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Introduction
Recent years have seen a meteoric rise in the number of consumers wishing 
to know more about the journey their food takes from farm to fork. Consumer 
expectations on the sensory and nutritional qualities of food products have 
risen as a result of this. Poultry producers and processors must balance these 
quality parameters when making decisions aimed to improve production 
efficiency or food yield. 

This volume addresses the wealth of recent research on the genetic and 
environmental factors affecting the development of quality traits in poultry 
meat and their potential implications for breeding, husbandry and postharvest 
processing. The chapters are split into three parts: Part 1 chapters cover 
poultry muscle development and meat quality, focusing on aspects such as 
poultry muscle morphology and its impact on meat quality, understanding 
the genetics of muscle development and the impact of dietary backgrounds. 
Chapters in Part 2 focus on the individual quality attributes of poultry meat such 
as colour, texture and flavour development. Part 3 chapters discuss different 
poultry myopathies and shelf life, focusing specifically on quality defects such 
as deep pectoral myopathy, dorsal cranial myopathy, pale soft exudative meat, 
white striping, wooden breast, spaghetti meat and intramuscular connective 
tissue defect. A chapter on factors affecting the shelf-life of poultry meat is also 
included.

Part 1 Poultry muscle development and meat quality
Part 1 of the book opens with a chapter that focuses on the advances in 
understanding the development and morphology of the poultry breast 
muscle, focusing specifically on its impact on meat quality. Chapter 1 begins 
by identifying the different types of muscle fibre metabolism, then moves on 
to examine post-hatch skeletal muscle growth. The chapter also discusses the 
heterogeneity of satellite cells and their role in the development/growth of 
pectoralis major muscle. It reviews the role of satellite cells and the extracellular 
matrix in breast muscle structure associated with various myopathies as well 
as the conversion of satellite cells to an adipogenic lineage. The chapter 
concludes by analysing the effect of selection practices on breast muscle yield, 
comparing both fast and slow muscle growth. 

The next chapter focuses on understanding the genetics of poultry muscle 
development. Chapter 2 first examines the origin and genetic regulation of 
muscle precursors, then moves on to discuss the genetic control of muscle 
precursor migration, specifically from the somite phase to the final phase the 
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limb. The chapter also reviews the genetic regulation of satellite cells during 
post-hatch muscle growth. Sections on the various signalling pathways are also 
provided, focusing on the control of skeletal muscle development and muscle 
mass, myostatin/activin signalling, bone morphogenetic protein signalling as 
well as GH-GHR-IGFs axis, PI3K-Akt pathway and FOXO signalling. 

The final chapter of Part 1 examines the nutritional strategies and 
management practices currently in place to improve poultry meat quality. 
Chapter 3 begins by highlighting the nutritional and feeding strategies to 
modulate meat composition, which is then followed by an overview of the 
strategies to improve meat quality and mitigate the incidence of breast meat 
abnormalities. A section on the consequences of heat stress on poultry meat 
quality and the nutritional strategies that can limit product alterations is also 
provided. The chapter also provides a discussion on the effect of management 
practices on meat quality, focusing specifically on the case of caponisation. 

Part 2 Individual quality attributes
Part 2 begins with a chapter that reviews understanding colour development 
in poultry meat. Chapter 4 first reviews how different concentrations of 
myoglobin can influence the colour of poultry meat, which is then followed 
by a more in-depth analysis of myoglobin primary structure and its oxidation 
properties. The role of different biochemical factors and their effect on 
poultry meat colour is also discussed. The chapter moves on to review the 
application of metabolomics and proteomics in poultry colour research as well 
as the importance of understanding how pinkness can occur in cooked meat. 
Postharvest practices to improve meat colour are also provided. The chapter 
includes two case studies, the first reviews the impact of packaging on ground 
chicken colour and the second looks at molecular mechanisms that regulate 
poultry colour characteristics. A section on tools to assess poultry quality is also 
included.

The next chapter looks at texture development in poultry meat, focusing 
on advances and developmental strategies in meat tenderness. Meat 
tenderness is a complex quality trait to handle  as each consumer has their 
own level of acceptance and preferences. It should also be noted that texture 
development is a very intricate process that is multifaceted. Chapter 5 begins 
by highlighting how texture development in the end product is important 
to the consumer. It then goes on to review the various factors that can affect 
poultry meat tenderness, such as rigor mortis, contractile state of the muscle, 
water holding capacity, collagen composition and age and strain effects. 
Tenderness assessment methods are also discussed, focusing specifically on 
visual inspection as a means to assess tenderness and instrumental methods. 
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The final chapter of Part 2 focuses on advances in understanding flavour 
development in poultry meat. Chapter 6 first examines the flavour chemistry of 
poultry meat, focusing on the changes that occur during the process of cooking 
the meat. The chapter then draws attention to the main flavour precursors of 
poultry meat: water-soluble components and lipids. Factors influencing the 
flavour formation in poultry meat are also discussed, specifically factors during 
the pre-slaughter and post-mortem stages of the poultry product. The chapter 
also highlights various strategies for preserving or enhancing the flavour of 
poultry meat, such as selecting the suitable breed/strain of chicken, improving 
lipid class and fatty acid composition and analysing the intramuscular contents 
of amino acids and nucleotides. The diet of the bird, the use of alternative 
production systems, aging, cooking, irradiation, high-pressure and plasma 
treatment and the use of additives in poultry products are also discussed.

Part 3 Poultry myopathies and shelf life 
The first chapter of Part 3 focuses on breast meat abnormalities associated with 
ischaemic necrosis, focusing specifically on dorsal cranial myopathy and deep 
pectoral myopathy. Chapter 7 summarises the most relevant findings for both 
myopathies, focusing on the morphological and microscopic characteristics 
as well as incidence levels, their aetiology and associated factors that can 
influence this, such as seasonal influence and nutritional factors. To provide 
further background information, the chapter includes a section on muscle 
abnormalities in Latin American countries such as Brazil, Argentina, Peru, Chile, 
Colombia, Bolivia and Mexico as the growth of broiler meat production is 
highest. 

The subject of Chapter 8 is quality defects associated with poultry muscle 
development, specifically pale, soft exudative meat. The chapter first reviews the 
causes of the occurrence of pale, soft and exudative meat, focusing specifically 
on genetic factors, ante-mortem stress as well as slaughter and post-mortem 
factors. It then goes on to examine the characteristics of the condition, drawing 
specific attention to physico-chemical and microbial properties as well as the 
technological properties of meat that is affected by the condition. The chapter 
describes genetic and epigenetic strategies to reduce and mitigate the impact 
of pale, soft exudative meat as well as the pre-slaughter strategies that can 
be used. Processing strategies such as the use of functional ingredients and 
technologies to reduce and mitigate the condition’s impact on poultry meat are 
described. A section on the methods to detect pale, soft and exudative meat is 
also provided.

Chapter 9 focuses on another harmful quality defect that affects poultry 
muscle development, white striping. The chapter begins by describing 
the impacts of white striping on quality traits of poultry meat, such as its 
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physicochemical properties, nutritional quality, technological properties, 
sensory quality and consumer acceptance and shelf life. It moves on to review 
the biological changes associated with the development of white striping. 
Factors contributing to the development of white striping are also included, 
discussing both genetic and non-genetic factors. The chapter also examines 
potential strategies for reducing white striping such as feed modification, farm 
management, processing and breeding. 

The subject of Chapter 10 is wooden breast, another quality defect 
associated with poultry muscle development. The chapter first describes the 
possible factors underlying the occurrence of wooden breast, then moves on 
to review the main features characterising wooden breast. It looks at the criteria 
and methods for wooden breast evaluation and the histological characteristics 
of abnormal wooden breast muscles. The effects of wooden breast on poultry 
meat quality are also examined, such as its implications on proximal composition 
and nutritional value as well as the impact on technological properties of poultry 
meat. A section on the potential strategies to reduce the incidence of wooden 
breast and/or mitigate the effects of such condition on meat quality is also 
included, focusing specifically on two main approaches – nutritional strategies 
and the postharvest solutions to counteract reduced sensory and technological 
properties of poultry meat affected by wooden breast.

Chapter 11 looks at the quality defect known as spaghetti meat. This 
condition causes significant economic losses to the industry due to the 
affected breast meat being downgraded. The chapter begins by analysing the 
characteristics of spaghetti meat, specifically focusing on the macroscopic and 
microscopic traits, as well as connective tissue characteristics and chemical 
composition. It moves on to review the impact of spaghetti meat myopathy 
on meat quality and functionality, which is then followed by an analysis of 
pathological mechanisms and predisposing factors for spaghetti meat.

The final chapter of the book examines the factors affecting the shelf-life 
of poultry meat. Chapter 12 first highlights the importance of understanding 
both microbial and oxidative spoilage of poultry meat, focusing specifically on 
pre- and post-slaughter oxidative stress. This is then followed by a review of 
the impact of oxidative stress on poultry meat shelf life, specifically the effect 
oxidation has on the appearance of poultry meat. Strategies for extending 
poultry meat shelf life are also discussed, such as dietary strategies, the use of 
antioxidants and antimicrobials in meat products and the packaging of these 
final products as well. 



Part 1
Poultry muscle development and meat 
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1  Introduction
Meat quality is the result of the morphological structure of muscle and cellular 
mechanisms regulating skeletal muscle growth and development. Meat-type 
poultry have been selected for increased growth, carcass weight, breast muscle 
yield, reduced time to reach processing weight, and improved feed conversion 
(Havenstein et al., 1994a,b, 2003; Collins et al., 2014). An emphasis has been 
placed by the poultry breeding industry especially on increased growth rate, 
breast must yield and conformation. Despite positive changes in growth rate, 
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feed conversion, and muscling, meat quality problems in the breast muscle 
have arisen in both meat-type broilers and turkeys.

In broilers, three recently identified myopathies, Wooden Breast, White 
Striping, and Spaghetti Meat, are receiving considerable research and industry 
attention due to their negative effects on breast meat quality. Wooden Breast 
was first described by Sihvo et al. (2014) as a breast muscle myopathy resulting 
in muscle discoloration, turbid viscous coating of the outer surface of the 
muscle, and a palpably hard consistency. It has been estimated that 48–71% of 
commercial broilers have mild phenotypic Wooden Breast (Sihvo et al., 2017). 
In addition, to the visual changes associated with Wooden Breast, the breast 
muscle has reduced myofibrillar protein levels, decreased muscle yield, and 
reduced water-holding capacity. The Wooden Breast affected meat product 
often is downgraded or condemned from human consumption. White Striping 
is characterized by white striations of connective tissue and fat running parallel 
with the breast muscle myofibers. Almost all commercial broilers in the United 
States have some White Striping whereas in 2012 only 5% of the broiler breast 
muscle was affected (Kuttapan et al., 2016). In contrast to Wooden Breast, 
White Striping does not affect product quality, but consumers do not view 
excessive White Striping positively in making a purchase. Spaghetti Meat is 
characterized by the separation of muscle fiber bundles in the pectoralis major 
(p. major) muscle. The name Spaghetti Meat was chosen as the muscle fiber 
cylindrical rods are visible and resemble pasta noodles. In contrast to Wooden 
Breast and White Striping, following processing the p. major muscle can be 
pulled apart by hand. As described by Baldi et al. (2018), the endomysial and 
perimysial connective tissue layer in Spaghetti Meat degrades in a progressive 
manner. Meat quality is negatively impacted by this myopathy.

In fast growing heavy weight meat-type turkeys, more degenerating 
muscle fibers have been observed in lines selected for growth and heavy breast 
muscle weight (Wilson et al., 1990; Velleman et al., 2003). In broilers, almost 
all heavy weight meat-type birds have structural lesions in the breast muscle 
changing the biochemical composition of the meat, and negatively impacting 
water holding and binding capacity of the meat (Mazzoni et al., 2015). To date 
Wooden Breast, White Striping, and Spaghetti Meat have not been reported 
in turkeys. However, other breast muscle myopathies have been reported in 
turkeys including deep pectoral myopathy (Wilson et al., 1990; Sosnicki and 
Wilson, 1991), focal myopathy (Sosnicki, 1993), and pale, soft, and exudative 
(Pietrazak et al., 1997).

Many of the avian myopathies of economic concern are associated 
with the breast muscle (p. major muscle), and not the leg or thigh muscles. 
The primary difference between the p. major muscle and leg/thigh muscles 
is the type of metabolism to provide the energy for contractile needs of the 
tissue. Understanding why the p. major muscle is prone to the development of 
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myopathies requires knowledge of muscle fiber type metabolism, posthatch 
hypertrophic growth mechanisms mediated by the adult myoblasts (satellite 
cells), development of the muscle morphological cell structure, and sensitivity 
of the satellite cells to extrinsic stimuli.

2  Types of muscle fiber metabolism
To provide the energy requirements needed, three basic types of skeletal 
muscle fibers exist which are categorized by contractile speed: (1) red slow 
twitch oxidative Type I muscle fibers, (2) white fast twitch glycolytic Type 
IIB muscle fibers, and (3) intermediate fast twitch oxidative/glycolytic Type 
IIA muscle fibers. Muscle contraction is fueled by ATP hydrolysis with the 
mechanisms of contraction and relaxation being similar across all skeletal 
muscle types. The ATP can be derived from aerobic, anaerobic, or a mix 
between aerobic and anaerobic respiration. In both commercial turkeys 
and chickens, the breast muscle is a Type IIB glycolytic muscle and utilizes 
anaerobic respiration.

Despite the contractile process being similar between aerobic and 
anaerobic muscle fibers, there are distinct differences in the contractile protein 
isoforms, metabolism, and morphological structure of the muscle. Aerobic, 
oxidative, muscle fibers contract more frequently and for longer sustained 
periods of time compared to anaerobic fibers. Anaerobic muscles like the breast 
muscle have muscle fibers that are larger in diameter and myosin is hydrolyzed 
at a faster rate to sustain quick bursts of contractions. In addition, the circulatory 
supply is significantly less in an anaerobic muscle compared to an aerobic 
muscle. In fast-growing heavy weight meat-type birds, circulatory supply in 
the breast muscle is further limited due to reduced available connective tissue 
spacing (Velleman et al., 2003).

3  Posthatch skeletal muscle growth
After hatch, skeletal muscle growth is due to the enlargement of the existing 
myofibers, hypertrophy. The mechanism of this hypertrophy was largely 
determined from studies with chickens. Smith (1963) demonstrated increases 
in myofiber number in chickens prior to hatch, and subsequent growth after 
hatch due to hypertrophy. Thus, myofiber number is determined prior to 
hatch. Posthatch muscle growth is dependent upon another cell population 
called satellite cells. Satellite cells fuse and donate their nuclei to existing 
myofibers (Moss and LeBlond, 1971) to increase myonuclear DNA content 
which is required for protein synthesis and accretion, and hypertrophic skeletal 
myofiber growth. The hypertrophy of muscle fibers from increased protein 
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synthesis results in myofiber growth through the enlargement of existing fibers 
(Moss and LeBlond, 1971; Campion, 1984).

Historically, early experiments with isolated chick embryonic myoblasts 
revealed that the myonuclei in the myotubes were incapable of mitotic division 
and that another cell was responsible for DNA accretion (Stockdale and Holtzer, 
1961). In fact, during embryonic development, myoblasts proliferate, align, and 
fuse to form multinucleated myotubes which subsequently form myofibers. 
After fusion, the myoblasts withdraw from the cell cycle (Moss and LeBlond, 
1971). The discovery of satellite cells by Mauro (1961), based on electron 
microscopic examination, paved the way to clear the enigma as to what cell type 
was responsible for posthatch muscle growth. Those cells, unique to skeletal 
muscle in all vertebrates, were termed ‘satellite cells’ due to their peripheral 
location on myofibers, residing in a niche between the sarcolemma and basal 
lamina of the myofibers. The satellite cell mass consisted mostly of nuclei, and 
there was little cytoplasm and only a few organelles, such as mitochondria or 
Golgi apparatus.

Early evidence of a role for satellite cells in postnatal growth was reported 
by Moss and LeBlond (1971), where tritiated thymidine label injected into 
young growing rats was followed in the muscle tissue. The label was localized 
to the satellite cells, indicating their division in the myofibers; later, the label 
began to appear within myonuclei, indicating that the satellite cells had fused 
with the adjacent fibers. These observations established a key role for satellite 
cells in myofiber DNA accretion, especially in young growing animals. Moss 
(1968) established the idea that DNA accretion occurs only via satellite cell 
incorporation into the growing myofiber, and that it is based on a constant ratio 
of myofiber diameter to DNA content. At hatch, the satellite cell population 
makes up about 30% of the total myonuclei; however, their proliferative 
capacity and numbers diminish rapidly to 1–5% toward the end of the growing 
period (Hawke and Garry, 2001), when they become quiescent (Schultz et al., 
1978) and reside in their niche. In heavy-strain chickens, satellite cell myogenic 
activity persists for the first 8 days posthatch and peaks on day 3 posthatch 
(Halevy et al., 2000).

In birds, during early growth, satellite cell myogenic activity is largely 
influenced by nutritional and/or environmental conditions such as light or 
temperature, all of which affect the pool of these cells for future hypertrophy. In 
chicken and turkey poults, changes in nutrition (Halevy et al., 2000; Mozdziak 
et al., 2002; Powell et al., 2013; Velleman et al., 2019) or in environmental 
conditions (Halevy et al., 2006a,b; Piestun et al., 2009; Hadad et al., 2014; 
Patael et al., 2019) during the early posthatch period impaired or enhanced the 
proliferation and differentiation activity of satellite cells, resulting in changes 
in the cell reservoir and long-term effects on muscle hypertrophy and growth. 
Recent studies have shown long-term promotive effects on satellite cells in 
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late-term chick embryos that experienced nutritional (Kornasio et al., 2011) 
or environmental manipulations during the third wave of myogenesis (Halevy 
et al., 2006b; Piestun et al., 2009; Zhang et al., 2012).

Despite the inactive state of satellite cells and their diminished numbers 
in mature muscle, upon injury, excessive exercise, overload, or various types 
of stress, quiescent satellite cells residing in their niche do have the capacity 
to become active and undergo myogenesis and fusion into existing or newly 
formed myofibers to regenerate damaged skeletal muscle (Bischoff, 1975; 
Hawke and Garry, 2001). As such, satellite cells serve as a reservoir for muscle 
precursor cells, and are therefore classified as ‘adult skeletal muscle stem cells’ 
(Collins et al., 2005). They fulfill the definition of a stem cell in that they undergo 
asymmetric division in which one daughter cell will continue the myogenic 
program and the other will replenish the muscle precursor cell reservoir. 
In addition, under specific external signals, satellite cells can transform from 
the myogenic lineage to adipogenic, chondrogenic, or fibrogenic lineages 
(Asakura et al., 2001; Shefer et al., 2004).

4  Heterogeneity of satellite cells
Satellite cells are a heterogenous population of stem cells. The heterogeneity 
of satellite cells can take many different forms with satellite cells from different 
muscle fiber types expressing the genes of the fiber type it was isolated 
from (Feldman and Stockdale, 1991; Lagord et al., 1998; Huang et al., 2006; 
Manzano et al., 2011), and variable rates of proliferation and differentiation in 
satellite cells isolated from the same muscle (McFarland et al., 1995). Satellite 
cell heterogeneity is not well understood to date, but the heterogeneity affects 
the function of satellite cells with regard to muscle growth and regeneration, 
and recent evidence strongly suggests the ability to transdifferentiate to an 
adipogenic lineage (Xu et al., 2021a).

The heterogeneity of satellite cells exists even in a pure single fiber 
type muscle like the turkey and chicken p. major muscle which contains 
homogenous Type IIb fibers. Using a robotic manipulator, McFarland et  al. 
(1995) isolated 73 different satellite cells from the p. major muscle of 6-week-
old tom turkeys. Each individual cell was expanded and then studied for 
their proliferation, differentiation, and growth factor responsiveness. The 
characterization showed a distribution of cellular behaviors from fast growing 
to slow growing satellite cells. The fastest growing satellite cell reached 65% 
confluency during proliferation in 17 days whereas the slowest growing 
satellite cell clone took 30 days. Differentiation was affected in a similar 
manner to proliferation. Growth factors are potent stimulators or inhibitors 
of satellite cell proliferation and differentiation. In the faster growing satellite 
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