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Symposium: Myopathies in broilers: Supply chain
approach to provide answers/solutions to challenges of 

raising fast growing broilers

OUTLINE

• Relationship Between Improvement of Broiler
Performances and Meat Quality Issues

• Evolution of Meat Abnormalities and Myopathies in
Poultry

• Possible Origin and Causative Mechanisms Underlying
Growth-related Myopathies In Broilers

• Conclusions
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Development of the Modern Broiler Industry
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Growth 
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(d)

BW

(kg)

HybridYear

12.120765.23.5720841,715ACRBC19571

19.453672.51.6866412,768Ross 30820072

22.362773.11.6369402,811Ross 30820142

25.169673.31.4472382,774Ross 30820222

1Havenstein et al. 2003 Poult Sci 82:1509
2Ross 308 Broiler Performance Objectives

Improvement of Broiler Performances
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Physical damages 
due to preslaughter operations

Physical damages 
due to slaughtering 

operations

Meat abnormalities 
due to pre-slaughter 

stress

DFD & PSE-like conditions

Meat quality defects due 
to slaughtering 

operations

Main Meat Quality Issues in Fast-growing Broilers

green muscle disease, white striping,
wooden breast, spaghetti meat

blood residuals, skin damages, 
missing parts

bruises, scratches, bone fractures

Toughening due to fast chilling or 
early deboning, fast post-mortem 

muscle acidification due to carcass 
electrostimulation 

Meat abnormalities 
due to fast growth rate 

and breast muscle 
development

OUTLINE

• Relationship Between Improvement of Broiler
Performances and Meat Quality Issues

• Evolution of Meat Abnormalities and Myopathies in
Poultry

• Possible Origin and Causative Mechanisms Underlying
Growth-related Myopathies In Broilers

• Conclusions
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Avian Muscle Architecture

Source: Trensz et al. (2011), doi: 10.1007/978-1-61779-322-6_10Source: Baldi et al. (2021), Poult Sci. 100:1299

Mitochondria

Sarcoplasmic reticulum

Mitochondria

Stage #1
Embryonic development

Total number of fibers is mainly determined during 
embryo development (hyperplasia) 

Stage #2
Post-hatch growth

The increase in skeletal muscle mass is mainly due to 
an increase in muscle fibre size (hypertrophy) 

Velleman (2015) Avian Dis 59:525

Avian Muscle Development and Growth 
– Embryonic and post-hatch stages –
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• Space between fibre bundles
(perimysium) and individual muscle
fibres (endomysium) is necessary
for liveability of the muscle

• Satellite cells require appropriate
niche environment and
vascularization for muscle fibre
enlargement and regeneration

Capillaries

Satellite cells
(located between the membrane and the 
basal lamina of the muscle fibers, near 

the vasculature)

Interstitial spaces
(between fibres and fibre bundles)

Nuclei

Resident 
macrophages

Avian Muscle Development and Growth 
– Importance of extracellular environment (niche) for satellite cells –

Ausems et al. (2021) Stem Cell Rev Rep 17:878

First reports on Penalties in Breast Muscle Growth
– Deep pectoral myopathy –

1985 DPM
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fiber size variability

rounded fibre

necrotic fibre

First Reports On Penalties in Breast Muscle Growth
– Failure of connective layers to support growth of muscle fibres –

1985

1990

DPM

Connective
tissue 
alteration

Symposium 
“Atypical 
poultry meat 
in relation to 
PSE pork: 
causes, 
biochemistry, 
processing 
and 
resolutions”
(Lousiana, US, 
1996)

Pale, Soft and 
Exudative meat

(PSE-like)

First reports on penalties in meat quality
– Pale-soft-exudative condition –

1985

1990

1998 PSE-like

DPM

Connective
tissue 
alteration
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• Insufficient O2 and energy supply and/or removal of metabolic
waste products

• Muscle damage
• Reduced regeneration capacity

Possible adverse effects on the functionality of 
the fibers

• Hypertrophic growth of the fibers (↑ diameter)
• Shift towards the glycolytic metabolism
• Reduced capillary density and few mitochondria
• Less development and maturity of connective tissue
• High sarcoplasmic calcium concentrations

+40%
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Full Awareness of Penalties in 
Muscle Fibre Morphology and Metabolism 
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Connective
tissue 
alteration

Fibre 
metabolism 
shift

First Signs of Muscle Fibre Growth Failure

McRae et al. (2007) Poult Sci 86:382 

a) fiber variation size
in many of the
sections including
tiny fibers (<10 μm in
diameter)

b) low incidence of 
basophilic 
(regenerative) fibers

c) necrotic fibers 
(irreversible cell death 
induced by structural 
damage) with fatty 
tissue replacement

1985

1990

1998

2000

2007

PSE-like
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Muscle 
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Emergence of Growth-related Breast Myopathies in Broilers

1985
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1998

2000

2007

2009
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2015

PSE-like

DPM

Connective
tissue 
alteration

Fibre 
metabolism 
shift

Muscle 
growth
failure

WS

WB

SM

White striping
(WS)

Wooden Breast 
(WB)

Spaghetti Meat
(SM)

White striations of variable thickness
(up to few mm) running parallel to the
fiber direction

Out-bulging and pale areas of hardened
consistency either in the cranial and/or in the caudal
area of the muscle often associated with the
presence of petechial hemorrhages, exudate and
viscous material

Impaired integrity of the muscle
whose fiber bundles tend to detach
one from the others

Growth-related Breast Myopathies in Broilers
– Macroscopic features –
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Aguirre et al. (2020) Poult Sci 96:3723

Woody Breast & White Striping (WS)

Growth-related Breast Myopathies in Broilers
– Reciprocal association –

WB only

WS only

SM
only

WB+WS

WB+WS+SM

SM+WS

SM+WB

36.3%

88.2%

97.8%

Che et al. (2022) PLoS ONE, e0267019 n=9,250 fillets

White Striping (WS), Woody Breast & Spaghetti Meat (SM)

n=4,332 fillets

White striping
(WS)

Wooden Breast 
(WB)

Spaghetti Meat
(SM)

*
*

*
*

*
*

**

Common histological features

• Loss of normal muscle architecture

• Abnormal fibres exhibiting rounded
profile, nuclear internalization,
degeneration, necrosis up to lysis and
concurrent regenerative processes (small-

caliber regenerative fibers intermingled to

abnormal ones having large caliber)

• Compromised perimysial and endomysial
connective tissue, fat and inflammatory
cells infiltration

Peculiar features

Abnormal deposition of 
adipose tissue at 

perymisial level 
(lipidosis)

Proliferation and
thickening of the 

perimysial 
network (fibrosis) 

Rarefaction of the 
endomysial and 

perimysial 
connective tissue

Growth-related Breast Myopathies in Broilers
– Microscopic features –

Soglia et al. (2021) Avian Pathol 48:1
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Papah et al. (2017) Avian Pathol 46:623

Growth-related breast myopathies in broilers
– Progression of macrocospic and microscopic lesions –

Wooden Breast

Microscopic lesions

N
u

m
b

er
 o

f 
b

ir
d

s 
(%

)
P

re
va

le
n

ce
 (

%
)

Growth-related Breast Myopathies in Broilers
– Relationship with genotype and slaughter weight –

Santos et al. (2021) Poult Sci 100:101309

Target weight #1 Target weight #2
White striping

Wooden breast

Conventional fast-growing (CONV; ADG0-48=66.0 to 68.7 g/d)

Fastest slower-growing (FAST; ADG0-62=53.5 to 55.5 g/d)

Moderate slower-growing (MOD; ADG0-62=50.2 to 51.2 g/d)

Slowest slower-growing (SLOW; ADG0-62=43.6 to 47.7 g/d)
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Simoes et al. (2020) Br Poult Sci 61:583
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Growth-related Breast Myopathies in Broilers
– Relationship with growth rate and breast yield –
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mild

moderate

LW=Live weight
BY=Breast Yield 
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Growth-related Breast Myopathies in Broilers

Source: Scopus (accessed on July 5th, 2023)

Underlying biophysical mechanisms???
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Schematic representation of the possible time series of events, molecular pathways and 
biological processes involved in the onset and triggering the occurrence of the White 
Striping, Wooden Breast, and Spaghetti Meat myopathies affecting broilers’

Biophysical Mechanisms
– Main hypothesis (WS & WB) –

Soglia et al. (2021) Poult Sci 100:101180
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Mitochondria

Sarcoplasmic reticulum

Mitochondria

Vascular shortcomings leading to
the development of hypoxic
conditions within muscle

Mitochondrial disfunctions and altered
energy (lipid and glucose) metabolism which
involve dysfunction of endothelial cells

Endoplasmic reticulum stress

Lacking in connective tissue spacing between fiber
bundles and individual fibers promotes fiber
degeneration and causes suppression of satellite cell-
mediated myofiber regeneration

Biophysical Mechanisms
– Main hypothesis (WS & WB) –

• Incidence level of SM is less strongly associated with weight at
slaughter, growth rate and breast yield if compared with white
striping and wooden breast

• Strong differences among slaughter plants seem to be
associated with:
- slaughtering operations affecting post-mortem muscle
acidification and cooling rates (i.e., stunning, electrical
stimulation, scalding, chilling)
- mechanical force applied during slaughtering operations such
as defeathering, deboning, etc. which can increase severity of
the appearance of this condition

Baldi et al. (2021) Front Physiol 12:6844970

Biophysical mechanisms
– Peculiarity of spaghetti meat –

Spaghetti Meat
(SM)
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Progress in performances

+13.3%

+12.3%

+9.9%

+9.8%

Broiler chickens Heavy turkeys

Males

Females

Growth-related Breast Myopathies in Broilers
– Comparison between broilers and turkeys –

Males

Females

Source: Ross 308 Broiler Performance Objectives Source: BUT Turkeys Performance Objectives

Dissimilarity in breast muscle morphology - the greater
the Pectoralis major depth, the higher likelihood to find
severe myopathic alterations
Griffin et al., 2018 Avian Pathol 47:2

Growth-related Breast Myopathies in Broilers
– Why turkeys do not exhibit growth-related abnormalities? –

Broiler chickens Heavy turkeys

Differences between satellite cells biological activity
to regenerate – modern heavy turkeys exhibit
increased proliferation and differentiation activities
Velleman (2023) Front Physiol 14:2023.1173988
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OUTLINE
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Poultry
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Growth-related Myopathies In Broilers

• Conclusions

Conclusions

• Scientists and industry people are working
hard to understand how to fix degenerative
processes underlying occurrence of growth-
related myopathies

• Current and soon available knowledge is
likely able to allow significant reduction of
occurrence of myopathies (macroscopic
traits)

• However, the continuous pressure to
improve productive performances like
growth-rate and muscle-development is
progressively narrowing the space for allow
proper and sustainable muscle growth

Mechanisms

Solutions

Solutions

Mechanisms

Mechanisms

Solutions

Biological
limits
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