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Thermal Stress and Muscle Development in Early Posthatch Broilers

Yang Soo Moon'

'Professor, Department of Animal Science and Biotechnology, Gyeongsang National University, Jinju 52725, Republic of Korea

ABSTRACT Global warming and scorching summer seasons affect the growth ability of broilers and animal welfare. In
modern broilers, vital organs, such as the heart and lungs, grow disproportionally under intensive selection, making it difficult
to adapt to warmer climates. Changes in environmental temperature can affect muscle formation during embryonic development
and the early posthatching period. Satellite cells are highly sensitive to heat stress. Heat stress affects the proliferation and
differentiation activity of satellite cells and muscle growth and structure. Therefore, thermal manipulation during broiler chick
embryogenesis and environmental temperature management at the beginning of hatching are critical for the development and
growth of broiler muscles. This review focuses on the thermoregulation mechanism of birds, the muscle development process
of broilers, and the function of satellite cells, the relationship between heat stress and muscle development of chicks shortly
after hatching, and studies on heat resistance and muscle growth of broilers.

(Key words: heat stress, satellite cell, skeletal muscle, posthatch, broiler)
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EIE /@/\] HoFa 4 €48 =
B3 e veA o AR Reld F
W 3lo] X 3}7]7} o H tH(Havenstein et al.,
al, 2017). Wb Adle] 838 7l w4l E:Lﬁ\ﬂb}
58] & 2EH 20| mjg Fofelo] 1@ ~EY A v F
¥ AL 431951 9 59, W ke 91D 53
74A] G &S WHETH(Yahav, 2009). HolelE z 3 36
AR Skl @ SEAAE BEE Aol Fed, ol
23l § Walo] B Lxe wBslo] YomA, Bt A}
ol 2HEA A2 F [l el 7] wEeln
(Halevy et al., 2001). o] T&te] Holg] &} 45 7%

A= AL Fe nE S o] T T L £UL
F7hE wBE Ho] SE A0 ge YA R of
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o] ZA gJHHFreeman, 1967; Wekstein and Zolman,
1969). ol & ZH7} H3} T 459717 HeB &3} o] A
224e St 1 ool FLEBE Agskn oo n
Fo Lxu oA Ale Aed zdsa §A8 4
9J7] wlo]tGonzalez-Rivas et al., 2020; Halevy, 2020).
53t & 35 A2 =EEW tAbeo] Srksta v
23} AR APE SR, ALz
2 &< ET o] 8" tH(Freeman, 1976). ©| 23k ez =
7d?+ uwa ot wj el 7t Fobd Welgle Wy ¥E

;goﬂ: M;d;q o

d TERE ARA R Mo drt 2F/e ¥
1?«01] Zﬂ% ZAE 4 UE 71 v 7 Al g1
352 53 ¢ WE(respiratory evaporation)©| A7 9]
T893 do]7] W Fol o EE 12l F e tHLin et al,

2005). 53] A% SE L7 A2 Z2HMAH T5o] 9
C27b Eopglel wet 38 WEE fEo]
<713t Wiernusz and Teeter, 1996). 712l && ©]
H| S5 S8l ofgt & W=, S AW ASH=25E st
SHAA =29 ¥ x99
oAl dol| Wik E FUFEQl Aol Uth(Lin et al,
2005; Watts et al., 2011). o] AEEﬂlMﬂ AHsHA =
A WA AAAANA W& Ha, 9, S5, 2504
= AANAE 55 =Rtk @ 2B Ae A e
FA-FAAE Fol| JEFE Fo] HskrEAllA  ACTH
(adrenocorticotropic hormone)< #H]3}7| 3}, ACTHE ¥
/‘]341‘ oA FE]FZXHZo|=E FH|SH ITHLotvedt et
. 2017). & 2EY 27t FoAW 7 33 fAE A
0}04 YZo Eolxl IEFAHEo| = o3 2= B4
2 FEA taE F7HAZ 0K Binsiya et al., 2017). 3E
/Kg/ﬂ_Q. le=] /\Eg-]]/\o]] 5;]—5]- }\],E H%E& @'ﬁ\.oﬂ EH“_L
o, FEH thrle &F St wWE olitsteae] wiE
2 Folxl g9 pHE Hslebr| A& et a 2 59
7HEAE Eol7] Agtoltt. whE A HAC] S5 A,
AbdA ] Hste] SAI= w2 tiAEl o8l Al 4 A
Ak T ol kst 25U BAEH 2Ee AiE e
2 23]8 Yol d AAE 93 %Eﬂ% 2+~ (Joiner et
5 2014). T S FAME <
oé ’\Eﬁﬂ’“’ﬂ =] H"kO}D} Ujrﬂi 3l T 459 T 4
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2007). 2 AR Ho] gl 2RE A2 =EEHAS
u 22 22 ¢lste] 4 D™ (muscle shivering)oll <]
o7 C‘J_:]_—E:} ﬂz]l:!]— ]:]]T—E]aoﬂ/lg/\‘]oﬂ ,]
) THRaimbault et al.,
Zﬂ%v 1S flef nlEdd

& O]*‘Lo}i e %Eoﬂ th-&-ste] A °/‘Vﬂj£°

oflt
oX,
ﬁ
o
=
(¢}
@
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o
[eze]
S
mz ro

] bl 7‘] FAFAAR] UCPl‘rrqu}ﬂ' Oil‘:](Olson et al.,
1988; Saarela et al., 1991). 18y ERFE2] 2%}
frAkeE 2D AR 7 ZRlo] HAom, EfEE9
2R E3he} AR AR5 Z-8shs AAZE glo] vE
@AYo ot A 22d 71e/d S A th(Mezentseva

et al, 2008). EfeE2] AR L= F HAYQ
T8 AR UCPsz *}E*J(homologue)a Ad =7
UCP(avian UCP 3-& avUCP)7} 253 2= O}E]%E =
tho] ubzz 0|} 7k o] ofd I.,-xﬂ ]Zﬂ, o=z
Elt A& s a, 857 Hagelo] 4§ v5o|4
2 el GAZACE, A, 4, A3, AR e
‘%‘?ﬂ_lﬂ&’iﬂ‘i’} AAl IAZFAA 7T Bel LA
(Raimbault et al., 2001; Evock-Clover et al., 2002). $]°l &
] -

NE A7 23458 B9 9o] F33 Aol #Agl
A2 A 27/ UCP7F Bol HLfﬂﬂ‘:‘rh Apdolt), HEg
o] §AA} AL AN 2FH, 28, A 5o =4
A Aezde] d4] A= %} T 3}“4—(Dr1d1 et al., 2004).
ueb AL B0 wEE 279 A2z 24359
® H(shivering thermogenesis)©ll 2|3t Aol Fo A%
A 71Ze] W, 2174 Hdgd FAX(facultative non-
shivering thermogenesis)< =2 5°] 4&H H3} T 8d
o] 3 ] ] ;ﬁwg < ZHA F(jini et al., 2009). R 5

e FERACR s fHA Aol

%%fsg HEe e 2E 1* o A& A= 5]
| gk olalizt &

=4
zdo] Al mEEoF & ?'%}%%‘:% & 5 9dvh

2. |AS ZULD} AMAME

A E(satellite cells)= 7H72]9] 24 ZH22] TR
AP er ddste o K2 714 (basal
lamina)2} T3 A 2H(sarcolemma) Ale|o Al A5 A= ATt
(Mauro, 1961). ¥/dA 2= 5774 Z(muscle progenitor
cell) & Jx| 2 A E(adult type myoblast) 2 3] =
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3K (Moss and Leblond, 1971; Hartley et al., 1992). 14 Al
<= 1] A (embryogenesis) 7] YA (somite)l| A 71
SEAIRE o] 735 A S Al A 2] Thset],
WA 14970 W2 47 #AEFH 1 188 A= 1 UL
WolxIth(Hartley et al., 1992; Gros et al., 2005). SollA &+
474 A= o D72 39-79)9F (TR .Y
o]%), 18la F3} 2 Z(neonatal) 3HAR U= F
(Chal and Pourquie, 2017)(Fig. 1). %3} 2 & 3%t 9]
A7do] thA] AlztE = ol SIAEE dtRE Al
g gk 2318 oAl "ok SA19 A% o] 3dAIE vl
Fol <F 8Uzto] ETHHalevy et al., 2000; Halevy et al.,
2006; Allouh et al., 2008). ¥ &2 Z7]¢] wfo}e} &7] gjo}
o] =547 (myogenesis) THAINA M EZ2] F-2)(proliferation)
7} Esl(differentiation)”} dolh= UM E(myoblasts) 2} &
g, vl EA7) Y] M EE MEEELE AR 3= 31
9 =tH(Stockdale, 1992; Chal and Pourquie, 2017). A 7]
Al E 2 Fe] 2] -H(primary myofiber)7} FAJ = a1 A
Al &8-2] 7127} FiFig. 1)(Chal and Pourquie, 2017). 2t

Z tlo K

M X0
o Mr Ho

A

Embryonic(E3-7) Fetal(E3-hatch)

A 27IdA e Ehshe EMERRE 39 AlF Al
X gl ok 259 7] A &HTh ujolol A ZLAE
o] et 3sle] ogh A E(myocyte) 2] 2 myogenin
o oJsle] - WE=THVenuti et al,, 1995). B2 A& FE2
2y 250l A= A 24 (adult muscle fiber)e] F5+= =
AYAol| oln] ZAw]o] ik eyt ofn] EXfshs A4l
F7HH 02 Z(myonuclei)= A-53te] A4 o] Foll &5 2
TAIZS S48 Fol doldth 22y ol g 3
& BE A%l wet mEA g, A7 E Foll=
SAAEe] F2 52 ZAFEY] g3l W AU ¢l
of gt Ay 5 2Ed A StolA e AR S
I 4Rkl 3ol dold 4 UtHCampion, 1984;
White and Esser, 1989). SFollA] 153k Z1A 7 F3} %] 5o
SH5AA DAZE Al AlEE =, SAlA T8 5 oF 8Y
A= A 9132l & FA M thasta Alx
o] $E F FEAE Ho| 1-5%71K] SolA|H, o] & 1Al
EE U Z0] gl HE 9t ol AEs 25 Al

A(muscle regeneration)©] Z 83k g = 2K &3

Neonatal(Hatch) Adult

>

Primary(Embrycnic) mycgenesis  Secondary(Fetal) mycgenesis  Satellite cell niche establishment  Pest-natal muscle growth

Primary fibers:

Production of primary fibers
from dermomyctomal
progenitors

Secondary fibers:
Cell fusion and addition of
myonuclei to the primary

muscle stem cells(zatellite
cells)

(o) —

T

(premyogenic progeniter)  {myoblast)

Adult type fibers:
Formation mature skeletal
mycfiber by fusion of
fibers. Form the pool of adult myoblasts to produce
multinucleated myotubes

Y /1
e ——

dermomyotomal progenitor skeletal muscle progenitor  myocyte
{mononucleated myocyte)

Individual fiber hypertrophy
Muscle regeneraticn

mycfibers
(multinucleated myocfibers
and satellite cells with
basal lamina-dotted ling)

{fusicn of mycblasts)

Fig. 1. The myogenesis and development sequence of skeletal muscle. (A) Myogenesis and satellite cell establishment. Key processes
associated with each stage are listed below the time line. During secondary (fetal) myogenesis, satellite cell precursors localize under
the basal lamina of the fibers. E, embryonic day in chicken. (B) Development of skeletal muscle. Differentiation of dermomyotomal
progenitors toward skeletal muscles and adult satellite cells. Myogenic stem cells (somiticstem cells, fetal stem cells-myoblasts)
contribute to fetal myogenesis while maintaining a pool of progenitors.
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A, +F, 2EH (A 12 S A2 2Ef ), 2AH

(oll: 23) Soll Adairnt thA] &/d3tE a1, %Véﬁr?l 1
2719} A

AAEE 2588 22O 9 S, AEEE 77
2 AR S Adl g Bt dofdri(Zammit et
al., 2006; Yablonka-Reuveni, 2011). =S £2] P2 ¢4
A frEf 232 DNAEA]7F obd ehaia o] A Lo}
o] g3l <13t Zolth. $14A EE ¥ thY 2 (asymmetric) 3]
Wew A7 AEe Bdael 2HER EIEAY &
THAE AFLEA STMER Eddte TYH S 7}73
2Z71AEZE FAHCollins et al., 2005). H’\é ) 3
gk o] Folflg u A=A, Ax
ZA o2 H F e T Kﬂ.L(mesenchymal cel) =
23N (trans-differentiation) S & 4= A& ‘"E—:! = 7 9l
THBrack et al., 2007; Yin et al., 2013). A5 91434
ZE 7 A ko, o] we} 417 % Az AR
T8E 2 %@WScharner and Zammit, 2011). ]34
o] 23 E3fell FEFE VA= 43 8Q1IA el = FGF(fibroblast
growth factor), IGF(insulin-like growth factor), TGF-$8

(transforming growth factor-beta), HGF(hepatocyte growth
glom AAT 2RI AT 2B F£24) E3H o
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FJ ox |
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Jlm

o ox rlo
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factor) 5°] ¢
o] A 27} Eshel] J S IR CKFlorini et al., 1991;
Halevy et al., 1996; Gal-Levi et al., 1998). &2]71<] $1/dA|3L
= 58 f= JARIA(MyoD, Myogenin, Pax7, Prox1)<]
o] AT, At A} HW o5 HARIAES] Hdl
FFe vl 52 ®ol ZUAMEAAM L} FASHA Hrk
(Yablonka-Reuveni, 1995). YA 2] & Yo|7l EHA
#astedl, #el AF "Hold AF ISAE o of
30-35%5 25 28U Holl= F 10%7FA] ZH4sstar, A
7} =W 5% o]st2 HojZ thAllbrook et al., 1971). 5]
vol7b 9 A ] FHE WohH, elHEe] 7t 3
stal AZA = A fHaste] As Al A 24
I o]ojzti(Schultz, 1976). webd &4 3 a3
o APAME F2 e og FHAEE AFat7] Aeix=
AGMEZE Bsdt SHA AN MEFTY] FAF 2EA
1 gda

FAZI E01717] Aol 1 dAIEL] F4o slc}.

o{N o b~

O

3. %3 % golale] TRULY F AEdA

golelel 23t F 27] 487170 2% A3 YoIA
Vg ARA E00 o] 7170 APAEE S BEd
o AZe] e B R 2R TS APA wepy 2
o 27 oF 179 B9 2] ARFF o % I F

DR 27] §AY € ~EH 29 25TY
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al., 2001; Powell et al., 2016). ®o
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2017; Patael et al., 2019). € AEHAE
hypertrophy) axell o8t 224 25 A4S A7 &
o] A E(myotube)ol| A T
(Nakashima et al., 2004). SA¢] 47 2
ST o] 9P A FFE

w, SA % ié‘ﬁfé frell FBAIEE o] &3 v dolA TE
oso] 53] 2= wWsle wuj¢- RIZFelTH(Harding et al,
2015; Clark et al., 2016). ol g FgA I Lt ddA
A A SEET 2T 2 ot d 2By oA FHA
2 U AY e A YehuA] etk A% SA AN
SR 25 e A2 skl A 2pek Hole]ol| A $14
Alxze] F2lo] 2388 E=A YErE SHth(Patael et al.,
2019). ¥19] W& 3l R, Woleg]o] ¥} & 7] A}
* HAFAE} 25 HY
& T Uth

o
R =
S7e) 257} 2§ Aole] A FAL ke 2B~

N rl
pas
lo
it
2
)
>

o sdE tiYahav et al.,
1996; Velleman et al., 2014; Powell et al., 2016). € ~Ez|
e ASREMESA R & AT EHow W FE

FZEE TEE FEE S7MI71AL, ol wid 8 A

HA A, @ zEdx Fo| o

AL A2 2 S-o & J-S FUi(Sapolsky et al.,
2000; Scanes, 2016). @ ~E#HAZS W= Zot 73S 17
Al G 2 E(thyroid hormone, T3)9] #H|7} FAsl=d ©]

4 =
Azl $AH BES AN Bk oleh 4
o

A% 71 dUAIE B8 W 5 55 52 JsAgeR
AGA| A A3 Zaboli et al., 2017). ¥2] A EE L
WA ez stellAe 2502 witEo] 2ARE 3
Aok sk £HolAR, d AEHAE W Af FEA
o7 AR Axe AP o2 ek ekt ¢
2 AL 19 M3271 o] = A (heterogeneous) THEE A
Aol xR A= e E7HEe]7] wiEed & AHE
T AUtk & frAlEe 24 el wet AR ojd
AJo] ZA3tHLagord et al., 1998; Manzano et al., 2011). ©]
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23k o] = o|dA M EE TS SAEY Aol 2
e zpo], thekgt 254
Ao zfo] 55 HolA Hh 22 ? o] A
QA EE o] " do] EAsH &, A R, A%
A2 =& AlsEH ik vk gk oheFsitt. =71A1E
BN SIAIEE WA e AWALE wAREE) 7k
S}t (Asakura et al., 2001; Rossi et al., 2010). 22| oA #]
wlo| 240 o ~Ed s w2E A E v Hol A
gRlo] Hlon, 4 ~EYAE e Ho| YA EANE
A A 2] FAS B 4 9 th(Harding et al., 2015; Piestun
et al,, 2017). 22} AJZte] X|gol wa} o] & MEES
A2 2AFE st 99 22 A 42 -‘H*é
Aol A A9 FolA frdat 3 el dE o]
ZIR1ek=Hl ol HAESE FEAeRE AEAE
(adipogenic lineage)Z WAHE37F AP UL vttt
(Piestun et al., 2017; Patael et al., 2019), ©]2]3F JAAZE
T5A e 545 s @A &, AW F43 &

.‘%.ZPQP_ \:!]—1:35 7\240];(]__‘8194

o

[o =]
3@

T

RN

(]

2% Ao Ik Eobot 24l SR APs @
o 99 AFE Ae AEES AT AP L 7
3 YA, AR FHRE FEShe vYHE 80 o8eR
A f7es A dAdst = T

2~
DA H 242 ololdz, 252 Als] A
AFAEIL Z7), 12 2HA AR wE A%
o2 ZAF 2 Alold A FZ 9 A=A o] =7}
1ok ol AIES £A kst 2HR %A o
gl

o} A dojd 4= Atk(Piestun et al., 2017; Patael et

ol A 25 B v)S kA
e Ee] @ sEdAT W HolE PAoR S

g #3H A3} & & Uk G 2EYAE Re 5
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[\]
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>
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(e}
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N
N
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t

7V S5 AT A FH o] o] Fojzl d Aol
oS tEd Il B 4o 5449 E}zﬂ(é#’r}_
Z2NS & 4= 9JTH(Kuttappan et al., 2016; Patael et al., 2019).

7haFe thekst ZubQl WAl ZHY(white striping), U

7} “H(wooden breast), 2~3}FAE] 317](spaghetti meat) S
A 9 53] 7HE 253171 A 54 ddie] 734
At BAe 52 A 47‘401 ohd @< B He] Foll oaf &

= T

A} Branciari et al., 2009; Kuttappan et al., 2016; Tonniges
ot al, 2019). o|e &t Tz e gFo] okw} Edo] A
£AE Fo] ke Al Az AAE e nRt

1 b o =
(Kuttappan et al., 2016). TgatH, Ao SA= =& Az of
Atk A AL ae]a P9 Fao] FEg Al 21 A
Y gi7] w2l *M ARE ARS717E ot 4 2Edas
FastE|olof ofH, 53] F3} 7)o A ~E# 2~ #e7}t

u]-¢- $a3HS Hof —‘:‘3}.

Ea &
o= 9 gkS v R th(Fresard et al.,, 2013; David et al., 2017;
David et al., 2019). 53] %7] ufjo} 87| oll= S njl-$-
R AZGE 2 BRI 1 o) QA= AL

Goll = A Hrt Al Azdz gew 7]
40] o4 (14 529 Al o1 2 A7 £
< 3 HH 559 Alexd 93] Wk (thermoregulatory
threshold response)°1 W34 "tk(Yahav, 2000). wh2hA] Y
A7) B 28 24 AEStA =W wjoht 2t Fake
Wolelel Aoz @ We WAE Ao fET
itk olyEt &x AL =50 g A

]

] =

T A~

A
o fud
A% A g SN Fe] Wew) s

W Z71E AT A A ARl e
Wyl A E o] 9ltk(Yahav et al,, 2004). 7EF<] wjopdt
9 A F AATse wEe 9 AlEE =, ) EEe]
=24 3717 v Ao 2L 7|7tolH, o] 717ke w3l
Aezds pAY AFE-RA LI F3 20
29t A

T AVEsHE-H skrA -4l Fo) Wdshe A7 o]
THThommes et al., 1984; Tzschentke, 2007). ¥ o

A 84T} 129 Afeldl Hijo} W 1373 *ﬂr
dojut=t] o] Al7Ieh 2479 F
A (myogenesis)2] T8 ©A <} EH"?'?: AZItHThommes et
al., 1984). SHol|A] 7=t AAH AGME7F AE FLEst=
g2 wfob A 1593 199 Atelel] Lojur, ufjoplAy
7Ll Hiaro| o231 AFEH-HetEAl- Al i o] 7]
7t ot 23l ti(Halevy et al, 2006; Piestun et al.,

2009). WA o] F 717ke K3t & AU STtk 25 A
A FRA717] 98 o132 xR 4ol E 4 9]

LR e e e |

._.
9
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o 99 g AA WalE vke 271 W] ATs
o] F= APHA LT, A WAL sFEelN B3 279 &
AT Yy

e
>,
o
o rlo
ki
2
ot
ox
[o
o
0%
>
o
i—”;
rlo
N
N

=5
HAH: & 25T WHe AXlEI oy AR S 4
sl &= dste A&7 A& EAlFe] Avk(Yahav
and Hurwitz, 1996; De Basilio et al., 2001). T HAl&= A&
Ao AAd A AL Jlee WHoR, d &S ) T
Al Ao 2N 2% AP EE = A o] th(Yahav
et al., 2004).

El

eex A 713k 2ejekd Ar1d e @ Wt
TtEEE el e 9FE A Aok &ExAE Y]
WA F& el F i 3ARF SRt 395TR Re(tHET
37.80C) 25 wiEA 16dolA 18714 A gatsle o &
% FEFEE s 94 U 3 AR A H
7525 A el FZe] 23S dti(Yahav et al,
2004). Z12uh wi e 3A1ZE ERk HiEA 8UFE 109 At

o7 LAY

o
flo
o
e
1
i}
&
e
=2
RS
T
m\i
v} rlo
rlo
b1
BN
)

i
=)
il
e

A BB RE Hl
A STl A o] REZA A ThEES o] FE A
% THCollin et al., 2007). S=FZH (2T 37.8°C: 22
T 39.5C)% Yol AFAEET v Z2A At wd 12
AIZE B 7L RE 169 Alolo] A&e A A4,
WA F 2 A vl oJg 7S Aol ¥8F £ 35
JE gt ohy g} Hol 70Y Bt 22 A &E ATKPiestun et
al., 2013; Loyau et al., 2014). ¥jo}7|3te] 2 m=%2}o)| 3t
45 47 A ] Z] Ui @32 ZUAE o T
7hell 213k Zlolw, o33t A& F-3F F7kx] A LH o]
218t A= 28] AEA DHERE Yol 2§ AT
Aol AAE A TEe F7IE dlA Ech(Piestun et al.,
2015). & T2 9912 fAke =3 AA shellA, dix
T3 2% A eE wjoleA] g 7hE frE 8 25 o
3t 5744 microarray A0 A A ES2 3 FH5AH, oy
A A B | EZEE o} 7]F, E|a FHFP Aol #st
= A gigt gkt e el HolFo e 2
ol gk 34 12 a8 918 Ftl(Loyau et al,
2016). ©]Fe] W&2 kA, AldsH-HskrAl- 4
2 A Fo] e g9l 2844 2o tf-g-Ste vof Ay

=
717ke] 2=z2-e DNAS 8| ~Ee] 327 Wslel o]d

T(Tzschentke, 2007). @ A &gl gt Al2zd 7122
Y3 1 32T3)T ZEZAHE 287 £33 7+
oF BT whgeo] WHstE Ao
(Yahav, 2000). whebx] ffollA wek 272
& gHEs= WS F8gk 847}
A2z AA = 3k = A5 109 <ol &
Al o] A717} §-3 & Hole]e] HAe] & X%} =l
THArad, 1991). 717} 53} & 545 =20 = 36T
oA 24AI13F AT S F4 E 2Ed 2 =E3A7]
AAESE Aoll SA7} =2 250 U3t HSEE =Y 7
2Ed| 2 =% 2700 IAIA A7 A Aol UAIRE 4575
= B dEm, SA19 AT S 2 e 1
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