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Production (billions of tons)

Development of the Modern Broiler Industry
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Data source: Faostat Data source: National Chicken Council
Improvement of Broiler Performances
Year Hybrid BW Age Growth FCR Carcass Breast Breast
rate yield meat yield
(kg) (d) (9/d) (9/9) (%) (9) (%)
19571 ACRBC 1,715 84 20 3.57 65.2 207 121
20072 Ross 308 2,768 41 66 1.68 72.5 536 19.4
20142 Ross 308 2,811 40 69 1.63 73.1 627 22.3
20222 Ross 308 2,774 38 72 1.44 73.3 696 25.1

"Havenstein et al. 2003 Poult Sci 82:1509
2Ross 308 Broiler Performance Objectives
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Increased (breast) Meat Yield through Increased Slaughter Age
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Main Meat Quality Issues in Fast-growing Broilers

Physical damages
due to preslaughter operations

Meat abnormalities

¥ Physical damages

due to fast growth rate bruiseé, scratches, bone fractures " )
g ... . e due to slaughtering
and breast muscle ", 4 operations
development " I P
End of growing ___ iroo withdrawal
period P |
Portioning *, i
X & Deboning %, Ir
) Catching k
Growing & Crating Chilling
phase Y
l I T A -
Scalding, Plucking
E Trasportation & Evisceration
= | 1y .
] ! - i S&“:tri‘l?il:g blood residuals, skin damages,
green muscle disease, white striping, 3 missing parts
wooden breast, spaghetti meat < )
Meat abnormalities Meat quality defects due
due to pre-slaughter to slaughtering
stress operations
— Toughening due to fast chilling or
early deboning, fast post-mortem
muscle acidification due to carcass
electrostimulation B
ALMA
UNIV
DFD & PSE-like conditions
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
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Source: Baldi et al. (2021), Poult Sci. 100:1299 Source: Trensz et al. (2011), doi: 10.1007/978—1—61779—322—%1\(\)
UNIVER
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Avian Muscle Development and Growth
— Embryonic and post-hatch stages —
Stage #1
O -~ Embryonic development _ q
Q Total number of fibers is mainly determined during ,li\
d embryo development (hyperplasia) d
determination differentiation maturation ‘m
O — OO == @&R1 D
mesodermal cells myoblasts myotubes muscle fibers
Stage #2
g Post-hatch growth
3 Q The increase in skeletal muscle mass is mainly due to \(\\6(
an increase in muscle fibre size (hypertrophy) 5\3‘*‘9
ge
2
ymmetrlc satellite
stem cell division
activation 1# division OVO 4 differentiation
— —
asymmetric satellite
quiescent stem cell division
satellite cell hypertrophy
‘\‘\ l_\\\ \! \‘|.I H’\‘\'II.‘\‘\UIU;&:
Velleman (2015) Avian Dis 59:525 v B
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Avian Muscle Development and Growth
— Importance of extracellular environment (niche) for satellite cells —

Interstitial spaces
(between fibres and fibre bundles)

Nuclei Capillaries

Satellite cells

(located between the membrane and the

» 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

Resident
macrophages

B

basal lamina of the muscle fibers, near e

the vasculature)

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

AUGUST 1985
VOLUME 64, NUMBER 8

and Pathology of Avian Muscle
Introduction, W, J. Kuenzel. , ... .....

Siller

Deep Pectoral Myopathy: A Penalty of Successful Selection for Muscle Growth
WALTER G. SILLER

Agricultural and Foed Research Council, Poultry Research Centre,
Roslin, Midlothian EH24 9PS, Scotland

ABSTRACT Deep pectoral myopathy (DPM) is a disease that affects commercial poultry selected
for large breast muscle development. The muscle affected by the disease is the supracoracoid
muscle and usually one side of the breast musculature atrophies. The necrotic muscle has a charac-
teristic pale green color, Heavy breeds of mrkeys and broilers can be induced to show DPM by
electrical stimulation of the breast muscle itself or by vigorous wing flapping; older birds are
more susceptible. The cause of DPM is & fascial compartment too small to accommodate the
enclosed supracoracoid muscle during vigorous exercise when the muscle increases its weight
(and overall size) by about 20%. The inclastic p i the swollen,
activated muscle. A possible means of correcting DPM is to train or exercise the flight muscles
during the rapid growth phase of chicks or poults. Feed, for example, could be positioned above
floor level so that birds would have to flutter up to reach it. There is also evidence to suggest a
genetic component to the disease. Hence, an indicator such as high plasma creatine kinase levels
may be used as a selection criterion.
(Key words: pectoral myopathy, muscle atrophy, broiler growth, turkey growth)

1985 Poultry Science 64:1591—1595

Modification of Growth and Development of Muscles of Poultry. R. E. Ricklefs
Microstructure and Biochemistry of Avian Muscle and its Relevance to Meat Processing

Industries. T. R. Dutson and A. Carter. . ... .. ... ...
Deep Pectoral Myopathy: A Penalty of Successful Selection for Muscle Growth, W. G.

First reports on Penalties in Breast Muscle Growth
r — Deep pectoral myopathy —

Symposium: Body Growth and the Development, Biochemistry,

From what has been described and from the
observations of Harper et al. (1981), Holland et
al. (1981), and Grunder et al. (1984) that wild
turkeys and less intensely selected old commer-
cial strains are aj

arently not susceptible to
DPM, it is obvious that this disease is man
made. It is a condition coincidental with the
production of large-breasted turkeys and
broilers, and is, therefore a penalty of success-
ful selection!

12
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Connective
tissue
alteration

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

Turkey Muscle Growth and Focal Myopathy

BARRY W. WILSON, PAMELA S. NIEBERG, and R. JEFFREY BUHR!

Department of Avian Sciences, University of California, Davis, California 95616 A Note on the Growth of Connective Tissues
BARRY J. KELLY and FRED T. SHULTZ Binding Turkey Muscle Fibers Together
H.J. Swatland  Department of Food Science cun Jaw. Foad . Teckrat, 1. Yo, 2, N 45, p. 29341, 199
Nicholas Turkey Breeding Farms, Sonoma, California 95476-1209 ety af Ok
1990 Poultry Science 69:1553-1562 The results of the growth study showed that, on a

radial basis, the growth of intramuscular connective
tissues does not keep pace with the growth of
pectoralis muscle fibers.

B‘.‘
ey ; fiber size variability

3 necrotic fibre
P One possibility is that they may
3 have become rounded because the growth of
connective tissue had not kept up with the
growth of the muscle fibers, thus depriving
them of extracellular support,

13
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Connective
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(L1 PSE-like

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

Journal of Muscle Foods BIOPHYSICAL BASIS OF PALE, SOFT, EXUDATIVE (PSE)
PORK AND POULTRY MUSCLE: A REVIEW
January 1998 M.B. SOLOMON', R.L.J.M. VAN LAACK and J.S. EASTRIDGE'
!Meat Science Research Laboratory
Volume 9, Issue 1 Agricultural Research Service, USDA”
Pages vii-viii, 1-54 Beltsville, MD 20705
Dept. of Food Science and Technology \\ f
University of Tennessee, Knoxville, TN 37901 4
Journal of Muscle Foods 9 (1998) 1-11. w
Pale, Soft and
Exudative meat
Symposium (PEAle)
“Atypical
poultry meat
in relation to The occurrence of PSE muscle and subsequent alterations in meat
PSE pork: quality has been shown to be related to increases in muscle size, stressful
causes, preslaughter handling conditions, and rate of onset of rigor mortis. Morphological
biochemistry, studies have revealed significant increases in fiber size, in addition to structural
processing irregularities in PSE muscle. These structural irregularities include decreased

and capillary density, hypercontracted (giant) fibers, and myoplasmic calcium loading.

resolutions”
(Lousiana, US,
1996)

DIORUM
BOLOGNA
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Full Awareness of Penalties in
Muscle Fibre Morphology and Metabolism

S
o™

+ Hypertrophic growth of the fibers (1 diameter) G\(\'\CV‘

«  Shift towards the glycolytic metabolism ‘0‘\\6‘ 5

» Reduced capillary density and few mitochondria % =

* Less development and maturity of connective tissue % ! @a ;

* High sarcoplasmic calcium concentrations 5 ; @ i
Parameter Meat-type, Egg-type
Area (um?) 57135 Bx < 1.610
a-white (%) 100 99.5

Randombred BW-selected
Possible adverse effects on the functionality of N° control line line
the fibers \]\\)‘V\ : 2
ne®

+ Insufficient O, and energy supply and/or removal of metabolic

waste products
* Muscle damage
* Reduced regeneration capacity

Parameter

[ Myofiber widith (um) 318

15
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Fl

®!

&
1998

®

a2 .i
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!

>/ N
Connective
tissue
alteration

)

bl
PSE-like |
Fibre 94 b
metabolism
shift

Muscle
growth
failure

First Signs of Muscle Fibre Growth Failure

A Comparison of Breast Muscle Characteristics in Three
Broiler Great-Grandparent Lines
V. E. MacRae,*! M. Mahon,t S. Gilpin, D. A. Sandercock,* R. R. Hunter,* and M. A. Mitchell*

*Roslin Institute (Edinburgh), Roslin, Midlothian, EH2 9PS, UK; and 1School of Medicine,
Keele University, Staffordshire ST5 5BG, UK

a) fiber variation size  b) low incidence of

in many of the basophilic
sections including (regenerative) fibers
tiny fibers (<10 pm in

diameter)

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

ABSTRACT Genetic selection of broiler chickens has
led to a gross overdevelopment of the broiler breast mus-
cle pectoralis major. This may have resulted in increased
myopathy and detrimental effects on meat quality. '

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

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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Emergence of Growth-related Breast Myopathies in Broilers

104 Occurrence of white striping in chicken breast fillets in rela-
tion to broiler size. L. J. Bauermeister*!, A. U. Morey, E. T. Moran'.
M. Singh!, C. M. Owens?, and S. R. McKee!, Auburn University.
. Auburn, AL, *University of Arkansas, Fayetteville.
nual Meeting

Raleigh, North Carolina

sagepub.com/journalsPermissions.nav
DOI: 10.1177/03009858 13497488
vet.sagepub.com H.-K. Sihvo', K. Immonen', and E. Puolanne'

FEBRUARY 2015
AU DEPARTHENT OF POULTRY SCIENCE

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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Growth-related Breast Myopathies in Broilers
— Macroscopic features —

White striping

(WS)

Impaired integrity of the muscle

White striations of variable thickness whose fiber bundles tend to detach
(up to few mm) running parallel to the one from the others
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

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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Woody Breast & White Striping (WS)
="

15001

ws
B

gmoo- - .

2 | EE

L H:
25

33.7%

5004

Woody Breast
Aguirre et al. (2020) Poult Sci 96:3723

n=4,332 fillets

Growth-related Breast Myopathies in Broilers

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

Ad 3
305
Normal

WB 88.2%

present

WB+WS+SM
3,038

SM
present

WS
present

36.3%

Che et al. (2022) PLoS ONE, e0267019

97.8%
1n=9,250 fillets '

19

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

Soglia et al. (2021) Avian Pathol 48:1

Growth-related Breast Myopathies in Broilers

— Microscopic features —

Wooden Breast
(WB)

Spaghetti Meat
(SM)

White striping
(WS)

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

ALMA MATER STUDIORUM
UNIV TA DI BOLOGNA
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Growth-related breast myopathies in broilers
— Progression of macrocospic and microscopic lesions —

Wooden Breast ® Unaffected

= Moderate
Mild
= Severely

Number of birds (%)
csB888228828
| — |

Week1-3 Weekd Weeks Weeké &7

Microscopic lesions

100 B vacuolation ™ Myositis

<= ¥ Phlebitis ® Degeneration

o~ 80

~ M Necrosis ¥ Regeneration

Q

g 60 ® Fibrosis

o

f o« 3

£, 0 1}

o Week1 Week2 Week3 Weekd Week$ Week6 Week7
Papah et al. (2017) Avian Pathol 46:623 R ol SoLoGNA
21
Growth-related Breast Myopathies in Broilers
— Relationship with genotype and slaughter weight —
Target weight #1 Target weight #2
White striping |, wn
5 40 ; 40
Conventional fast-growing (CONV; ADG0-46=66.0 te 88.7 g/d) 0 i i i I 0 i i i
CONV FAST MoD sLow CONV FAST MoD sLow

Fastest slower-growing (FAST; ADG0-62=53.5 to 55.5 g/d) 34d 48d 48d 48d 48d 62d 62d 62d

1.9kg 2.4kg 2.3k

EAScore 0 OScore | WScore2 WScore 3

100
80

ol

: 40
20

0

2.0kg 3.3kg 3.4kg 3.2kg 2.8kg

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)
Wooden breast

CONV FAST MOD SLOW CONV FAST MOD sLow
3Md 48d 48d 48d 48d 62d 62d 62d
19k  24kg 23k  20ky 33kg  34kg 32%g  28kg
Santos et al. (2021) Poult Sci 100:101309 SR e

22
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very severe

Growth-related Breast Myopathies in Broilers
— Relationship with growth rate and breast yield —

4

Ad libitum: LW=3.6kg BY=26.4%

_..? severe
o 3
>
o
(%]
g mild ————— 80% fed restricted: LW=2.8kg BY=24.6%
e 2 S
'2 70% fed restricted: LW=2.5kg BY=22.7%
o
-§ moderate 60% fed restr/:cted: LW=2.1kg BY=22.1%
= 1 / 50% fed restricted: LW=1.7kg BY=20.4%
/
ab%ent . .
D21 D28 D35 D42 D49 ;‘IYV:;:‘;:\::?%I‘;
Age _
Simoes et al. (2020) Br Poult Sci 61:583 o oo
23

Performances and Meat Quality Issues

Poultry

* Conclusions

* Relationship Between Improvement of Broiler

» Evolution of Meat Abnormalities and Myopathies in

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

24
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Growth-related Breast Myopathies in Broilers
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Underlymg biophysical mechanisms???
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Source: Scopus (accessed on July 5%, 2023)
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Biophysical Mechanisms
— Main hypothesis (WS & WB) —
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’

Selection for increased growth rate
and breast muscle

Sarcoplasmic reticulum (SR) stress

n Buildup of misfolded/dysfunctional .

proteins

Changes in muscle architecture
d

metabolic status

[[3p | mired metabolic waste procuct
displacement
: Hypoxia

=] Inadequate oxygen and nutrient
3
supply to the tissue

of SR luminal Ca2*
stores

| dysfunction

Accumulation of fatty acids and Altered Ca?* homeostasis and

Phlebitis and penvascu\arhp\d Metabol\(modwfcauonsandsmk [o] I Nitric oxide | \ 18 [ inflammatory processes and myosits_| d
infiltrations toward alternative catabolic
pathways to produce energy
Oxidative stress WORK l N
—

. To | Activation of the immune system
ST ] PROGRESS

)

release of Ca?* from the SR

their derivatives (detergents)

Ectopic lipid deposition
(lipotoxicity)

Fibrosis and lipidosis

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

ALMA MATER STUDIORUM
INTY TA DI BOLOGNA
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Biophysical Mechanisms
— Main hypothesis (WS & WB) —

Vascular shortcomings leading to
the development of hypoxic
conditions within muscle

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

Sarcoplasmic reticulum
Perimysium

Perivascular cell

Satellite cell Mitochondrial disfunctions and altered
energy (lipid and glucose) metabolism which

involve dysfunction of endothelial cells

Endoplasmic reticulum stress

27

Biophysical mechanisms
— Peculiarity of spaghetti meat —

» 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

Spaghetti Meat
(SM)

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

28
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4500
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=0 2007 b 2022
3000

Live weight (g]

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

Progress in performances

Broiler chickens

+13.3%

1 2 3 4
Females Age:tuesks)

2007 w2022

2000

1500

Live weight (g)

1000

5 &

~

+12.3%

1 2 3 4
Age |weeks)

5 é

~

Source: Ross 308 Broiler Performance Objectives

Live weight {kg)

Live weight {kg)

Males

Heavy turkeys

2007 w2022

+9.9%

1 23 4567 8 92101112131415161718192021 22
Females

Age (weeks)

2007 2022

+9.8%

123 4546789101

Source: BUT Turkeys Performance Objectives

1213141516 17 18 19 20 21 22 Pl
iy

Age [weeks)

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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Broiler chickens

Ky
Connective
tissue
alteration

A l

bad >
1998 I
Fibre

A 1)
A1) metabolism
shift

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

Heavy turkeys

r

ejbos eosaouw_-/ Aq ué;{a; sajnjb;d

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

Nuclei Capillaries

Resident
macrophages

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

Differences between satellite cells biological activity
to regenerate — modern heavy turkeys exhibit

increased proliferation and differentiation activities
Velleman (2023) Front Physiol 14:2023.1173988

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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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

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

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)

Biological

limits

*+ 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

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA
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