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Abstract

This study was conducted to investigate the impact of stunning using carbon dioxide (CO,), argon
(Ar) and nitrogen (N;) in the slaughtering process on the slaughter stress and the quality
characteristics of breast meat in laying hens. In the experiment, 70 laying hens at 30 weeks of age
were used and subjected to various stunning conditions. These conditions included halal method, CO,
(70%, 80%, 90%) gas, Ar (80%, 90%) gas, and 90% N,. Blood was immediately collected after
slaughter and serum was separated and rapidly frozen at -70°C, while breast meat was vacuum-packed
and stored in a 4°C refrigerator for 4 days before being used in the experiment. The pH of breast
meat was highest in the N, treatment, while the Ar treatments showed results similar to the Halal
and CO, treatments. Lightness was higher in the CO, treatments compared to other gas treatments,
and redness was highest in the N, treatment, with no significant difference between the Ar and CO,
treatments. Furthermore, the drip loss was highest in the 90% Ar treatment and lowest in the N,
treatment. Drip loss and cooking loss were influenced by water-holding capacity, and shear force
was higher in the CO, treatments compared to the Halal and Ar treatments. These results suggest
that in the slaughter process of laying hens, the use of Ar and N, for stunning can be an alternative
to CO,.
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< ol&sto] AAAZIH, FE =7loA e 71EAIZIA] S T (Halal) A0 E TAE AAISHL
‘21‘3}- O] 5 ’éﬂ‘%}‘%ﬁ 5 T 7]7‘“]7111 R EAE AAste] L5 S99 v Rl
RS A B A7) 4 oA Hol AEFHAS WA Hrk(Salwani

et al-, 2016; SOHg et al., 2022). ]ETE?} FARS 7S] flsl BEEARRIA HAS thAlsto]
7FAaR(gas stunningye 85K =57g0] Eolual itk TIEu, A4l 7EAR ARG olikeleka
(COYE F=A EFRT 284 A2, HIAPEAR] &5 5014 Bk oA As0] F4 Aste
A7) @Rlo] Hu g ZRAAAl0] 83 & Al A 7RA9] Fa/do] FEs] A7 =L et
(Terouw et al., 2021; Xu et al., 2018).
A feleRs 55 4 UTNOR SIS AN F2 AL slom AAY 2
e S T OWIHEACON} RS S8l 2 SO E2o R 1E
YA A3l =sA SE0lAl 7182 AAste] FEo] o)At T%” i %EHOIW 3ok
Tl MER GAISHAL L™ (Gerritzen ef al., 2013), I} vl SOl =5 Al 7159] AAlE
Y3l o|ABFEIAN(CO,), BAN,) ¥ o2 L(ANS AREY 4= LS 5]8ofal thGerritzen ef al.,
2013). 53] of=Z(An)T EAMN)= OKIRIEA(COy)e th=A| 7159 Hut 7|28 A=51A] ¢
of TEEAA R 3t Zo® AT A lom, E3] ol=ZH(An)9] ¢ 7 ETh Wit @Al 7]
E/40] oA IBetA(CO,)9t HISES] OASPRtA(CO)E ARSSIL A 71E Al o8 = 3=
Z7o] tk(Sindhoj et al., 2021).
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7Fsd B7HE S8l ol=(AnT HANy)7RA Ao ThE o 7IEAe] F45/4S B8
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2 @7 52 87 5L 40 93 ) TR JREE B 3 erenAEas
3

FAT WS NIAS-2023-631)0]] wh} AAJ=| et
SAE ¥ A
£ Aol AREE TAES FESARH FEFYA TN AR ARSRE 325799 A

TA|(Hy-Line) 14055 o] o} Agof ARSI, SAISS T=7ISAMGHE0NA AAIRE Alet
A FdAa 8FFS ST - A5 ARAES Fo15I3 e, 41 cm x 36 cm x 40
em(length * depth * height) T2.9] Ao] 014 244 AMSEIRTHAISEE; m=27.7kg). EAIE 140
TS & 05E AR Aol ol4elEA(COy), OF=Ar), HAN)7IAE ARSST] 744
sigon], A ZAME 7 1058 SAS AT 7EAAA 2L oIRRACOyt of2E
(Ary> 212} 80%2} 90% == Aot e, AN H7] § Sl B2 90%E A5kt
(F=7= CO7, CO8, CO9, Ar8, Ar9 & N9). ojufj Tz 0= Szt de) AR Z Az FARE
CO, 70% ZA 0= AAslqe}. o] uh] TAES d<sly ASwWe 77 dosly, 287F
WES AAISICH(Fuseini ef al., 2016). 7R2A412 SFARNE DHg 7RA AAI7|(STI-01, GSTI,
O, TS 01851 CO,, Ar E N, 7hA0] eEAlA AAIXZon, SRS B SR A4l
o] o]FojF A5 ERIRt & LAE AASIAH:. 7EAAARH Al Y SUSHA| Froto]
7AW Ad ¥ 257 HEE At o] SREH HE JAISS 7]~—”(Pectoralzs major)Z
LB o], § 7IeE 2524 pHE 5785kl S2jofEdll Ao Jg2Aste] 4C ¥
oM 4947t Yzs AA F S8 A0l ARSSIITE
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8% TE|&(Cortisol)

A w2 AAe] % TEIZHAEHATER cortisol) & W3t TS o] T T
7dAl ARt AlRA| 9] B ol BHE AF F 4,500 rpm, 4°COA 102 Bt SHEEE
AAste] EHe Eefotal 24 74| -80°CollA Eastith. BF E|E F=e chicken cortisol

ELISA kit(Cusabio, USA, TX)E AR&slo] E45199tk @4 50 uL7t 71 Z} wellof| antibody 50

LE A7I5l0] &35} & 37°Cof|A] 4057t HESAIF T ]S ZF well& 200 uL2] wash buffer2 33]
/‘ﬂ?‘q oto] AFSIA] - antibodyS A4St F horseradish peroxidase(HPR)-conjugateS 100 uL &7}
5] 37°Cof|A] 3027t WA FH Y. Wash buffer 200 uLE ARE51] ZF well& 53] AlZ & 90 uL9
3,3,5,5-tetramethylbenzidine substrateS 715}l 37°COl|A 2087t 1S Xjckslo] HESAIH: XS
2o 50 L] stop solutione Zt wellof] £5}5}11 55 o]ujof] multi-mode microplate reader(Infinite
M200 PRO, Tecan, Switzerland)E ©]-85}0] 450 nmof|A] 2A5199tE BRI (P=0.8863)2 I2E
Z8M200 ng/mL)S THA ] X Z5H42 444 BEES]ASEe] 0 ng/mL (S0), 0.049 ng/mL(S1)~
200 ng/mL(S7) BE=E ol-gslo] AXFEIAL.

pHe 22 o 7[&4 AE AR24 w49 pH*K 21 meter(NWK-Technology GmbH,
Kaufering, Germany)E 01%0}04 %Xéﬁ}‘ﬁi} 24 Algme EF 158 oJyjol Z7gskar, YAl Al
= AFRASIe] 4C FgA 497 B3t & SAoIit:

e

9 7Y 319 AEs ARE 3087 THAY & W&o 1EE "“iPﬁ](CR-400 Minolta,
Japan)E 0]-&5}0] L*(lightness, ), a*(redness, M) U b*(yellowness, ZAE) FFS 451
t}. ojuf, AX}A HAL CIE L* o] 495.01, CIE a* Zfo] -0.71, CIE b* Fto] +3.9691 Wi FZuto
Apgetel AT

=
2 715AR0] AU EL. AOAC HHES 5-85f0] 22|94 E347|(Food Scan, Foss Tecator Co.,
Ltd., Hillerod, Denmark)Z o]-835lo] B35t o 7154 F 100 g2 ARgsto] Z4519ich

HAY

H422 Hur 5(2001)9] WS -S-8olo] dilEelos S7gsiqlct. st dA=2 E A
2 AAT A= 0.5 g& 2 mL filter tube(0.2 um, P25661, Millipore, Japan)©] Aot Al=7F
271 filter tube= YUAET]7]|(Avanti(R) J-E, Beckman coulter, USA)E 0]-8-5}0 12,000 rpm2] &%
= 153 52 QRIS skick AN RIS RS AT A A2e) 10

o thet k5 el wieS Al

Hpg(%) = (AR SEEH %) - 2 831 %) / AA] S8R %) x 100
2 FESEH %) = 78 TEHg) / /\]i%'(g) x 100

STME U JjuTY

o ka0 SEUSL HE ka0 A4 A FAE S %ﬂfﬂ]“éﬂdl o] Y A%
S0l 4C WATIOA 497t B F O] SRE AASle] TS Zgela 5
S AESIh B 714 R AL 718 203t o] B Aol cfek HI8E A
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NG A S 24T B S Selolaul 20 Y 800 Fesmold Aerst
T51Co] BT ) HEsigint. ol ARE BB 1583 9 AR LES M TE W2t

A7 F HA $2E AAte] HF TAS S

SEHE%) = (A A T - A F ) / A A FAl(g) * 100
71EEH%) = 12 A FAg) - 712 & FAlg) / 712 A FAlg) x 100

XCh2q
[ ey |
A2 Wamner-Bratzler shear blade”} 2 &417](5543, Instron Corp., USA)E ©0]-85}0] A=

it
-

8] Aukele 2 2slsich AR 71QE B ARAoIN 44 127 ame] 99 Tojg
ol8alo] kg W] 2o AFaIgLon, Alatt 53] 24sjo] BE FAS FIREOR A8
Sttt olu, 2AZAL load cello] 50 kg, cross-head speeds 400 mm/min®& Y5}

SHEN

2 Q470) ZTje 7 Aol A 1040] et 29 B FEEAR Uehhoit. 54
E42 SAS Enterprise 7.1(Statistics Analutical System Institute Inc., USA)S o]-85}0] Luix] EA
8 (one-way ANOVAYS AAISIGAT, Hel7 B2kl 9914 AH(p<0.05)S Duncand] WS 2
Foact.

l

W

ofo
ol

n. 21+ A 9%

AL B8 U S0 M2 M2 B FE|X(cortisol) SE 3t

YT Rt 7k S50 SR AN AR 8% SEcortisol) S Fig. 1]
dehiglth 8% TEé SEL 49 A9 Jeh foH0E 4 RS e dehiion
(p<005), A9 HeITE AL BE HTET §2I29 HolS LehhA] kehpo0.05). TEEL
2579 95, 9 % Fo| SO AT AL A A] MR B4 4T TR P50 o)
P 285, B AEdL AR 5RO AGHKGuijamo ¢ al, 2020). 2 GFOHE
Ar He7-50] CO9| I8l 52 4 LERIIgHar, ol ARRMAZE 7k 1 o} Ao s
AIZ10] 7} AR S60%, A9 183 CO9 H2I72] 35%0] HJs) k4 1 AlZlo] 2gi] T
oJek WEHEICE Sindhoj (202112 OF2AN B WAN 2 B 7|7 oisfekA(CO)
of wjel AAIL IRt 7k 1 AlZlo] Z7HHARE SR 7=t ek AT Shot £5 AEd
25 A 5 QIET S Wb COvel g 71 ARle] ARAR BF Feks e R
29l Hol/h LetA] 9 AL BEY ZIAY Artk N, U3 S e o= ek
FHH 0T AT} NO el FREAH SHolH J1E 48 /A4 22C07 AR
# 714o] QIekil Webeek

HMTIA B8 U ST ME AA H 7EEAC| pHeE ME

AAZEA FFE -5 AR 71549 pHs Fig 29 2t} 254 7549 pHisminol A= Ar
A2TE(80% : 6.61, 90% : 6.59)°] No&F CO, A7 HIs} A0 R &2 ghZ YE3lom
(p<0.05), N9 (6.17y= COx(80% : 6.46, 90% : 6.48)} ThZFHalal : 6.33, CO7 : 6.28)HT} Lre
e UERSITE WA pHe N9 (5.96) A7t 7H 2 6 UERAIOH, Halal(5.84),
COX(70% : 5.89, 80% : 5.90, 90% : 5.83) = Ar(80% : 5.82, 90% : 5.89) A=TC] pHE= AZ7to|

=
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Fig. 1. Cortisol of laying hens breast slaughtered by halal and gas-stun Fig. 2. pH of laying hens breast slaughtered by halal and
method with CO,, Ar and N,. All values are meantSD. *° Means gas-stun method with CO;, Ar and N,. All values are mean+SD.

sharing the same letters are not significantly different at p<0.05 by ™ Means sharing the same letters within a row are not
Duncan’s multiple range test. "Treatments: Halal, used knife; CO7, gas significantly different at p<0.05 by Duncan’s multiple range test.
stun with 70% carbon dioxide; COS8, gas stun with 80% carbon dioxide; DTreatments: Halal, used knife; CO7, gas stun with 70% carbon
CO9, gas stun with 90% carbon dioxide; Ar8, gas stun with 80% argon; dioxide; CO8, gas stun with 80% carbon dioxide; CO9, gas stun
Ar9, gas stun with 90% argon; N9, gas stun with 90% nitrogen. with 90% carbon dioxide; Ar8, gas stun with 80% argon; Ar9,

gas stun with 90% argon; N9, gas stun with 90% nitrogen.

$O129l Aol et Sloteh Nakyinsige SO E7] 8] A pHigu® oJAFSHELA
(COy) AAlo] vIsto] T whAjo] Foj2l o g WQithyl H IS O M, Poole®} Fletcher(1995)= 7k~
AAIRE o) A A% pH 7R2%50] et 9918 Holrk 919108, HE pHE 5695722 94}
S Uebgthal 2arsilnt. TS Raj 5(1990)2 SA|9] AR pHe AAIZ RO whE 2fol7h LAY
okl B 75194tk Foury 5(2005), Henckel 5{2002), Nakyinsige 5(2014)2 & ®o] vlste] 7}A
A 7159] AR pH7E 22 A2 F714] 2004 A== Zd70] adenosine triphosphate(ATP)S]
o182 VA T& AU I LTt Haoh, AEHA F2=Q] FHEHE0H(catechol-
amines) S-A1= T pH24n} 9] ARIAV} Qo] helZoltlo] Feladl wsle F7HA A
A714 sfFargel ot 24 AARZ: AR Axfetal Asilth

ArZks F5E - FEY AR 715430 Al Table 13} 2tk PEE CO, AE|FE0] Ar
AN, AFFEET o808 HE g2 U AN s N-90%7t 7Hd =3kom, Co8%t
CON7E 71 B2 ZES LiER 2T p<0.05). AUEOIH Halalah Ar 42175 Aolo] S92 2ol
Q9Ich. T Hallo] 71 59408} COMEIFE0] Arsh N, Hel7Eutt fojHoz Lo 5

Table 1. Color of laying hens breast slaughtered by halal and gas-stun method with CO,, Ar and N,

Traits Halal co7 Co8 Co9 Ar8 Ar9 N9
Lightness (L*)  S1.I2+1.81™ 5238370  52.78+3.45%  53.57+1.57°  49.61+1.70°  49.85t1.16°  50.08+2.29%
Redness (a*) 4.72+0.90° 4.73+1.39 3.37+0.85° 3.36:0.95° 3.79+1.00™ 4.08+0.67" 6.02+1.21°

Yellowness (b*)  8.01+2.26° 7.67+1.82% 6.50+1.41% 7.56+1.74% 6.08+0.85° 5.84+1.11° 5.73+1.18°

All values are mean+SD.

*¢ Means sharing the same letters within a row are not significantly different at p<0.05 by Duncan’s multiple range test.

DTreatments: Halal, used knife; CO7, gas stun with 70% carbon dioxide; CO8, gas stun with 80% carbon dioxide; CO9, gas stun with 90% carbon dioxide;
Ar8, gas stun with 80% argon; Ar9, gas stun with 90% argon; N9, gas stun with 90% nitrogen.
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MEE ehelck AN, Hel S Aolo] §942] Holi= glgick Sabwni 52016/ £A9] 71
Are gepipo] ZhaAlAlact HEeh A/} ok BUSHE Xu 2018/ CO, 7kAAA
o] A1g0] WAL 0|3 4= 9LoP, o)tz Tl Alle] w2 ol PS4 e v
iz 9lrhi Sk, Alam 50222 E7] o), 718 90 404 €O, Aol Arh N, AAE.
o ATt 3 sk FME} ol ol e AL Ueickn Bustinh webd, FRAdAS
X9.9] S50 JEL 11 4 9108, ARk ZRACIHE €0, 7kl Hlste] Atk N, 712 41
ofs] Tht o] A W 4 Qi Ao WeEr)

A R A S0 ME MHA § TS YR

d - sl A 71540 YRMIE-S: Table 20f YERAQICE. S22 CO77} Halal
Hop gojEog g9ton, oE AEFE2 o] F ATt folF Aot §lglth. T A
BE AgTolA o Aot QAFEA] QRoket. A o2 N99F Arg7F CO99F Ar8 B} &2
FZ HERITH(p<0.05). SRt §F2 Halal?} CO77F 7HE 9500, N9 Ae5t7}F 7F SA| verst
Thp<0.05). Song 5(2022)> T % 7IAUAE AR & 7igiolA ARMES] Afol= YehtA]
AL HATSIR O, Alam 5(2023)2 ALY} 7RASR web & 7kl dME Aol
7F o 1% Wel= yehdtial Huste] £ - 23 fARHI

A ER & S0l M2 § 7iS4Y H8, |5 & VIEEE

= AR Vil Bad, SEAE H 7AURRE Table 30 HERASIC
B2 No7H €08, CO9 B Ar9of| HIsf fojd 0= 7] UERt ot (p<0.05), °]2j2] A=)+
E Alolell §94 Ajol= it S5AES No7H 7S ROoH(p<0.05), Ar99] 1 4F&0] 2

Tt

2
N
[>
ofN

(i
i:3
ofr

Table 2. Proximate composition of laying hens breast slaughtered by halal and gas-stun method with CO,, Ar and N,

Traits (%) Halal co7 Co8 C09 Ar8 Ar9 N9
Moisture 73.34£1.02° 75.45+2.61° 75.004+2.49% 749142 47 73.93+1.60% 73.74+1.14% 73.95+1.85%
Protein 23.95+1.77 22244244 21.83+2.10 22.0242.46 23.74+2.22 22.89+1.88 23.27+2.04
Fat 0.71£0.27% 0.68+0.39% 0.91:0.45% 0.35+0.39° 0.43+0.31° 1.00+0.64° 1.12+0.45°
Ash 2.91+0.09° 2.92+40.14° 2.79+0.11% 2.85+0.17% 2.90:£0.05" 2.87+0.09% 2.78+0.10°

All values are mean+SD.

*¢ Means sharing the same letters within a row are not significantly different at p<0.05 by Duncan’s multiple range test.

DTreatments: Halal, used knife; CO7, gas stun with 70% carbon dioxide; CO8, gas stun with 80% carbon dioxide; CO9, gas stun with 90% carbon dioxide;
Ar8, gas stun with 80% argon; Ar9, gas stun with 90% argon; N9, gas stun with 90% nitrogen.

Table 3. Water-holding capacity (WHC), drip loss and cooking loss of laying hens breast slaughtered by halal and gas-stun method with
CO,, Ar and N,

Traits (%)

Halal"

CO7 CO8 CO9 Ar8 Ar9 N9

WHC

Drip loss

Cooking loss

66.15+4.02%

1.35+0.46
5.67+1.79%

68.89+2.80° 66.1843.83% 65.2942.52¢ 66.79+2.95" 66.30+2.33% 69.15+2.29"
1.03+0.48" 1.05+0.48 1.37+0.70° 1.28+0.52° 1.47+0.68" 0.59+0.22°
7.4241.31° 5.48+0.86™ 6.52+1.50" 5.92+42.02° 6.87£2.31® 4.44+0.81°

All values are mean+SD.

*¢ Means sharing the same letters within a row are not significantly different at p<0.05 by Duncan’s multiple range test.

1)Treatments: Halal, used knife; CO7, gas stun with 70% carbon dioxide; CO8, gas stun with 80% carbon dioxide; CO9, gas stun with 90% carbon
dioxide; Ar8, gas stun with 80% argon; Ar9, gas stun with 90% argon; N9, gas stun with 90% nitrogen.
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BEFE HA oW, Halal} CO, #2712} 7214 Aol fITHp>0.03). 7FIAE Bt RARE
73S Kol N7} 7Fg wor, COT0] 7H4 % ATHp<0.05). Ar82] 7187k CO7 R} §o)%
o5 W2 2108 YEgTh A% pH7E 5AFRI 5.0~5.4004 77kerE Hapdo] Wolrlt Alam
51(2023)9] Atol| A S HFAlo] HIsto] CO,9F N, 7hAR AAIRE £4|9] B 71542 pHeL K™
o] Wokt}. Bomez 5(2009)2 Y117]9] H4EL =0 r g LEA7to] Lojd4E Co, Flo=
sl Farlell Azet A& m7p IAste] I QJEE Fo] AEEthal Hilsigion,
Hambrecht 5(2004)2 =4l 2 AEH A= S5 FAR] 93k vHoal sqlth & A+t
A% AEH 7154H0] HSElo AEFA 20| FES cortisol) T} pHO| w} Zjol7} whAyst
Aoz metely, Avtgoz Al JkA 20 ot B AEFHA Who] A80] B (R4,
S5HE 9 719Dl F¥E € 5 Aok B

ML ER R SE0 ME F 7iS4e| HHE

AEA SFE - AR 7I5E] APl Fig. 30 ERAGIT & AFolHE Oy Ny,
Ar, Halal 202 W2 gt % LERHICH, CO97E 7P kAL Halalo] 73 W2 g et

Atk o]AM9] itolA] SerAlo® wAE 8A9 AL oF 195 kef Aty B iEH} Qi
(Alam et al., 2023). Northcutt F(1998)4 Aol Awz 7isare] A e A7A4, ojilsketa
(COy) A1 9 AL o] mE 7913 Ao/} §led HolFQIr . Linares 5(2007)2 o1 gl
7IAAAE RS WEe AT AR Yo7t & Jole 7RAAAL 71484, Bl
T Ao Aol LEhA] Rttt Busglt. £ Akl 2Pt ofd Arele] Zujet o
S Hehlls 22 2 Ao A8 AAS F53} Ao Aololl ozt E2lskety B4
AoloflA 71ld Aoz FEH

33

[>

> Uz
l>

@25 | T l T 1
Bl
g |
w 2 r
2
2
= 15
E b a
a bd |
7 1+ |b ’ bedg cd gbed
03
{' i i i i i i

Halal co7 CO3 coo9 Axrf Ard ND
Treatment

Fig. 3. Shear force of laying hens breast slaughtered by halal and gas-stun method with CO,, Ar
and Ny, All values are meantSD. *® Means sharing the same letters within a row are not
significantly different at p<0.05 by Duncan’s multiple range test. "Treatments: Halal, used knife;
CO7, gas stun with 70% carbon dioxide; COS, gas stun with 80% carbon dioxide; CO9, gas stun
with 90% carbon dioxide; Ar8, gas stun with 80% argon; Ar9, gas stun with 90% argon; N9,
gas stun with 90% nitrogen.
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