breast (WB) myopathies
were detected in 0.73% of the slaughtered animals. WB lesions
were majoritarian found in establishments that slaughter
male flocks and WS was more frequent in establishments
that slaughter male, female and mixed flocks.

Under microscopy, the myopathies showed similarities
regarding the detected histological abnormalities, although
the connective tissue infiltrate was more evident in the
breasts with WB.

There was no relation between liver and muscle lesions,
regardless the myopathy and the poultry company.

The results found in this study demonstrate that the
rates of condemnation for these myopathies are high, vary
significantly among the analyzed companies and may cause
major economic losses for the productive sector in the region.
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