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ABSTRACT
Broiler breast myopathies, including woody breast, white striping, and spaghetti breast,
negatively impact the industry. Therefore, evaluation, prediction, and frequency of these muscle
abnormalities on modern birds are important for decision making. Modern broilers are not highly
active and often sit with the breast of the bird resting on the floor. Therefore, the first experiment
was to promote bird movement and explore the impact on the breast myopathies. The movement
was stimulated by human interaction (walking through pen) and higher light intensity so that
birds walked around the pen more often throughout the day. The control group had normal low
light intensity and minimal human interaction. However, the results were not different between
the treatments on performance or breast myopathies. In other studies, broilers were palpated for
woody breast (WB) and the breast region and/or fillets were measured for width, length,
thickness, etc. in efforts to develop prediction of WB during growout and in the plant.
Differences on the thickness and other part of the measurements on the fillets were found
between WB categories (normal to severe) and it was determined that these features were good
predictors for the differentiation on the severe WB and normal categories. Furthermore,
palpation and measurements of the breast on the live bird throughout the growing period were
also well correlated and some measurements were good predictors, like measurements on the
cranial region of the breast with a cloth tape. There was observed that the different strains were
different between each other as well the WB myopathy. Furthermore, the broiler breast
myopathies demographic chapter to summarize all the data collected in 3 years with the most
utilized strains in the market. Generally, myopathies increase as the birds get older and larger
and they also increase AS breast yield increases to higher levels (breast yield > 30%).

Additionally, males generally had greater WB than females and females had greater SM than
males.
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INTRODUCTION

1

Introduction
Chicken meat consumption has increased over the years. According to USDA (2018), the
global chicken production will increase at least 2% reaching to 97.8 million tons this year due to
the low cost, diversity of preparation, dietary and sensory properties, and religious and cultural
principles. The poultry industry has improved the selection and the growth of the birds for breast
yield and fast performance in order to meet the high demand for chicken meat (Petracci et al.,
2015). The increase of the bird growing and consequently muscle growing levels and the selection
on the broiler genetics along the improvement in the nutrition and environmental aspects resulted
in extraordinary achievements on the chicken growth, but also cause a big improvement on the
breast muscle growth. The studies done by Havenstein et al. (2003) and Zuidhof et al. (2014)
evaluated the growth performance of antique birds (1950’s broiler lines) compared with modern
chickens. The evaluation shows the difference between broiler studied and how the lines by the
genetic selection and the nutrition could affect the growth, feed conversion, and the carcass/parts
yield. They presented that fast growing birds were masterpiece on feed efficiency, growth rate,
and muscle yields than the other old lines, improving in time, sustainability, and economically.
The improvement of the growth rates causes some consequences for the bird, such as
muscle myopathies. These abnormalities result in economic losses on the carcass or condemnation,
especially on the breast muscle being one of the most valuable and important chickens cut.
According to FAO, (2019), condemnation is increasing due to the myopathies, thus affects the
industry worldwide, especially USA and Brazil who are the top producers (USDA, 2019).
However, there is no specific category for condemnation that fits myopathies; the carcasses are
condemned because of the repugnant aspect. Even on the Brazilian inspection guide RIISPOA,
2000, article 172, they affirm, “Repulsive meats that are considered are going to be totally
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condemned all the carcasses that present bad aspect, abnormal coloration or that exalt medicine,
excreta smell or other that are not considered normal”. On the other hand, USDA-FSIS (2014),
only for the breast muscle with “green atrophy, green breast, and green muscle degeneration”
mostly associated with turkeys as of 2014. However, in July of 2017, a directive 35-17 was
released for the meat that shows: “The presence of inflammatory tissue requires trimming of all
affected tissue (…) overall shiny surface indicating excess fluid in the tissues” (USDA-FSIS,
2017). At the end, this directive was not focused specifically on woody breast just because the
exudative and hemorrhagic does not appear in all the cases. Based on these reasons the breast
myopathies need to be deeply understand in order to decrease the impact on the economy and on
the bird health. The aim of this dissertation is to understand better the breast myopathies and to try
to find a valid methodology to use in live birds to try to prevent the myopathies in the processing
plant, moreover could support research and selection with an earlier detection.
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Broiler Improvement
The birds utilized at the poultry industry have changed over the years in terms of
physiology and body composition. Many factors can influence these changes such as genetic
selection, nutritional balance, sanitary, and environmental control (Huang and Ahn, 2018). The
genetic selection prioritized economic characteristics such as body weight gain, carcass yield, and
feed conversion (Gous, 1986). All these together with nutrition requirements and ad libitum feed
to produce kilograms/meat make possible a chicken to reach around 4 kg in 42 days, meaning that
the birds are processed with a younger age and higher body weight compared with birds of ‘50s,
Athens-Canadian Randombred Control (ACRBC) and, two University of Alberta Meat Control
strains unselected since 1957 and 1978 (Havenstein et al., 2003; Zuidhof et al., 2014).
The ACRBC birds are random bred, or have been not selected for particular traits, and the
Ross 308 (males presented in Fig. 1) represents common modern broilers, those selected fir
multiple attributes including growth performance trait. The muscular increase from the genetic
selection illustrated at Figure 1. The carcasses of the ACRBC birds was not selected genetically
compared with the other carcass of the lineage of Ross 308, a broiler strain commonly used that
has be undergone selection over the year. Both lines were evaluated in 2001 and received the same
feed composition according to the nutrient requirements of poultry (Pesti, 2003). In addition, they
were compared by the ages of 43, 57, 71, and 85 days old showing the major differences between
each line at a given age, for example, the ACRBC was reaching the same weight of the Ross 308
after 69 days. These differences are primarily attributed to genetics and nutrition requirements.
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Figure 1. Comparison between broiler carcass ACRBC (control) and Ross 308 at 43, 57, 71, and
85 days old receiving the same feed (Havenstein et al., 2003).

Broilers pass by an intense selection for better carcass yield and mainly for the breast. The
consumption of chicken meat and chicken breast fillet are related to the appearance, lower fat, easy
to prepare, and cheap to buy (Kuttappan et al., 2012c). A study conducted 28 years ago already
show the improvement on breast yield of 3% more than the 1957 ACRBC compared with the 1991
Arbor Acres that was around 11.9% (Havenstein et al., 1994), while nowadays the birds can even
reach 30% of the whole chicken (Lilburn, 1994). Most of the breast fillets present the normal
aspect. Although, the yield increase caused deep alterations on the muscle fibers and on the vessel
that support this tissue increasing the muscle problems (Dransfield and Sosnicki, 1999; HovingBolink et al., 2000). In the last decade, myopathies such as white striping and woody breast have
been identified (Kuttappan et al., 2012a; Sihvo et al., 2017).

7

Muscle Physiology
The muscle structure is the basic unit that gives structure in all living animals (Johnson,
2018). The muscle formation starts in the embryo. The mesoderm cells in the somites are located
on the notochord on both sides stem muscles (Velleman, 2019). The formation of them occurs
when the mesoderm cells move from the somites to them specific places and then start the
proliferation (Brandebourg, 2013). To form the multinucleated primary muscle fibers, the
embryonic myoblast needs to fuse; then afterwards, the secondary muscle fibers form above the
primary fibers. With this order of formation, they will organize with them proper function and
orientation of the muscle fiber (Velleman et al., 2018). At the time of hatch, muscle fiber formation
and organization is connected, and then the myoblast starts multiplication (hyperplasia) forming
the multinucleated muscle fibers. Hence, myoblast act while still in embryo stage, and post hatch,
the satellite cells are responsible to help the muscle growth and regeneration (Clark et al., 2017).
Satellite cells are located in the basal lamina and sarcolemma at the skeletal muscle fiber. The
activators of the satellite cell are the growth factor, extracellular matrix and the cytokine
sequestered inside (Miao et al., 2016). They signal this cell to get out of the quiescent state to the
activation, migration, myogenic differentiation and muscle development (Rhoads et al., 2009;
Dodson et al., 2010; Murphy et al., 2011; Urciuolo et al., 2013)
Muscle is a highly organized tissue. The muscle fibers are surrounded by the endomysium
that forms a thick and protective cover of a connective tissue. The perimysium engulfs the muscle
fiber bundles (myofibers) between the epimysium and the endomysium consisted of connective
tissue involve each myofibers (Lu et al., 2019). The cross-sectional diameter of mature myofibers
is 30-70 µm and length varies depending on the location and the muscle type (Sihvo, 2019). The
structure inside the muscle fiber consists of myofibrils that have cells called sarcomeres, the
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smallest contractile unit of the muscle (Brandebourg, 2013). The primary composition of them
consists of two myofilaments: a thick one made up of myosin and a thin one made of actin. These
two myofilaments are responsible for the muscle contraction and the striated appearance of the
skeletal muscle due to the arranged parallel and overlapping with each other (Johnson, 2018).
Troponin and tropomyosin are also contractile proteins associated with actin, and the Z disk or line
in the outer side connects the thin filaments/actin, and the M line does the separation of the
sarcomere (Ertbjerg and Puolanne, 2017).
The connective tissue that surrounds the muscle fibers is composed of fibronectin, ground
substances components, proteoglycans, elastin, and collagen; and it is known as the extracellular
matrix (ECM) (Purslow, 2014). The purpose of this tissue is to organize proteins associated muscle
structure, mediate muscle to growth and connect muscles to the bone for locomotion (Sanes, 2003;
Jenniskens et al., 2006). All these cells and organizations hold the muscle integrity and support
together all the nerves, intramuscular adipocytes and blood vessels (Miao et al., 2016). The
primary component of the connective tissue is the collagen, the most abundant protein in the body
due to its function with structure (Archile-Contreras et al., 2010). There are more than 30 types
that are associated collagen, found in skin, muscle, tendons, cartilage, etc (Myllyharju, 2004; Veit
et al., 2006; Söderhäll et al., 2007). In the muscle, the dominant collagen is type I and III (Cruz et
al., 2017). The amount of each of those collagens depends on the animal ages, muscle types, and
location (Listrat et al., 1999). Collagen type I is on the perimysium of adult bovine muscle, and at
the endomysium, the type III is more common (Mayne and Sanderson, 1985). Furthermore, the
same species around six months of age the collagen type I increase the same occurs in rats during
aging the type III collagen decreases and the type I increases (Kovanen and Suominen, 1989;
Listrat et al., 1999). The characteristics of the collagen type III fibrils is that they have few disulfide
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bonds and are smaller in diameter compared with type I, indicating a shear force less resistant in
cooked meat (Velleman et al., 2017).
Muscle increases the intramuscular connective tissue along the animal growth, increasing
as well the toughness (Purslow, 2014). The intramuscular fibroblasts synthesize the intramuscular
connective tissue derived from the mesenchymal generator cells in the early embryonic
development (Miao et al., 2016). However, this type of cell can switch to do less fibrogenesis and
more adipogenesis helping on the palatability, marbling, and tenderness of the meat. The fibroblast
is the central cell to build up connective tissue. The regeneration of this cell is by the fibrogenesis,
being responsible for the development of fibroblasts and protein synthesis and the connective
tissue build up. The synthesis of connective tissue is essential for the epimysium and perimysium
of the muscle bundles until the time of birth (Du et al., 2010). Fibrosis is an excessive collagen
deposition in the extracellular matrix proteins normally formed after an healing process (Liu and
Gaston Pravia, 2010). The collagen content and cross-linking correlate with fibrosis, but crosslinking are reduced by turnover of collagen (Archile-Contreras et al., 2010); the lysyl oxidase is
the enzyme that does a rate-limiting catalyzing collagen fibrils cross-linking (Siegel et al., 1976).
Three helical polypeptide chains intertwined the collagen molecule, and the telopeptide
regions are on both ends. The enzyme that regulates collagen cross-linking is the lysyl oxidase
(Siegel and Fu, 1976). The metabolic function is oxidizing hydroxylysine or lysine in the nonhelical portions of collagen molecules to aldehydes, and then they react with the collagen sides
forming divalent bonds. The cross-linking development depends on the molecules of lysine and
hydroxylysine in the non-helical regions. The degree of collagen cross-linking differs in animals
of different breeds (Miao et al., 2016). The different types of muscle also present various degrees
of cross-linking and could be a reason that some muscle present more connective tissue than others
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(Velleman et al., 2017). The cross-linking of collagen occurs slowly, increasing with the age of
the animal, resulting in older animals having more cross-linking, or insoluble collagen. The
amount of collagen cross-linking, reduce the meat tenderness, the collagen turnover is regulated
by the metalloproteinase when this enzyme is expressed and also the inhibitors the cross-linking
and meat tenderness is affected by inflammation and oxidative stress being some of the factors
that regulate (Woessner, 1991; Clark et al., 2008; Murphy, 2010; Purslow, 2014)
The growth rate on the collagen depends on the endogenous hormones and nutrition.
Processing animals after the period of fast growth rate improve in tenderness, because of the
characteristic of newly synthesized collagen, but this depends on the animal. Older animals tend
to have more connective tissue because of protein replacement (Weston et al., 2002). Testosterone
can influence the collagen synthesis and solubility, and toughness. Somatotropin also could
increase the tenderness in pig muscle. Castrated animals have a lower concentration of
testosterone, consisting of less tough meat compare with the ones that still intact (McCormick,
1994). However, market broiler chickens are relatively young, do not reach sexual maturity, and
therefore are not impacted by effect of testosterone on collagen (Podisi et al., 2011).
Pectoralis major is the one of the biggest muscle in the broiler chicken, normally a broiler
with 1.8kg younger than 39 days of age and have 19% breast meat yield. Depending on the age,
the breast fillet could reach sometimes more than 30% of the whole carcass. It consists of white
meat and predominantly fibers type IIB and IIA. These fibers are characterized by rapid
contraction (fast twitch) lower capillary density, smaller fibers, glycolytic, and fewer mitochondria
(Dalle Zotte et al., 2017). Therefore, Remignon et al. (1994) did a study with males broilers with
different ages and live weight, concluded that the Pectoralis major is composed of glycolytic fibers
type IIB, corroborating with the study that compares different birds species, affirming that
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chickens presents the breast muscle only with glycolytic fibers with fast contraction – type IIB.
However, another species, for example ducks, has on the same muscle region oxidative-glycolytic
fibers of fast contraction (type IIA), mostly for the reason that the other birds can fly for long
distances requiring muscle fibers to have higher oxidative capacity to allow for long term function
that does a fast contraction in an extended period.
The contraction and relaxation of the muscle fibers occur when the thin and thick filaments
slide along each other (Huxley and Hanson, 1954; Huxley and Niedergerke, 1954). The motor
neuron meets the fiber on the neuromuscular junction that receives the neuronal message from the
neuronal control to be able to do the movement. Every group of similar fiber type myofibers is
innervated by a motor neuron forming a motor unit (Edstrom and Kugelberg, 1968; Burke et al.,
1971; Buchthal and Schmalbruch, 1980). The motor nerve passes the action potential releasing
acetylcholine to the neuromuscular junction. Acetylcholine is a neurotransmitter that can bind or
interact with surface receptor molecules at the sarcolemma (Kerth, 2013). When the interaction
with the molecules happens, a depolarization occurs on the local muscle fiber. Then the signal is
spreading through the myofibers via t-tubules releasing Ca2+ from the sarcoplasmic reticulum into
the sarcoplasm. The tropomyosin will leave the myosin heads binding site after Ca2+ ions bind to
troponin C inside of the tropomyosin (Sandow, 1952; Smith et al., 1986; Hedrick et al., 1989). The
process of excitation-contraction coupling uses adenosine triphosphate (ATP) and starts because
the troponin exposes the myosin-binding site on actin (Snellman and Tenow, 1954; Ebashi, 1974).
The myosin binding with actin pull them causing a myriad power strokes combined effects
resulting in contraction of sarcomere and muscle fiber (Huxley and Niedergerke, 1954; Huxley
and Hanson, 1954). The shortening of the sarcomere consumes the ATP hydrolyzing to ADP and
inorganic phosphate. The contraction continues until the movement stop ceasing the action
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potential, then recovering the sarcolemma repolarization. The Ca2+ is requested by sarcoplasmic
reticulum using ATPase pumps. Ca2+ releases from troponin C and tropomyosin moves and covers
the actin-binding site realizing the process of muscle relaxation (McMahon, 1984).
Live muscle to meat
Post mortem process starts when the blood flow stops consequently the oxygen supply
cease then an anaerobic metabolism starts reducing the pH to approximate 5.8 decreasing from 7.2
while the tissue was oxygenated (Dransfield and Sosnicki, 1999). The quick change on the pH is
caused by the increase of lactic acid from the anaerobic glycolytic pathway (Braden, 2013). Not
only lactic acid is building up, but also sarcoplasmic reticulum loss the ionic pump functions
liberating the calcium. Since the pump is not functional anymore, there are not troponin to detach
the cross-bridges formed by the actin-myosin. At last, with the absence of ATP, it is not possible
to break the action-myosin bonds (Braden, 2013). This stage occurs rapidly in broilers but can take
one hour after the chicken slaughter (Brewer et al., 2012b). The contracted state decrease with
endogenous proteolytic enzymes over the myofibrillar proteins at the z-line over time, letting age
the meat became softer (Bhat et al., 2018). However, actin-myosin bonds do not disassociate.
Myopathies in Production
Genetic and balanced nutrition improvements have created chickens that grow to around 4
kg in 42 days (Zuidhof et al., 2014). However, this rapid growth affects muscle development
creating pathological issues such as green tenders, anterior Latissimus dorsi (ALD) muscle
myodegeneration, and breast fillets with white striping (WS), hard meat called “wooden breast”
(WB), and spaghetti meat (SM). More specifically, the breast muscles problems present
histological characteristics like myodegeneration or/and a higher deposition of collagen and fat
between muscular fibers (Sihvo et al., 2014). White striping is characterized by white stripes
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parallel of the same direction of the muscle fibers (Kuttappan et al., 2012c; a). Breast fillet
presenting hard texture areas at the surface, pale coloration, and frequently covered by a
transparent or yellowish and viscous exudate with multifocal petechial distributed characterize
woody breast syndrome (Sihvo et al., 2014). The muscle fibers separated from themselves,
rarefaction of the perimysium and endomisyum on the breast fillet characterize the spaghetti meat
(Soglia et al., 2019).
An important aspect related to the musculoskeletal pathologies is the relation of fastgrowing animals presenting less number of muscle fibers than the slow grow animals and
hypertrophy of the muscle cells. Also, the muscle develops with the age and the genetic potential
for the breast fillet (Dransfield and Sosnicki, 1999). Muscle fibers after birth only can be
hypertrophied (Bechtel, 1986). The increasing on the diameter size of the muscle fiber occurs with
decreasing of the blood capillaries since the fiber length and the diameter increases occurs a
displacement of the vessel that surrounds the fibers. The oxygen support gets limited causing
ischemia (Joiner et al., 2014).
A study from Hoving-Bolink et al. (2000) reported that chickens with higher breast fillet
yield showed lower capillary density, indicating the larger breast fillet could be a health risk for
the birds because of the reduction on the oxygen support for the muscle. According to Joiner et al.
(2014), the muscle fiber diameter increases significantly with the age, while the number absolute
of vessels and capillaries do not change with vascular support around of the myofibers of fastgrowing animals. Besides that, the fiber type in the muscle also can influence the capillary density
and the proportion. Red fibers (type I) have a small diameter, are rich in myoglobin, and use
aerobic metabolism (oxidative). They also have a higher number of capillaries surrounding the
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muscle fibers compared with the white fibers, which have a larger diameter and use anaerobic
metabolism (glycolytic) (Hudson et al., 1967; Santiago, 2001)
The Pectoralis major muscle in the broiler chicken is composed of white glycolytic fibers
IIB (Remignon et al., 1994), therefore have lower capillary density in the fast twitch coupled with
increased growth rate and size of the breast making this muscle more susceptible to abnormalities.
The myopathy of white striping and woody breast occurs primarily in the Pectoralis major.
However, it has also been observed in the Pectoralis minor. The microscopy lesions of meat with
white striping are composed of myodegeneration with lipidosis and aggregation of connective
tissue (Kuttappan et al., 2012b). Similar lesions are observed with woody breast where the
researchers report polyphasic myodegeneration and tissue necrosis (Sihvo et al., 2014), and the
replacement of this tissue is with fibrosis and fat in all over the muscle (Bilgili, 2016).
Breast Myopathies
White striping (WS)
The macroscopic characteristics of white striping myopathy are the presence of the parallel
white striations that follows the muscle fibers (Petracci and Cavani, 2011; Kuttappan et al., 2012c,
2016; Dalle Zotte et al., 2014; Bailey et al., 2015). They are visible on ventral side of the muscle
and frequently occur in the Pectoralis major, but eventually can also occur in the Pectoralis minor
and the legs (Kuttappan et al., 2013a),
There is a classification method to score the severity of this myopathy. The normal breast
fillets receive score 0 and do not present any white striation. Moderate scores show thin white
striation with the thickness of less than 1 mm, and the severe score presents thicker striations higher
than 1 mm, showing in Figure 2 (Kuttappan et al., 2013c).
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Figure 2. Representatives samples of breast fillets score A) Normal (without striations), B)
Moderate (striations < 1 mm), and C) Severe (striations > 1mm) (Kuttappan et al.,
2013c).
Higher scores are associated in breasts that had a higher cranial thickness and breast yield
(Kuttappan et al., 2013a). The same study showed a positive and strong correlation (rs =0.84)
between the thickness and breast weight. The severe white striping breast fillets were associated
with higher b* being more yellowish and researches suggested that a higher percentage of adipose
tissue content could contribute to the color changes (Petracci et al., 2013b; Kuttappan et al., 2017).
Another study had focused on the histological state associated with the different scores
(Kuttappan et al., 2013c). The moderate and severe presented loss on the transverse striations,
variability on the muscle fiber size (Figure 3), vacuolar/ floccular degeneration, mild
mineralization, lysis, interstitial inflammation along with fibrosis, and some regeneration
(multinucleated cells and nuclear rowing). Masson’s trichrome stain also showed differences in
the normal and severe score for white striping where severe white striped meat had higher
degeneration, necrosis, lipidosis, and fibrosis. All of the different histological stains showed the
increase of the lipids on the muscular tissue while the proteins decrease according to the score of
the white striping.
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Figure 3. Histological samples of chicken breast fillets scored of a) normal and b) severe white
striping stained with hematoxylin and eosin. The arrow represents degeneration of
muscular fibers with inflammatory cells infiltrations (Kuttappan et al., 2013c).
Comparing the serological profile of the birds with severe and normal score of white
striping resulted in difference in the hematological parameters, including the total number of
leukocytes (Kuttappan et al., 2013b). Hence, birds with a higher score of white striping presented
high serum levels of alanine transaminase, aspartate aminotransferase, lactate dehydrogenase, and
creatine kinase. The serological and hematologic profiles of creatine kinase represent a muscle
damage without presenting an inflammation or a systemic infection (Kuttappan et al., 2013c;
Petracci et al., 2015). Some etiological causes have been already established in that males are more
susceptible than females, a diet that contains low energy diet results in birds with fewer lesions
than those fed the high energy diet, high genotype changes than the standard breast yield genotype,
and for slaughter weight and growth rate weight has less lesion the lighter and lower than the
heavier and higher (Kuttappan et al., 2012c, 2013a; Petracci et al., 2013a, 2015; Lorenzi et al.,
2014).
It has been confirmed by most muscular research that modification is presented on the
white striping. The poultry breast fillet with these lesions present a decrease of protein and ash
content because of a higher percentage of collagen, moisture, and intramuscular fat compare with
standard meats (Kuttappan et al., 2012a; Petracci et al., 2015). Besides, the birds with high
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performance, high breast yield, and diets with high energy are significantly related to the white
striping (Petracci et al., 2015). There is any relation with infection or inflammation, and high
enzyme levels to confirm the muscular damage caused by the regenerative myopathy (Kuttappan
et al., 2013c; a).
Wooden/Woody breast (WB)
The high breast yield broilers type are a common and desirable characteristic selected in
the poultry industry in most of the genetic broiler lines. A study done by Zuidhof et al. (2014)
showed that the chicken breast from 1957 (AMC) to 2004 (Ross 308) had increased by 79% and
85% for females and males broilers, respectively. This could be one of the reasons of most of the
broiler lines are presenting a higher incidence of breast myopathy, such as wooden breast (WB)
(Petracci & Cavanni, 2012). This affects the Pectoralis major and eventually the Pectoralis minor
of chicken breast fillets (Griffin et al., 2018).
The muscle presents hardness to the touch or with rigid areas and/or with texture on the
ventral of the muscle, and transudate is sometimes observed around the thicker portion of the breast
(Bilgili, 2016). The methodology of scoring woody breast fillets is rudimentary, and consists of a
trained person tactile evaluation the hardness of the breast fillet. The scores vary from 0 to 3 based
on (Tijare et al., 2016). Woody breast scores of 0 are flexible throughout the entire fillet, while
scores of 3 are firm to the touch and very rigid throughout the entire fillet. Often the scores can be
further divided into 0.5 increments (Table 1).
Table 1. Woody breast score palpation on breast fillets.
Woody breast scores
Characteristics
0
Normal breast fillet, no color alteration, flexible throughout.
0.5
Hardness on the cranial region, could present pale area compared
with the other regions.
1
Hardness throughout cranial and caudal region, but flexible in
medial/caudal region.
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1.5
2
2.5

Hardness throughout cranial, medial, and caudal region.
Hard and rigid but with some flexibility in mid to caudal region
Hard and rigid, limited flexibility at mid to caudal region. It can be
paler, could present exudate, hemorrhage, and a white fibrotic
membrane over the breast fillet.
3
Hard and rigid throughout all fillet with no flexibility; It can be
paler, could present exudate, hemorrhage, and a white fibrotic
membrane over the breast fillet.
Based on Tijare et al., 2017 with modifications for expanded scale (Mallmann, 2019)
Woody breast live palpation were able to be detected in birds after four weeks old, besides
were noticed that severe cases could not return themselves to the normal position when in
accidental dorsal recumbence (Papah et al., 2017). Although, Griffin et al. (2018) first WB
palpation lesions could possible in live chickens with 42 days old, besides already seen breast
shape alteration in size at day 30.
The fast growing muscle present lesions such as pale and hardened areas along the breast
fillet (Sihvo et al., 2014; Soglia et al., 2019). Heavier and thicker conformation of this muscle
increase the probabilities of WB occurrence. Woody breast can also present exudate, hemorrhagic
lesions, and petechiae can be present in severe cases, illustrated in Figure 4 (Sihvo et al., 2016;
Kuttappan et al., 2016; USDA-FSIS, 2017; Sihvo, 2019). Mostly, the WB histological
characteristics are with the fiber size variability, atrophic and degenerative fiber, necrosis,
hyalinization, lipidosis, fibrosis, fragmented loss of striation, hypereosinophilic amorphous fibers,
and inflammatory cells infiltration, mainly macrophages and heterophils, within and around the
degenerative fiber (Figure 4) (Velleman and Clark, 2015; Soglia et al., 2016b; Sihvo, 2019). A
moderate inflammatory infiltration with macrophages, heterophils and occasionally lymphocytes
and fibroblast in the interstice region are found on the woody breast categories of chicken breast
fillet. Histological parameters presenting on this myopathy are a polyphasic myodegeneration with
an aggregation of connective tissue and/or fibrosis (Mudalal et al., 2015).
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Figure 4. Comparison between a Pectoralis major of a normal breast fillet (1) with a
muscle that shows hardness, pale and covered by a clear viscous fluid, with
some texture over the caudal extremity (arrow) and multifocal petechiae.
Normal histological slide (3) the muscular cells are polygonal with cohesion
and uniformity. The next picture (4) is a breast muscle of a woody breast
fillet, and the reduce the number of muscle fiber are visible, degeneration of
them as well (arrows) the muscle are more round and separated/substituted of
a loose connective tissue or with a slightly inflammatory infiltration mostly of
heterophiles and macrophages. HE staining (Sihvo et al., 2014).
Data of the breast fillets footprint were also studied to be able to know more about these
abnormalities. Higher the weight, yield, and thickness of the breast severe the lesions of WB will
be (Mudalal et al., 2015; Chatterjee et al., 2016; Zambonelli et al., 2016; Dalle Zotte et al., 2017;
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Kuttappan et al., 2017; Xing et al., 2017; Mallmann et al., 2018; Dalgaard et al., 2018). At the
cranial part of the breast is where hardness presents most, diffusing along the breast, depending on
the severity of wooden breast. Its color is ordinarily pale, and the surface of the chicken breast
presents depressions that are visible and touchable (Dalle Zotte et al., 2014).
Not only the shape of the breast can have differences in the WB categories, the bird lines
can also be an important factor for the WB incidence. Since breeder companies select directly for
breast yield for certain strains this impacted on the severity of the myopathies. All the studies
realized with the standard and the high yield line reported a higher incidence in WB for the high
yield birds (Brewer et al., 2012b; Petracci et al., 2013b; Lorenzi et al., 2014; Bailey et al., 2015;
Trocino et al., 2015; Alnahhas et al., 2016; Livingston et al., 2019a)
The RNA-sequence analysis indicates localized oxidative stress, hypoxia, higher levels of
intracellular calcium and muscle fiber type switching related to the fast-growing broilers (Abasht
et al., 2019). The studies related many statements of fast-growing being the main reason causing
increasing muscle damage (Velleman and Clark, 2015); frequency on pale, soft and oxidative meat
(Wang et al., 1999); greater metabolic stress and lower capillaries density (Hoving-Bolink et al.,
2000; Macrae et al., 2006; Sihvo et al., 2018a); focal myopathy (WILSON et al., 1990); muscle
cell cation regulation (Sandercock et al., 2009); phlebitis (Papah et al., 2017); lower glycogen
content, increased fatty acid uptake, decreased glycolytic capacity, and mitochondrial oxidation
(Abasht et al., 2019).
Strategies searches for decreasing the incidence of this abnormality bring to a more in depth
study of the factors that are associated with this problem. Therefore, the need for research to be
able to evaluate and predict the alterations that occur in the breast fillet with the bird ages.
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Need for Research
The purpose of this research is finding causes that could induce the breast abnormalities, a way
to predict the WB in live birds and a methodology to score more accurate, correlated and find a
model to the most predictable factors for the myopathies.

22

References
Abasht, B., N. Zhou, W. R. Lee, Z. Zhuo, and E. Peripolli. 2019. The metabolic characteristics of
susceptibility to wooden breast disease in chickens with high feed efficiency. Poult. Sci.
Available at https://academic.oup.com/ps/advance-article/doi/10.3382/ps/pez183/5474936
(verified 24 April 2019).
Alnahhas, N., C. Berri, M. Chabault, P. Chartrin, M. Boulay, M. Bourin, and E. Le Bihan-Duval.
2016. Genetic parameters of white striping in relation to body weight, carcass composition,
and meat quality traits in two broiler lines divergently selected for the ultimate pH of the
pectoralis major muscle. BMC Genet. 17:61 Available at
http://bmcgenet.biomedcentral.com/articles/10.1186/s12863-016-0369-2.
Archile-Contreras, A. C., I. B. B. Mandell, and P. P. Purslow. 2010. Disparity of dietary effects
on collagen characteristics and toughness between two beef muscles. Meat Sci. 86:491–497
Available at https://ac.els-cdn.com/S0309174010002263/1-s2.0-S0309174010002263main.pdf?_tid=cdb5c426-8322-4dda-858abe4acaa2d980&acdnat=1551393752_69192a1cfba52d0d8500e6fbb20d477b (verified 28
February 2019).
Bailey, R. A., K. A. Watson, S. F. Bilgili, and S. Avendano. 2015. The genetic basis of pectoralis
major myopathies in modern broiler chicken lines. Poult. Sci. 94:2870–2879 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pev304.
Baldi, G., F. Soglia, M. Mazzoni, F. Sirri, L. Canonico, E. Babini, L. Laghi, C. Cavani, and M.
Petracci. 2018. Implications of white striping and spaghetti meat abnormalities on meat
quality and histological features in broilers. animal 12:164–173 Available at
https://www.cambridge.org/core/product/identifier/S1751731117001069/type/journal_articl
e.
Bechtel, P. J. 1986. Muscle As Food. Elsevier.
Bessei, W. 2006. Welfare of broilers: a review. Worlds. Poult. Sci. J. 62:455–466 Available at
http://www.journals.cambridge.org/abstract_S0043933906001085.
Bhat, Z. F., J. D. Morton, S. L. Mason, and A. E.-D. A. Bekhit. 2018. Role of calpain system in
meat tenderness: A review. Food Sci. Hum. Wellness 7:196–204 Available at
https://linkinghub.elsevier.com/retrieve/pii/S2213453018300600 (verified 28 February
2019).
Bilgili, S. F. 2016. Breast Muscle Abnormalities in Broiler Chickens. Am. Assoc. Avian Pathol.
Bizeray, D., C. Leterrier, P. Constantin, M. Picard, and J. . Faure. 2000. Early locomotor
behaviour in genetic stocks of chickens with different growth rates. Appl. Anim. Behav.
Sci. 68:231–242 Available at
http://linkinghub.elsevier.com/retrieve/pii/S0168159100001052 (verified 3 June 2019).
Blatchford, R. A., † K C Klasing, H. L. Shivaprasad, P. S. Wakenell, G. S. Archer, and J. A.
23

Mench. 2009. The effect of light intensity on the behavior, eye and leg health, and immune
function of broiler chickens. Poult. Sci. 88:20–28 Available at
https://academic.oup.com/ps/article-abstract/88/1/20/1487403 (verified 3 June 2019).
Braden, K. W. 2013. Converting Muscle to Meat: The Physiology of Rigor.Pages 79–97 in The
Science of Meat Quality. John Wiley & Sons, Inc., Oxford, UK.
Brandebourg, T. 2013. Growth of Muscle from the Myoblast to Whole Muscle.Pages 1–27 in
The Science of Meat Quality. John Wiley & Sons, Inc., Oxford, UK.
Brewer, V. B., J. L. Emmert, J. C. Meullenet, and C. M. Owens. 2012a. Small bird programs:
Effect of phase-feeding, strain, sex, and debone time on meat quality of broilers. Available
at https://academic.oup.com/ps/article-abstract/91/2/499/1535134 (verified 4 March 2019).
Brewer, V. B., V. A. Kuttappan, J. L. Emmert, J.-F. C. Meullenet, and C. M. Owens. 2012b. Bigbird programs: Effect of strain, sex, and debone time on meat quality of broilers. Poult. Sci.
91:248–254 Available at https://academic.oup.com/ps/article-lookup/doi/10.3382/ps.201101705.
Buchthal, F., and H. Schmalbruch. 1980. Motor unit of mammalian muscle. Physiol. Rev. 60:90–
142 Available at http://www.physiology.org/doi/10.1152/physrev.1980.60.1.90.
Burke, R. E., D. N. Levine, F. E. Zajac, P. Tsairis, and W. K. Engel. 1971. Mammalian Motor
Units: Physiological-Histochemical Correlation in Three Types in Cat Gastrocnemius.
Science (80-. ). 174:709–712 Available at
http://www.sciencemag.org/cgi/doi/10.1126/science.174.4010.709.
Cai, K., W. Shao, X. Chen, Y. L. Campbell, M. N. Nair, S. P. Suman, C. M. Beach, M. C.
Guyton, and M. W. Schilling. 2018. Meat quality traits and proteome profile of woody
broiler breast (pectoralis major) meat. Poult. Sci. 97:337–346 Available at
http://academic.oup.com/ps/article/97/1/337/4349815 (verified 8 May 2018).
Chatterjee, D., H. Zhuang, B. C. Bowker, A. M. Rincon, and G. Sanchez-Brambila. 2016.
Instrumental texture characteristics of broiler pectoralis major with the wooden breast
condition. Poult. Sci. 95:2449–2454 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps/pew204 (verified 8 May 2018).
Chen, H., H. Wang, J. Qi, M. Wang, X. Xu, and G. Zhou. 2018. Chicken breast quality - normal,
pale, soft and exudative (PSE) and woody - influences the functional properties of meat
batters. Int. J. Food Sci. Technol. 53:654–664 Available at
http://doi.wiley.com/10.1111/ijfs.13640.
Clark, I. M., T. E. Swingler, C. L. Sampieri, and D. R. Edwards. 2008. The regulation of matrix
metalloproteinases and their inhibitors. Int. J. Biochem. Cell Biol. 40:1362–1378 Available
at https://www.sciencedirect.com/science/article/pii/S1357272507004104 (verified 28
February 2019).
Clark, D. L., K. G. Walter, and S. G. Velleman. 2017. Incubation temperature and time of hatch

24

impact broiler muscle growth and morphology. Poult. Sci. 96:4085–4095 Available at
http://academic.oup.com/ps/article/96/11/4085/4055774.
Collier, S. D., J. L. Purswell, W. R. Maslin, S. L. Branton, W. W. Miller, and H. A. Olanrewaju.
2011. Effect of Varying Light Intensity on Welfare Indices of Broiler Chickens Grown to
Heavy Weights. Int. J. Poult. Sci. 10:590–596.
Cruz, R. F. A., S. L. Vieira, L. Kindlein, M. Kipper, H. S. Cemin, and S. M. Rauber. 2017.
Occurrence of white striping and wooden breast in broilers fed grower and finisher diets
with increasing lysine levels. Poult. Sci. 96:501–510 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pew310.
Dalgaard, L. B., M. K. Rasmussen, H. C. Bertram, J. A. Jensen, H. S. Møller, M. D. Aaslyng, E.
K. Hejbøl, J. R. Pedersen, D. Elsser-Gravesen, and J. F. Young. 2018. Classification of
wooden breast myopathy in chicken pectoralis major by a standardised method and
association with conventional quality assessments. Int. J. Food Sci. Technol. 53:1744–1752
Available at http://doi.wiley.com/10.1111/ijfs.13759.
Dalle Zotte, A., M. Cecchinato, A. Quartesan, J. Bradanovic, G. Tasoniero, and E. Puolanne.
2014. HOW DOES “WOODEN BREAST” MYODEGENERATION AFFECT POULTRY
MEAT QUALITY?Pages 17–22
Dalle Zotte, A., G. Tasoniero, E. Puolanne, H. Remignon, M. Cecchinato, E. Catelli, and M.
Cullere. 2017. Effect of “Wooden Breast” appearance on poultry meat quality, histological
traits, and lesions characterization. Czech J. Anim. Sci. 62:51–57 Available at
http://www.agriculturejournals.cz/web/cjas.htm?volume=62&firstPage=51&type=published
Article.
Deep, A., K. Schwean-Lardner, T. G. Crowe, B. I. Fancher, and H. L. Classen. 2012. Effect of
light intensity on broiler behaviour and diurnal rhythms. Appl. Anim. Behav. Sci. 136:50–
56 Available at https://linkinghub.elsevier.com/retrieve/pii/S0168159111003571 (verified 3
June 2019).
Dodson, M. V., G. J. Hausman, L. Guan, M. Du, T. P. Rasmussen, S. P. Poulos, P. Mir, W. G.
Bergen, M. E. Fernyhough, D. C. McFarland, R. P. Rhoads, B. Soret, J. M. Reecy, S. G.
Velleman, and Z. Jiang. 2010. Skeletal Muscle Stem Cells from Animals I. Basic Cell
Biology. Int. J. Biol. Sci. 6:465–474 Available at http://www.biolsci.org465 (verified 28
February 2019).
Dransfield, E., and A. Sosnicki. 1999. Relationship between muscle growth and poultry meat
quality. Poult. Sci. 78:743–746 Available at https://academic.oup.com/ps/articleabstract/78/5/743/1558832.
Du, M., X. Yan, J. F. Tong, J. Zhao, and M. J. Zhu. 2010. Maternal Obesity, Inflammation, and
Fetal Skeletal Muscle Development. Biol. Reprod. 82:4–12 Available at
http://www.biolreprod.org (verified 28 February 2019).
Duncker, D. J., and R. J. Bache. 2008. Regulation of Coronary Blood Flow During Exercise.
25

Physiol. Rev. 88:1009–1086 Available at
http://www.physiology.org/doi/10.1152/physrev.00045.2006.
Edstrom, L., and E. Kugelberg. 1968. Histochemical composition, distribution of fibres and
fatiguability of single motor units. Anterior tibial muscle of the rat. J. Neurol. Neurosurg.
Psychiatry 31:424–433 Available at http://jnnp.bmj.com/cgi/doi/10.1136/jnnp.31.5.424.
Ertbjerg, P., and E. Puolanne. 2017. Muscle structure, sarcomere length and influences on meat
quality: A review. Meat Sci. 132:139–152 Available at
http://www.ncbi.nlm.nih.gov/pubmed/28552497.
Ferreira, T. Z., R. A. Casagrande, S. L. Vieira, D. Driemeier, and L. Kindlein. 2014. An
investigation of a reported case of white striping in broilers. J. Appl. Poult. Res. 23:748–753
Available at https://academic.oup.com/japr/article/23/4/748/2843154 (verified 5 June 2019).
Gous, R. 1986. Genetic progress in the poultry industry. South African J. Anim. Sci. 16:127–133
Available at https://www.ajol.info/index.php/sajas/article/viewFile/139088/128789 (verified
26 February 2019).
Griffin, J. R., L. Moraes, M. Wick, and M. S. Lilburn. 2018. Onset of white striping and
progression into wooden breast as defined by myopathic changes underlying Pectoralis
major growth. Estimation of growth parameters as predictors for stage of myopathy
progression. Avian Pathol. 47:2–13.
Havenstein, G. B., P. R. Ferket, and M. A. Qureshi. 2003. Carcass composition and yield of 1957
versus 2001 broilers when fed representative 1957 and 2001 broiler diets. Poult. Sci.
82:1509–18 Available at https://academic.oup.com/ps/article-abstract/82/10/1500/1570096
(verified 26 February 2019).
Havenstein, G. B., P. R. Ferket, S. E. Scheideler, and D. V. Rives. 1994. Carcass Composition
and Yield of 1991 vs 1957 Broilers When Fed “Typical” 1957 and 1991 Broiler Diets.
Poult. Sci. 73:1795–1804 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps.0731795.
Hedrick, H. B., E. Aberle, J. C. Forrest, M. D. Judge, and R. A. Merkel. 1989. In Principles of
Meat Science.
Hoving-Bolink, A. H., R. W. Kranen, R. E. Klont, C. L. M. Gerritsen, and K. H. de Greef. 2000.
Fibre area and capillary supply in broiler breast muscle in relation to productivity and
ascites. Meat Sci. 56:397–402 Available at
http://linkinghub.elsevier.com/retrieve/pii/S0309174000000711 (verified 24 February
2019).
Huang, X., and D. U. Ahn. 2018. The Incidence of Muscle Abnormalities in Broiler Breast Meat
– A Review. Korean J. food Sci. Anim. Resour. 38:835–850 Available at www.kosfa.or.kr.
Huang, X., D. U. Ahn, X. Huang, and D. Uk Ahn. 2018. The Incidence of Muscle Abnormalities
in Broiler Breast Meat – A Review. Korean J. food Sci. Anim. Resour. 38:835–850

26

Available at www.kosfa.or.kr.
Hudson, G. E., J. C. George, and A. J. Berger. 1967. Avian Myology. Bird-Banding 38:334
Available at https://www.jstor.org/stable/10.2307/4511419?origin=crossref.
HUXLEY, H., and J. HANSON. 1954. Changes in the Cross-Striations of Muscle during
Contraction and Stretch and their Structural Interpretation. Nature 173:973–976 Available
at http://www.nature.com/articles/173973a0.
Huxley, A. F., and R. Niedergerke. 1954. Structural changes in muscle during contraction:
Interference microscopy of living muscle fibres. Nature 173:971–973 Available at
http://www.nature.com/articles/173971a0.
Jenniskens, Y. M., W. Koevoet, A. C. W. de Bart, H. Weinans, H. Jahr, J. A. N. Verhaar, J.
DeGroot, and G. J. V. M. van Osch. 2006. Biochemical and functional modulation of the
cartilage collagen network by IGF1, TGFβ2 and FGF2. Osteoarthr. Cartil. 14:1136–1146
Available at https://ac.els-cdn.com/S106345840600104X/1-s2.0-S106345840600104Xmain.pdf?_tid=216c93bf-2f56-405a-946a869d165f7932&acdnat=1551393183_65d043a5a5bb3760a16f462b67be44ac (verified 28
February 2019).
Johnson, M. L. 2018. Effects of Extended Deboning Times on the Breast Meat Quality of FastGrowing Big Broilers.
Joiner, K. S., G. A. Hamlin, R. J. Lien, and S. F. Bilgili. 2014. Evaluation of Capillary and
Myofiber Density in the Pectoralis Major Muscles of Rapidly Growing, High-Yield Broiler
Chickens During Increased Heat Stress. Avian Dis. 58:377–382 Available at
http://www.bioone.org/doi/abs/10.1637/10733-112513-Reg.1 (verified 24 February 2019).
Kerth, C. R. 2013. Muscle Metabolism and Contraction. Sci. Meat Qual.:65–78.
Kovanen, V., and H. Suominen. 1989. Age- and training-related changes in the collagen
metabolism of rat skeletal muscle. Eur. J. Appl. Physiol. Occup. Physiol. 58:765–766
Available at http://link.springer.com/10.1007/BF00637389 (verified 28 February 2019).
Kuttappan, V. A., V. B. Brewer, J. K. Apple, P. W. Waldroup, and C. M. Owens. 2012a.
Influence of growth rate on the occurrence of white striping in broiler breast fillets. Poult.
Sci. 91:2677–2685 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps.2012-02259.
Kuttappan, V. A., V. B. Brewer, A. Mauromoustakos, S. R. McKee, J. L. Emmert, J. F.
Meullenet, and C. M. Owens. 2013a. Estimation of factors associated with the occurrence of
white striping in broiler breast fillets. Poult. Sci. 92:811–819 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps.2012-02506.
Kuttappan, V. A., S. D. Goodgame, C. D. Bradley, A. Mauromoustakos, B. M. Hargis, P. W.
Waldroup, and C. M. Owens. 2012b. Effect of different levels of dietary vitamin E (DL- tocopherol acetate) on the occurrence of various degrees of white striping on broiler breast

27

fillets. Poult. Sci. 91:3230–3235 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps.2012-02397.
Kuttappan, V. A., B. M. Hargis, and C. M. Owens. 2016. White striping and woody breast
myopathies in the modern poultry industry: a review. Poult. Sci. 95:2724–2733 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pew216 (verified 8 May 2018).
Kuttappan, V. A., G. R. Huff, W. E. Huff, B. M. Hargis, J. K. Apple, C. N. Coon, and C. M.
Owens. 2013b. Comparison of hematologic and serologic profiles of broiler birds with
normal and severe degrees of white striping in breast fillets. Poult. Sci. 92:339–345
Available at https://academic.oup.com/ps/article-abstract/92/2/339/1537930 (verified 30
July 2018).
Kuttappan, V. A., Y. S. Lee, G. F. Erf, J. F. Meullenet, S. R. McKee, and C. M. Owens. 2012c.
Consumer acceptance of visual appearance of broiler breast meat with varying degrees of
white striping. Poult. Sci. 91:1240–1247 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps.2011-01947.
Kuttappan, V. A., C. M. Owens, C. N. Coon, B. M. Hargis, and M. Vazquez-Añon. 2017.
Incidence of broiler breast myopathies at 2 different ages and its impact on selected raw
meat quality parameters. Poult. Sci. 96:3005–3009 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pex072.
Kuttappan, V. A., H. l. Shivaprasad, D. P. Shaw, B. A. Valentine, B. M. Hargis, F. D. Clark, S.
R. McKee, and C. M. Owens. 2013c. Pathological changes associated with white striping in
broiler breast muscles. Poult. Sci. 92:331–338 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps.2012-02646.
Leygonie, C., T. J. Britz, and L. C. Hoffman. 2012. Impact of freezing and thawing on the
quality of meat: Review. Meat Sci. 91:93–98 Available at
https://linkinghub.elsevier.com/retrieve/pii/S0309174012000149.
Lilburn, M. S. 1994. Skeletal Growth of Commercial Poultry Species. Poult. Sci. 73:897–903
Available at https://academic.oup.com/ps/article-lookup/doi/10.3382/ps.0730897 (verified
26 February 2019).
Listrat, A., B. Picard, and Y. Geay. 1999. Age-related changes and location of type I, III, IV, V
and VI collagens during development of four foetal skeletal muscles of double-muscled and
normal bovine animals. Tissue Cell 31:17–27 Available at
https://link.springer.com/content/pdf/10.1023%2FA%3A1005305824838.pdf (verified 28
February 2019).
Liu, R.-M., and K. A. Gaston Pravia. 2010. Oxidative stress and glutathione in TGF-β-mediated
fibrogenesis. Free Radic. Biol. Med. 48:1–15 Available at https://ac.elscdn.com/S0891584909005681/1-s2.0-S0891584909005681-main.pdf?_tid=ec6e7dc3-49064e43-865b-66241e58ddca&acdnat=1551393790_3ee51c662b9a36aaa05626a0f22034f4
(verified 28 February 2019).

28

Livingston, M. L., C. Landon, H. J. Barnes, and J. Brake. 2019a. White striping and wooden
breast myopathies of broiler breast muscle is affected by time-limited feeding, genetic
background, and egg storage. Poult. Sci. 98:217–226 Available at
https://academic.oup.com/ps/article/98/1/217/5067934.
Livingston, M. L., C. Landon, H. J. Barnes, and J. Brake. 2019b. White striping and wooden
breast myopathies of broiler breast muscle is affected by time-limited feeding, genetic
background, and egg storage. Poult. Sci. 98:217–226 Available at
https://academic.oup.com/ps/article/98/1/217/5067934 (verified 22 May 2019).
Lorenzi, M., S. Mudalal, C. Cavani, and M. Petracci. 2014. Incidence of white striping under
commercial conditions in medium and heavy broiler chickens in Italy. J. Appl. Poult. Res.
23:754–758 Available at https://academic.oup.com/japr/article-abstract/23/4/754/2843155
(verified 24 February 2019).
Lu, Z., X. F. He, B. B. Ma, L. Zhang, J. L. Li, Y. Jiang, G. H. Zhou, and F. Gao. 2019. The
alleviative effects and related mechanisms of taurine supplementation on growth
performance and carcass characteristics in broilers exposed to chronic heat stress. Poult.
Sci. 98:878–886 Available at https://academic.oup.com/ps/article/98/2/878/5103893.
Lubritz, D. L. 1997. A Statistical Model for White Meat Yield in Broilers. J. Appl. Poult. Res.
6:253–259 Available at https://academic.oup.com/japr/article-abstract/6/3/253/867891.
Macrae, V. E., M. Mahon, S. Gilpin, D. A. Sandercock, and M. A. Mitchell. 2006. British
Poultry Science Skeletal muscle fibre growth and growth associated myopathy in the
domestic chicken ( Gallus domesticus ) Skeletal muscle fibre growth and growth associated
myopathy in the domestic chicken (Gallus domesticus). Br. Poult. Sci. 47:264–272
Available at https://www.tandfonline.com/action/journalInformation?journalCode=cbps20
(verified 25 February 2019).
Mallmann, B. A., A. Jackson, A. Mauromoustakos, P. Maharjan, C. N. Coon, and C. Owens.
2018. Meat quality attributes associated with Woody Breast and effect of location and
freezing on fillet hardness.in International Poultry Scientific Forum, Atlanta, GA.
Marchesi, J. A. P., A. M. G. Ibelli, J. O. Peixoto, M. E. Cantão, J. R. C. Pandolfi, C. M. M.
Marciano, R. Zanella, M. L. Settles, L. L. Coutinho, and M. C. Ledur. 2019. Whole
transcriptome analysis of the pectoralis major muscle reveals molecular mechanisms
involved with white striping in broiler chickens. Poult. Sci. 98:590–601 Available at
https://academic.oup.com/ps/article/98/2/590/5103889.
Mayne, R., and R. D. Sanderson. 1985. The Extracellular Matrix of Skeletal Muscle. Coll. Relat.
Res. 5:449–468 Available at
https://www.sciencedirect.com/science/article/pii/S0174173X85800327 (verified 28
February 2019).
McCormick, R. J. 1994. The flexibility of the collagen compartment of muscle. Meat Sci. 36:79–
91 Available at https://www.sciencedirect.com/science/article/abs/pii/0309174094900353
(verified 28 February 2019).
29

McMahon, T. 1984. Muscles, reflexes, and locomotion. Available at
https://books.google.com/books?hl=ptBR&lr=&id=hotzCgAAQBAJ&oi=fnd&pg=PR13&dq=McMahon,+T.+A.+1984.+Muscles,
+Reflexes+and+Locomotion.&ots=1cIWrNHr3&sig=0_joE25cnZOdmYQJRmfX4zCA9NQ (verified 7 June 2019).
Mcmanus, A. M., P. N. Ainslie, D. J. Green, R. G. Simair, K. Smith, and N. Lewis. 2015. Impact
of prolonged sitting on vascular function in young girls. Exp. Physiol. 100:1379–1387.
Mehaffey, J. M., S. P. Pradhan, J. F. Meullenet, J. L. Emmert, McKee, and C. M. Owens. 2006.
Meat Quality Evaluation of Minimally Aged Broiler Breast Fillets from Five Commercial
Genetic Strains. Poult. Sci. 85:902–908 Available at https://academic.oup.com/ps/articleabstract/85/5/902/1537610 (verified 25 April 2019).
Miao, Z. G., L. P. Zhang, X. Fu, Q. Y. Yang, M. J. Zhu, M. V. Dodson, and M. Du. 2016.
Invited review: mesenchymal progenitor cells in intramuscular connective tissue
development. animal 10:75–81 Available at https://www.cambridge.org/core/services/aopcambridgecore/content/view/14F248BBAA18EF28F196CD3EC5CD71DC/S1751731115001834a.pdf
/invited_review_mesenchymal_progenitor_cells_in_intramuscular_connective_tissue_devel
opment.pdf (verified 28 February 2019).
Mubarak, S. J., R. A. Pedowitz, and A. R. Hargens. 1989. Compartment syndromes. Curr.
Orthop. 3:36–40 Available at
https://linkinghub.elsevier.com/retrieve/pii/0268089089900698 (verified 19 July 2019).
Mudalal, S., M. Lorenzi, F. Soglia, C. Cavani, and M. Petracci. 2015. Implications of white
striping and wooden breast abnormalities on quality traits of raw and marinated chicken
meat. animal 9:728–734 Available at
http://www.journals.cambridge.org/abstract_S175173111400295X.
Murphy, G. 2010. Fell-Muir Lecture: Metalloproteinases: from demolition squad to master
regulators. Int. J. Exp. Pathol. 91:303–313 Available at
http://doi.wiley.com/10.1111/j.1365-2613.2010.00736.x (verified 28 February 2019).
Murphy, M. M., J. A. Lawson, S. J. Mathew, D. A. Hutcheson, and G. Kardon. 2011. Satellite
cells, connective tissue fibroblasts and their interactions are crucial for muscle regeneration.
Development 138:3625–3637 Available at
http://dev.biologists.org/content/develop/138/17/3625.full.pdf (verified 28 February 2019).
Myllyharju, J. 2004. Collagens, modifying enzymes and their mutations in humans, flies and
worms. Trends Genet. 20:33–43 Available at http://tigs.trends.com (verified 28 February
2019).
NRC. 1994. Nutrient requeriments of poultry.
OECD-FAO agricultural outlook, 2008-2017. 2013. Choice Rev. Online 46:46-3959-46–3959
Available at https://www.oecd-ilibrary.org/agriculture-and-food/oecd-fao-agricultural30

outlook-2018-2027_agr_outlook-2018-en (verified 14 April 2019).
Olanrewaju, H. A., J. L. Purswell, S. D. Collier, and S. L. Branton. 2012. Effect of varying light
intensity on blood physiological reactions of broiler chickens grown to heavy weights. Int.
J. Poult. Sci. 11:81–87.
Owens, C. M., X. Sun, and J. Caldas-Cueva. 2018. System and method for detecting woody
breast condition in broilers using image analysis of carcass features. Available at
https://patents.google.com/patent/US20180360054A1/en (verified 9 June 2019).
Papah, M. B., E. M. Brannick, C. J. Schmidt, and B. Abasht. 2017. Evidence and role of phlebitis
and lipid infiltration in the onset and pathogenesis of Wooden Breast Disease in modern
broiler chickens. Avian Pathol. 46:623–643 Available at
https://www.tandfonline.com/doi/full/10.1080/03079457.2017.1339346.
Pesti, G. M. 2003. Nutrient requirements of poultry. Anim. Feed Sci. Technol. 56:177–178
Available at https://books.google.com/books?hl=ptBR&lr=&id=6S8rAAAAYAAJ&oi=fnd&pg=PA1&dq=nrc+nutrient+requirements+poultry
&ots=JKpXjV2DvT&sig=Ik48cGmELYrAllQ9g6vKowfgHYM#v=onepage&q=nrc
nutrient requirements poultry&f=false.
Petracci, M., and C. Cavani. 2011. Muscle Growth and Poultry Meat Quality Issues. Nutrients
4:1–12 Available at http://www.mdpi.com/2072-6643/4/1/1.
Petracci, M., S. Mudalal, A. Bonfiglio, and C. Cavani. 2013a. Occurrence of white striping under
commercial conditions and its impact on breast meat quality in broiler chickens. Poult. Sci.
92:1670–1675 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps.2012-03001.
Petracci, M., S. Mudalal, F. Soglia, and C. Cavani. 2015. Meat quality in fast-growing broiler
chickens. Worlds. Poult. Sci. J. 71:363–374 Available at
http://www.journals.cambridge.org/abstract_S0043933915000367.
Petracci, M., F. Sirri, M. Mazzoni, and A. Meluzzi. 2013b. Comparison of breast muscle traits
and meat quality characteristics in 2 commercial chicken hybrids. Poult. Sci. 92:2438–2447
Available at http://dx.doi.org/ (verified 31 May 2019).
Petracci, M., F. Soglia, M. Madruga, L. Carvalho, E. Ida, and M. Estévez. 2019. Wooden-Breast,
White Striping, and Spaghetti Meat: Causes, Consequences and Consumer Perception of
Emerging Broiler Meat Abnormalities. Compr. Rev. Food Sci. Food Saf. 18:565–583
Available at http://doi.wiley.com/10.1111/1541-4337.12431.
Podisi, B. K., S. A. Knott, I. C. Dunn, A. S. Law, D. W. Burt, and P. M. Hocking. 2011. Overlap
of quantitative trait loci for early growth rate, and for body weight and age at onset of
sexual maturity in chickens. Reproduction 141:381–389.
Purslow, P. P. 2014. New Developments on the Role of Intramuscular Connective Tissue in
Meat Toughness. Annu. Rev. Food Sci. Technol. 5:133–153 Available at

31

http://food.annualreviews.org (verified 28 February 2019).
Radaelli, G., A. Piccirillo, M. Birolo, D. Bertotto, F. Gratta, C. Ballarin, M. Vascellari, G.
Xiccato, and A. Trocino. 2017. Effect of age on the occurrence of muscle fiber degeneration
associated with myopathies in broiler chickens submitted to feed restriction. Poult. Sci.
96:309–319 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps/pew270.
Remignon, H., L. Lefaucheur, J. C. Blum, and F. H. Ricard. 1994. Effects of divergent selection
for body weight on three skeletal muscles characteristics in the chicken. Br. Poult. Sci.
35:65–76 Available at http://www.tandfonline.com/doi/abs/10.1080/00071669408417671.
Rhoads, R. P., M. E. Fernyhough, X. Liu, D. C. McFarland, S. G. Velleman, G. J. Hausman, and
M. V. Dodson. 2009. Extrinsic regulation of domestic animal-derived myogenic satellite
cells II. Domest. Anim. Endocrinol. 36:111–126 Available at www.sciencedirect.com
(verified 28 February 2019).
Rutten, M., C. Leterrier, P. Constantin, K. Reiter, and W. Bessei. 2002. Bone development and
activity in chickens in response to reduced weight-load on legs. Anim. Res. 51:327–336
Available at https://animres.edpsciences.org/articles/animres/pdf/2002/04/06.pdf (verified 3
June 2019).
Sandercock, D. A., Z. E. Barker, M. A. Mitchell, and P. M. Hocking. 2009. Changes in muscle
cell cation regulation and meat quality traits are associated with genetic selection for high
body weight and meat yield in broiler chickens. Genet. Sel. Evol. 41:8 Available at
http://www.gsejournal.org/content/41/1/8 (verified 25 February 2019).
Sandow, A. 1952. Excitation-contraction coupling in muscular response. Yale J. Biol. Med.
25:176–201 Available at
http://www.ncbi.nlm.nih.gov/pubmed/13015950%0Ahttp://www.pubmedcentral.nih.gov/art
iclerender.fcgi?artid=PMC2599245.
Sanes, J. R. 2003. The Basement Membrane/Basal Lamina of Skeletal Muscle. J. Biol. Chem.
278:12601–12604 Available at http://www.jbc.org/lookup/doi/10.1074/jbc.R200027200.
Santiago, H. L. 2001. Impact of genetic selection on skeletal muscle in meat-type poultry. Dep.
Anim. Poult. Sci. Virginia Polytech. Inst. State Univ. Blacksburg, VA 24060-0306.:1–6
Available at http://academic.uprm.edu/hsantiago/Impact of Genetic Selection on Skeletal
Muscle In Meat Type Poultry.pdf (verified 24 February 2019).
SAS Institute. 2018. JMP® Pro.
Siegel, R. C., and J. C. Fu. 1976. Collagen cross-linking. Purification and substrate specificity of
lysyl oxidase. J. Biol. Chem. 251:5779–85 Available at
http://www.ncbi.nlm.nih.gov/pubmed/9401 (verified 3 June 2019).
Siegel, R. C., J. C. C. Fu, and Y.-H. Chang. 1976. Collagen Cross-Linking: The Substrate
Specificity of Lysyl Oxidase.Pages 438–446 in Springer, Boston, MA.

32

Sihvo, H. K. 2019. Pathology of wooden breast myopathy in broiler chickens. Available at
https://helda.helsinki.fi/bitstream/handle/10138/278895/PATHOLOG.pdf?sequence=1&isA
llowed=y (verified 28 February 2019).
Sihvo, H. K., N. Airas, J. Lindén, and E. Puolanne. 2018a. Pectoral Vessel Density and Early
Ultrastructural Changes in Broiler Chicken Wooden Breast Myopathy. J. Comp. Pathol.
161:1–10 Available at https://linkinghub.elsevier.com/retrieve/pii/S0021997517305881.
Sihvo, H. K., N. Airas, O. Simola, and D. K. Meyerholz. 2018b. Repeatability of
Myodegeneration Scoring in Broiler Wooden Breast Myopathy. J. Comp. Pathol. 158:147
Available at https://linkinghub.elsevier.com/retrieve/pii/S0021997517305261.
Sihvo, H. K., K. Immonen, and E. Puolanne. 2014. Myodegeneration With Fibrosis and
Regeneration in the Pectoralis Major Muscle of Broilers. Vet. Pathol. 51:619–623 Available
at http://journals.sagepub.com/doi/10.1177/0300985813497488.
Sihvo, H. K., J. Lindén, N. Airas, K. Immonen, and E. Puolanne. 2016. A Myodegenerative
Disease in the Naturally Hypertrophic Pectoral Muscle of Broiler Chickens: An Animal
Model Candidate. J. Comp. Pathol. 154:60 Available at
https://linkinghub.elsevier.com/retrieve/pii/S0021997515001425.
Sihvo, H. K., J. Lindén, N. Airas, K. Immonen, J. Valaja, and E. Puolanne. 2017. Wooden Breast
Myodegeneration of Pectoralis Major Muscle Over the Growth Period in Broilers. Vet.
Pathol. 54:119–128 Available at
http://journals.sagepub.com/doi/10.1177/0300985816658099.
Siller, W. G., and P. A. L. Wight. 1978. The pathology of deep pectoral myopathy of Turkeys.
Avian Pathol. 7:583–617 Available at
https://www.tandfonline.com/action/journalInformation?journalCode=cavp20 (verified 6
March 2019).
Sirri, F., G. Maiorano, S. Tavaniello, J. Chen, M. Petracci, and A. Meluzzi. 2016. Effect of
different levels of dietary zinc, manganese, and copper from organic or inorganic sources on
performance, bacterial chondronecrosis, intramuscular collagen characteristics, and
occurrence of meat quality defects of broiler chickens. Poult. Sci. 95:1813–1824 Available
at https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pew064.
Smith, J. S., R. Coronado, and G. Meissner. 1986. Single-channel calcium and barium currents
of large and small conductance from sarcoplasmic reticulum. Biophys. J. 50:921–928
Available at https://linkinghub.elsevier.com/retrieve/pii/S0006349586835330.
Söderhäll, C., I. Marenholz, T. Kerscher, F. Rüschendorf, J. Esparza-Gordillo, M. Worm, C.
Gruber, G. Mayr, M. Albrecht, K. Rohde, H. Schulz, U. Wahn, N. Hubner, and Y.-A. Lee.
2007. Variants in a Novel Epidermal Collagen Gene (COL29A1) Are Associated with
Atopic Dermatitis (G Abecasis, Ed.). PLoS Biol. 5:e242 Available at www.plosbiology.org
(verified 28 February 2019).
Soglia, F., L. Laghi, L. Canonico, C. Cavani, and M. Petracci. 2016a. Functional property issues
33

in broiler breast meat related to emerging muscle abnormalities. Food Res. Int. 89:1071–
1076 Available at https://linkinghub.elsevier.com/retrieve/pii/S0963996916301892.
Soglia, F., M. Mazzoni, and M. Petracci. 2019. Spotlight on avian pathology: current growthrelated breast meat abnormalities in broilers. Avian Pathol. 48:1–3 Available at
https://www.tandfonline.com/doi/full/10.1080/03079457.2018.1508821 (verified 25
February 2019).
Soglia, F., S. Mudalal, E. Babini, M. Di Nunzio, M. Mazzoni, F. Sirri, C. Cavani, and M.
Petracci. 2016b. Histology, composition, and quality traits of chicken Pectoralis major
muscle affected by wooden breast abnormality. Poult. Sci. 95:651–659 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pev353.
Sun, X., D. A. Koltes, C. N. Coon, K. Chen, and C. M. Owens. 2018. Instrumental compression
force and meat attribute changes in woody broiler breast fillets during short-term storage.
Poult. Sci. 97:2600–2606 Available at https://academic.oup.com/ps/advancearticle/doi/10.3382/ps/pey107/4982124 (verified 8 May 2018).
Sun, X., B. A. Mallmann, D. A. Koltes, K. Christensen, and C. M. Owens. 2017. Using image
measurements of broiler carcass to identify severity of woody breast online.Page 252 in
2017 International Poultry Scientific Forum. Atlanta, GA.
Tasoniero, G., M. Cullere, M. Cecchinato, E. Puolanne, and A. Dalle Zotte. 2016. Technological
quality, mineral profile, and sensory attributes of broiler chicken breasts affected by White
Striping and Wooden Breast myopathies. Poult. Sci. 95:2707–2714 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pew215.
Tijare, V. V., F. L. Yang, V. A. Kuttappan, C. Z. Alvarado, C. N. Coon, and C. M. Owens. 2016.
Meat quality of broiler breast fillets with white striping and woody breast muscle
myopathies. Poult. Sci. 95:2167–2173 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps/pew129 (verified 8 May 2018).
Trocino, A., A. Piccirillo, M. Birolo, G. Radaelli, D. Bertotto, E. Filiou, M. Petracci, and G.
Xiccato. 2015. Effect of genotype, gender and feed restriction on growth, meat quality and
the occurrence of white striping and wooden breast in broiler chickens. Poult. Sci. 94:2996–
3004 Available at https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pev296.
Urciuolo, A., M. Quarta, V. Morbidoni, F. Gattazzo, S. Molon, P. Grumati, F. Montemurro, F. S.
Tedesco, B. Blaauw, G. Cossu, G. Vozzi, T. A. Rando, and P. Bonaldo. 2013. Collagen VI
regulates satellite cell self-renewal and muscle regeneration. Nat. Commun. 4:1964
Available at www.nature.com/naturecommunications (verified 28 February 2019).
USDA-FSIS. 2017. Disposition instructions for “Woody Breast” and “White Striping” poultry
conditions.
USDA, U. S. D. of A. 2018. Country Production Exports Country Production Exports Country
Production Exports Livestock and Poultry: World Markets and Trade Pork and Chicken
Meat Trade Strengthen, Beef Trade Slackens in 2019. Available at
34

https://downloads.usda.library.cornell.edu/usdaesmis/files/73666448x/mg74qq69r/j6731729p/livestock_poultry.pdf (verified 27 February
2019).
Veit, G., B. Kobbe, D. R. Keene, M. Paulsson, M. Koch, and R. Wagener. 2006. Collagen
XXVIII, a Novel von Willebrand Factor A Domain-containing Protein with Many
Imperfections in the Collagenous Domain. J. Biol. Chem. 281:3494–3504 Available at
http://www.jbc.org/lookup/doi/10.1074/jbc.M509333200.
Velleman, S. G. 2019. Recent Developments in Breast Muscle Myopathies Associated with
Growth in Poultry. Annu. Rev. Anim. Biosci. 7:289–308 Available at
https://doi.org/10.1146/annurev-animal-020518- (verified 28 February 2019).
Velleman, S. G., and D. L. Clark. 2015. Histopathologic and Myogenic Gene Expression
Changes Associated with Wooden Breast in Broiler Breast Muscles. Avian Dis. 59:410–418
Available at http://www.bioone.org/doi/10.1637/11097-042015-Reg.1.
Velleman, S. G., D. L. Clark, and J. R. Tonniges. 2017. Fibrillar Collagen Organization
Associated with Broiler Wooden Breast Fibrotic Myopathy. Avian Dis. 61:481–490
Available at http://www.bioone.org/doi/10.1637/11738-080217-Reg.1.
Velleman, S. G., D. L. Clark, and J. R. Tonniges. 2018. The Effect of the Wooden Breast
Myopathy on Sarcomere Structure and Organization. Avian Dis. 62:28–35 Available at
http://www.bioone.org/doi/10.1637/11766-110217-Reg.1.
Wang, L.-J., T. Byrem, J. Zarosley, A. Booren, and G. Strasburg. 1999. Skeletal muscle calcium
channel ryanodine binding activity in genetically unimproved and commercial turkey
populations. Poult. Sci. 78:792–797 Available at https://academic.oup.com/ps/articleabstract/78/5/792/1558871 (verified 25 February 2019).
Weston, A. R., R. W. Rogers, and T. G. Althen. 2002. Review: The Role of Collagen in Meat
Tenderness. Prof. Anim. Sci. 18:107–111 Available at https://0-media-proquestcom.library.uark.edu/media/pq/classic/doc/1010008111/fmt/pi/rep/NONE?cit%3Aauth=We
ston%2C+A+R%3BRogers%2C+R+W%3BAlthen%2C+T+G&cit%3Atitle=REVIEW%3A
+The+Role+of+Collagen+in+Meat+Tenderness&cit%3Apub=Professional+Animal+Scienti
st&ci (verified 7 June 2019).
WILSON, B. W., P. S. NIEBERG, R. J. BUHR, B. J. KELLY, and F. T. SHULTZ. 1990. Turkey
Muscle Growth and Focal Myopathy. Poult. Sci. 69:1553–1562 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps.0691553.
Woessner, J. F. 1991. Matrix metalloproteinases and their inhibitors in connective tissue
remodeling. FASEB J. 5:2145–54 Available at
http://www.ncbi.nlm.nih.gov/pubmed/1850705 (verified 28 February 2019).
Wold, J. P., E. Veiseth-Kent, V. Høst, and A. Løvland. 2017. Rapid on-line detection and
grading of wooden breast myopathy in chicken fillets by near-infrared spectroscopy. PLoS
One.
35

Xing, T., X. Zhao, L. Cai, Z. Guanghong, and X. Xu. 2017. Effect of salt content on gelation of
normal and wooden breast myopathy chicken pectoralis major meat batters. Int. J. Food Sci.
Technol. 52:2068–2077 Available at http://doi.wiley.com/10.1111/ijfs.13485.
Zambonelli, P., M. Zappaterra, F. Soglia, M. Petracci, F. Sirri, C. Cavani, and R. Davoli. 2016.
Detection of differentially expressed genes in broiler pectoralis major muscle affected by
White Striping – Wooden Breast myopathies. Poult. Sci. 95:2771–2785 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pew268.
Zampiga, M., F. Soglia, M. Petracci, A. Meluzzi, and F. Sirri. 2019. Effect of different arginineto-lysine ratios in broiler chicken diets on the occurrence of breast myopathies and meat
quality attributes. Poult. Sci. 98:2691–2697 Available at
http://dx.doi.org/10.3382/ps/pey608 (verified 28 February 2019).
Zhuang, H., and B. C. Bowker. 2018. The wooden breast condition results in surface
discoloration of cooked broiler pectoralis major2. Poult. Sci. 97:4458–4461 Available at
https://academic.oup.com/ps/article/97/12/4458/5048404.
Zuidhof, M. J., B. L. Schneider, V. L. Carney, D. R. Korver, and F. E. Robinson. 2014. Growth,
efficiency, and yield of commercial broilers from 1957, 1978, and 20051. Poult. Sci.
93:2970–2982 Available at
http://academic.oup.com/ps/article/93/12/2970/2730506/Growth-efficiency-and-yield-ofcommercial-broilers.

36

Chapter I. EVALUATION OF INCREASED ACTIVITY AND LIGHT INTENSITY ON
THE INCIDENCE OF MYOPATHIES IN MALE BROILER CHICKENS
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Abstract
Woody breast (WB) and white striping (WS) are significant myopathies in broiler chickens that
resulted in decreased meat quality. Ischemia in the Pectoralis major muscle has been associated
with the WS and WB. Increased activity raises blood flow and dilates blood vessels. Therefore,
we hypothesize that increasing bird activity by increasing lighting intensity and human
interaction could reduce the incidence of WS and WB. The present study consisted of two
experimental groups, active and control, replicated across 3 room of 80 birds. The control group
was managed similar to commercial setting with an average lighting intensity 6.5 lx and one
person entering the room for daily checks. The active group had the average light intensity of
25.9 lx with a person walking through the room for 2 minutes either 3 times a day (week 1-3) or
6 times a day (week 4-7). At 0, 14, 35, and 56 days, all broilers were individually weighed, and
feed intake was collected for each pen. At d57, all birds were processed and processing yields,
WS score, WB score and compression force were measured. Data were analyzed by JMP® Pro
14 using fit model with chamber treated as a random effect and treatment as a fixed effect.
Stimulation of activity with human interaction and light intensity did not alter (P>0.05)
performance, processing yields, WS, WB, or compression force. These results suggest that
simulated activity of the birds through the human interaction and increased lighting may not
affect performance, meat quality, processing parameters and the severity of WS or WB in broiler
chickens.
Keywords: Activity, light intensity, chickens, woody breast, white striping
Introduction
Modern fast-growing broilers were genetically selected for efficiently converting feed into
muscle, particularly to the breast muscle, Pectoralis major (Zuidhof et al., 2014). However, the
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consequences of these improvements are associated to morphological abnormalities defects like
the wooden breast and white striping (Radaelli et al., 2017).
Studies affirm that fast-growing broilers were spending less time eating and drinking, which means
that they are ingesting more feed and water in one time instead of several times. This decrease of
movements increase the body weight and also the prostrated behavior (Bizeray et al., 2000; Rutten
et al., 2002; Bessei, 2006).
The two most prominent myopathies in broilers are white striping (WS) and woody breast
(WB). White striping is characterized by white striations parallel to muscle fibers on breast, thigh,
and tender muscles of broilers (Kuttappan et al., 2012c). Woody breast is characterized by a hard
consistency of the raw breast fillets due to infiltration of hyaline cartilage (Dransfield and Sosnicki,
1999; Griffin et al., 2018; Zhuang and Bowker, 2018). Both myopathies are characterized by
myodegeneration, necrosis, fibrosis, lipidosis, ischemia, and phlebitis in modern broiler chickens
(Soglia et al., 2016b; Papah et al., 2017). A recent transcriptome analysis of Pectoralis major
muscle affected with WS elucidated transcripts involved in angiogenesis, hypoxia, and cell death,
suggesting WS may alter blood flow into the Pectoralis major (Marchesi et al., 2019). Ischemia
and phlebitis are associated with the WS and WB, these myopathies may be the result of decreased
circulation in the Pectoralis major muscle (Papah et al., 2017). Therefore, identifying strategies
that increase blood flow to the Pectoralis major may provide a means of mitigating these
myopathies.
Increased activity through increased light intensity or movement improve blood flow in
broilers. It has been clearly recognized in broilers that increases in light intensity from 5 to 20 lx
increases activity (Blatchford et al., 2009). Additionally, increases lighting, possibly due to
increased activity has been shown to increase blood parameter (Olanrewaju et al., 2012).
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Whereas in humans prolonged periods of sitting change the structure of the arteries on the
lower limbs and hemodynamics increasing blood viscosity and blood pooling (Mcmanus et al.,
2015). Vessel vasodilatation in the skeletal muscle is done by the increasing of the blood flow that
the exercise caused (Duncker and Bache, 2008). Also, high pressure over the muscle could lead to
Volkmann’s contracture or more known by the compartment syndrome, that reduces the perfusion
of the capillary causing a muscle ischemia and oxygen deprivation (Mubarak et al., 1989). It may
be possible that the sitting/resting position of the birds leads to decreased blood flow and
circulation. Hence, the objective of the present study was to evaluate the effect of increased activity
of broilers on the incidence of WS and WB.
Material and Methods
Animal source and diets
In the present study, 480 day-of-hatch male Cobb 700 broiler chicks were obtained from
Cobb-Vantress (Siloam Springs, AR, USA). All animal handling procedures were approved by
with the Institutional Animal Care and Use Committee at the University of Arkansas (protocol
17044). Feed and water were provided ad libitum with all the treatments receiving a three phase
commercial diet formulated to meet or exceed nutritional requirements of broiler chickens as
recommended by the National research council (1994), and adjusted to breeder’s recommendations
(Cobb-Vantress Inc., 2013).
Experimental design
On Day of hatch, chicks were neck-tagged and randomly located to one of six
environmentally controlled chambers (3.7 m long × 2.5 m wide × 2.5 m high). A total of 80 chicks
were placed per chamber and the chamber was assigned to either the control or active group. All
the chambers were started with the same light intensity for the first week illustrated on Figure 1.
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The control group were checked once a day for mortality and feed levels. Additionally, room
temperature, and light intensity were measured at that time (Figure 1). Based on commercial
recommendations, the light intensity of the control group was reduced to close to 5 lx. The active
group were also checked for mortality and feed levels as well as room temperature and light
intensity measured once daily. In addition to this check, birds were encouraged to increase
movement through human interaction. This was accomplished by having a person walk through
the chambers for 2 minutes either 3 times a day (week 1-3) or 6 times a day (week 4-7).
Additionally, the light intensity was maintained at close to 25 lx.
All birds followed the same temperature and lighting schedule. Temperatures were
maintained at 34°C for the first 5 d and was then gradually reduced according to standard
management practices until they reached 23°C (Figure 1). The lighting schedule was similar
despite the difference in intensity. The first week the birds had 1 h of dark and 23h of light and the
same light intensity. In the second week, they received 20 h of light and 4 h of dark until the end
of the experiment.
Broilers weights were collected at d 0, 14, 35, and 56 days. Feed was weighed in at d 0,
14, and 35 with each diet phase change and orts were recorded on d 14, 35, and 56 prior to the diet
change. From these measurements, body weight gain (BWG) per chamber was calculated by initial
weight less the actual weight. Feed intake (FI) per chamber was calculated by weight of feed intake
on the end of the phase from the feed on day one of the phase, and feed conversion ratio (FCR)
was calculated as chicken growth by amount of feed intake.
Sample preparation
All fillets used in this study were collected from broilers processed at 56 d of age utilizing
a commercial-style inline processing system at University of Arkansas Poultry Processing Pilot
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Plant using standard procedures (Mehaffey et al., 2006). Briefly, feed, but not water, was
withdrawn for 10 h before harvest. Broilers were weighed, electrically stunned, exsanguinated, defeathering, and manual eviscerated. Carcasses were pre-chilled for 15 min at 12◦C in immersion
tanks then chilled for three hours at 1◦C in immersion chill tanks until deboning. Following chill,
carcass and cut-up parts were weighed for determination of yield performance. Whole breast fillets
were evaluated for degree of hardness (WB) based on tactile evaluation using the scale developed
by Tijare et al., (2016). Briefly, fillets were categorized as 0 if the fillets that were flexible
throughout the fillet; 1 if the fillets were hard in the cranial region but flexible throughout the
remainder of the fillet; 2 if the fillets that were hard throughout the fillet but remained flexible in
mid to caudal region of the fillet; 3 if the fillets that were extremely hard and rigid throughout the
fillet. White striping was evaluated based on the visual scale of 0 to 3 depending on the thickness
of the white striations, 0 considered normal and 3 the most severe cases (Kuttappan et al., 2012c).
Concisely, fillets were categorized as a 0 if there were no white striations, 1 whereas striations
<1mm thick, and 2 when the striations were >1mm and mostly all over the breast surface. For both
evaluations, fillets that fell between categories were scored by them, i.e. as a 0.5. To minimize
variability in scoring, one experienced person carried out all scoring of fillets.
Compression force
Compression force (CF) test parameters were conducted on the right fillet using method
published by Sun et al. (2018). Briefly, fillets were compressed to 20% of the fillet height three
times on the cranial region in different areas using a 6-mm flat probe on a TA. XT Plus Texture
Analyzer (model TAX-T2, Texture Technologies, Scarsdale, NY). No sample cutting was
performed. The maximum force to compress the samples was set at 5 g, probe height set at 55 mm,
pre and post-probe speeds were both 10 mm/s, and the test speed of the probe was 5 mm/s.
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Statistical analysis
Data were using a general linear model in JMP® Pro 14 (SAS Institute, 2018) for
performance parameters, carcass characteristics and myopathy incidence. For individual body
weight and body weight gain, data were analyzed within phase (day 0-14; day 14-35; day 35-56)
with treatment group fit as a fixed effect and bird within environmental chamber fit as a random
effect. For pen based feed intake and feed conversion parameters, data were analyzed within phase
(day 0-14; day 14-35; day 35-56) with treatment group fit as a fixed effect. For all data pertaining
to carcass characteristics, data were analyzed with treatment group fit as a fixed effect and bird
within environmental chamber fit as a random effect. For data pertaining to carcass quality (WS,
WB, and CF), data were analyzed with treatment group fit as a fixed effect, breast fillet weight fit
as a covariate and bird within environmental chamber fit as a random effect. Significance was set
at P < 0.05.
As distribution of WS and WB can be different while the overall means may not be
different, a chi-squared (𝜒 2 ) test was ran to test frequency distributions. Significance was set at P
< 0.05.
Results and Discussion
Recent studies have shown that altered transcript abundance associated with angiogenesis,
hypoxia, and cell death are associated with WS and WB (Marchesi et al., 2018; Kuttappan et al.,
2017). In this study, we hypothesized that increasing activity of broilers through increased lighting
and human interaction could increase blood flow and oxygen, hence reduce the incidence of WS
and WB. To test this hypothesis, a group of broilers were subjected to elevated lighting and
encouragement to move through human interaction and compared to a group of broilers subjected
to commercial standards.
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As lighting and temperature can alter movement of broilers, Figure 1 depicts the lighting
and temperature changes by treatment. Each line represents the daily conditions of the
environmental chamber within the treatment group. For the first week, all birds underwent similar
lighting, average of 22.71 ± 0.07 lx, however, this was altered starting in week 2 as the control
group had decrease in lighting intensity to the commercial recommendations of 5 lx, but actually
6.78 ± 0.03 lx. Broilers in the active group remained at approximately 25 lx (25.94 ± 0.18) for the
duration of the study. It was not measured the activity of the birds during times without interaction
to determine if this increase in lighting intensity elevated activity. However, Olanrewaju et al.
(2012) and Deep et al., (2012) reported increased activity. Therefore, we anticipate this increase
of 25 lx would increase the activity of our broiler without affecting the bird welfare (Collier et al.,
2011).
Increased energy requirements for elevated actively can have adverse effects on growth
performance. However, in this study, no differences were observed in body weight (P>0.05), feed
intake (P>0.05), or feed conversion (P>0.05) between control and active groups (Table 1).
However, control birds had numerically higher body weight than active birds, the same happens
with the birds studied by Olanrewaju et al. (2012). As previous studies have found lowering light
intensities improve production parameters (Olanrewaju et al., 2006; Olanrewaju et al., 2014), they
also could not find significant differences in the body weight unless by the differences on sex.
As live weights were not different, it was not surprising that carcass yield and cut-up parts,
breast, tender, wings, leg quarters, and rack yield, were not significantly different between the two
treatments (P>0.05; Table 2). In this study, it was hypothesized that increasing activity of broilers
would decrease the incidence of 2 of the most prominent myopathies in the industry today.
However, WS and WB were not different between the means (Table 2) and also WB were not
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different for the frequency distribution across activity groups within severity (P>0.05), but WS
had a higher incidence of severe cases for the active treatment (Table 3). Since WB scores are a
subjective methodology, the other way to be more objective to evaluate the meat hardness is doing
the CF. The results of CF also were not significantly different among the treatments (P>0.05).
These results suggest that increased activity of the birds through human interaction and increase
lighting in this study does not impact performance, processing parameters and the severity of WS
or WB in broiler chickens.
Conclusion
In conclusion, this study did not observe differences in growth performance, WS or WB
with increased activity in broiler. However, this study was the first to test this hypothesis and
therefore utilized a limited number of individuals. From this study, it was able to determine that a
balance data with enough n for each category to be determine significant affects and if additional
studies were conducted to test this hypothesis, since the variation of WB and WS are not controlled
and the etiology not really understood.
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Table 1. Evaluation of control and active treatment on growth performance in broiler chickens.
Active1

Control1

SEM

P-value

Body weight (kg)3; DOH4

0.043

0.043

0.001

1.000

Body weight (Kg) 3; Day 14

0.384

0.375

0.015

0.687

Body weight gain (Kg)3

0.341

0.332

0.015

0.688

Feed consumption (Kg)5

0.512

0.589

0.065

0.449

Feed conversion5

1.51

1.52

0.211

0.421

Body weight (Kg) 3; Day 35

2.18

2.10

0.085

0.560

Body weight gain (Kg)3

1.79

1.72

0.080

0.585

Feed consumption (Kg)5

2.11

2.08

0.319

0.954

Feed conversion5

1.88

1.89

0.159

0.980

Body weight (Kg) 3; Day 56

3.97

3.89

0.107

0.356

Body weight gain (Kg)3

1.79

1.65

0.067

0.2178

Feed consumption (Kg)5

4.06

3.96

0.082

0.235

Feed conversion5

2.26

2.39

0.063

0.189

Parameters
Phase 12

Phase 22

Phase 32

1

Active: human activity stimulation (3 times for 2 min first 3 wk, 6 times for 2 min 4-7 wk) and
light intensity of 25.94 ± 0.18. Control: mimic commercial setting with light intensity (6.78 ± 0.03
lx) and daily check with minimal activity encouraged.
2
Phase 1: day of hatch through 14 days of age; Phase 2: 14 days of age through 35 days of age;
Phase 3: 35 days of age through 56 days of age.
3
Individual bird data.
4
DOH; Day of hatch.
3
Pen based data.
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Table 2. Evaluation of activity and light intensity on meat quality and processing parameters in
broiler chickens at 57 days old.
Parameters
Active1
Control1
SEM
P-value
Meat quality
White Striping 2

1.33

1.15

0.08

0.22

Woody Breast 3

0.86

0.83

0.08

0.86

Compression force (N)

3.53

3.46

0.18

0.74

Bird weight (Kg)

3.96

3.84

0.03

0.47

Carcass (Kg)

3.15

3.03

0.02

0.45

Breast yield4 (%)

30.11

29.71

0.16

0.16

Tender yield4 (%)

5.83

5.83

0.08

0.97

Wings yield4 (%)

9.74

9.93

0.08

0.16

Leg quarters yield4 (%)

28.02

28.25

0.22

0.58

Rack yield4 (%)

26.00

26.15

0.17

0.58

Processing

1

Active: human activity stimulation (3 times for 2 min first 3 wks, 6 times for 2 min 4-7 wks)
and light intensity of 25.94 ± 0.18. Control: mimic commercial setting with light intensity 6.78 ±
0.03 lx and daily check with minimal activity encouraged.
2
Scores 0 to 3 by Kuttappan et al. (2012). Score 0 is a non-affected bird and 3 the severe cases.
3
Scores 0 to 3 by (Tijare et al., 2016). Score 0 is a non-affected bird and 3 the severe cases.
4
yield percentage of carcass
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Table 3. Incidence of Woody Breast (WB) and White striping (WS) between the active and
control treatments.
Active1 (%)
Control1 (%)
𝝌𝟐
WB Scores

0.501

0

53

58

1

35

30

2

10

9

3

3

4
𝝌𝟐

WS scores
0

15

20

1

49

54

2

32

25

3

3

0.5

0.015

1

Active: human activity stimulation (3 times for 2 min first 3 wk, 6 times for 2 min 4-7 wk) and
light intensity of 25.94 ± 0.18. Control: mimic commercial setting with light intensity (6.78 ± 0.03
lx) and daily check with minimal activity encouraged.
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Chapter II. MEAT QUALITY ATTRIBUTES ASSOCIATED WITH WOODY BREAST
AND EFFECT OF LOCATION AND FREEZING ON BREAST FILLET
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Abstract
Woody breast (WB) is a major myopathy in broilers characterized by hardness of the breast fillet
and can be evaluated by human palpation with a severity scale of 0 (normal) to 3 (severe). The
objective of this study was to determine instrumental and meat quality factors that are associated
with WB scores that may potentially be used in sorting programs. Additionally, this study was to
determine if there is a location effect (breast side) or effect of freezing on compression force
(CF) of fillets. After commercial style processing and deboning (3 h postmortem), 206 breast
fillets were collected and scored for WB. Thickness and length (overall, cranial, caudal, and keel
regions) of the Pectoralis major were measured with a caliper. CF was measured using Texture
Analyzer in four regions at the cranial part of the fillet on both the right (RS) and left (LS) sides.
Color and pH were analyzed on the LS of the breast. The RS frozen at -20oC for 48 h and thawed
for 24 h, and then CF was measured, along with cook loss, MORS, and BMORS. Pearson
correlation coefficients and ordinal logistic regression were used. Measurement responses were
compared for the four categories of WB (0=normal, 1=mild, 2=moderate, and 3=severe) using
Fit Model with JMP® Pro 14. The keel length measurement on the breast showed no difference
(P>0.05) and small correlation. However, the thickness is correlated moderately (r = 0.67) and
could differentiate between the scores. A thicker breast denotes a higher severity of WB. In
addition, CF of LS and RS sides of the breast fillet were significantly different, with the RS of
the breast showing higher force (P<0.05). Freezing significantly decreased (P<0.05) CF of
thawed fillets compared to pre-frozen fillets. Cook loss increased (P<0.05) as severity for WB
increased. Peak counts for MORS and BMORS were higher (P<0.05) for the severe compared to
the lower levels of severity. In conclusion, the thickness of the breast fillet may potentially be
used for sorting purposes, possibly in combination with other sorting criteria. This model of
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prediction of WB could be used in industry to select the different WB categories. Freezing the
breast meat improves the softness of the WB and differences exist between right and left fillets.
Future research should assess impact of freezing on sensory.
Key words: broiler breast, wooden breast, meat quality, myopathies, thawed meat
Introduction
Boneless breast meat is a popular meat choice in the United States and is considered a
premium product. To meet the demand of this fast-growing industry, processors are adopting high
breast-yielding strains of broilers that meet the needs in the growing heavy debone market
segments. However, with these choices of demand, the incidence of myopathies such as Woody
breast (WB) and White striping (WS) have also increased (Kuttappan et al., 2013; Kuttappan et
al., 2016). Several issues affecting WB and WS, including the sex of the birds, high yielding
genotypes, and higher growth rates have been reported to increase these myopathies (Petracci and
Cavani, 2012; Sun et al., 2018; Mehaffey et al., 2006b). These myopathies affect the consumer
acceptability and quality of poultry meat. Specifically, WB is characterized by hard consistency
on the Pectoralis major, and pale color on raw fillets (Sun et al., 2018; Sihvo et al., 2013).
Histological changes are associated with myopathy (Soglia et al., 2015; Soglia et al., 2017). This
changes occurs on lower protein, higher collagen and fat content, resulting in increased drip loss,
pH, cook loss, and water holding capacity and marinate uptake (Kuttappan et al., 2012b; Russo et
al., 2015; Kuttappan et al., 2017). Severe WB fillets are poor quality meat that are often
downgraded in the poultry industry causing economic losses. The objective of this study was to
determine instrumental and meat quality factors that are associated with WB scores that may
potentially be used in sorting programs. Additionally, this study was to determine if there is a
location effect (breast side) or effect of freezing on compression force (CF) of fillets.
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Material and Methods
Animal source and diets
In the present study, 240 d-of-hatch male Cobb 700 broiler chicks were obtained from
Cobb-Vantress (Siloam Springs, AR, USA). Feed and water were provided ad libitum with all the
treatments receiving a commercial feed depending on the phase. The feed change, and growth
performance evaluation were done at 0, 14, 35, and 56 days. Diets were formulated to approximate
the nutritional requirements of broiler chickens as recommended by the NRC, (1994) and adjusted
to breeder’s recommendations (Cobb-Vantress Inc., 2013). At 57 days, all birds were processed
using a commercial in-line system at the University of Arkansas. All animal handling procedures
complied with the Institutional Animal Care and Use Committee at the University of Arkansas,
Fayetteville, USA.
Processing of birds
About 10 h before slaughter, feed was withdrawn, but the birds were given an ad libitum
supply of water. A commercial-style processing in-line system was used where the birds were
electrically stunned, manually slaughtered by severing the left carotid artery and jugular vein, bled
out, soft scalded, and defeathered (Mehaffey et al., 2006). The carcasses were then manually
eviscerated, prechilled at 12°C for 15 min followed by chilling for 90 min at 1°C in immersion
chilling tanks. While prechilling and chilling, the carcasses were manually agitated frequently to
prevent the thermal layer in the tank and to enhance the chilling efficiency. The carcasses were
taken out of the tanks, packed in ice, and aged at 4°C until deboning at 4h postmortem, common
industry deboning times. Ready-to-cook (RTC) weight of each carcass was measured before
deboning. The Pectoralis major muscle was removed from each carcass by six trained people to
avoid any alterations in fillet dimensions and other meat quality parameters due to the deboning
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procedures. The butterfly fillet from each bird was placed in resalable plastic bags and stored at
4°C until 24 h postmortem.
Carcass and meat quality parameters
Whole breast fillets were evaluated for degree of hardness (WB) based on tactile evaluation
scale by Tijare et al., (2016) categorized as 0 = fillets that were flexible throughout (normal); 1 =
fillets that were hard mainly in the cranial region but flexible otherwise (mild); 2 = fillets that were
hard throughout but flexible in mid to caudal region (moderate); 3 = fillets that were extremely
hard and rigid throughout from cranial region to caudal tip (severe). Additionally, fillets were
scored in 0.5 increments, when necessary, and rounded down for classification purposes. To
minimize variability in scoring, one person carried out all scoring of fillets. After scoring, to
determine the fillet dimensions, keel length (middle of the butterfly fillet), fillet length (at the
longest point), fillet width (at the widest point), cranial thickness (height at the thickest portion),
and caudal length (1/3 of the fillet length) were measured using calipers adapted from Mehaffey
et al. (2006). CF was measured using Texture Analyzer in four regions at the cranial part of the
fillet on both the right (RS) and left (LS) sides. Each butterfly fillet was halved into left and right.
Fillets were compressed to 20% of the fillet height using a 6-mm flat probe on a TA.XT Plus
Texture Analyzer (Texture Technologies Corp., Hamilton, MA/Stable Micro Systems, Godalming,
Surrey, UK). The trigger force was set at 5 g, pre and post-probe speeds were both 10 mm/s, and
the test speed of the probe was 5 mm/s (Sun et al., 2018). The left fillets were used for measuring
pH and color, whereas the texture analyses were estimated on the right fillets. Muscle pH was
measured using a Testo spear tip probe and meter (Model Testo 205, Testo Inc., Sparta, NJ). To
assess overall (generalized) color changes in the fillet, L*, a*, and b* color values were determined
as an average of 3 different sites on the dorsal (bone side) of the fillet using a Minolta colorimeter
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(CR-300, Konica Minolta, Ramsey, NJ). The right fillets were vacuum packed and stored at −20°C
until the cook loss and Meullenet-Owens razor shear energy (MORSE) were measured as
described below. Before cooking, the fillets were taken out of the freezer and thawed at 4°C for
24 h and realized CF as the same way mentioned with fresh fillets. All fillets were cooked on raised
wire racks in covered aluminum-lined pans in an air convection oven to an internal end-point
temperature of 76°C. The difference between fillet weights before and after cooking was taken,
and cooking loss was expressed as percentage with respect to the initial weight. After cooking, the
fillets were cooled to room temperature, individually wrapped in aluminum foil, and stored
overnight at 4°C, to be used for the determination of tenderness by the MORS and Blunt MORS
(BMORS) technique (Cavitt et al., 2004; Lee et al., 2008; Lee et al., 2016) of the cooked samples
and the results are reported in terms of shear energy, or MORSE/BMORSE (N∙mm). The method
uses a texture analyzer (model TAX-T2, Texture Technologies, Scarsdale, NY) with a 5-kg load
cell using a razor blade or blunt blade probe. Four shear readings, at different locations on the
cranial region, were done perpendicular to the muscle fibers on each fillet and the mean was
calculated. The crosshead speed was 5 mm/s along with a sample shear depth of 20 mm and a
trigger force of 0.1 N. The instrumental data were collected using Texture Exponent 32 version
1.0.0.92, and the macro options texture exponent (Stable MicroSystems, Godalming, Surrey, UK)
was employed to determine the force and energy values from the force-distance curves. The MORS
force (N) and MORS energy (N × mm; MORSE) and the BMORS force (N) and BMORS energy
(N × mm; BMORSE) were determined and used as instrumental predictors of meat tenderness.
Statistical analysis
The data were analyzed using ANOVA with the categories. Least square means were
separated with t-test when only two factors and Tukey’s HSD for more than two comparisons at a
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significance P<0.05 using JMP® Pro 14. The Pearson correlation was done using multivariate and
the scores were considered continuous. The WB categories were polled in four categories for most
the analyses, Normal-0: pool of 0 and 0.5, mild-1: contains 1 and 1.5, moderate-2: had scores 2
and 2.5, and severe-3 with all score 3. However, the association of different parameters was done
with nominal logistic regression with a binomial score, severe and normal. The selection of the
score were higher and equal to score 1.5 for severe and all under and equal to 1 were considered
normal. The covariates or continuous variables include the carcass/meat quality parameters such
as RTC weight, fillet length, fillet width, keel length, thickness, caudal length, pH, L*, a*, b*, CF,
cook loss, peak counts, and MORSE. The data was analyzed using nominal logistic regression
procedure with JMP® Pro 14. The model will test each one of the inputs (e.g., RTC, fillet width,
fillet height, and so on) and proceed, adding the next most significant input until all the significant
parameters are included in the model. The result from the analysis is reported mainly as the odds
ratio (OR), 95% CI, and the respective P-values. Odds is the ratio of the probability of an event of
interest (e.g., probability of NORM) to the probability that the event will not occur (e.g.,
probability of SEV) and OR are the ratios of 2 odds comparing 2 groups. The OR indicates the
increased or decreased chance of a dependent category as a result of an increase in the continuous
variable by one unit or with a categorical variable in comparison with a reference. An OR >1
indicates an increased chance whereas <1 denotes a decreased chance. When the OR is equal to
1, there is an equal chance for the category in question and the reference category (Kuttappan et
al., 2013a). The estimated probability of occurrence of the 2 degrees of WB was determined for
all the categorical variables.
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Results
Out of the 206 fillets evaluated at 24 h postmortem, 45 (22 %) were normal; 51 (25 %)
showed mild lesions of WB; 30 (62 %) showed moderate lesions of WB; and 23 (48 %) showed
severe lesions of WB. The results of the compression force of WB categories comparing the breast
fillets sides are summarized in Table 1. In the left breast side, a significant increase in CF (P<0.05)
was observed as WB score increased. For the right breast side, score 3 (severe) had the highest
CF, followed by scores 2 (moderate), 1 (mild), and Normal (0) fillets, showed the lowest CF. The
right and the left sides were compared and interestingly, the right breast side showed highest CF
on normal, mild, and severe fillets, when compared with the same score on the left breast side
(Table 1).
Table 2 shows the results of the CF of the chilled and thawed breast fillets of the right side
from the different WB categories. As the WB lesion score increased on chilled breast fillets, the
CF also showed a significant increase (P<0.05). However, thawed breast fillets with severe WB
score had the highest CF, but the same of the normal category of the chilled breast fillets. Normal
thawed fillets showed the lowest CF. Remarkably, thawed right side breast fillets for each WB
lesion score had a significantly lower CF when compared with chilled fillets respectively (Table
2).
The results of the measurements of breast fillets butterflies by the WB scores are
summarized in Table 3. A significant increase in thickness of the fillets were observed as the
severity of the WB score increased. However, the fillet length was significantly shorter (P<0.05)
on fillets with a severe WB score. No significant differences were noted on the cranial width,
caudal width fillet or keel length among the fillets, regardless of the WB lesion score (Table 3).
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Table 4 shows the results of the evaluation of WB categories on meat quality and
parameters in broiler chickens. A similar trend of severe score being higher was observed for cook
loss (%). No significant differences were observed on MORS, however, fillets with severe WB
score showed the highest MORS peak count, BMORS and BMORSE. Severe and moderate fillets
also showed the higher measurement of BMORS peak count, and normal fillets showed the lowest
BMORS peak count, as well as pH and L* value. Moderate and severe fillets showed the highest
L* and b* values. At processing, chickens with no WB lesions, had the lowest bird and carcass
weight, as well as breast yield, whereas chickens with that had severe WB lesions had opposite
results (Table 4).
The results of the Pearson’s correlation between the measurements, compression force, and
breast weight with the WB scores are summarized in Table 5. Significant and positive correlations
were observed between WB score and CF, thickness, fillet length, breast yield, L*, b*, pH, cook
loss, MORS peak count, BMORS, BMORSE and BMORS peak counts (Table 5).
The results of the relationship of WB with various carcass and meat quality attributes are
summarized in Table 6. The multinomial logistic model obtained in the present study showed that
the main carcass and meat quality factors that are significantly (P<0.05) associated with severe
WB are cranial thickness, color L* value, fillet length, breast weight, and caudal width. L* value
(indicates lightness) had the higher OR value influence on the occurrence of severe fillets (OR
1.30; 95% CI 1.07 to 1.59), followed by cranial thickness (OR 1.29; 95% CI 1.14 to 1.49),
indicating that as the cranial thickness of the fillets increases; there is a greater probability that it
could have a severe degree of WB (Table 6).
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Discussion
In recent years, myopathies have caused significant economic losses to the poultry industry
due to consumer acceptance of raw cut up parts and the quality of additional processed poultry
meat products (Kuttappan et al., 2016). White striping (WS) is a disorder characterized by the
occurrence of white striations parallel to muscle fibers on breast, thigh, and tender muscles of
broilers, whereas woody breast (WB) is produce harder consistency to raw breast fillets (Zhuang
and Bowker, 2018; Dransfield and Sosnicki, 1999; Griffin et al., 2018). Even though
histologically, both pathologies are characterized by myodegeneration, necrosis, fibrosis, lipidosis,
and regenerative changes in modern broiler chickens, recent studies have indicated that WS and
WB could have a different etiology (Soglia et al., 2015). In the present study, out of the two
hundred and six breast fillets evaluated at 24 h postmortem, 45 (22 %) were normal; 51 (25 %)
showed mild lesions of WB; 30 (62 %) showed moderate lesions of WB; and 23 (48 %) showed
severe lesions of WB. Furthermore, the heavier the chicken more severe the WS lesion will be and
is a concomitant myopathy with WB, already was reported by Kuttappan et al. (2012, 2013b) and
Alnahhas et al. (2016). This effect was also correlated with the carcass weight and breast yield
(Mudalal et al., 2015; Chatterjee et al., 2016; Zambonelli et al., 2016; Dalle Zotte et al., 2017;
Kuttappan et al., 2017; Xing et al., 2017; Dalgaard et al., 2018). Interestingly, the pH was
significantly different (P<0.05) only between 0 and 3 and the other categories were similar
(P>0.05) to them, confirmed as well in previous studies (Dalle Zotte et al., 2017; Kuttappan et al.,
2017; Xing et al., 2017; Cai et al., 2018), but not founded differences in many other studies
(Mudalal et al., 2015; Trocino et al., 2015; Soglia et al., 2016a; Wold et al., 2017; Chen et al.,
2018; Dalgaard et al., 2018). However, L* value increased with WB scores in this study, meaning
with the severe of the WB the paleness increases agreeing with Wold et al.( 2017), Dalle Zotte et
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al.( 2017), and Cai et al.(2018). Although, other research did not observed differences in the L*
value (Mudalal et al., 2015; Trocino et al., 2015; Chatterjee et al., 2016; Tasoniero et al., 2016;
Xing et al., 2017; Chen et al., 2018) Also, the same increment over the WB severity happens with
the b* that is correlated with the yellowness (Tasoniero et al., 2016; Kuttappan et al., 2017; Baldi
et al., 2018). Similar effects were observed with cook loss (%), where fillets that had severe WB
scores, lost more water during cooking process. Similar results were reported by Mudalal et al.
(2015b), Trocino et al. (2015), Soglia et al. (2016), Tasoniero et al. (2016), Zambonelli et al.
(2016), Dalle Zotte et al. (2017); Xing et al. (2017), and Dalgaard et al. (2018). Overall, the
occurrence of different degrees of WS and WB were associated with changes in pH, color L* and
b* values, cook loss, and MORS peak counts, BMORS, BMORSE, and BMORS peak counts
(assessment of texture quality).
The multinomial logistic model from this study confirm that previous studies show that
fillet thickness had a much greater impact on fillet weight when compared with the length and
width of fillet (Lubritz, 1997; Griffin et al., 2018). Furthermore, the higher correlation between
fillet weights and the cranial thickness of the fillets observed in the present study is in agreement
with other researchers, confirming that higher degrees of WS and WB are associated with heavier
or thicker fillets (Brewer et al., 2012a; Mudalal et al., 2015; Kuttappan et al., 2017). This was in
accordance with the findings from the previous studies (Kuttappan et al., 2012a; 2013b). These
data are in agreement with WS and WB previous studies between the breast weight (Petracci et
al., 2013b; Alnahhas et al., 2016) .Among these studies, Griffin et al. (2018), reported the
cumulative logit mixed, where the best model was using breast length, width, thickness, yield, and
P. minor width, yield. However, these study presented an inverse relationship with the breast
length and the width. Furthermore, the conclusions of increasing breast morphometric (thickness,
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width, and length) increase the changes for the breast fillet become to be a severe WB. Thus, the
incompatibility of the results could be related by the number of samples, different strain birds, and
different WB score methodology.
In addition, compression force of LS and RS sides of the breast fillet were significantly
different, with the RS of the breast showing higher force. It was remarkable to observe that freezing
significantly decreased the compression force of thawed fillets compared to pre-frozen fillets, the
reduction on the CF is due to the ice crystal formation of the loss in membrane strength (Leygonie
et al., 2012). Previous studies conducted in our laboratory reported that the higher degrees of WB
are associated with increased occurrence of muscle damage characterized by myopathic changes
in broiler breast fillets (Sun et al., 2018; Kuttappan et al., 2016). The results from the present study
imply that enhanced growth, resulting in greater carcass weight and even cranial fillet thickness,
put more stress on the broilers, resulting in muscle damage.
Conclusion
In conclusion, the thickness of the breast fillet may potentially be used for sorting purposes,
possibly in combination with other sorting criteria. A model of prediction of WB could be used in
industry to select the different WB categories. Freezing the breast meat improves the softness of
the WB and differences exist between right and left fillets.

63

References
Alnahhas, N., C. Berri, M. Chabault, P. Chartrin, M. Boulay, M. Bourin, and E. Le Bihan-Duval.
2016. Genetic parameters of white striping in relation to body weight, carcass
composition, and meat quality traits in two broiler lines divergently selected for the
ultimate pH of the pectoralis major muscle. BMC Genet. 17:61
Baldi, G., F. Soglia, M. Mazzoni, F. Sirri, L. Canonico, E. Babini, L. Laghi, C. Cavani, and M.
Petracci. 2018. Implications of white striping and spaghetti meat abnormalities on meat
quality and histological features in broilers. animal 12:164–173 Available at
https://www.cambridge.org/core/product/identifier/S1751731117001069/type/journal_art
icle.
Brewer, V. B., J. L. Emmert, J. C. Meullenet, and C. M. Owens. 2012. Small bird programs:
Effect of phase-feeding, strain, sex, and debone time on meat quality of broilers.
Available at https://academic.oup.com/ps/article-abstract/91/2/499/1535134 (verified 4
March 2019).
Brewer, V. B., V. A. Kuttappan, J. L. Emmert, J. C. Meullenet, and C. M. Owens. 2012. Big-bird
programs: Effect of strain, sex, and debone time on meat quality of broilers. Poult. Sci.
91:248–54.
Cai, K., W. Shao, X. Chen, Y. L. Campbell, M. N. Nair, S. P. Suman, C. M. Beach, M. C.
Guyton, and M. W. Schilling. 2018. Meat quality traits and proteome profile of woody
broiler breast (pectoralis major) meat. Poult. Sci. 97:337–346
Cavitt, L., G. Youm, J. Meullenet, C. Owens, and R. Xiong. 2004. Prediction of poultry meat
tenderness using razor blade shear, Allo-Kramer shear, and sarcomere length. Journal of
Food Science 69:SNQ11–SNQ15.
Chatterjee, D., H. Zhuang, B. C. Bowker, A. M. Rincon, and G. Sanchez-Brambila. 2016a.
Instrumental texture characteristics of broiler pectoralis major with the wooden breast
condition. Poult. Sci. 95:2449–2454
Chen, H., H. Wang, J. Qi, M. Wang, X. Xu, and G. Zhou. 2018. Chicken breast quality - normal,
pale, soft and exudative (PSE) and woody - influences the functional properties of meat
batters. Int. J. Food Sci. Technol. 53:654–664 Available at
http://doi.wiley.com/10.1111/ijfs.13640.
Dalgaard, L. B., M. K. Rasmussen, H. C. Bertram, J. A. Jensen, H. S. Møller, M. D. Aaslyng, E.
K. Hejbøl, J. R. Pedersen, D. Elsser-Gravesen, and J. F. Young. 2018. Classification of
wooden breast myopathy in chicken pectoralis major by a standardised method and
association with conventional quality assessments. Int. J. Food Sci. Technol. 53:1744–
1752
Dalle Zotte, A., G. Tasoniero, E. Puolanne, H. Remignon, M. Cecchinato, E. Catelli, and M.
Cullere. 2017. Effect of “Wooden Breast” appearance on poultry meat quality,
histological traits, and lesions characterization. Czech J. Anim. Sci. 62:51–57
64

Dransfield, E., and A. A. Sosnicki. 1999. Relationship between muscle growth and poultry meat
quality. Poult. Sci. 78:743–6.
Griffin, J. R., L. Moraes, M. Wick, and M. S. Lilburn. 2018. Onset of white striping and
progression into wooden breast as defined by myopathic changes underlying Pectoralis
major growth. Estimation of growth parameters as predictors for stage of myopathy
progression. Avian Pathol. 47:2–13.
Hoving-Bolink, A., R. Kranen, R. Klont, C. Gerritsen, and K. De Greef. 2000. Fibre area and
capillary supply in broiler breast muscle in relation to productivity and ascites. Meat
science 56:397–402.
Kuttappan, V. A., B. M. Hargis, and C. M. Owens. 2016. White striping and woody breast
myopathies in the modern poultry industry: a review. Poult. Sci. 95:2724–2733.
Kuttappan, V. A., C. M. Owens, C. N. Coon, B. M. Hargis, and M. Vazquez-Añon. 2017.
Incidence of broiler breast myopathies at 2 different ages and its impact on selected raw
meat quality parameters. Poult. Sci. 96:3005–3009 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pex072.
Kuttappan, V. A., H. l. Shivaprasad, D. P. Shaw, B. A. Valentine, B. M. Hargis, F. D. Clark, S.
R. McKee, and C. M. Owens. 2013b. Pathological changes associated with white striping
in broiler breast muscles. Poult. Sci. 92:331–338 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps.2012-02646.
Kuttappan, V. A., V. B. Brewer, A. Mauromoustakos, S. R. McKee, J. L. Emmert, J. F.
Meullenet, and C. M. Owens. 2013. Estimation of factors associated with the occurrence
of white striping in broiler breast fillets. Poult. Sci. 92:811–9.
Kuttappan, V. A., V. B. Brewer, J. K. Apple, P. W. Waldroup, and C. M. Owens. 2012a.
Influence of growth rate on the occurrence of white striping in broiler breast fillets. Poult.
Sci. 91:2677–85.
Kuttappan, V. A., W. Bottje, R. Ramnathan, S. D. Hartson, C. N. Coon, B.-W. Kong, C. M.
Owens, M. Vazquez-Añon, and B. M. Hargis. 2017. Proteomic analysis reveals changes
in carbohydrate and protein metabolism associated with broiler breast myopathy. Poult.
Sci. 96:2992–2999.
Kuttappan, V. A., Y. S. Lee, G. F. Erf, J.-F. C. Meullenet, S. R. McKee, and C. M. Owens.
2012b. Consumer acceptance of visual appearance of broiler breast meat with varying
degrees of white striping. Poult. Sci. 91:1240–7.
Lee, Y., C. Owens, and J. Meullenet. 2008. A novel laser air puff and shape profile method for
predicting tenderness of broiler breast meat. Poultry science 87:1451–1457.
Lee, Y., R. Xiong, C. Owens, and J. Meullenet. 2016. Noninvasive Deformation Test for the
Tenderness Classification of Broiler Breast Meat. Journal of texture studies 47:68–73.

65

Lubritz, D. 1997. A statistical model for white meat yield in broilers. Journal of Applied Poultry
Research 6:253–259.
Marchesi, J., A. Ibelli, J. Peixoto, M. Cantão, J. Pandolfi, C. Marciano, R. Zanella, M. Settles, L.
Coutinho, and M. Ledur. 2018. Whole transcriptome analysis of the pectoralis major
muscle reveals molecular mechanisms involved with white striping in broiler chickens.
Poultry science. 98:590–601.
Mehaffey, J. M., S. P. Pradhan, J. F. Meullenet, J. L. Emmert, S. R. McKee, and C. M. Owens.
2006a. Meat quality evaluation of minimally aged broiler breast fillets from five
commercial genetic strains. Poult. Sci. 85:902–8.
Mudalal, S., M. Lorenzi, F. Soglia, C. Cavani, and M. Petracci. 2015. Implications of white
striping and wooden breast abnormalities on quality traits of raw and marinated chicken
meat. Animal 9:728–734.
Petracci, M., and C. Cavani. 2012. Muscle growth and poultry meat quality issues. Nutrients
4:1–12.
Petracci, M., F. Sirri, M. Mazzoni, and A. Meluzzi. 2013. Comparison of breast muscle traits and
meat quality characteristics in 2 commercial chicken hybrids. Poult. Sci. 92:2438–2447
Available at http://dx.doi.org/ (verified 31 May 2019).
Russo, E., M. Drigo, C. Longoni, R. Pezzotti, P. Fasoli, and C. Recordati. 2015. Evaluation of
white striping prevalence and predisposing factors in broilers at slaughter. Poultry science
94:1843–1848.
Sihvo, H.-K., K. Immonen, and E. Puolanne. 2013. Myodegeneration with fibrosis and
regeneration in the pectoralis major muscle of broilers. Veterinary Pathology
Online:0300985813497488.
Soglia, F., J. Gao, M. Mazzoni, E. Puolanne, C. Cavani, M. Petracci, and P. Ertbjerg. 2017.
Superficial and deep changes of histology, texture and particle size distribution in broiler
wooden breast muscle during refrigerated storage. Poult. Sci. 96:3465–3472.
Soglia, F., L. Laghi, L. Canonico, C. Cavani, and M. Petracci. 2016. Functional property issues
in broiler breast meat related to emerging muscle abnormalities. Food Res. Int. 89:1071–
1076 Available at https://linkinghub.elsevier.com/retrieve/pii/S0963996916301892.
Soglia, F., S. Mudalal, E. Babini, M. Di Nunzio, M. Mazzoni, F. Sirri, C. Cavani, and M.
Petracci. 2015. Histology, composition, and quality traits of chicken Pectoralis major
muscle affected by wooden breast abnormality. Poultry science 95:651–659.
Sosnicki, A. A., and B. W. Wilson. 1991. Pathology of turkey skeletal muscle: implications for
the poultry industry. Food structure 10:5.

66

Sun, X., D. Koltes, C. Coon, K. Chen, and C. Owens. 2018. Instrumental compression force and
meat attribute changes in woody broiler breast fillets during short-term storage. Poultry
science. 97:2600–2606
Tasoniero, G., M. Cullere, M. Cecchinato, E. Puolanne, and A. Dalle Zotte. 2016. Technological
quality, mineral profile, and sensory attributes of broiler chicken breasts affected by
White Striping and Wooden Breast myopathies. Poult. Sci. 95:2707–2714 Available at
https://academic.oup.com/ps/article-lookup/doi/10.3382/ps/pew215.
Tijare, V. V., F. Yang, V. Kuttappan, C. Alvarado, C. Coon, and C. Owens. 2016. Meat quality
of broiler breast fillets with white striping and woody breast muscle myopathies. Poultry
Science 95:2167–2173.
Trocino, A., A. Piccirillo, M. Birolo, G. Radaelli, D. Bertotto, E. Filiou, M. Petracci, and G.
Xiccato. 2015. Effect of genotype, gender and feed restriction on growth, meat quality
and the occurrence of white striping and wooden breast in broiler chickens. Poult. Sci.
94:2996–3004 Available at https://academic.oup.com/ps/articlelookup/doi/10.3382/ps/pev296.
Wold, J. P., E. Veiseth-Kent, V. Høst, and A. Løvland. 2017. Rapid on-line detection and
grading of wooden breast myopathy in chicken fillets by near-infrared spectroscopy.
PLoS One.
Xing, T., X. Zhao, L. Cai, Z. Guanghong, and X. Xu. 2017. Effect of salt content on gelation of
normal and wooden breast myopathy chicken pectoralis major meat batters. Int. J. Food
Sci. Technol. 52:2068–2077
Zambonelli, P., M. Zappaterra, F. Soglia, M. Petracci, F. Sirri, C. Cavani, and R. Davoli. 2016.
Detection of differentially expressed genes in broiler pectoralis major muscle affected by
White Striping – Wooden Breast myopathies. Poult. Sci. 95:2771–2785
Zhuang, H., and B. Bowker. 2018. The wooden breast condition results in surface discoloration
of cooked broiler pectoralis major. Poult. Sci. 12:4458–4461

67

Figures and Tables
Table 1. Compression force (N) of WB categories comparing the breast fillets sides.
WB lesion score
Left breast side
St. dev Right breast side St. dev
P-value
0
4.94dB
1.65
5.62cA
1.63
0.001
(n=45)
SE
0.541
0.509
1
7.20cB
2.57
8.57bA
3.19
0.001
(n=51)
SE
0.508
0.478
2
9.51b
3.34
10.06b
2.99
0.007
(n=62)
SE
0.460
0.434
3
14.42aB
5.69
15.37aA
5.01
0.001
(n=48)
SE
0.523
0.493
P-value
0.001
0.001
SE = standard error of the columns. WB = Woody breast St. dev= standard deviation of the rows
a-d
Means showing difference between the columns are significantly different.
A-B
Means showing differences between the rows are significantly different.
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Table 2. Compression force of the chilled and thawed of right side breast fillet from the different
WB categories.
WB lesion
Chilled
St. dev
Thawed
St. dev
P-value
score
breast fillet
breast fillet
0
5.62cA
1.63
2.74cB
0.68
0.006
(n=45)
SE
0.509
0.189
1
8.57bA
3.19
3.71bB
1.45
0.001
(n=51)
SE
0.478
0.178
2
10.02bA
2.99
3.65bB
0.99
0.001
(n=62)
SE
0.434
0.162
3
15.37aA
5.01
5.42aB
1.75
0.001
(n=48)
SE
0.493
0.186
P-value
0.001
0.001
SE = standard error of the columns. WB = Woody breast St. dev= standard deviation of the rows
a-d
Means showing difference between the columns are significantly different.
A-B
Means showing differences between the rows are significantly different.
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Table 3. Means (± standard error) of the measurements (mm) of chilled breast fillets butterflies
by the WB scores.
WB
Thickness
Cranial
Caudal
Keel Length
Fillet Length
lesion
(mm)
Width (mm)
Width (mm)
(mm)
(mm)
score
0
(n=45)

39.34±0.62d

149.3±1.85

168.2±1.82

143.2±1.66

185.1±1.45a

1
(n=51)

42.82±0.59c

149.8±1.74

166.7±1.71

139.9±1.56

182.5±1.36ab

2
(n=62)

47.09±0.55b

147.6±1.63

168.0±1.60

143.7±1.46

184.1±1.27ab

3
(n=48)

49.63±0.60a

147.6±1.79

167.9±1.76

139.5±1.60

179.7±1.40b

P-value

0.001

0.742

0.9207

0.1303

0.0389

a-d

Means showing different letters in each score are significantly different. SEM = standard error
of the means. WB = Woody breast
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Table 4. Evaluation of WB categories on meat quality and processing parameters in broiler
chickens.
WB lesion score
0
1
2
3
MSE P-value
(n=45)
(n=51)
(n=62)
(n=48)
Meat quality
Compression force (N)
Cook loss (%)
MORS (N)
MORSE (N.mm)
MORS Peak Count
BMORS (N)
BMORSE (N.mm)
BMORS Peak Count
pH
L* value
a* value
b* value

5.28 d
24.45 c
15.10
210.67 ab
9.52 b
20.00 b
267.17 b
5.08 c
5.77 b
53.99 c
3.16
6.06 b

7.89 c
26.32 bc
14.86
205.68 b
9.68 b
19.24 b
252.63 b
6.37 b
5.82 ab
54.37 bc
3.39
6.64 ab

9.79 b
28.58 ab
14.90
209.41 ab
10.66 b
20.92 b
277.42 b
7.14 a
5.84 ab
55.42 ab
3.58
7.73 a

15.01 a
30.24 a
15.56
223.03a
12.89 a
25.46 a
331.29 a
7.72 a
5.86 a
56.41 a
3.76
7.74 a

3.782 b

3.847 b

4.025 a

4.084 a

2.997 b
30.7 b

3.061 b
31.54 b

3.225 a
32.88 a

3.287 a
33.7 a

0.73
0.36
1.49
5.58
1.66
2.14
7.81
1.23
0.33
1.56
1.31
1.75

0.001
0.001
0.372
0.039
0.001
0.001
0.001
0.001
0.004
0.001
0.311
0.008

0.59
1.71
1.35

0.001

Processing
Bird weight (Kg)
Carcass (Kg)
Breast yield (%)

0.001
0.001

a-c

Means showing different letters in each score are significantly different. MSE = mean square
error WB = Woody breast
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Table 5. Pearson’s correlation between the measurements, compression force, and breast weight
with the WB scores.
Variable
WB categories1
P-value
Compression force
0.77
0.001
Thickness
0.67
0.001
Cranial width
-0.06
0.411
Caudal width
-0.01
0.970
Keel length
-0.04
0.548
Fillet length
-0.15
0.031
Breast yield
0.53
0.001
L*
0.35
0.001
a*
0.09
0.222
b*
0.23
0.001
pH
0.24
0.001
Cook Loss
0.38
0.001
MORS
0.03
0.671
MORSE
0.09
0.162
MORS Peak Counts
0.37
0.001
BMORS
0.36
0.001
BMORSE
0.29
0.001
BMORS Peak Counts
0.53
0.001
1
WB categories were polled in four categories for most the analyses, Normal-0: pool of 0 and
0.5, mild-1: contains 1 and 1.5, moderate-2: had scores 2 and 2.5, and severe-3 with all score 3
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Table 6. Odds ratio (OR), 95% CI, and the probability (P-value) level for variables in the model
of SEV or NORMAL WB.
Variables
OR
95% CI
P-value
Thickness

1.29

1.14 to 1.49

<0.0001

Caudal width

0.91

0.86 to 0.96

0.0008

Fillet length

0.84

0.77 to 0.91

<0.0001

Breast wt

1.02

1.01 to 1.03

<0.0001

L* color

1.30

1.07 to 1.59

0.009
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Chapter III. LIVE PALPATION AND BREAST MEASURES FEATURES FOR WOODY
BREAST MYOPATHY
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Abstract
Woody breast (WB) is a meat quality defect characterized by the hardness of the meat, but it is
normally detected after deboning. Due to this reason, three experiments were designed to relate
WB severity scores with the manual palpation and breast size measurements in live birds during
grow out. In each experiment, the breast of birds was measured weekly for various dimensions and
palpated for WB incidence. The measurements were made with either a fabric tape or caliper on
the cranial (wing to wing) region (TCRAN and CCRAN, respectively), central region over the keel
bone (TCENT and CCENT, respectively), and caudal region (TCAUD and CCAUD, respectively)
represented in the breast fillet area where the ribs end. Moreover, WB palpation scoring of live
birds was based on established scoring methodology for deboned breast fillets, which was based
on the degree and extent of hardness of the muscle. Processing was on d 57 for experiments1 and
2 but on d 52 in experiment 3. Live bird measurements and bird weight were correlated to
postmortem fillet WB severity scores. Additionally, live bird measurements and the bird weight
by bird group type were fitted to Gompertz growth curve and comparisons of the parameters were
performed among the curves of WB categories. The correlations between WB palpation and fillet
WB scores increased with increasing bird age; However, correlations between live weight and
fillet WB scores were inconsistent and varied correlation over the ages. Correlations of the
different live bird breast measurements to fillet WB severity score were affected by bird market
type across bird ages (P<0.05). Central region measurements had the lowest correlations of all live
breast measurements, especially after 2 wks. Growth curve parameters for the breast measurements
differed according to bird market type. The fast-food and tray-pack birds had similar inflection
points (~16d) and asymptotes (~29 cm), and although inflection points of high-breast yield lines
varied approximated 3d (18.3 and 15.2), asymptotes were considerably greater at 31 and 33 d.
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When data were pooled across the 4 birds market types, size of chicken breast (TCRAN) indicated
a significant difference. The results presented that heavy birds had differences on the breast size
likewise the age inflection point. Finally, bird measurements could help to differentiate the WB
scores between the strains, but other factors should be considered in future research to determine
models that are predictive of WB during growth.
Key words: broiler palpation, live woody breast, chicken breast growth
Introduction
Chicken production is reaching an all-time record of 97.8 million tons this year, as
consumer demand increases due to the sensory and nutritional properties, the relatively lesser
cultural and religious restrictions on chicken consumption, and more importantly, the low cost of
the meat (USDA, 2018). In order to meet the growing demand for poultry products increases in
bird growth are the responses of selection and improved nutrition. Enhancing chicken growth has
led to the development of woody breast (WB), a muscular dysfunction that impacts consumer
purchasing decisions of fresh breast meat. Woody breast fillets are characterized by paleness and
hardness when palpated. Severe cases can also present clear exudate, with petechiae or
hemorrhagic regions and different texture over the breast surface (Dalle Zotte et al., 2014; Sihvo
et al., 2014; Petracci et al., 2015; Tijare et al., 2016; Kuttappan et al., 2016).
Evaluation of WB scores was described by Tijare et al. (2016), with scores ranging from 0
(normal breast fillets) to 3 (most severe WB); however, breast fillets are typically scored after
deboning and preferably after chilling. Papah et al. (2017) observed WB in histology samples from
2 wks old chickens and palpated differences in breast firmness at 4 wks of age; however, these
authors did not relate their ante mortem findings to WB severity scores at the processing day.
There is evidence that breast fillet thickness is correlated with myopathies (Mudalal et al., 2015;
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Zambonelli et al., 2016; Kuttappan et al., 2017; Mallmann et al., 2018), along with of the
measurements and observation on the caudal shape of the bird at the processing day (Sun et al.,
2017).
The ability to detect WB in live birds during grow out could provide a better understanding
of development this myopathy and indispensable to breeding companies in the selection and
breeding of broilers devoid of this meat quality defect. Thus, the aim of this research was to
determine the association between growth measurements of the live bird and the Pectoralis major
with the WB condition across the production life-cycle of broilers, and correlate results of WB
between the live birds’ measurements with the breast fillet WB.
Material and Methods
Birds and processing
The University of Arkansas Institutional Animal Care and Use Committee approved all
procedures (protocol nos. 17044, 17080, and 18025). All birds were raised from day old until the
processing day on diets formulated to meet NRC (1994) recommendations.
Live measurements were conducted by a single evaluator over the course of the study,
using a caliper and a standard cloth measure tape on the cross section on wing insertion for the
cranial region (CCRAN and TCRAN, respectively); over/along the keel bone considered the
central area (CCENT and TCENT, respectively); and caudal region where the ribs end (CCAUD
and TCAUD, respectively).
Also all birds were examined visually, and the breast muscle was bilaterally palpated in all
the regions mostly concentrated on the cranial and caudal areas as described by Papah et al. (2017).
Woody breast scores on live birds and processed were graded depending on the hardness of the
breast on the 0 to 3 scoring system of Tijare et al.( 2016) at 0.5 increments. Briefly, fillets were
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categorized as 0 if the fillets that were flexible throughout the fillet; 1 if the fillets were hard in the
cranial region but flexible throughout the remainder of the fillet; 2 if the fillets that were hard
throughout the fillet but remained flexible in mid-region to caudal-region of the fillet; and 3 if the
fillets were extremely hard and rigid throughout the fillet. For live bird palpation, the hardness of
the breast region was the primary factor.
Feed was withheld from all birds 10 h before the processing day, but birds had ad libitum
access to water until transportation to the University of Arkansas Poultry Processing Plant
(Fayetteville). All birds were weighed individually, electrical stunned at 11V, 11mA for 11s, bled
for 1.5 min, soft scalded in 53.8oC for 2 min, de-feathered, manually eviscerated in-line and prechilled for 15 min at 12°C in immersion tanks, followed by a 3-h chill at 1° C in immersion chill
tanks. Carcasses were then transferred to ice filled tanks and aged for 2-h at 4°C before deboning.
Ready-to-cook (RTC) weight of each carcass was recorded before the breast fillet was deboned
from the carcasses, weighed, and scored for WB (Tijare et al., 2016) by the same evaluator. For
statistical purposes, WB scores were merged into WB severity categories of normal (NORM;
scores of 0 and 0.5), mild (MILD; scores of 1 and 1.5), and severe (SEV; scores ≤ 2). Breast fillets
dimensions were also measured with calipers, including fillet length (at the longest point), cranial
fillet width at the widest point, fillet thickness (thickest portion), and caudal length (1/3 of the fillet
length) were measured using calipers (Mehaffey et al., 2006a).
Description of Each Experiment (Figure 1).
Experiment 1: A total of 60 day-of-hatch male heavy debone broiler chicks (A) were obtained
from Cobb-Vantress (Siloam Springs, AR, USA). Chicks were individually neck-tagged and
randomly located to 1 of 3 environmentally controlled chambers (3.7 m long × 2.5 m wide × 2.5
m high). Individual body weight, breast hardness palpation scores (WB palpation), and
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measurements were collected as previously described on cranial (CCRAN and TCRAN), central
(TCENT), and caudal (CCAUD and TCAUD) regions were measured with a caliper (C) and a
cloth measure tape (T) on d 19, 26, 33, 40, 47, and 54 of age. Birds were processed at 57 d of age
at the University of Arkansas Processing Pilot plant as described previously.

Experiment 2: After hatch, a total of 140 day-of-hatch male heavy debone broiler chicks (A),
from Cobb-Vantress (Siloam Springs, AR, USA), were placed in 7 floor pens (20 birds/pen).
Bird had ad libitum access to water and commercial feed formulated appropriately the
production phase. Individual body weight, breast hardness palpation scores, and measurements
were collected as previously described on cranial (CCRAN and TCRAN), central (CCENT and
TCENT), and caudal (CCAUD and TCAUD) regions were measured with a caliper (C) and a
cloth measure tape (T) on d 1, 6, 13, 20, 27, 34, 48, and 55 by a single person. At 57 days, all
birds were processed as described previously. After mortalities and processing, breast fillets
from134 birds were scored for WB condition (Tijare et al. 2016) and fillet dimensional measures
were recorded by the same scorer.

Experiment 3: After hatch, 320 male broilers from 4 different bird market types (heavy debone
A, heavy debone B, fast-food, and tray-pack) were place in four litter pens (80 birds/pen).
Individual body weight, breast hardness palpation, and measurements on TCRAN and CCAUD
regions were measured at d 5, 12, 19, 26, 33, 40, 47 by a single person. At 52 d of age, birds
were processed, but were not chilled in this experiment. Breast fillet was deboned from the
carcass, weighed, and dimensions measured before being scored for WB (Tijare et al., 2016) by
the same scorer, but compression force was not measured in this experiment.
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Statistical analysis
Woody breast severity categories (NORM, MILD, and SEV) were considered as a binary
response variable of 0 (NORM) or 1 (MILD and SEV). Spearman’s correlations were calculated
for all breast measurements, including live bird and breast fillet weights with the WB scores. All
the experiments were combined according with the bird type. One-way ANOVA was used to detect
differences in live bird weights and WB palpation measures throughout the growth phase. When a
significant (P≤0.05) F-test was detected, means were separated using Tukey’s HSD.
Three parameter Gompertz nonlinear growth curves were fit to model various breast
measurements over the growing period comparing two WB categories and by the bird types. Tests
of parallelism parameter estimate comparisons and equivalence tests were performed to compare
the WB categories and further for the bird line differences. All data were performed with JMP ®
Pro 14 (SAS Institute Inc.,2018).
Results and Discussion
The present study evaluated live palpation hardness and physical dimensions of breast
region in broiler chickens during their grow out period to approximately 8 wks. The aim was not
to find the etiology of the abnormality, but to determine if there was an association with WB at
market age.
Palpation and WB scores
Chickens were palpated as early 1 d of age (Exp. 2) to as late as 19 d of age (Exp. 1) for
initial palpation scores and continued up to market age (52 to 57d depending on the study). When
data form all the trials were combined, Spearman correlations were low (rs =0.12) initially but
increased as birds got older (Figure 2). Even though, for all the data combined not counting on the
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experiments, correlations increased from 6 up to 19%, each week from 5 through 8 wks, and
correlations reached rs of 0.7 and 0.74 by weeks 7 and 8, illustrated in Figure 2. At the 2nd week it
is possible to differentiate the affected ones with the normal ones, but the correlation is not
significant (Figure 3). There was a significant correlation on week 3 of rs =0.29, and then the
correlation increases by 10% to the next week.
Since there is a correlation by the weeks and the WB palpation, it is possible to have a
relationship with the different type of birds. At approximately 4 wks, all correlations were
significant (P<0.001) and the correlation was rs =0.38 for heavy deboned birds A (represented in
all three experiments). These results agree with the study realized by Papah et al. (2017) that
reported differences on the palpation with 4 wks of age. At 5 wks of age, birds had a correlation
of rs =0.53, an increase of 30% and the correlation increased linearly with the age of the birds. At
6 wks, there was a high correlation of rs =0.56, and at 8 wks the correlation increased to rs =0.82.
Similarly, Griffin et al. (2018) reported in them results a detected tactile WB in live birds with 42
days, validating that is one of the most precise age to palpate the live birds on them results.
When data were analyzed by the types of birds the palpation correlation decreased. Tray
pack birds showed a significant correlation only with 5 wks. WB palpation had a better correlation
for the high breast yield birds (rs =0.31) at 3 wks while the standard bird types were rs =0.2 and
not significant at the same age. Standard bird lines (fast food and tray pack birds) had a correlation
above rs =0.5 after the wk 6 while the high breast yield birds showed this correlation at wk 5. The
type of bird will bias the WB palpation, because high breast yield broilers have more incidence of
WB than standard yield ones (Petracci et al., 2013b; Lorenzi et al., 2014; Bailey et al., 2015;
Trocino et al., 2015; Alnahhas et al., 2016; Livingston et al., 2019a). It is possible to differentiate
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the WB by manual palpation on live birds, also there is an impact with the bird strains, being the
high breast yield ones easier to be detected in early ages.
While the correlation was increasing by the age as well as the severity of WB. It was able
to find significant differences (P<0.05) on the WB palpation by the WB fillet scores on the 3rd
week for the severe category and following a consistency over the other weeks for all the three
categories of WB (Table 3, Figure 3). This interaction of WB palpation and weeks represents a
possible selection during growout.
Bird weight and WB fillet scores
There are many studies that support that bird and breast weight are related with WB (Siller
and Wight, 1978; Sihvo et al., 2014; Mudalal et al., 2015; Chatterjee et al., 2016; Zambonelli et
al., 2016; Alnahhas et al., 2016; Dalle Zotte et al., 2017; Xing et al., 2017; Dalgaard et al., 2018).
Bird weight correlations were not constant along the ages in this study. High breast yield bird B
showed the most consistent linear increase over the ages, but the correlations were the max of
rs=0.4 at 6 and 7 wks and rs =0.5 for the fast food birds at 7 wks (Table 2). Tray pack birds had a
negative correlation with WB scores from week 1 to 3. The results showed the highest correlations
at week 1 (rs =0.28) and then at week 8 (rs =0.24) for overall results (Table 4).
While the bird weight correlations were not significant, heavier birds seemed to present
more severe WB than lighter birds (Papah et al., 2017). Further, body weight means in each WB
palpation score for experiment 1 and 2 for each week was significantly different until week 6
(Figure 4). In this case, on week 4 and 6 had WB categories mild and severe, exhibited no
significant difference in body weight from one another but for the unaffected birds (normal)
exhibited the lowest means for body weight, and it was significantly different from the affected
birds (mild and severe). On weeks 2, 3, and 5 there was a difference (P<0.05) between the three
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categories, normal birds were lighter than all the other categories. However, there were no
differences (P>0.05) after the 6 weeks, meaning that on week 7 and 8, the birds had similar weights
among the WB categories. The similar weights can explain the overall low correlation of body
weight and WB scores.
Measurements and WB fillet scores
In this study, breast measurements, made with two dimensional (using caliper) or three
dimensional to include depth (using tape), were made to assess relationship to palpation and WB
fillet scores. Breast measurements could potentially improve the detection of WB during the
growth period along with palpation. Overall, data presented the central areas as the most significant
ones at the first week, though the correlation were weak (rs =0.22 to caliper and 0.12 for the tape).
However, correlations were not significant as the bird aged (Table 4). The measurements that were
most correlated with WB scores were CCAUD and TCRAN. The difference in using tape from
caliper was because of diameter dimensions around the breast with the tape and while caliper
measures straight line of the breast not considering the shape, more related to 2D dimension.
Following research results with breast footprint related to WB on the cranial, caudal height, and
breast width (Mudalal et al., 2015; Zambonelli et al., 2016; Kuttappan et al., 2017). The
correlations of the CCAUD was above 0.6 at 7 wks, agreeing with images studies done in carcasses
(Owens et al., 2018).
However, when the bird type is considered, standard and high breast yield, mostly the high
breast yield types were more correlated with the measurements TCRAN (rs =0.5) and CCAUD (rs
=0.5) at 7wks. The strains had different peculiarities, such as tray pack birds showed a significant
correlation only at CCAUD at 7 wks (rs =0.39), while fast food birds had the highest correlations
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for TCRAN (linear growth from 0.34 to 0.55), and CCAUD (0.44 and 0.41 at 3rd and 4th week and
then on week 7 rs =0.48).
Since the correlations were mild for most of the measurements, the interaction by the weeks
was highly significant (P<0.001). On Table 6, it is possible to observe the means separated by the
WB categories and ages, supporting and maybe selecting the animals with more precision on the
4th week by the TCRAN, and on the 3rd by the TCAUD. However, the caliper measurements were
not that classificatory between the ages and WB scores. It could separate the severe from the other
two categories on the week 4 until the 6, but only at the week 8 was possible differentiate between
all the three categories for CCRAN. The CCAUD did not show differences until the week 5 on all
the WB scores representing a better selection, but at 8 weeks there is no difference between the
means. Comparing all the results one of the best measurements is the TCRAN where even on week
1 it was able to differentiate the severe with the other categories. The differences on the WB scores
are at least 0.7 cm from the normal to severe on week 4 then increasing to almost getting almost 2
cm of difference at 8 weeks.
Gompertz growth curves of breast fillet related with WB
A comparison of the growth curves using Gompertz model indicates the inflection point
where the growth stops to increase, reaching them maximum rate. The asymptote is when the curve
plateaus, and the growth rate is the velocity that the animal is growing.
WB live palpation start to differentiate around the second week (Figure 5) with a R2 of
0.38. Supposedly, severe birds reach the maximum of WB with 24 days (Table 7), and it matches
with the findings of the correlation. Nevertheless, WB severity does not stop at that age; otherwise,
it could have a better correlation as well as the birds with early ages will present the abnormality
more frequently in the processing plants. This growth curve is only representative.
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Breast measurements change over time and by the bird type (Table 8). High breast yield A
had a decrease in the growth (inflection point) for the cranial breast region with the measuring tape
with 18 days of age while the other birds had them two days earlier. The two standard birds, fast
food and tray pack birds had the same cranial size of the breast (28.9 cm) at the highest point
(asymptote). Because of these similarities, they were pooled together in order to be able to
differentiate the normal breast from the woody ones.
The measurements realized on the central region of the breast did not have differences
between the normal and severe birds for the all the strains (P>0.05). Most of the differences were
on the asymptote, but all the values were estimated outside with the model ahead of the ones
collected.
The Gompertz curve (R2=0.98) differences on standard birds (fast food and tray pack) at
TCRAN had an inflection point earlier, meaning that these broilers change the growth with 16 day
while the heavy birds change them growth two day later for the normal and three for the WB bird
(Table 9). The size of the breast matters at the end, measurements were realized in other studies
over the breast fillet and was able to create a model with the footprint (Griffin et al., 2018;
Mallmann et al., 2018). Heavy birds had bigger breast but severe ones were 34.7 cm (CI of 33.8 –
35.7) while the normal was 31.7 cm (CI of 30.5 – 32.9). Standard birds also had different size of
the breast by the WB, normal breast were 28.9 cm (CI of 28.1 – 29.8) and WB were 30.2 cm (CI
of 28.8 – 31.5). Finally, bird measurements on live birds could help to differentiate the WB scores
between the strains increasing the possibilities of intervention on the farm.
Conclusion
Overall, the findings of the present study reveal that is possible to palpate WB by a trained
person in live broilers with 3 weeks old and increases with the age but can be susceptible to
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differences depending on the genotype. Therefore, these birds could be selected for better
understanding of the preventive ways to decrease the incidence of this abnormality. In addition,
breast live measurements reported to vary much depending on the type of birds. One of the most
relevant measurement realized was the TCRAN showing the highest differences between the
measurements by the WB birds and the non-affected.
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Figures and Tables
Exp 1

Exp 2

Exp 3
80 birds for each line:

60 High breast
yield males

140 High breast
yield males

high breast yield/heavy
debone A/B

Fast food birds
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D 19,26,33,40,47,54

D 57 processed

D 1,6,13,20,27 ,34, 48, 55

D 57 processed
Breast
dimensions

D 5,
12,19,26,33,40,41
D 52 processed

Breast
dimensions

Figure 1. Summary of experiments data collection.
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Correlation coefficient (rs)

Figure 2. Correlation of WB palpation and WB score in the processing day. Data from all
experiments were pooled for analysis. WB palpation was conducted at a given age and
correlated withWB scored assessed at day of processing.
Table 1. Spearman’s correlation (rs) by week of WB palpation1 and WB fillet scores2 by the
bird types3.
Wks
2
3
4
5
6
7
8

High yield birds
A
0.13
0.23**
0.38***
0.53***
0.56***
0.69***
0.82***

High yield birds
B
0.08
0.31**
0.45***
0.41**
0.64***
0.73***

Fast food birds
0.04
0.19
0.37*
0.37*
0.55***
0.60***

Tray pack birds
-0.13
0.19
0.12
0.24
0.56***
0.64***

1

WB palpation realized in live birds weekly.1WB fillet scores evaluated on the processing day.
2
WB fillet scores evaluated on the processing day.
3
Birds divided into types based on their typical market segment.
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Table 2. Spearman’s correlation (rs) by week of bird live weight and WB fillet scores1 by the
bird types2.
Wks
1
2
3
4
5
6
7
8
1
2

Heavy debone
birds A

Heavy debone
birds B

Fast food birds

0.36***
0.30***
0.15*
0.19**
0.26***
0.21**
0.19**
0.24**

0.09
0.20
0.33**
0.33**
0.37**
0.40**
0.39**

0.13
0.19
0.43***
0.40**
0.30*
0.40**
0.51***

Tray pack birds
-0.21
-0.25
-0.09
0.02
0.06
0.08
0.18

WB fillet scores evaluated on the processing day.
Birds divided into types based on their typical market segment.

Figure 3. Differences over the weeks on WB palpation scores during growout. NORM (score 0),
MILD (scores 1+1.5), and SEV (scores >2).
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Table 3. Palpation WB score by the weeks and the different categories of WB.
Palpated WB (WBS × Age, P < 0.0001)
Wks
NORM
MILD
SEV
abc
abc
abc
0
0.1 ± 0.17
0.1 ± 0.16
0.1 ± 0.12
1
0.0a ± 0.10
0.0a ± 0.11
0.0ab ± 0.11
2
0.2bc ± 0.10
0.3c ± 0.11
0.3c ± 0.11
bc
cd
3
0.2 ± 0.10
0.3 ± 0.11
0.6e ± 0.11
4
0.5d ± 0.10
0.71ef ± 0.11
1.2i ± 0.11
de
gh
5
0.5 ± 0.10
0.9 ± 0.11
1.6j ± 0.11
f
f
6
0.8 ± 0.10
0.8 ± 0.11
2.2kl ± 0.11
7
0.8fg ± 0.10
1.7j ± 0.11
2.2l ± 0.11
de
hi
8
0.5 ± 0.13
1.1 ± 0.13
2.2k ± 0.11
a – k Within a dependent variable, interactive least squares leans lacking a common
superscripted letter differ (P ≤ 0.05).

4.5

a
a a

Mean bird weight (Kg)

4
a

3.5
3

b

2.5
c b

2
1.5

b

a a

a

N
M

a a

S

a
c b

1
0.5

a a

a b

0
2

3

4

5

6

7

8

Weeks

Figure 4. Weekly growth weights of live birds by WB palpation. Means showing different letters
in each week are significantly different (P<0.05). WB palpation normal-N (0+0.5),
mild-M (1+1.5), and severe-S (above 2). At 2 weeks it was only absence or presence,
green represents the absence and yellow the presence.
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Table 4. Overall Spearman's correlation of WB fillets score1 with the bird weight and
measurements by week.
Parameters
Bird wt
CCRAN

2

Weeks
0

1

2

3

4

5

6

7

8

-0.01

0.28***

0.13*

0.13*

0.12*

0.13**

0.1*

0.09*

0.24***

0.07

0.21*

0.1

0.26**

0.41***

0.44***

0.39***

0.51***

0.11

TCRAN3

-0.07

0.39***

0.12*

0.23***

0.36***

0.41***

0.5***

0.5***

0.3***

2

0.22*

0.02

0.03

0.12

0.06

0.12

0.03

0.08

-0.09

3

CCENT
TCENT

0.14

0.12

0.04

-0.05

0.12

0.04

0.18*

0.13

0.18*

2

-0.15

0.37***

0.32***

0.25***

0.33***

0.51***

0.54***

0.61***

0.05

3

-0.08

0.07

0.13

0.41***

0.34***

0.54***

0.51***

0.48***

0.51***

CCAUD
TCAUD
1

WB fillet scores evaluated on the processing day.
2
Broiler breast measurements made with a caliper (2 dimensional).
3
Broiler breast measurements made with a cloth measure tape (3 dimensional).
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Table 5. Spearman’s correlation of WB fillets scores1 with the measurements by the bird type.
2

3

4

5

6

7

TCRAN3

Weeks
1

High yield birds A
High yield birds B
Fast food birds
Tray pack birds

0.26
0.07
0.05
-0.13

0.25
0.20
0.10
-0.19

0.16
0.21
0.34**
0.00

0.24
0.35**
0.36**
0.21

0.31*
0.43***
0.39***
0.03

0.48***
0.47***
0.56***
0.08

0.53***
0.56***
0.55***
0.16

CCAUD2

Parameters

High yield birds A
High yield birds B
Fast food birds
Tray pack birds

-0.14
0.17
0.24
-0.21

0.13
0.15
0.22
-0.26

0.09
0.36**
0.44***
-0.02

0.17
0.31**
0.41***
0.16

0.38**
0.34**
0.23
0.09

0.37**
0.35**
0.24*
0.18

0.53***
0.51***
0.48***
0.39***

1

WB fillet scores evaluated on the processing day.
Broiler breast measurements realized with a caliper on the caudal region (end of the ribs).
3
Broiler breast measurements realized with a cloth measure tape along the cranial region (wing to
wing insertion).
2

Table 6. Differences of breast fillets WB score with the measurements by the weeks.
Wks
0
1
2
3
4
5
6
7
8

TCRAN (WBS × Age, P < 0.0001)
NORM
MILD
SEV
4.8a ± 0.49
4.6a ± 0.49
4.7a ± 0.45
5.4b ± 0.45
5.5b ± 0.45
5.8c ± 0.45
9.7e ± 0.45
9.6de ± 0.45
9.4d ± 0.45
f
f
13.0 ± 0.44
12.9 ± 0.45
13.1f ± 0.45
g
g
16.5 ± 0.44
16.6 ± 0.45 17.2h ± 0.45
i
19.6 ± 0.44
20.0j ± 0.45
20.7k ± 0.45
l
m
22.4 ± 0.44
23.0 ± 0.45 23.9n ± 0.45
o
24.5 ± 0.44
25.3p ± 0.45 25.8q ± 0.45
q
25.8 ± 0.46
26.5r ± 0.47
27.1s ± 0.45

TCAUD (WBS × Age, P < 0.0001)
NORM
MILD
SEV
3.3ab ± 1.08
3.3ab ± 1.08
3.2a ± 1.07
3.7b ± 1.08
3.4ab ± 1.08
3.7b ± 1.07
5.3c ± 1.08
5.1c ± 1.08
5.5c ± 1.07
d
d
8.3 ± 1.07
8.2 ± 1.07
8.6e ± 1.07
fg
f
10.9 ± 1.07
10.6 ± 1.07
11.0g ± 1.07
h
h
13.1 ± 1.07
13.0 ± 1.07
14.0i ± 1.07
j
j
14.8 ± 1.07
15.0 ± 1.07
15.9k ± 1.07
l
l
16.3 ± 1.07
16.6 ± 1.07 17.1m ± 1.07
m
16.8 ± 1.07
17.5n ± 1.07 17.9o ± 1.07

Wks
0
1
2
3
4
5
6
7
8

CCRAN (WBS × Age, P = 0.0021)
NORM
MILD
SEV
1.6a ± 0.23
1.6a ± 0.22
1.7a ± 0.18
2.4b ± 0.23
2.4b ± 0.22
2.6b ± 0.18
4.3c ± 0.23
4.2c ± 0.22
4.4c ± 0.18
de
d
5.7 ± 0.23
5.4 ± 0.22
6.0e ± 0.18
f
f
7.7 ± 0.19
7.6 ± 0.19
8.1g ± 0.17
h
h
9.8 ± 0.19
9.9 ± 0.19
10.5i ± 0.17
j
j
11.9 ± 0.19
12.0 ± 0.19
12.5k ± 0.17
l
l
13.1 ± 0.19
13.3 ± 0.19 13.7m ± 0.17
14.6n ± 0.19
15.1o ± 0.19 15.5p ± 0.17

CCAUD (WBS × Age, P < 0.0001)
NORM
MILD
SEV
1.7a ± 0.43
1.6a ± 0.43
1.6a ± 0.41
2.3b ± 0.41
2.3b ± 0.41
2.2b ± 0.41
3.1c ± 0.41
3.0c ± 0.41
3.0c ± 0.41
d
d
4.3 ± 0.41
4.3 ± 0.41
4.2d ± 0.41
e
e
5.9 ± 0.41
5.9 ± 0.41
6.0e ± 0.41
f
g
7.1 ± 0.41
7.4 ± 0.41
7.9h ± 0.41
i
j
8.1 ± 0.41
8.5 ± 0.41
9.2l ± 0.41
k
l
8.9 ± 0.41
9.4 ± 0.41 10.4m ± 0.41
12.9n ± 0.43
12.9n ± 0.43 12.8n ± 0.41

a–s

Within a dependent variable, interactive least squares leans lacking a common superscripted
letter differ (P ≤ 0.05).
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Age (d)

Figure 5. Gompertz curves differences of WB palpation by WB fillet scores over the weeks.

Table 7. Gompertz curve parameters for WB palpation by WB fillet scores.
Prob > ChiLower
1
Parameter
WB
Estimate Std Error
square
95%
Asymptote
Normal
0.66
0.08
0.0001
0.52
Growth
Normal
0.09
0.03
0.0006
0.04
Inflection Point
Normal
21.6
1.99
0.0001
17.7
Asymptote
Severe
1.68
0.07
0.0001
1.55
Growth
Severe
0.09
0.01
0.0001
0.07
Inflection Point
Severe
23.8
0.68
0.0001
22.5
1
WB scores: Normal (0+0.5), Severe (1+1.5+2+2.5+3)

Upper
95%
0.81
0.15
25.5
1.8
0.11
25.1
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Table 8. Bird type differences on the breast chicken measurement (cm) at the cranial region with
a cloth tape by the days.

Asymptote
(cm)

High breast yield B
Fast food birds
Tray pack birds
High breast yield A

30.61
28.91
28.97
33.27

Std
Error
0.56
0.5
0.32
0.29

Inflection Point
(d)

High breast yield A
High breast yield B
Fast food birds
Tray pack birds

18.27
16.43
15.97
15.2

0.24
0.44
0.41
0.25

Parameters

Bird type

Estimate

Prob > Chisquare
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

Lower
Upper
95%
95%
29.5
31.7
27.9
29.9
28.3
29.6
32.7
33.8
17.8
15.6
15.2
14.7

18.7
17.3
16.8
15.7

Table 9. WB differences of polled bird type on the breast chicken measurement (cm) at the cranial
region with a cloth tape by the days.
Parameter
Asymptote
(cm)

Inflection
Point (d)

Bird type
Heavy
debone2
Standard3
Heavy
debone2
Standard3

WB1
N
S
N
S
N
S
N
S

Estimate
31.73
34.74
28.91
30.15
18
19
16
16

Std
Error
0.601
0.486
0.429
0.689
0.478
0.384
0.343
0.527

Prob > Chisquare
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001

Lower
95%
30.5
33.8
28.1
28.8
16.6
18.4
15.0
15.3

Upper
95%
32.9
35.7
29.8
31.5
18.5
19.9
16.3
17.3

1

WB scores: Normal (0+0.5), Severe (1+1.5+2+2.5+3).
Pool of high breast yield A and B.
3
Pool of fast food birds and tray pack birds
2
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Chapter IV. INCIDENCE OF WOODEN BREAST MYOPATHY BY BIRD AGE,
GENDER, AND STRAIN
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Abstract
The objective of this study was assessing the impact of strain, sex, season, and age on breast
myopathies. Fillet attributes were also assessed to evaluate the characteristics of wooden breast
(WB) by the breast fillet weight and thickness by different ages. A total of 10,737 for three broilers
types were processed on 5, 6, 7, 9, and 10 weeks of age in multiple trials over a three-year period.
Following processing, carcasses were deboned and breast fillets were weighed, and measured for
length, width of the caudal region, width of the cranial region and thickness of the cranial region.
Fillets were then scored for WB using a scale from 0 to 3 with 0.5 (Tijare et al., 2016). Fillets were
hot-boned and scored at approximately 1 h postmortem. For analysis, categories were combined
and referred to as Normal (0+0.5), Mild (1+1.5), and Severe (2+2.5+3) and binary N (0 and 0.5)
and Sev (above score 2). Data were analyzed using generalized regression and chi-square in JMP
Pro 14 with strains, age, sex, breast fillet weight, and measurements fit as the effects. As age
increased from 5 to 10 weeks, broiler size (body weight, fillet weight) and incidence of mild and
severe WB increased (p<0.01). At 5 weeks of age, the incidence of mild and severe was 15.9%
and this incidence increased to 52.8% at 10 weeks for overall data. Males had greater severity than
females in all the age periods (p<0.01). Most of the data concentrates on 7 weeks of age (n=4630);
males had 42.4% of Mild and Severe while Females show 21.2% of incidence of the same levels
of WB. In addition, WS had a significant interaction by gender and age with females showing as
age increases the differences are more prominent between the sexes. The thickness of the breast
fillet has an impact on the WB (rs=0.59), whenever the thickness increases the WB severity also
increases. Spaghetti meat (SM) also was evaluated showing a highly difference (p<0.001) on 7
weeks of age, where females presented 10.2% of the breast analyzed on that age, while males
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presented 3.2%. The presence of WB, WS and SM is still an issue in current commercial broiler
flocks.
Key words: white striping, wooden breast, spaghetti breast, marked strains, frequency.
Introduction
Chicken meat is one of the most consumed meat around the world (“OECD-FAO
agricultural outlook, 2008-2017,” 2013). The consumption has increased over the years because
how versatile, easy, healthy, cheaper than the other meats, and non-cultural and non-religious
concerns. However, the inflation on consumption and production of chicken was able because
the progress work of the genetic selection and the good nutrition requirements for the growth of
the bird in seven weeks. Studies done by Havenstein et al. (2003) and Zuidhof et al. (2014)
related old lined chicken breeds from 1950 with 2000’s, they compared he differences on the
bird growth and the performance of them as well the parts yield. Geneticists select the best
performance broilers to be selected, looking for the lower feed conversion, and high processing
yield. On the other hand, this selection affected birds’ health, like lameness, ascites, and the meat
quality of these animals by increasing the amount of myopathies.
Breast myopathies are a hot topic subject for the poultry meat quality. These myopathies
harms meat quality by the appearance, texture, water holding capacity, and nutritional
components (Petracci et al., 2019). Since the meat quality is compromise, industry downgraded
increasing the economic losses (Huang et al., 2018). The most mentioned myopathies discussed
now are white striping, wooden breast, and spaghetti meat. These three conditions affect the
chicken breast muscle (Pectoralis major) and a classification depend on the degree of severity by
visualization and/or manual palpation of this muscle. White striping (WS) consist in white
striations following the muscle fibers on the surface of the raw chicken breast, normally appear
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on the cranial region close to the wing insertion and can extend through all the breast muscle
(Kuttappan et al., 2013c; b; Ferreira et al., 2014) Wooden breast (WB) is represented by the
hardness of the whole breast fillet and could be pale, exudative, and hemorrhagic on the surface
(Sihvo et al., 2014; Kuttappan et al., 2016; Griffin et al., 2018).The toughness of the breast varies
in intensity and region or broadcast (Tijare et al., 2016; Sihvo et al., 2018b). Spaghetti meat
(SM) is characterized by the loosing, friability, and separation of bundles of muscle fibers,
mostly focus on the cranial region, also it is possible to finger pinch the muscle(Sirri et al., 2016;
Baldi et al., 2018; Zampiga et al., 2019).
The aim of this study is to evaluate the incidence of breast myopathies, body weight, and
breast yield over three years of data collection in broilers with several factors: ages, sex, and
strains along with carcass and breast yield.
Material and Methods
A total of 10,737 birds were processed at the University of Arkansas from 2016 to 2018.
In each processing, there were equal number of males and females within the strains. Each trail
consists of 280 broilers from the same age. Strain varied by trial and the birds used was from
four different lines, the standard birds were separated in fast food birds and tray pack birds. The
other two lines were pooled together in heavy debone birds. A commercial-style processing inline system was used where the birds were electrically stunned, manually slaughtered by
severing the left carotid artery and jugular vein, bled out, soft scalded, and defeathered. The
carcasses were then manually eviscerated and deboned. Live birds weight, carcass weight and
deboned parts were weighed and recorded. Fillets were hot-boned and scored at approximately 1
h postmortem. Breast fillets were measured for length, width of the caudal region, and width of
the cranial region and thickness of the cranial region. Fillets were scored for WS, WB, and
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presence or absence of SM. White striping was scored by the thickness of the stripes according
to Kuttappan et al. (2012) demonstrated on Figure 2. Woody breast used methods developed by
Tijare et al. (2016), scores from 0 to 3 with 0.5 scale depending on the level of hardness of the
fillets (Figure 1). For analysis, categories were combined and referred to as Normal (0+0.5),
Mild (1+1.5), and Severe (2+2.5+3). Spaghetti meat was classified if present (1) when the meat
was stringy and the surface was easily punctured through the muscle fascia or normal (0). Two
people, experienced in scoring, scored fillets throughout the study period.
Statistical analysis
Data was analyzed with chi-square test (P<0.05) for the incidence of myopathies over the
years, wks, sex, strain, and processing weights with JMP® Pro 14 (SAS Institute, 2018). Least
squared means, interaction, and generalized regression were analyzed using ANOVA with the
myopathies fixed source of variation. Means were compared using Tukey’s HSD test considered
significant at P<0.05 (SAS Institute, 2018). Bird weights were divided into equal-sized bins, to
be able to visualize the relation between them with the myopathies. It was obtained by binning
procedure in JMP), in 454g increments and mean score was plotted.
Results and Discussion
The presence and severity of muscle abnormalities in broilers of various ages, strains, and
gender were assessed in a three year study. The incidence of WB and WS for overall dataset are
presented in Table 1 and 2. The results showed that the severity of WB incidence (scores ≥ 2)
increased (chi-square<0.05) in over the three years of analyses, the first year had a lower
incidence of severe WB (18.2%) compared with the other two years (22.6 and 27.4%).
Nevertheless, WS decreased from 19.6% to 13.9% in the severe cases and mild WS tended to
decrease whereas the normal fillets tended to increase over that time period.
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Since over the years the incidence was increasing for WB and decreased for WS, it could
be related with the different type of birds or with the improvement of the meat quality. The fast
food birds had the WB lower incidence of 81.3% while 72.3% for tray pack birds, and the heavy
debone showing higher (19.3%) incidence of severe scores for WB (Figure 3). This data supports
the trends that heavy debone broilers have higher WS incidence of 23.8% compared to standard
birds (i.e. similar to tray pack in this study) (Table 2) (Petracci et al., 2013; Lorenzi et al., 2014;
Bailey et al., 2015; Alnahhas et al., 2016; Livingston et al., 2019). Differently of this study,
Trocino et al. (2015), did not find significant differences for WB between the two different
strains of standard and high yield broilers at 46 d.
Age of broilers at processing age was highly significant (chi-square<0.05) showing an
increase of severities of WS and WB with the increase of the age and the weight. In addition, the
age is only based on a specific range of the bird weight for a product type. For example, , the
severe WB incidence increases almost doubles (5.8% to 10.6% respectively from 6 to 7 wks as
well as from 7 to 9 wks to20.2% (Figure 5). The results agree with the incidence presented by
Cruz et al.( 2017), Papah et al. (2017), and Griffin et al. (2018). White striping increases with the
slaughter age as well, starting with 1.7% at 5 weeks increasing to 10.2% at 6 weeks and then
almost 4 times more at 9 weeks with 37.7% of incidence for severe cases of WS.
The relationship by the bird weight and the myopathies were increasing by the weights
(Figure 9). Bird weight had moderate correlation with WB (rs =0.36) and WS (rs =0.46). As well
as the age, the same pattern happened with the bird weight (Figure 10). There is a 50% chance of
birds that have 4.54 kg to present WB. There is an increase of 12% on the severity of WB for the
increase of 1 kg. It is already known there is a higher probability of a high breast yield bird to
have more WB than the other strains. Even though if the birds had the same range of weight like
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on Figure 11 at the range of 3.18 kg, the high breast yield had almost 50% of the birds with some
level of WB while the fast food had 15.2% and the tray pack had the double of the fast food bird.
However, it could be simple to change for a tray pack bird or a fast food bird to try to avoid WB,
but also need to think about the cost of the growth and the yield produced at the end.
Breast yield is one of the most important features of broilers and correlated (rs =0.5 and rs
=0.45) with the WS and WB, reported at Figure 6. White striping and WB increase the incidence
with the breast yield growth, differently from the breast weight when the WB and WS does not
have differences after 1.2 kg of breast fillet. The interaction of processing day by bird type and
the WB categories showed that birds that have more than 30% of average of the breast yield have
50% of chances to present WB (Figure 7). This was the max for overall the animals, but when
analyzing by the types it is possible to grown them until 30.3% at 9 wks for the heavy debone
birds. The other two types were max of 28.6% at 10 wks for fast food birds and 28.7% at 9 wks
for tray pack birds being heavier at that age than with 10 wks (Figure 8). Fast food birds are
lighter than the other strains, for this reason there is less animals on the higher end of the breast
yield.
Gender differences were significantly different (chi-square<0.05) for both myopathies,
males had more mild (25% for WB and 45.8% for WS) and severe (18.4% for WB and 17.8%for
WS) compared with females with mild WB of 17.4% and 42.4% for WS. The same significant
difference also were found in other research from Kuttappan et al. (2013), Lorenzi et al. (2014),
and Trocino et al. (2015). Some countries still sexing broilers for better fulfill them market with
the specific products. As well as the bird strain; tray pack birds have the same amount of severe
WB and for males and females of a mild score of 14.2%, showed in Figure 4. High breast yield
male broilers had two times more WB than females for severe WB (26% and 13%, respectively).
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Fast food birds represent the lowest incidence on WB where most of the fillets were normal,
88% for females and 75% for males.
Spaghetti meat has a different behavior where it manifests more in the lightweight birds
and females. For the spaghetti meat myopathy, bird type differences do not follow the same
pattern of WB incidence (Table 4). Heavy debone birds and the tray pack birds are not different
between each other, 5.5% and 5.4% of incidence, respectively (Table 4). Differently from the
WB, the females (7.8%) present three times more this abnormality than the males (2.3%).
Tray pack birds presents’ higher incidences for females on SM with 6 and 7 weeks. There
was a significant difference at 5 and 7 weeks of age, at 35 days tray pack birds presented 4.5%
compared with 2% of high breast fillets and 0.8% for fast food birds (Figure 12). With 49 days of
age, birds were significantly different (chi-square<0.005), high breast had 7.4%, followed by tray
pack birds 7.1%, and 3.1% for fast food. At 49 d, females present three times more SM than
males. Baldi et al. (2018) reported that breast fillets of SM were heavier than normal with 47d of
age, and after 9 wks, the differences are opposite showing normal breast fillets heavier than the
SM ones. As well as WS, SM have more incidences in females (7.5%) than in males (2.2%).
Conclusion
The results presented in this study showed the demographics on the most used bird
strains in the U.S. broiler market. Among the type of birds there are differences in the incidence
of breast myopathies, showing that high breast yield birds have more incidence on WB. As well
as effect of gender where males had more WB and females had more SM. Age is another factor
that is important for the breast myopathies. the WS and WB myopathies increase as the birds get
older, but the majority of SM was observed at a younger market age (e.g., 7 wk). Breast yield
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and bird weight play a role on the problem as well. Overall, the larger birds with higher breast
yield are more affected by myopathies (WB and WS), especially in the severe form.
The data presented could analyze the actual frequency and the differences on the effect
of gender, breast and live weights, age and strains. The importance of this is to be able to help
the industry to improve and guide for decision making to hopefully prevent the loss that
myopathies are causing.
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Figures and Tables

Figure 1. Woody breast (WB) score methodology used to classify the different rigidity along the
breast fillet.

Figure 2. White stripping score methodology used to classify the different white striations along
the breast fillet (Kuttappan et al., 2016).
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Figure 3. Incidence of WB over the different type of birds. Values in the bars represent the
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Figure 12. Spaghetti meat incidence by the bird type and weeks.
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Table 1. Incidence of woody breast (WB) scores with respect to the factors or categorical
independent variable.
Frequency (%)
N1

M1

S1

𝝌𝟐

Total

Factor
Year
2016

49.3

32.5

18.2

5255

2017

47.8

29.6

22.6

3306

2018

48.7

23.9

27.4

2184

0.0001

Bird type
Fast food birds
Tray pack birds
Heavy debone

81.3
72.3
53.9

13.3
18.6
26.8

5.4
9.1
19.3

Sex
Females

75.1

17.4

7.5

5302

Males

56.6

25

18.4

5443

Wks
5

84.1

12.2

3.7

1831

6

76.9

17.3

5.8

863

7

68.1

21.3

10.6

1477

9

54.1

25.7

20.2

1410

10

47.2

28.5

24.3

2011

1

0.0001
1449
4781
4515
0.0001

0.0001

WB scores: N (0+0.5), M (1+1.5), and S (2+2.5+3).
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Table 2. Incidence of white striping (WS) scores with respect to the factors or categorical
independent variable.
Frequency (%)
Factor
Year
2016

N1

M1

S1

Total

0.0001
33.5

46.9

19.6

2017

47.8

38

14.2

2018

42.6

43.5

13.9

Bird type
Fast food birds
Tray pack birds
Heavy debone

52.2
43.9
27.8

38.2
42
48.4

9.6
14.1
23.8

Sex
Females

40.5

42.4

17.1

Males

36.4

45.8

17.8

Wks
5

71.9

26.3

1.7

6

56.2

33.5

10.2

7

38.6

47.8

13.5

9

16.2

46

37.7

10

13.9

53.5

32.6

1

𝝌𝟐

5255
2301
1072
0.0001
1166
3925
0.0005

3537

4255
4373
0.0001
1496
576
3982
843
1731

WS scores: N (0+0.5), M (1); S (1.5+2+2.5+3).
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Table 3. Incidence of Woody breast (WB) between the bird type and weeks.
N1
Fast food
n
%
5
398
30.6
6
72
5.4
7
637
44.8
9
69
4.1
10
273
15
Tray pack birds
5
1033
25.1
6
503
11.2
7
1921
40.4
9
699
12
10
625
11.2
Heavy debone
5
399
12.7
6
288
8.7
7
2072
50.4
9
642
12.4
10
1113
15.8
1
WB scores: N (0+0.5), M (1+1.5), and S (2+2.5+3)

M1

S1

%
13
3.6
43.5
7.2
32.6

%
15.3
1.3
32.1
9
42.3

14.3
8.8
42.1
19
15.9

8.5
8.5
34.2
26.6
22.3

6
5.3
43.4
14.8
30.5

2.2
1.4
36.6
18.6
41.2
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Table 4. Incidence of spaghetti meat (SM) with respect to the factors.
Factor
Year
2016
2017
2018
Bird type
Fast food birds
Tray pack birds
Heavy debone
Sex
Females
Males
Wks
5
6
7
9
10

SM

Total
0.0001
70
27.2
2.78

5251
3304
2182
0.0001

6.8
47.8
45.4

1449
4781
4515
0.0001

77
23

5298
5439
0.0001

10.6
7.8
57.2
10.7
13.7

1831
863
1477
1410
2011
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CONCLUSIONS

122

General Conclusion
In this dissertation research the model of inducing, predicting, growth curve, and
demographics of breast myopathies in broilers was investigated. There is not a clear etiology or a
model to increase or induce breast myopathies, specifically WB. In this study, inducing activity in
birds through practical means such as human interaction and light intensity did not affect the
woody breast myopathy.
The need for a better methodology on WB scoring leaded a prediction model on the breast
fillets measurements that was able to differentiate the non-affected by the affected ones. This
model of prediction of WB could be used in industry to select the different WB categories.
Freezing the breast meat improves the softness of the WB and differences exist between right and
left fillets.
Since the WB prediction model for the breast fillet were successful it could be used in live
birds to be able to select birds at the farm avoiding WB on the processing day. Then other way to
evaluate the WB could be done by palpation on live birds, showing with 3 weeks old was correlated
and had significant differences between the 3 categories and increases with the age but can be
susceptible to differences depending on the genotype. Therefore, birds could be selected for better
understanding of the preventive ways to decrease the incidence of WB. In addition, measurements
on the breast of live birds was reported to vary much depending on the type of bird and age.
However, the growth curves presented differences on the breast cranial and caudal region while
the bird is growing. There is a high difference between the bird lines and a difference by the severe
WB by the non-affected.
To conclude the research, demographics of breast myopathies realized on the market birds
over the differences on the strains, sex, weights, and measurements. Mostly the males are heavier
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showing more WB than females, but females present more SM and WS. Heavy debone birds
present more incidence of WS and WB but not of SM.
The importance of this work on the industry is to improve and guide for decision making
in order to prevent the economic loss that myopathies are causing
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