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Abstract

The carbon dioxide stunning method is known to induce less stress in slaughtered livestock
compared to conventional methods. A reported disadvantage of the carbon dioxide stunning method
compared to electrical stunning is that it is associated with softness of meat quality. However,
research on the effects of carbon dioxide stunning on stress levels and meat quality in Korean LYD
pigs is limited. Therefore, this study examined the effects of gas stunning methods on cortisol content
and the physical characteristics of loins in LYD pigs. Ten LYD pigs were used for each treatment,
divided into electrical stunning (Elec) and carbon dioxide stunning (CO,) groups. Cortisol content
was 3.38 to 4.47 ug/dL for Elec and 2.89 to 3.56 ug/dL for CO,, both before and after stunning
(p>0.05). There was no significant difference in pH and myoglobin content between the two methods.
The meat color did not differ significantly, with lightness of 51.49 and 52.64, redness of 5.75 and
5.67, and yellowness of 5.59 and 6.18 for Elec and CO,, respectively. TBARS was significantly
higher in Elec (0.18 MDA mg/g) compared to CO, (0.14 MDA mg/g) on day 2, but no significant
difference on day 7. Elec had higher moisture and protein, while CO, had higher fat and ash, due
to individual variation. In conclusion, carbon dioxide stunning may induce less stress and has minimal
impact on the stress, color, and lipid oxidation of LYD pork, with potential individual variations.
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ES2 FE V|, 1), 7 58 7] Asl WA, =557 5 A4l(stunning)> 3}‘“4 ek s
3719k A0 FE e A 2% oItk FoME SEoA =E e’ S-S WABI
A3l =FA] S20IA 78S AAlst] FE0] T4 Fat AejolA Essof ?lﬁb__’ HER
AIBHIL ACHGerritzen et al., 2013). $E{UeolA 7159] A2 FE=SATHY (FHSAES
BRI A2019-282)0] whe} SR Ut AAIA R Hix|9] AAl Al tiEA 0= Y| A4S
OPIRtEA(CO,) A0l ARGEIL glom, SEUTelds F2 714l ARSEAL Slt.
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of IS nX= Ao7 AHA Ah(Velard et al., 2000; Velard et al.,2007). Gregory(1994y= T
Al 718l o s B, SET, B, RS £, PSESS X folo] EAV 1719] 4
Asl7F AL SiQith. WA, 7148 F A ABitell AR S A ] Hig At ol %
olxoH, 9], 58 9 Hu] (G F4CE H7|4HALE tAlslo] CO7kAR ZQio] st vl
77} Waslo] siek

AukH o /Ao R A T/ COPRAROR A 710 ule] 55 AT o we
pH 74 dA T Fe BaES YE ™ (Casteels et al., 1995; Channon et al., 2000; Channon et
al., 2002), TEB(SHY) WSS CO7IARO] A7 ARl vlsh 24 TAgghta =4 Qiot
(Bartone-Gade, 1997; Channon et al., 2002; Velarde et al., 2000; Velarde et al., 2001). T3 7185t
HA7F =50l W 5 Ae SESHe 97T EAYstET, 7HAAAlo] 71 Bs)
WAIGol|A 2J4lo] SlEE]= A7t Avtal B ETHEEA8, 2017). F=EA] 71%3t 7t
S8 AR AT BIA(EEEA, 2017) 004 = A =S53R Q48R A BeS 02~
23.6%= WEPIL, 7AW Ro] ThE QA4S ARlE A7]14AAl0] 12.3%0]1, ZRAAAIE 1.7%7F &
A= Ao ZAE

A71AA o] Hlste] ofe Aol HarH vl MA|AH SR oikdbeta: 7EAMAMEE SEok=
T&7go] 715k FAloIe:. @4 S B =52 oF 68714 o] 87iavt ojikslgkA: ZEAA
AE Tt o= A itk ey U ESAolA TiAdA o R AR =0 S &
g3t AEH AL gl Tt A= wHISH AR, i AAE RHgsh 7RAMAIR o] B9
AEFA WY Frt &40 H|A= JFe 2ARE Zart stk

wEhA 2 Atoflads AAMPHo] Bix]9] AEF A W8T} Hix|117] F4of w|X|e JFE Bt
7] 9Jall 714403 COAATHE Aol mhE AXAE AEHA TER 0o} Hi2]117]9] o|stshy
E4e 45kl
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1. BNE ¥ £2

2 Ao A BAZE FeAGe] FESHIN AT AH HARAF 1060641 ke)S
204 FYSHOH, S AFEEF HPH OMISEACONYOR 2 1054 A
F SEHJHIRBIACUC : NIAS-2022-174). IAIPEEE AAIAZ) S B5sto] 259 g
F 287 BT T EE9900, AR YAT SAS FYSAHAUOD 95T ¥ 3 2

I} ofF, AR ARG HA| SHSS Belolga mYAo] WFHYSIo] 4C YO
4 W2k AN T S0 2o A8

0

2. 3 TE|Z(Cortisol) &

L] 2 A9 ¥F THAEASEE, corso) BE Vs RIS o) A
(Elec)} COM(COy) = 1F2E Lro] AAl Mt A4l o] S A5t Al $2 =HAlet
A = COZIARC R HAIAZ HiA]9] A oA A A5 ., 4,500 rpm, 4TOfA 102
5ok YRS ANjelo] BHE Belali, 24 WA S0ColH RUSISIT) BE Teld BEE
cortisol ELISA kit(Cusabio, USA, TX)S AR&slo] 24513 tKSong et al., 2023).

3. pH
pHE 5418 3 gof] 5545 27 mLE 715l #47](PT-MR2100, Kinematica AG, Switzerland)E
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o] &3le] 12,000 rpmof| A 602 E9F FHEHATE 0]F, FANLS pH meter(FP 20, Mettler Toledo,
Switzerland)E ©|-&3}o] pHE =439t

4. B9 S

HA] A BH SMS AEE AR20lA 3087 EA(blooming)AlZ] - A4R}A|(CR-400,
Minolta, Japan)E ©]-8-5}0] L*(lightness, HI), a*(redness, ZAE) U b*(yellowness, A T) 7+
27359iT}. oju|, MAA HAL CIE L* Zko] 49501, CIE a* o] ~0.71, CIE b* ZHo] +3.969]
uy) BERS ALgsiol AN

0II

5. D|3=YI ol

ThA] S42) 1] 9224 FHL Sammel 00 WS $-8510] ZHIATEAR 40] 5¥)
(wiv)Y 575 7okl #&87](T25 Digital Ultra-Turrax, Ika Werke GmbH & Co.,Germany)E ©]-&
Stof 13,500 rpmOE 10 27t #&otT}. FAM 4T A 1417 B2t vhSAIZ] & YAlE e
7](Avanti JXN-26 Centrifuge, Beckman Coulter,Inc., Fullerton, CA, USA)OJA] 30,000xg= 3027
A& 253, o] A M-S 0.45 um syringe filter2 o T}5}al UV-visspectrophotometer(UV-1280,
Shimazdu Corp., Kyoto, Kansai, Japan)Z 525 nmollA S FEE 2431t tlolZ=419] BAl=F
(Drabkin 1978; 16,110) ¥ Z53A4x(Bowen 1949; 7.6 mM ' cm '), |59 FAH|4S 0]8F
AR 1 gd | mge & &SI

Myoglobin (mg/g meat) = (Agmple — Avank) X 16,110 x (dillution) / (7.6 x 1 x 1000)
— o
g4 BA0] dubgial ZabAl 9k AOAC ¥ (Anderson, 2007y 3-831] QA 2%

7](Food Scan, Foss Tecator Co., Ltd., Hillerod, Denmark) o]-&-5}o] Eai3t 5415 F 100 g& AR
sfof Zasick

ol

7. XIS (Thiobarbituric acid Reactive Substances, TBARS)
HZ] 54159 AZAHYEE Buege?} Aust(1978)2] WS 3-8310] 4519} [EA 3t
AJ 25 g, 254 7.5 mL, 6%(w/v) BHT A|2F 50 uL 9} 20 mM TCA/15% TBA A]2F 10 mLZ

Y1, 47|12 11,000 pmO= 1527k #4slet. old, FAF Al tiil F54 2.5 mLE T‘MI
319t} 20 mM TCA/15% TBA A2 7.5 mL& 7}0}04 90T 9 F2p2oA 1583t 71F
=0 G@7F 2027t S AT HdE AP RS Voltex2 &3 & AR S 0]—9-0}01
3,000xg= 25T o)A 1087F FAEEE AASIE 0]F, A5-9-S Whatman No. 42 oj1}5}1, of
T}olS- UV-visspectrophotometer2 531 nmQ] SZof|A 2A519itt A A= AlgE 273t
oA ZAFEE AQlsto] AREstoit.

-

TBARS (mg MDA/kg meat) = Abs x 12 x 72 / 156 = Abs x 5.54

8. SAEM
& AT Ak 74 AR HA] 10570 tigt 34 Bt BEEAE UERigith SAR
O SAS Enterprise 7.1(Statistics Analutical System Institute Inc., USAYS 0]-&5}0] Lu|x] EARE
’Aﬂ(one-way ANOVA)S AAISIL, A2t Btk 72l A7 (p<0.05)> Duncan®] WHS 28
SHic
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1. AdbHo| ME =X #F TE|E(cortisol) S 8}

A4 w2 A H50] EF FEE(cortisol) = Fig. 10 WeRAI:. AAMSe] d5
FEE Fos AATIFS AAA 338004 AAIF 4472 <F 32% F71613om, CO,1E2 A41d

NB 3562 oF 23% Z71519it) A E €% ZEE Hrl A E0] €0, 0%

Atololl £:214 2jo]7} QloLt, §oJ A3l ZtolE YERiA] eokth(p>0.05). FEES 529 &5, 4
4 go| o0& QIS AEHA WAY A] oA BAlnE A= S22 W] oJdf IS 24t
o, YN AEHA A E TER0F ARLETHGuijarro ef al., 2020). 2 AT A4l u 2Zg=
St AT COTFET A Vepstsd], ol 7iA| 719) Ajolet AlFdolxe &% Hro
ofgt Aoz wrheEct E5t A4l o HArHo g AAlsH JF0] CO7tAHo Hl“H > &
Uetii=d], ol 27152400 s 2AEH AV} B Wol WAggt A0 s whekdct. ok, ALl

AAIS T ZRAol| gt FEE $23] AJo|7h UeRpe o8 AZEr, P 271AQ1 A7t "a
g Ao k)

2. AdigrHo M2 Sa]| pHYt B M

AATRP] w2 7] 5-4159] pHOF EH A2 Table 13+ 2t} A4 w2 7] 54182
pHE AATIET COTE Afololl F94<Ql Zolg UehfA] ottt =59 X% pHE 4837}
P B L& pHE ARTiAte] ofsf F3ks Bk 4= Q17] Wioll(Kim ef al., 2016), HHA| 17|
9] £4& Yeh=t| &89 4 Utk(Pearce ef al., 2011). Marcon 52019y HA| Q] 7| A4l A]
COEt} -2 pHE VFERdTtal B115E9] Om, Rees 5(2003) A7) ofsf] R AREThAH
9] 71&:3519] Jgko 7 pH7} ”O}X1E}J_ 5}tk TESE Van de Perre 5(2010)2 ©]5-9] ojgle 571,

AAR|] TEHR, 150) oL ol MyjEi) AR S3} 2 YR agle] 280] 17| W
10
9 -
8 L
27t
=
B 6 T
g
- 5 F
=)
2 4 L
| I I
© 3 t T
2 | 4.47
3.38 289 3.56
l -
0 1 1 1
Electrical CcO2 Electrical cO2
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Fig. 1. Cortisol contents of LYD pig slaughtered by electrical or CO, gas stunning method.
All values are mean+SD.
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Table 1. pH and color of loin slaughtered by electrical or CO, gas stunning method

Traits Electrical stun CO, gas stun Significantly of T-test

pH 5.75+0.16 5.67+0.12 0.269

Color
L*-value 51.4942.56 52.64+2.26 0.323
a*-value 5.59+0.72 6.18+0.95 0.157
b*-value 2.79+0.78 3.1240.78 0.383

All values are meant SD.

Ele oM o 2 pH 422 Uehie 23 = 0L Sh9it HEHo] Van de Wal 5(1999)
2 2EFA a3y} JEo get =59 27] pHofl Aot BAE 4 9lon, FHE pHe o4
Ao]7F IHAL E 151 0™, Marcon 5{2019)9] ol|A] AR} ojibsleta: 71dro] wh
27] pH@45 miny= 7212 Zjol7k QU210 2F: pH(24 h)ollA= 724 Alo]7 LEREA] efictal
HsRlek E3L Zybert(2022)= 7| AT} ol4debea 71ER0 e HEREA S AR 2
oA 271 pHe Rt Aot o, 2 pHOll H3f 71841 9] frojujet Exte Il 53l
. 2 AoAIE AR 2441710 B3R SH=] pHOA 14 Alol7t UEhR] igkor, 22t
ZtollA @A s A E2 oifeieAY 230 =5 LYD HA9] 2F pHYF AL
HelM F=s 2os Amdh

ARG T2 SAS A PRLY), HAEEn)et FURbY) LF AEIET CO,2E
oA Aol AT ole A71dAle] ZkAdAlR] Bls) H w2 L*ghe UERdt: Wamer &
(1997)] Ha19} 774 4le] Hi] 549 Lgtol Y2 vRITh= Channone 5(2002)9] X9} tha
AOIE HEIIH. 459 e A TRl AdEe] 225 ¥t 2o & AH
(Hughes et al., 2014). & 7oA 71290 BA Q0] AEIFES CO, 72 APl &5
off wp2hA =7t #A vehd 2o sy HH O R, Marcon 5(2019)2 AR} o] ko
& 7)ol wheh Aol Ao fol Alo|7} QIttal Histo] & At Aue} FARSH:
Zybert(2022)= 714YH 9J] B2 8110] HiK] 45| Aol I v 4 3l 53], 7]
A A S5 Aol wEF CO, 71 A7 ARl T A Aol HAEG L By
STt 2 A7olA 5SS Al 7184 whE Afo|7t §l2loH, LYD HiA| 545 S42
718 o] Eete ARAEo] mE Aot A o UZe AR

3. AldiidHo mE Sage| D=t XELE:

A4 o] whE B4 5459 W eF=R] o 9 A FASHE= Table 20 VERQICE A7|441
W3t CO7AH O R AT =50 n]QF 2R oS 217} 0.92+0.12 mg/g¥} 0.85+0.10 mg/gO =
ARl AlolE YEtA] ekttt A189] AME= SAAQ] n|QF =2 W1 o8 FL-E=d], nle=

Table 2. Myoglobin and thiobarbituric acid reactive substances (TBARS) of loin slaughtered by electrical or CO, gas stunning method

Traits Electrical stun CO, gas stun Significantly of T-test
Myoglobin content (mg/g) 0.92+0.12 0.85+0.10 0.215
TBARS (mg MDA/kg meat)

2d 0.18+0.03" 0.14+0.05 0.048

7d 0.19+0.02 0.20+0.03 0.610

All values are meant+ SD.

An asterisk indicated a significant difference. ~, p<0.05.

Resour Sci Res, Vol. 6, No. 1 | 43



Kim et al.

ZUS LS Ao ARRHIG S5 AL o], S0l HUE ek HekLiingston
et ., 1983), 25l0] QI 192 7] o] WHske v o 2ulo] Akivh AR W BAE
3}, blooming)]l oJsf| T SAo] ZMof|A HEZMOo = HIRITHKang ef al., 2018). & AT
0EZ S AN 5 Y 39S Zgstel ATE COTEANA AUES B0 o]}
=17 g o2 ztEick weh, A9 TA €O, A4 E2E 3] SO B4 blooming) A1
¥ 8ol MENoR Walo) WA ER3 B M Aolg 2 9 T % UL FoIh

AR = £ 2 & A4T75(0.18 mg MDA/kg meat)©] CO,155(0.14 mg MDA/kg meat)©]]
vje 9 oHo2 oton] 79 Folt 717t 0199 0202 A9 Aol ek Polh A%
Wl TR AP A S Asje] o) 48] FAL ASI 4 Slck. AT, A 899
oJt} & AR AR o] YR 7]Ef AEH A So] ZHAJAk4Z(reactive oxygen species, ROS)AJA
o G3Fe: o213, AT 02 WA FoEE A0 2 SUEkXu ef al. 2011). OS] oA
7R FEG 7EAAAle] wet A4k LelA A 4= Qlvkal Bl ul Qe Linares ef al.,
2007; Xu et al., 2011). A2} Aboh= EZOMAPALS] ARSlofA] HIFEE, ELSMAHMALY] ARG
S0 ABHE FXAA AG7I7ERt S04 HSHE oF7|AIXITHKim et al., 2004). ThEbA] £
QYOI COPAAA] A1 B3] e BUEE ehd S FA 1A Folgh 25 1]
TR, veIEY gt AR Y] FERE T 2o wekEh

4, Mk M2 SHRe| Olsety £d

% UHHYE-E Table 30] eI, &, T, Sl AATIEO]
CO IR oA 0= Eom, ARt 32 CO1E0| Fol4os &SIt HA|ar] F4of
A= JF 5 e o AAE x| 17])9] 42 A4 COHAlel £2 A
24 Aot (Marcon et al., 2019). T12ut AAEPH| TR =17] LA UybgEo] et A4te A
gk AAoltt. HjA|117]9] F4of P mX= 8902 714 8203 AlRE ZIRE AR, &
A A4, E31 A FE 9 2 502 48R Qlom(Rosenvold?} Andersen, 2003), 7
(011) AE &5} Al FHdRe] EAEEY S8 9= A= $8% 82108 ARERital
st E5 HA0) AEE £AI0) AubE 240 %L 18 2 Stk Zometio e al. 2023)
B Q7 Anjolq 7 @Alnt BK0) 904 aolnt 484 S BAHel 22lo] et AukRo)
Rol7k Liehd 2102 AZAEIC) 355 AAPHe] uhe B EA19] olafka) E4o] thet 27Hle)
@7t +jolo} I Aol

Q

i
S Hd

ot

V. Q ©of

L =

2 g7 A7 CoAAR 0] Hix] 9] AEHA} =5(545)9 olstehd S ml=

Table 3. Proximate and collagen content of loin slaughtered by electrical or CO, gas stunning method

Traits Electrical stun CO; gas stun Significantly of T-test
Moisture (%) 73.46+0.87" 71.97+1.00 0.003
Protein (%) 22.58+0.29" 22.14+0.51 0.040
Fat (%) 3.30+0.96 5.13+1.43" 0.006
Ash (%) 1.24+0.07 1.40£0.07" <0.001
Collagen (%) 1.33+0.23" 1.11+0.18 0.037

All values are meant SD.

An asterisk indicated a significant difference. *, p<0.05; " p<0.01; - p<0.001.
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FFE H71l] A8 SEAS sl A =K 20575 S48 AEHA B A ofstehy
Se 240 2E#A A H]] FEcortisol) sl F T BT AR A4 Bl
=2 S Heglon, AR 0 B Aot AT S4HF2] pHeF Aes COAAN
I A7 ATl w2 7oA Aole HEUA] iRl ARt AR EAolME - T, e
A7 1A ), A ]2 COAATHEO] &t AldAtehe &5 28AIAlE COAATO] A7
AT Bls) folFo® W2 TBA ghe HEgloL, =5 794l E 722}l AolE UEA]
ATt oldel AE aeofsiH et T =5 A 8l COAAEE ARSsE Aol AET
Zoz WekEd ot Hx)9] §44 89l /R § AEHA WY 52 et 74
A7t 29 Zlow W

o)

V. ZA =2

AT SENTH FYZATIY ATAPI 01621403)9] A 9 204YE $EUTH 3
WY RT3 AQAIR] o] olZolAiaTh

R

vi. g9t & S¢

B AT St SR B U A7eeeiasl) s71E ot ssrk e
: NIAS-2022-174).
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