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2:;2:;(:‘; mlchogzzgggz This study estimated the effect of oxygen (O,) concentration in modified atmosphere packaging
(MAP) on the superoxide dismutase (SOD) activity and oxidative stability of ground beef. The
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(p<0.05) in the beef stored under 75% O,-MAP, but that stored under 0% O>-MAP had the highest
(p<0.05) TRA. Higher O, proportion remarkably (p<0.05) increased the TBARS content of stored
beef, and 25%, 50%, and 75% O,-MAP treatments showed more than 5 times higher TBARS content
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decreases the oxidation stability of stored beef with a decrease in SOD activity.
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Modified atmosphere packaging (MAP)= Ak, oJAISIERA, AA 59| 7EAES ol8sto] A&
TS 7]&0]t} (Seideman and Durland, 1984). AFL0As AFACR 70~80% 0,/20~30%
CO,2 ZA% A MAP (high oxygen-MAP)E ARE5I1L It} (Olohn ef al., 2005; Zhang et al.,
2018). J1AkA MAP+= 117] ] oxymyoglobin (OxyMb) 55 S7H A SA& A7), 1
BE BAE AAAA A 88 SHAZITE (Jongberg et al., 2014; Young et al., 1988). SFAIGE
5o Akag Qls] ALl wA, Tl Aoy} WhgEof A= Al8-0] Fo] AsHET (Kim
et al., 2010; Lund et al., 2007a; Morcuende et al., 2020).

Asolls Frtefa, HIeH, S, thiol, polyamine, peptide 5-2] TRt FAte} Al2dE0] EA)
5l (Chan et al., 1994), =% Fox o]59] PAst 282 x|&2 02 dojdt} (Renerre ef al.,
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1999). Catalase (CAT), glutathione peroxidase (GPx), superoxide dismutase (SOD) 52 ISt aAE
< A} §E0] 7} A @A A AEShe A Rrofeo]t (Halliwell and Gutteridge, 1989). ©1%:
SOD: H.0,:% AVJTHOR superoxide anion (0512 27310, 3 T 4014 44712 B9 he
orgZ o7 JA|E 0] free radicalo] 2J5t Als}a] £4}0 2 HE WG5St (Descalzo et al., 2000a;
Renerre et al., 1999).

A15:0] aksla A T Akt £ QRS0 sl YFE Hom, o= lsf ARBleFgdo] J7F
< WA =k Mei 5 (1994)2 7HE A2l HBlaAEE B24AI7H, o]= s 7HE529 A
AL u7tES Y e SAETIL BRI Lee 5 (1997)2 A 71 =80 TRE AtoflA
ag 7l o8l FARFaAE] D40l A4S 0|2 ls A F A4 SXIE I
HISeIch I2B R o590 A AL 1R B2 W, MAPY 4kA GA] A4} £319] 89l
o]7] wjZof, FAR}a AL T/ Yk v A2 W MAPY AkA Fko] HE 4159
A% F AeerE el tisiile O'Grady 5 (200003} Zakrys 5 (2008)°f] ofs Eire HE . ol
2 SARPY oA = Ak Fof| WE E AlolE HolA| Pgton, A P AtA w7t
571l wet @A5HA Aasiaittal Hasigiet shAITE o] 59 AtoflA] A& ZpA9] FARSIAIA
3} #HAsIe] MAP AbA 5o ThE ARIQPE o] Hslof dis Hare Bt gl Aol wtA
2 G4 MAP Ak B7] Aet £17719] SOD B4 9 ARVEA] vl g skt
Al

s

1. Mz & U

Sz 3 AdA

A A% w02 5E AARE AN T S<F (Top round, 1'5H)E FUste] A, 2A%
Z 4 gBS A|ASH T meat chopper (M-12S, HankookFujee Industries Co., Ltd., Suwon,
Gyonggi-do, Korea)E ©]-&519 4 mm= A&l EHE AES2 50 g 9 x 7 x 4 em?
polystyrene barrier foam tray (TQD900, Max. O, transmission rate: 0.1 cc/em*24 hr at 23T, RH 0%;
Max. moisture vapor transmission rate: 7.87 mg/cm’ - 24 hr at 38C, RH 100%; Cryovac Sealed Air
Corp., Duncan, SC, USA)] Q¥ TA E-2 & 3 gas mixer (MAP Mix9001, PBI Dansensor,
Ronnedevej, Ringsted, Denmark)7} 22 MAP machine (MAP-E1, HyperVac Co., Hwaseong,
Gyeonggi-do, Korea)& 0|85} ZHzZ} 0% 0,/20% CO2/80% N, 25% 0,/20% CO2/55% N,, 50%
0,20% COy30% Ny Z 75% 0,/20% COy/5% N2 ZA5}1l, oxygen barrier film (Max. O,
transmission rate: 0.002 cc/cm’ - 24 hr at 44T, RH 100%; Max. moisture vapor transmission rate:
0.39 mg/cm2 - 24 hr at 4.4C, RH 100%; Lid 1050, Cryovac Sealed Air Corp., Duncan, SC, USA)O.&
a9tk BE AYFES ALY 6714 2AsI0] 11:0.3ToA 0, 3, 7, 1Y 5 Ak
AP3717F &< 3719] trayi= SOD B4, $H2, TBARS o H HHSA ZAof| o 8sigio, LA]
37Ik= oxymyoglobin (OxyMb) &I 4] o] &3I3itt A% 09 42 4 A% 9080] 71183

MAP O, ¥ CO, B= (%)= portable gas analyzer (CheckPoint O»/CO,, PBI Dansensor, Rennedevej,
Ringsted, Denmark)E- 018519 451921, N, 5= (%)= 100 — [0; (%) + CO, (%)]= AFESINT
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SOD &4

SOD 29 A2 9 AR SRS AL A2 5 gtk 50 mM phosphate buffer
(pH 7.0) 25 mLE homogenizer (Ultra-Turrax T25 basic, Tka Werke GmbH & Co., Staufen, Germany)
£ 0|83 13,500 rppmofA 15% F9F #&3%t & 2T, 1,000 g (J2-21 Centrifuge, Beckman
Instruments, Inc., USA)OA] 158 59t YAEDSIATT (Renerre ef al., 1996). E-&]F ASH-S [t
I AA|Z2S AASH] Y5 filter paper No. 1 (Whatman International Ltd., Maidstone, Kent, UK).C.
2 oj7}slo] SOD &4 &40 o] 83l om, &AL 25T A AAISIHLE Superoxide dismutase
(SOD) E42 Del Maestro2} McDonald (1986)2] HHo] 2J8] XA AR5 50 L2} 50 mM
tris-cacodylate buffer (pH 8.2, 1.1 mM DTPA $3; Zhang et al., 2002) 3.025 mL2| =] 24.8
mM pyrogallol (in 10 mM HCI) 25 xLE 75 420 nmof|A| 23 59t pyrogallol®] autoxidationS
2435199t} SOD 1 unit2 pyrogallol2] autoxidationS 50% AAA|7|=dH] Q3 A5 (g)0 2 U
Enfeick

==
=

23199 (Total reducing ability, TRA)S Lee 5 (1981)2] ¥1o] oJs)] AlA|algitt. A= 2 g7t
25 mM pipes buffer (pH 5.8) 10 mLE homogenizer (Ultra-Turrax T25 basic, Ika Werke GmbH &
Co., Staufen, Germany)= 13,500 rpmof|A] 102 S #4511, #2245 5 mLe} 5 mM potassium
ferricyanide & 2 mLE 233t & 4T, AoA 1A]7F B9 incubationd}L}. 0] 0.5% ammonium
sulfamate 0.1 mL, 0.5 M lead acetate 0.2 mL, 20% TCA 5 mL, 255~ 02 mLe} £X}&40 2 T3k}
17, filter paper No. 42 (Whatman International Ltd.)Z oJ3}SF TR 420 nmoj|A SF=E 24519tk
= Z7= blank (1 mM potassium ferricyanide &90)9] STHLoJA A|R9 THLE Wl £X=2

sttt

Airg

o
riot
rio

TBARS &=

TBARS 3F2EL- Sinnhuber®} Yu (1977)9] HFelo]| olaf AAJaLt AR 0.5 ¢ P18 x 150 mm)
screw-capped glass tubeo]] 211, FAIA| (3% BHA-54% propylene glycol-3% BHT-40% Tween20)
200 pg, 1% TBA-0.3% NaOH 3 mL, 2.5% TCA-3.6 mM HCI &9 17 mL2} &315t & 100 water
bathof|A] 302 St 7FEsk, dS=0] 158 B2t W26t §Hs& 5 mLE chloroform 3 mL2}
A @16 x 100 mme] disposable glass tubeo] ¥l 3,500 rpm (GS-6R Centrifuge, Beckman
Instruments, Inc., Palo Alto, CA, USA)OJA] 30 5ot YAIEE[St & A5M9] TS 532 nmojA]
ZA5I9l). % Auke ARS blank (FF 0.5 mL)9] FFES ol85lo] AR 1 keF mg
malondialdehyde (MDA)Z AFESIITY.

OxyMb &k

OxyMb &%= Krzywicki (1982)2] ®Ho]| oJsf AAISIGITE Tray2] 7l SA 99| AlRE A
2 gAlog Fojyo] &S] 3 g2 50 mL -83F9] conical tube (229 x 115 mm)°] 21, 50 mM
phosphate buffer (pH 6.8) 15 mL2} 13,500 rpmOJlA] 30z 59t w2 (Ultra-Turrax T25 basic, Ika Werke
GmbH & Co., Staufen, Germany)3t & 2T, 5,000 g (J2-21 Centrifuge, Beckman Instruments, Inc., Palo
Alto, CA, USA)O|A 302 B9 YAESSI: E2ld AFeol2 filter paper No. 1 (Whatman
International Ltd.)O & oSt & ojMO] S5FE 572, 565, 545 L 525 nm (UV-2401PC, Shimadzu
Corp., Kyoto, Kansai, Japan)ollX] Z7g5tt. & Zil= Krzywicki (1982)2] s=4lo]| oJgf| Al&s3ict.
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BoIgM

A& FHO] CIE L" (lightness), a~ (redness) @ b’ (yellowness)= trayQ] 7]l ZA] A& T4
AA AL Z]ofgd 9 (O, transmission rate: 35,273 cc/m>24 hratm, 0.01 mm thickness; 3M
Co., Seoul, Korea) 0.2 Alg HHS P2 Z chroma meter (CR-400, Konica Minolta Sensing, Inc.,
Osaka, Kansai, Japan)E ©]-&5}o] =7J5}9it}. o|u calibration plate (2° observer; Illuminant C)2]

AT " = 9746, 2" = 008 2 b° = 1.810]Yc}.

SH=EN
B AL B3 P BE ZFEL SPSS (2005)2] ANOVAO] 2Js) B4j519.00, ZH Bt
494 Z}ol= Duncan's multiple range testo]] 2|5l 95% oA ASSIA.

-

=
=

h
H
a
|

Ly

SOD &4 ¥ Sai9

MAP 4h2: 57} A% 213719] 44 % SOD B4 @ Eeo] njA F%L Table 17}
2t} SOD TS MAP 4k4 S5/} S71te] Wt A7k B9t 68 e dashs Aow et
ST AP 3QARE] 25%, 50% @ 75% AL MAP HZiT50] 0% Ak MAP Hel7o] uls] foj4
o2 WA Uehdet (p<0.05). EF 25%, 50% @ 75% Abs MAP H2lTE7H] Soldel Folsh
QGIAIEE, Ak 517k S7K5lo] whet e 4% BTk Wb SOD B TAk: MAPS 2
A A5k 230 220014 SPgAo] AasHe A0w ARE Lee 5 (19979 ATNE WS E5
o 2% 45 W3S 1] SOD BAo] 5% ZASIkR RS0, o59] AT SOD
o] 4k} 241 270] oJ3) o] Holxls A0w Uehdeh 44 5 $BYS SOD BT
S5 MAP Ak 557k 27K3lo] ket 44717 59t AR Aastele 1 Mol A% 72
ARE] QA HolA T5% Abk HRlTTh 0% Ak o] ula oF 2-3uR v vk
Seyfer 5 (2007)x 4]117] AH[O|TE ZH2} 20% D 80% A& MAPZE EA510] 7Y 59t AY A%

Table 1. Effect of oxygen concentration in modified atmosphere packaging (MAP) on the superoxide dismutase (SOD) activity and total
reducing ability (TRA) of ground beef during storage

0,/CO/N; (%) in MAP

Storage
Items .
time (day) 0/20/80 25/20/55 50/20/30 75/20/5

0 148.3643.90 147.64+4.29" 149.09+3.284 150.554+2.39*

SOD 3 143.38+4.91° 132.31+4.32%° 131.69+5.04°° 131.08+6.07°
(U/g meat) 7 139.52+2.89" 93.44+2 89°P 88.96+3.97°0 86.40+3.43€

11 144.62+10.81° 99.08+4.91"° 94.15+3.87°¢ 92.92+2.78"¢

0 0.29+0.028 0.29+0.03* 0.29+0.02* 0.29+0.034

3 0.39+0.04** 0.29+0.03% 0.27+0.03% 0.25+0.02°8
TRA

7 0.34+0.03* 0.17+0.02°8 0.14+0.02°8 0.11£0.01°¢

11 0.24+0.02°¢ 0.14+0.01°¢ 0.12+0.01°® 0.09:+0.01°¢

*¢ Means£S.D. in the same row with different letters differ significantly (p<0.05).
AD Means+S.D. in the same column with different letters differ significantly (p<0.05).
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2 1, 79A] 80% Ak MAP H2l7-0] Z89lelo] 20% Abs MAP Hej7HT} Wk S9ls)
A wasie

TBARS 2% % OxyMb sk

MAP At4 7} AAsH 4/31719] A% 5 TBARS &% 2 OxyMb ‘50 t]x]= GRS Table
29} At} TBARS R 0% Aba AEjolie s WHaprh ez ehoto, 25%, 50% X 75%
At MAP AE}7501A A7 38758 F461A E31E|0] ZF A dne} Ak Fko] mE {93
9l 2715 HojZQlt} (p<0.05). E3], A& 11LA= 25%, 50% LD 75% Ak MAP 15
0% AtA MAP H2LEch 242} 49, 6.1 L 7.54] l;t TBARS kS Hojxglt}. wlabs] MAP
A FE7t S71Rl wet A & AARPL B ZXE e olet FYsHA Zakrys &
(2008)%. 0~80% 0,/20% CO, MAPZ 4|177] éEﬂo]ELE ZAsto] 4T AFHE o, Atk %7t
=042 AL o W] £AE Tk B UsHITh OxyMb 5= AR 0ol 25~75% Ak
A AETE0] 27t 69.82%, 71.13%, 71.31%E 40.51%81 0% AtA H2jFHr) fo)H o= =oloi}
(p<0.05), A7g7171o] F715tol wet FAsHA| ZHaste] 11GRol= 36.20%1 0% AtA A2+ H]
S RA VT (p<0.05). ERF 25~75% At AR|HEtele A7 B2t 722Q1 Aol 7} vEt
A 58kt O'Grady G (2000)2] SFoll Mk 4TAS 042} X5 10970 AkA 5 (20~80%)°]l
TS OxyMbo] Zfo]7} YehtA] deittar B E|Qlet. wbh] TBARS 2o} -FAISHA MAP 4k4
L9 7ol wet A F OxyMb ARk EX1=

HHSM
MAP 4k 5&7F AlERE 4]11719] A 5 HHSA0] WXl GRS Table 33} At A &
FHSMe L 7t (Eﬂlz)o L A7 B9 25%, 50% L 75% AbA MAP AHZF-E0] 0% A4

MAP AHZ|HEL} 2 £35 H¥oH, E35] 11Y9Ao= 75% L 50% > 25% > 0% <O 2 =7
Vet (p<0.05). a” gk (XWE)— AR 0 ] 75% > 50% > 25% >0% =08 =7 Uepgtort
(p<0.05), O]FRE= MAP Atk 557t 2255 FA0HA acte] 5 11YA = 25%, 50%

Table 2. Effect of oxygen concentration in modified atmosphere packaging (MAP) on the TBARS content and oxymyoglobin (OxyMb)
concentration of ground beef during storage

Items Storage 0,/COYN; (%) in MAP
time (day) 0/20/30 25/20/55 50/20/30 75/20/5

0 0.38+0.04° 0.39+0.07° 0.39+0.06° 0.39+0.06°
TBARS 3 0.37+0.03% 1.1240.26° 1.4140.22% 1.79+0.24%C
(;Egg :ezg 7 0.38+0.02" 1.62+0.21°" 2.04+0.36™ 2.52+0.26"
11 0.40+0.02%4 1.95+0.14°4 2.43+0.23 3.02+£0.20**
0 40.5140.65"C 69.82+0.66™ 71.13+0.96* 71.31+0.94*
OxyMb 3 66.26+2.56"* 53.41£2.16® 56.72+1.13 59.59+0.24°"
(%0) 7 52.40+4.41% 14.27+1.00° 14.60+0.35" 14.19+0.48°
11 36.20+5.01°¢ 11.98+1.47 9.17+0.25"° 8.67+0.90°°

*d Means+S.D. in the same row with different letters differ significantly (p<0.05).
AD Means+S.D. in the same column with different letters differ significantly (p<0.05).
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Table 3. Effect of oxygen concentration in modified atmosphere packaging (MAP) on the meat color of ground beef during storage

OZ/COQ/NZ (%) in MAP

Storage
Items . d
time (day) 0/20/30 25/20/55 50/20/30 75120/5
0 40.69+2.06¢ 43 .47+1.70°C 42.03+1.13° 43.05+1.91%°
L 3 41.91+1.30°8 44.20+1.58"® 44.56+1.89° 44.61+1.97°¢
(Lightness) 7 43.29+1.68% 46.73+1.28% 46.43+1.63"8 46.17+1.28"
11 43.67+1.48° 46.44+1.50%* 47.58+1.39* 47.3141.95*
0 13.41+1.22% 16.55+1.13° 17.92+1.37°* 19.16+1.64*
o 3 14.27+1.00°* 14.25+1.08% 14.96+1.08°® 15.02+1.28%®
(Redness) 7 10.97+2.19% 8.06:0.61% 7.95:0.63%C 7.94:£0.58%
11 8.88+0.87°° 7.05+0.46°° 6.97+0.48° 6.95+0.54°°
0 7.58+0.97% 8.70+0.738 9.06+0.65% 9.44+1.11%
b 3 6.13+0.59°8 8.4620.60°C 8.37+0.71%° 8.11£0.89"
(Yellowness) 7 7.37+0.67° 8.76:0.68" 8.72:£0.68° 8.86:£0.62°
11 7.36+0.65* 9.41+0.66** 9.70+0.67* 9.68+0.78%

*d Means+S.D. in the same row with different letters differ significantly (p<0.05).
AP Means+S.D. in the same column with different letters differ significantly (p<0.05).

4 75% Al MAP HZTE0] 0% At MAP A2|Ech §o2 02 WA vepydtt (p<0.05). b’
G AL AR 0G0l 75% D 50% > 25% > 0% 4202 =7 Ukt (p <0.05). o]
A 1170 093} FARHAl LERE 25%, 50% H 75% AtA MAP 2] 7E50] 0% Akd MAP
AR} £ (p<0.05). WP MAP A4 527t 545 A 5 $49] wido] 7145}E| 9]
o0, o] A= OxyMb Z¥fet A5t

V. 2 %

£ A= MAP 4k F&7h Al 411719 A% 5 SOD 84 2 AP/l vixle 93l
3l g5kt SAAEE - -2 (Top roundyE AIESIAL MAP 4k4: sTof wiet 47] A=)+
Z o] 22 0%, 25%, 50% D 75%E EARE & 11T 1Y 59t A3t SOD &AL
25%, 50% B 75% AbA MAP AZ|FE0] A 3UATE 0% Ak MAP A2jHoh YWttt
(p<0.03). TELHZ 75% At MAP A2|517F A TAARE 7 R HH (p<0.05), 0% kA
MAP A2 7H 52 SdES HolF90tt (p<0.05). TBARS o2 AG7I7E 5 MAP AR
=7F 71l wt v e SIS (p<0.03), A 11AAd = 25%, 50% R 75% 4t4 MAP
A2l 7-52] TBARS A°] 0% Ak MAP A2|7HHrt oF SH o &3kt OxyMb s AR717E
ZOL 25%, 50% Z 75% AtA MAP A2 So)A A 74519t (p<0.05). EHLALS L 7}
b" k] AL A7 Bt 50% D 75% A MAP A2 750l 7H A SAI51 o (p<0.05).
a’ gk 25%, 50% B 75% ALAMAP A2FE0lA FHoHA FASIATt (p<0.05). whebA] kA
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A5t 240 27014 A13719] SOD AL ZAAA ASIPEAS Bojmelu], OxyMb
o] A2 2207 4] WAL &SI,

V. AL A}

2 A7 T8 35 ATAR (@FARE: PI006218)2] Al 23] o] FoiH o, ofo] ZhA
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