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Poultry production in the EU 

Total production of 14.4 million t 
(about 13% of the world production)
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AVEC (year 2015)

Per-capita consumption (kg) 19.3 31.0 
self-sufficiency  (%) 107 105



Evolution of broiler market forms in Italy

Source: Unaitalia

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1968 1978 1988 2001 2014

M
ar

ke
t s

ha
re

Year

processed

carcass

parts



Source: Les mutations des filières avicoles européennes depuis 2000 (LES ÉTUDES De FranceAgriMer, Dec. 2015)

Broiler market forms in some EU Countries



Evolution of chicken slaughter weight in 
Italy and improvement of breast yield
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Average slaughter weight 
(kg) Year Breast yield 

(%)

20011 15.8

20072 18.6

20122 21.1

20142 21.5
1Havenstein et al. (2003; Poult Sci 82:1509)
2Ross 308 Broiler Performance Objectives

Source: Agri-ISTAT



Some changes induced by selection
with direct implication on meat
quality:

ANATOMY
- unbalanced body conformation
- increased skeletal and vascular fragility
BEHAVIOUR
- poor mobility
MUSCLE TISSUE
- muscle hypertrophy 
- accentuation of glycolytic metabolism
- reduced vascularisation
PHYSIOLOGY
- reduced thermoregulatory capacity

Selection for growth rate and breast yield 
- Implications on meat quality -

1- green muscle disease

2- extreme colour (DFD, PSE-like)

3- emerging myopathies
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White striations

Breast myopathies
- White Striping -

Abnormal white 
striations parallel 
to muscle fibres 

on surface 
of breast fillets 



Kuttappan et al. (2016; Poult Sci 11:2724)

Macroscopic visible hard, prominent  
caudal ridge, 

often associated  with 
paleness, 

superficial viscous liquid
and petachiae.

Breast myopathies
- Wooden breast -
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Breast myopathies
- Occurrence levels -



Year 2014
Flocks n. 79 
Age 41-57d
Average wt. 3.0kg 
Brest filltes n. 16,000 

Especially in the cranial section of 
the breast, there is a loss of 
integrity and a separation of fibre 
bundles which seem like spaghetti.

NORM; 
69,8

MOD; 
18,7

SEV; 
11,6

Breast myopathies
- Spaghetti meat -



Kuttapan et al., 2013, Poult Sci 92:331

Muscle fiber degeneration

NORMAL WHITE STRIPING

Accumulation of interstitial 
connective tissue (fibrosis) 

Accumulation of fat adipot 
cells (lipidosis) 

Histology traits of breast myopathies
- White striping -



Velleman, 2015, Avian Disease 59:525

NORMAL WOODEN BREAST

- Extensive necrosis of existing muscle fibers and invasion of
macrophages.
- Fibrosis: muscle is replaced with connective tissue, and in the case
of wooden breast the collagen is extensively cross-linked, which will
result in the wood-like texture of the muscle.

Histology traits of breast myopathies
- Wooden breast -



Increased deposition of adipocytes within the
connective tissue (lipidosis) and fat infiltrations
attaining the amount of fibrillar components.

Progressive rarefaction of the endo- and peri-
mysial connective tissue leading to muscle
fibers detachment from each other. Thin and
split fibers surrounded by loose (immature)
connective tissue and abundant inflammatory
cells infiltrations.

Transversal section Longitudinal section Transversal section Longitudinal section

WHITE STRIPING SPAGHETTI MEAT

NORM

Transversal section Longitudinal section

Baldi et al. 2017, Anim doi: 10.1017/S1751731117001069

Histology traits of breast myopathies
- Spaghetti meat -



White-striations 
are associated with 

moderate
histopathological 

lesions and deposition 
of mainly fat (lipidosis)

Spaghetti meat is 
associated with severe

histopathological lesions 
with disappearing of 

fibre bundle 
architecture

Wooden breast
is associated with severe
histopathological lesions 
and deposition of mainly 

collagen (fibrosis)

Kuttapan et al. (2016; Poult Sci:ps/pew216)

Histology traits of breast myopathies
- Summary -



Histology traits of breast myopathies
- Latest knowledge -



Soglia et al., 2016, Poult Sci 95:651

Section of cranial part of breast fillet  (P. major muscle)

depth

surface

Severe 
histopathological
lesions 

Moderate
histopathological
lesions 

Histology traits of breast myopathies
- Spatial differences through breast muscle -



Radaelli et al. 2017, Poult Sci 96:309

Incidence of broilers showing muscle fibre degeneration

Histology traits of breast myopathies
- Evolution of muscle fibre degeneration -



Histology traits of breast myopathies
- Phlebitis is the first event that promotes muscle fibre degeneration -



Lymphoplasmacytic phlebitis is observed as early 
as 1 week of age, beginning as occasional eccentric 
mural lymphoid infiltrates (arrowhead (a)) with 
secondary venous congestion and oedema (a) and 
progressing to complete venous occlusion (b–d), 
while adjacent arterial vasculature is unaffected 
(dark arrow: (d))

Myofibre degeneration and necrosis characterized by segmental myofibrillar 
disruption ((e), white arrows), myofibre rounding and hypereosinophilia ((f), 
white *), hyalinization ((f), dark *), fibre splitting ((f), broken arrow) and 
vacuolation (g) is observed from 2 weeks of age with concurrent development 
of heterophilic infiltrates within and around affected myofibres (myositis) (g). 
Myofibre degeneration and myositis progresses in lesion distribution and 
severity over time with acute degenerative changes observed alongside 
reparative lesions (multifocal multiphasic myopathy, (g)).

Attempted regeneration and repair is evident by
myotube formation with nuclear rowing by Week 3
(R, (h)) and early fibrosis from Week 4 with
progression to scarring ((i), centre) in pectoral
muscle by market age (5-7 weeks of age)

Histology traits of breast myopathies
- Phlebitis is the first event that promotes muscle fibre degeneration -



Reduced vascularisation (i.e. reduction number of capillaries and
phlebitis) may:
‐ promote fibre necrosis due to anoxic conditions and prolonged
accumulation of toxic waste products (i.e. lactic acid);
‐ suppress regeneration processes (satellite cell‐mediated).

Petracci et al., 2015, World Poult Sci J 71:363; Clark & Velleman, 2017, Poult Sci 95:2930

Mechanisms involved in breast myopathy development
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Parameter NORM WS WB SM

Moisture o o + +
Protein o ‐ ‐‐ ‐/‐‐
Lipids o ++ o/+ o/+
Collagen o o/+ + o/+
Ash o o ‐ ‐

o = normal; ++ = much higher; + = higher; - = lower; -- = much lower 

Implications on raw meat composition



On 48 samples/position/group:
• Moisture
• Protein
• Lipid
• Ash
• Collagen

Implications on raw meat composition



Parameter Position
Experimental Group 

NORM WS SM WS/SM

Moisture (%) superficial 75.0bc 75.2b 76.3a 76.1a

deep 74.7c 74.4c 75.2b 75.1bc

Protein (%) superficial 23.6ab 22.5cd 21.9d 21.9d

deep 24.3a 23.5b 23.5b 23.4bc

Lipid (%) superficial 1.53d 2.47a 1.82bcd 2.40a

deep 1.58cd 2.05ab 1.59cd 1.93bc

Ash (%) superficial 1.20a 1.15ab 1.10b 1.10b

deep 1.21a 1.16ab 1.16ab 1.19a

Collagen (%) superficial 0.86ab 0.92a 0.94a 0.92a

deep 0.82b 0.84b 0.83b 0.84b

a-d P<0.05

Implications on raw meat composition

Baldi et al. 2017, Anim doi: 10.1017/S1751731117001069



Cut-up retail (whole and sliced)

Incorporation as ingredient into processed products

Poor appearance

Severe WS and/or WB
Technological properties ????

Implications on technological properties 
of the meat



Parameter NORM WS WB Spaghetti

pH o + ++ +
Water holding capacity –
drip loss

o o/‐ o/‐ o/‐

Water holding capacity –
cook loss

o ‐ ‐‐ ‐‐

Water binding capacity o ‐ ‐‐ ‐‐
Tenderness o o ‐ o

o = normal; ++ = much higher; + = higher; - = lower; -- = much lower 

Mudalal et al., 2015, Anim 9:728; Baldi et al., 2017, Anim, doi:10.1017/S1751731117001069 

Implications on technological properties 
of the meat



Amount of extra-myofibrillar water (%)

Implications on technological properties 
of the meat

Baldi et al. 2017, Anim doi: 10.1017/S1751731117001069



Implications on technological properties 
of the meat



These data suggest that undesirable differences in the cooked texture
characteristics between WB and normal breast meat are minimized in a ground
product and WB fillets may be used for meat products in the ground form without
adverse effects on finished product performance and sensory quality.

Sanchez-Brambila et al., 2017, Poult Sci 96:3489

Implications on technological properties 
of the meat



Development of on-line grading systems to 
detect wooden breasts
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high-yielding 
chicken line

moderate-yielding 
chicken line

Bailey et al., 2015, Poult Sci 94:2870

Moderate and low genetic correlations for 
WS (h2=0.338) and WB (h2=0.185) 

Production factors: Genetics



Parameter Estimated genetic 
correlation with WS1

Body weight 0.33 ± 0.15
Breast meat yield 0.68 ± 0.06
P. major yield 0.73 ± 0.07
P. minor yield 0.48 ± 0.16
Abdominal fat % −0.12 ± 0.10
Leg percentage 0.02 ± 0.12

Alnahhas et al., 2016, BMC Genet 17:61

1Estimates in bold are significantly different from 0 based 
on their confidence intervals (n=1,349; 6 wks of age; 2.8 kg)

Production factors: Genetics



Factor Occurrence References

Genotype Ross 708 > Ross 308
Cobb 700 > Cobb 500

Petracci et al. (2013)
Lorenzi et al. (2014)

Gender and BW at 
slaughter

‐ WS can appear also in light birds
‐ WB occurs especially after 40 d with 
higher levels in males
‐ SM especially occurs after 40 d with 
higher levels in females

Lorenzi et al. (2014)
Kindlein et al. (2015)
Ferreira et al. (2016)
Kuttapan et al. (2017)

Production factors: Genotype and 
slaughter age



• Increasing incubation temperature (39.5°C for 12 hours each day
between d 14 and 18) reduced severity of microscopic features that are
present in breast myopathies, however also body (4264 vs. 4378 g;
P<0.01) and P. major weights (1289 vs. 1339 g; P<0.01) are reduced.

• Early hatch chicks had more severe microscopic myopathy score than
either the mid and late hatch broilers.

Production factors: Incubation



Production factors: feeding



Two experiments were conducted to evaluate the prevalence and
severity of white striping (WS) and wooden breast (WB) in breast fillets
from broilers fed diets with increasing digestible Lysine (dLys) from 12
to 28 d (Exp. 1, 0.77 to 1.17%) and from 28 to 42 d (Exp. 2, 0.68 to
1.07%).

Cruz et al., 2017, Poult Sci 96:501

Production factors: feeding



Conclusions: Since BW and growth rate are results of
increasing dLys levels, myopathies do not seem to be
associated with lysine itself but gains in performances.

Production factors: feeding

Cruz et al., 2017, Poult. Sci. 96:501



Sirri et al., 2016, Poult Sci 95:1813

Production factors: feeding



Feeding system:
ad libitum vs. early restriction
(80% from 13 to 21 d of age)

Trocino et al., 2015, Poult Sci 95:2996

Production factors: feeding



Production factors: feeding

Trocino et al., 2015, Poult Sci 95:2996



The birds were assigned for 2 ad libitum dietary treatments:
SeLow (inorganic selenium - 0.11 mg/kg for 1st wk, and 0.13 mg/kg until 6th wk)
SeNorm (organic selenium yeast - 0.32 mg/kg for 1st wk, and 0.30 mg/kg until 6th wk)

Restriction of dietary selenium did not affect the occurrence of WB in the current study.

Sihvo et al. 2017, Vet Pathol 54:119

Production factors: feeding
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Occurrence of breast myopathies is a major
concern for broiler industry in many
Countries due to high economical losses:

- Condemnation/trimming (whole breast,
carcass)

Conclusive remarks (1)

March 30, 2016

- Decreased yield and value (due to lower WHC)

- Increased need of manual sorting at deboning line (adding
and training of personnels for grading/sorting)



A leading farm animal
welfare organization on last
February launched a
campaign in the US to make
consumers aware that white
striations on breast meat
surface are associated with
declined nutritional value of
“factory” farmed chicken.

- Lost business due to
perceptions

Conclusive remarks (2)



Conclusive remarks (3)



Conclusive remarks (4)

• It seems that poultry industry as whole (not only genetic
companies) cannot longer postpone a closer view of problems
related to the proper muscle growth and then of the quality of
resulting meat when selecting and choosing genotypes for
broiler production.
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Cooking loss of WB and NOR 
chicken breast meat batters with various NaCl contents

Xing et al. (2017 Poult Sci 96:3473)

Implications on technological properties 
of the meat



- Lost business due to perceptions

Conclusive remarks (2)

BuzzFeed News
Published on Feb. 12th, 2017

Independent (UK)
Published on Feb. 6th, 2017
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Mechanisms involved in breast myopathy development


