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Abstract

The objective of this study was to evaluate their effects as the meat antioxidant and on the antioxidant enzymes like
superoxide dismutase(SOD) and catalase during the refrigeration storage of ground beef, respectively. Ground beef loin was
treated by three natural antioxidants(pycnogenol, catechin, « -tocopherol) and the synthetic antioxidant(BHT) at the level of
0.01%(w/w) of total fat. Samples were refrigerated at 4~6°C for 3, 5, 7 and 10 days to evaluate the color and the pH
as the quality parameters, TBA value and fatty acid composition as the parameters of lipid peroxidation, and the activities
of SOD and catalase. This study showed that catechin and pycnogenol were excellent in terms of meat color, pH and
delaying lipid peroxidation and also maintained the activity of in vivo SOD and catalase better than « -tocopherol and BHT.
These results suggested that the duration of the refrigeration of ground beef may be prolonged up to 10 days in catechin
and pycnogenol treated ones in terms of the lipid peroxidation, but 5 days of refrigeration will be more adequate if considering
the microbial safety as food, too.
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Pearson & Fray 1983). X212 HASI= &% A Al &

ASAES Z3eE A A2 A% 4 7H Foll EAH & 9 R 22 ofy JfAIR| 7|EH o2 oJESEE,
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o] o]&3}a QJthPrivett & Blank 1962; Houlihan & Ho 1985).
AE AEe] gt 4 == BHA(butylated hydroxy-
anisole) - BHT(butylated hydroxytoluene) - TBHQ(tertiary butylated-
hydroxyquinone) + PG(propyl gallate) - EDTA(ethylenediamine-
tertraacetic acid) - citrate 52| FAISFAISHA| 7} Tk 2
olZgt AFATA = =2 T4t adt 9 AAHer @
g o] &E o] gole B, AY Rt debd H A
EAS 7IA+= AR H3(Choe & Yang 1982)%] 3L Q1o
Aol izt £ Fo= Q3 thFE ARl FAE T
ek whEbA] Q1A o] FafEt HAZARSHA of TigE Tilo
Z %] H A (Houlihan & Ho 1985; Schuler P 1990), ~1¢f tgt
T7F A3 8 Sl AAolth o7 AR I(Giese J
1996; Frankel EN 1996)0]] &3t HAE Foll= o2 7Y
FAL 75 e A ek e Ao gEA o
o, o] A EHL T2 AEA ] AT 53] F
2ol olF F4tE 75 A= EZE FollAl tocopherol -
ascorbic acid - carotenoids®@} chlorophylls - gH&tolu] Al A of
") =At R =4 - glutathione - ZHEZA T} flavonoidsE W] &5t
HE 3RHE Fol B9 ti4del Ea gitkSchuler P 1990).

YA 9] 7 9-oll= T 2hr]Z(free radical)ol] o3t E4FC
2HE S B3 5 e o8 7] Foj7|dE 7H
ATl e &4 tigt WojA| == superoxide
dismutase(SOD) - catalase - peroxidase 5-2] 3FAFSHA Ax(Fridovich
I 1982; Amstad 5 1991)@} ceruloplasmmin - lactoferrin - trans-
ferrin - albumin 5 H| &4 A ARSI E] D glutathione -
tocopherol - [ -carotene - ascorbic acid - uric acid - bilirubin 5
H|gHl A ahiksl S48 0] QlojA Zejgit)Zdo) Akahs &4Fe
ZHEE NEZE B335} QIthFreeman & Crapo 1982; Meister
& Anderson 1983).

SOD: Mann & Keilin(1939)0]] 9] 49] A&To] A 27
H 0% (0y) T BAFE 0,9} FABRAEO0,, hydrogen
peroxide)2 AZIA|7|= HHS( O, + O, H2H+ — H,0,+0,)
< Sfistes A W Al19 atstasg A werda 49
A2 AA|(Yim 5 1993) - & Z=(Pentron 5 1980) - =3} %
Z(Heichlen & Brown 1987) 5-2] &8t Hglof 3t A
7} &rs] A= ok

Catalases= Loew O(1901)°]] oJ3fj WAE FHilstasg2A, 1}
A8leaE 0% 02 WIIA|7]= 2H8-F 81w, peroxidase=
2HAA Y] =g drop ISk E HOR A7) = 2+
< BttHFridovich T 1986). ]9} 22 3H4ksta 4o HE4 W
ol A ¢] Fritst 2R & Aol Tsto] Wol LA U= W,
AT #E Hie SODY FARd A M (Park 5 1995; Kim
& Son 1996; Hong 5 1998) o] A9l glom, catalase®] &4
of stz HFgH Aefolct

2 ST S &

237 2H%9 B9 F &

o mA= FAtA 9] a3t 423

SFAEFS Az Y7o e 1=z 23k AAE
oA AlZE AT SR L84 ol A 7] 918k vk
g F0l, S0 2 S4 5O &4 st FHof IS
n|2= F83% 8%lo] "k 3 G Abavt AW ARE
FAsks dAolnz 79 Y A% H 7HE - AHE 5
A o= Qe A pAse} o] 5 AtA o R oA A7)
£ o8 A diEt dFEol I - YollA] st

Y1719 Astel BE S BRuss AR F ARSK(Park
S 1988) 9 ZRpAof| oJ7t A F AteHLee T 1998)7F QloH,
ARE AEA1717] 913t o' JAFZAH(Kim 5 1996) 9
aEFSE(Lee T 2000), PH5(Byun 5 2001) 59 M Ak
A Aol thet A7 stk E£3 S eoA= A% F
415K Rhee 5 1996) H AR = AR Foll 93t 415K Brewer
& Harbers 1991; Davis DL 1995; Ahn 5 1998)9]] 34gF A7}
s, 2Zols 4 A AW =4do] &EA(Branen
1974)7} HHiA WA A A2 2 F 7] H] 1 (Frankel
EN 1996; Chen 5 1999) 5o &3t A7) &sict 18y
2o A7 &7 ASkE A oE YA e 2N
Aol AR & T Yoy, 7o EXste At
sha Ao g9 wislel IE B A gle AXo|tk o
A 2 A FE ARl S7HEA Sl S5 Solld a1
719 4 BHEE ARE Sto] HAZAIEAIR] pycnogenol,
catechin @ ¢ -tocopheroli} g 3HAksHA| ¢ BHTE #] 2|3t &
B Aol whE M= 9 pHeF 22 F2 54, TBA ¢ H
A 24S B9 AE ] 2k} 9 SODE} catalase @t -2
Fiteta o] B4 nR= FFS Yokt gtk

T

1. ME HE @ AR RIX

HAFSIA| = Horphag Research(USA)ZE-E| pycnogenolZ,
catechin, @ -tocopherol#} BHT= SigmaAHUSA)Z K& £<s}
o] ARESIR o, olEUF-2{EOH, 99.9%(v/v)][ 30%(viv, D.W)
ez s|4skel ALgsk

237 A 3 1Y SAA e 229 SHRAE
BEHNA Y] FAEHA A=7t H7) A7RR] g2
Aot & 3 skl

Al &= meat chopper(D5810 Scharfen, Germany) 2 33] A&
sto] s on, ZF ABAIES Al=7F et A
TF 0.01%wWwWE T F A= ST 0.5%v/w)oll g
Sh= A2 g T Eol &3liste] Hrtstlth 24 £ A=
o] 7kste] S& F¢t HASSHA 2 YIS A7}
g i BV F £oR ¢ ¥ dYIE IR A%
H3PL gl A5 ¥ FA7ES dE2Le® Stk
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=
Si, 23R, 2T U 2AE AOAC H(1991)°] 3
AT, TSRS SR T, AN, SR WS WAL

5
ol 100%278 8] olgto 2 FeFATHAIAA 1994).

2) M
A== Chromameter(CR-200 Minolta, Japan)E o]-&-3}o] &2
FH| SARAE EIste] Y=L lightness), 24 =(a; red-

ness) ¥ A Z(b; yellowness)E 22} 33] HHE Z4351% 2
o, ALSF B2 B L a, b S 212 9718, —0.12
+1.970]%]t}.

3) pH

A& FF9 SuiY SR/ 7Iste] 3A4g & - &7|(Ultra-
Turtax T25, Germany)& ©]-8-3to] 302 F¢t #+d3}sta ¢
A E2J(VS-15000 CFN II, Korea)gt ¥, pH meter(Beckman,
USA)E o]&sto] AFH el pHE S5t

4) TBA 2t

A2 9] 4k5} J &= Ohkawa?] ¥H(1979)0] &35t TBA
22 o] w2} UV-spectrophotometer(HP8452A Hewlett Packard,
USA)E ol&alo] 532 nmoll 4 SRS Z4slch TBA 3t
< #F nmol gholl 34l F5t] MDA mgkg sample&
el

APARS 4E5571(2002)0 E38kd 2ASHH T A A

ABE AT Yol &8 2 iso-octaneS ¥
A F FESAT FEE 74 AR
Z0f| 4 Gas Chromatography(6890 series Hewlett
washeit

A

o ro

¢

H

&

o

)

.

rlo
fope Ao

Packard, USA)

Table 1. Operating condition of GC for analysis of fatty
acid

Column HP-Innowax 320
(30 mx0.32 mmx0.5 m, ID)
Detector FID
Detector temperature 300C
Oven temperature 280C
Carrier gas N> gas(99.99%)
Constant pressure 11.2 psi
Split ratio 30:1

[e)

T

AAE

of
o

5517

6) SOD EAE

(1) CHE F&

Lowry 5(1951)¢] W9jo]| uje} #d47]& AHgste] #23)
atglch FANL 4T, 4,000 rpmOE 3087 YA E 25l
AeANZEEY S AT T 25EHE 93] 4T, 16,000
pme 2 1087F Al Y4 Reje & A5 HS Fsho] o
ARFE Y3 FEHez Fnjsiaict

(2) CHuHE M2k

Bradford M(1976)¢] 21 o] w}a} Bio-Rad kit(Bio-Rad Lab,
USA)E o]|-&3}o] UV-spectrophotometer(Hewlett Packard, USA)
595 nmof| A Z+ A| 5] ThelAS v Y7t ict.

(3) gz £H

Superoxide radicalo] 2J3l == cytochrome C7} SOD]|
o3 RIS AL o §5o] 245k McCorde Fridovich
(1969)2] ¥y of wha} UV-spectrophotometerS: o]-23}o] =74
3l em, SOD EA42 #H71E cytochrome C2] Z4-S 50%
Adfs= = 1 unito = A4bstgich

7) Catalase EME
il 2291 Y2 SOD TAE S Alet FYs 1y
°o g Pt

= S AF Woll EA8t= catalase”} H,0,9] A3}
£ JAINT]= AE 0]-&3F Beers & Sizer(2000)9] ¥ o o
2} UV-spectrophotometer 2 240 nmof| A &A3}C ™, 1 unit
= 189 1 M9 HO,E E3A7| = catalase] o= 1Tt

3. SAHAzZ|

B A 53 42 AFE = SPSS 13.0 program 0]-4-3]
ok A2t A} 7t kst o] ¥t SolE FAE]
Al 2+ Ao 2H=RE FA(09) 2345 W sk
of thste Bt EEHAS F3HAL, Bt Y o2
F4HE4 9 Duncan®] o33 9] 7% (Duncan's multiple range
test)2 ©]-&3st] HESFATHAE W 2000).
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Table 2. Proximate composition of ground beef loin B 3RASHA of we) hAZ AF 7| 7ko] ZojF o u}t
(%) 2hA] ol FAE vk A FYdls AR H7t

Composition Contents of w2 F2AQl Aoz} glo] thxwt] =R 50.299} vl
Moisture 56.62+0.63 3 2 49.83~50.942 YERTE o= Chen 5(1999)°] =
Ash 0.55+0.05 Aazle| FAEIAIE H7Rt AR E P=rt S7HoE
Protein 11.71+0.11 Hok= X719 ZpolE Holuh, & A= A% 3LA
Fat 30.57+0.09 FE= et 19302 F7Hste] Yo thp<0.05). Chen
Carbohydrate 0.55+0.70 (19992 1715 AAste Bt 4tsE Xggol wet A

e ZEEHZEol 12719 Wheme) FAST 2§35t
S 7RG Eagt uf glon, # A= A%
7|17ko] Aojd a5 At PPN F=E ST 2
H= AZHEe}. 53| pycnogenol A T2 AR T tl2wE

Mean+tSEM of 3 measurements.

B0 56.62%, Z3]E 0.55%, 2R 11.71%, ZA|%
30.57% 2 SLEHRL 0.55%T. olelet Ak ABHE

72} AR HI1(2007)Q] S5 67.4%, 23| 1.0%, Zgh
2 20.1%, ZA 11.33% L eF=312 02%9} xjo]7} 9l
2 AFEL WAL HAikste] gt AFE HHOE st
23t & 7P A e AR gk o2 Ae) )
Folck.

2) M

A% 7|17k wE Mzl Table 30 UERIT

o} Hr=rt S7HE L2 W, catechin A 219 79 P=o| W3}
7ol Hol Ash AT Arke A A2 5 o), %
7o A% 5 Ateke] A3n HrEohs A Y it B
S{(MacDougall DB 1982; Bhattacharya 5 1988)0] oo =
weislle olgth

HAMEE Y 2719 3987 Z7RtEoLt 59 o)
HEl= pycnogenol ¥} catechin A 2]Z& A7t 2E A
oA folHoR WolAN HAETL Fashe AE B

Table 3. Color L, a and b values of ground beef treated with different antioxidants during refrigeration

Color  Storage

values  days Control Pycnogenol a -Tocopherol Catechin BHT F-value
0 #50.29+0.28 49 83+0.47 #50.00+0.16 #50.76+0.32 #50.94+0.64 1.38
3 552.3140.15" #53.39+0.50° 150.79+0.53" AB51.51+0.48" 50.99+0.51* 5.44%
L 5 €53.27+0.71 553.06+0.61 552.41+0.21 5¢52.44+0.09 452.12+1.12 0.54
7 P54.48+0.93° 552.184+0.43" 553.5240.61™ AB51.5240.47" 4852 76+0.18"™ 3.95%
10 5053 43+0.26™ €55.76:0.68° €55.50+0.58° €53.04+0.26" 554.56:0.20" 7.53%x
F-value 8.14%% 15.56%%* 22 43%%% 6.29% 5.60%*
0 513.64+0.26 ®14.66+0.46 $13.52+0.50 514.24+0.51 ®13.21£0.29 1.98
3 ©15.49+0.90" ©16.05+0.28" ©15.30+0.02* €18.94+0.42° €14.60+0.33" 12.16%%*
5 512.95+0.06" P17.4420.20° €14.76+0.13° £20.64+0.09° 513.430.53" 70.89%*
‘ 7 A8 8140.04° BC15.1540.21¢ 513.49+0.35° P21.52+0.19° 512.3240.24° 416.06%**
10 513.070.02° 48.85+0.52% A8.180.11° 9 47+0.24° #8.09+0.40" 42 374
F-value 24 Q5% 83.63 % 99,94 238 90 45.69%%*
0 410.47+0.23" 11.34+0.32° #10.30+0.27" 411.01+0.20™ 411.3440.18" 3.88%
3 5¢12.41+0.69 12.44+0.30 512.03+0.24 $12.85+0.33 *11.810.07 1.11
X 5 €12.67+0.28 12.80:£0.25 512.69+0.21 513.19+0.11 412.16+0.50 1.52
7 €13.00+0.56 12.50+0.22 5°12.43+0.69 ®13.20+0.16 A11.97+0.20 1.30
10 %11.07+0.33" 12.62+0.52° €13.48+0.45 512.63+0.24° 513.38+0.64° 4.46*
F-value 5.78* 2.89 8.19%* 16.85%* 3.88%

Mean+SEM of 3 measurements, “ " Different letters within a column are significantly different by Duncan's multiple range test(»<0.05),
™4 Different letters within a row are significantly different by Duncan's multiple range test(p<0.05), *p<0.05, **p<0.01 and ***p<0.001.
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o} A7 o= A Hrte] mE F-9321 Zolzt §
o] =] HMEQ] 13.649} H|5=3t 13.21~14.662 LFERS
o} ol 7 S(1996)0] AT TA Aefel ] ZHT 19914
 AolE Holuh, A5 £4 A golut =7 W9
Apolol wef kA el 4 ok Az 1719 A%
Z AR} X ol weh AN el 22 RO AIHAE 714
o, =7} k7MY ZhAFETHE B 3(Brewer & Harbers 1991;
Chen 5 1999)9} Z¢town, 3H4tskA] HeEE9 A7t of
zZto] vlste] APz N M= Hago] AA vehd
Aoz Azt Jeu 2 A olA s A 4EAQl BHT
A2 Ae A% 5 FME fA A9 a7t glslen,
catechin % pycrogenol ) 2) A9 HAEL UH 717074
S7Fto o FolXl= A3 =), 11 YJALSE catechin
1} pycnogenol @] -2l polyphenol©] &7] Zof Aslste] o-
hydroquinone©] =]oj(#-85 2001) HA =7} F7ksto] e
& Anhe 4ZkEc.

A= A 71ZEe] AojRo webA dAl= F7keke
S Hou 2R & k= glglen, o= Chen 5(1999)
o w9} gre Aol

41719 e AuA7 AHES AFsHEY 1 S
SHA| Zhgstar e, iz B2 A3 A E]tHLynch
S 1986). 117]2] A& 80~90%7} myoglobin®] 3}&+& AlEf
o wreps Aol Sm(Han 5 1994), %] 10~20%7} 7t
& hemoglobin¥} cytochrome C A9 £RjoA 2= Ao Z
el SIthLynch 5 1986, 71 5 1998). 317]9] AL %2 A
Z7|7tol| whabA G who m(Ledward & MacFarlane 1971),
A 31719] 4221 A2 O] myoglobin®] &-7] F-ofl A
4t8tE] o] 28|27} 74 A3 6= A2 9] oxymyoglobino]
Sk, A3717b0] ZolHo] whet olAlEe] FA 0 ke i
QFo] wrobAA 4T Zejzirzel W Agetesn
ZAS- 7FA metmyoglobing HASHA H O ZH(Larkritz 5
1995) ROl 2 AL FA AT AU} pagche
B 17} lchDecker & Welch 1990). T3t AJ A% metmyoglobin

5% -

|3

F=AFFEIA

flo

& psieael whgstel XSS AN Zufsi
(@ 5 1980). Wb £ A0 At 23718 Baste] A%
3 A 2L 52 o)Fo) HE U Huwo] Wa) uj$-
Aoy, FAEA AE o= 187 BAEo] Has
29 4 g0l FAH

3) pH

A7%717te] & pHi= Table 49 LEFH AT

pHE= FAMSHA of whet tiA| 2 A7 SYA7HA] Haslrtrt
7Y o|F F7bske RS UEhlth A Fdole Akt
Al H7tell W& 522l Apol7t flo] thE-9] pHSl 5.833
H|53E 2221 5.85~5.872 UEHHTh ol= 7 5(199%6)°] &
T719) A% 2710] ZHE pHOl 5618} O B £AR
uebstth g, A7 79 Aoll= 4 AdE iz
9] pH7} 5.542 71 =90 H(p<0.001), A& 104 A ol =
FAEEHA] A 279 pH 5.62~5.709}F H]wsto] thx+e] pH
7} 59302 w9 =QFth(p<0.001).

1719 pHE SA, 227, B W udE o S &
Ho] glom, YWtA o2 pH7} oA HpidE SXA7)
3, SAo] Hojx|w, AX 2A|ZHS Kol nAEL] A7
Bolgt EA S AT Feh 5 199%). E3F 11719 A
7 & pHY Astol| tiste] =4t & 282 Ao Fgo] &
SEHA 2 A2zt @] AR =, 8714 sieReY 2
1}, ZXHlactic acid) T+= T FEXKpyruvic acid)S AAHA
Ho M I89 pHe Rotx|1, &5 o 2% ATP7t
ATPase®]| oJsto] Eoj%= oA F7]214ke] pHE A5}
Al71H(3F 5 1980; Paneras & Bloukas 1988), T3t Lactobacilli
9] 2k IHXA 0 2HE Y C09 sigj7} pH Frasof 9
S Eth= E3(Bendall JR 1978)%= it} £ A3 9] it
A A% SR = Be AEdEe] 8714 28
n)gEol| o5t pHe| FAE IA JAISHA = ZJA, 4t
A Agjto] thztol Hste] pHE] Ao 37} e
™, 3| catechin 22| pHE] ¥3}s0] 71 2o B3]

Table 4. pH of ground beef treated with different antioxidants during refrigeration

Storage days Control Pycnogenol a -Tocopherolol Catechin BHT F-value
0 P5.83+0.01 £5.85+0.00 £5.86+0.00 A5.87+0.00 F5.86+0.01 3.14
3 55.38+0.05" €5.58+0.00° €5.59+0.00° €5.61+0.00° ©5.60+0.00° 18.61%%*
5 *526+0.00” *5.300.00° ~526+0.00° A5 26:+0.00° 4525+0.00" 53.00%%
7 ©5.54+0.00° 55.52+0.00° #5.52+0.00° 55.52+0.00° 55.51+0.00" 22.00%%
10 F5.93+0.00° 5 70+0.00" P5.62+0.00" P5 64+0.00° P5.65+0.00° 2,381.17%%*
F-value 156.51%%%* 3,789.50%% 5,216.50%% 2,185.15%%x 1,709.15%%%

Mean+SEM of 3 measurements, *~* Different letters within a column are significantly different by Duncan's multiple range test(»p<0.05),
"4 Different letters within a row are significantly different by Duncan's multiple range test(p<0.05), *** p<0.001.
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ojick EZE A% F pH7} 5.5 0|57t Hol A7 B
2 E0] SV ke 54717 AUd S/ ARl w2t
NE7E AstERA ol aEEe] 4ol uet sl B
3i7F ojubm, A== drYote}t drEd Fol o &
29] pHE £OlAT HS WaAEH oju]st o] 2% Wiel
Flth . X 31(Player & Hultin 1977; Cho YS 1999)s}5ic}. uhet
A A7 7Y o] 29| pHY} F5E YRICE S/ A= At
2 ugEY Ao ol A E i EaEo] gt A1
2 Azken), s AelEel A% oju] YN Belus
A FAaeHA 9 A= AR AiKLee T 200002 2} 2Tt
off 3 pHe| Aol 27 gk Ao Azt

4) TBA g}
AR7)7k] W2 TBA ZE2 Table 5ol VFehigict.
TBA 72 FHASHA|o] whet A2 A% SYR7HA] F7F
sthr 79 o] F adhe AFS YERI W, catechin & ]
9] A= A% 5 TBA 3] W37t A9 glolch A &
U 9] TBA Fh-2 FASHA| H7tol| whE {232l 2HolE B3
O H(p<0.01), hHE2] FASA L5 2 TBA
Zkel 2.97 mgkgRtt o e 2.62~2.86 mg/ked LFERH oL
@ -tocopherol A 2]#2] AL+ 3.02 mgkgl 2 2 ET =
A vebg o A% SUA7IA = w2 $£XE UElth 1
U 2 Ao e A 79A o] £HE 9 TBA g2 T
ke A oA SHE A5k 52 TBA gho] X|d 9]
Abstel Ao FABAE 7HAH, A3t Xsgde| wer 1 gk
o] A& Z7135t= B (Brewer & Harbers 1991; Chen 5 1999)
Oh= YX|BHA] grot, AAF 2710 A|He] AkstR le) v
A’dE MDA= Y7 Al7to] Aakstd 1 Fofl= Aol 74
HAY Ealj=™, Ei= histidine Z-2 ofn| Aty AEHER
AH 0 & TBA o] ZHAEth=s Bil(Park 5 2001)9}F -2
A3l Ao yzHgitt

Catechin®] 2]Z-of tfgt gAISHARE-© 2= = %] 117](Shahi

= 1992), HA|7|2(Hara Y 1994), 21E4J-8-%](Chen & Chan

o A=

FasA o] mah 427

1996), ]+ Wanasundara & Shahidi 1996), 5=X|%(Wang &
Zhao 1997), £-3} 2]&(Huang & Frankel 1997) 5ol A7}5t &
aH oz AStE AAgttha B g v Qo £5] HAg
AFSEA| Q1 tocopherol©]L} ascorbic acid= HAEZ O 2 ALE-E
o] g 34t3HAI%] BHT, BHA, TBHQY T 3HAkS} &1}
7t 2 o1} catechin thefgt 718 @ AskoA B &t
Z9l Ao Z H1E v} QItiHe & Shahidi 1997;Wanasundara
5 1998). 3tH, a-tocopherol A2 L= AR & U1z
THEOE 2 TBA & UehliA 23]8 457 SX1E A
o2 Holth o]ygt Yo Z a-tocopherol> X o] thst
Ak o] o, 0.1% o] oAU (Jung & Min 1990),
o] B oA E anF g AEeS 7HIA Fot
o, 23|28 R}Alo] Aks}E]o peroxyl radial |1} superoxide radical
9 hydroxyl radical®] B2 F7HAA ASE o EXE 5
9ltf ¥ 1 Eo] QtKCillard & Cillard 1980; Rankin & Pike
1993). weba] 2 AFofAl= AR 0] 56.6%%] A4
E7 o)A @-tocopherol AFAlo| AFS1E|Ql7] WlECl Ao = AY
Zhgicy

5) X|dhat =
A A7|7bo] w2 A WA 2AS Z3}A]HHK(saturated fatty
acid, SFA), TA-E3Z 3R] 94 monounsaturated fatty acid, MUFA)
4 o7& Z X9 Hpoly-unsaturated fatty acid, PUFA) 2.2
UL, I A3 Table 63 Pt

A7) B89 EIRHAES Cp(lauric acid) 0.06%, Ciao
(myristic acid) 3.25%, Ciso(palmitic acid) 25.75%, Cig.o(stearic
acid) 13.5%=2 =35 o] & 42.56%2 YERGL, Tdd EE3}
A HFARE Ciqi(palmitoleic acid) 4.11%, Ciga(oleic acid) 43.21%,
Cao.(eicosenoic acid) 0.45%2 A& o] F 47.78%2 EG
on, 7} EXEIR RS Cigolinoleic acid) 2.53%, Ciss
(linolenic acid) 0.09%% AT o] & 2.63%= UEYTHE & X
it SHAE ERZ AT HEFEF2007)Y Ciao(0%),
Ci40(2.8%), Ci6:0(21.1%), Cis:0(10.3%) L Ci6:1(4.4%), Cis:1(45.8%),

Table 5. TBA values of ground beef treated with different antioxidants during refrigeration (mg/kg)
Storage days Control Pycnogenol a -Tocopherol Catechin BHT F-value

0 2.97+0.07™ 2.62+0.01° A3,02+0.05° 2.80+0.06™ "2.86+0.08™ 6.70%*

3 5327+0.01° 83.00+0.07" 5339+0.07° 2.88+0.05" 53.77+0.03° 45 54w

5 P4.24+0.00° ©3.82:0.06" P4.79+0.15° 3.14+0.17" €4.14+0.03" 33.3]

7 ©3.66+0.10" 53254033 53 38+0.05" 3.00+£0.08" 53 86+0.01° 4.75%

10 ©3.5940.03 53 2140.02° ©3.70+0.10° 3.060.08" 53.76+0.02° 26.15%%*
F-value 65.36%** 8.18%* 55,85 1.86 122.14%%%

Mean+SEM of 3 measurements, “ ™ Different letters within a column are significantly different by Duncan's multiple range test(p<0.05),

™4 Different letters within a row are significantly different by Duncan's

multiple range test(p<0.05), *p<0.05, **p<0.01, and ***p<0.001.
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ERG T, SAFSIA] X Bl 2L 42.53~42.76%2 UERtoL) &

o191 Aol gk
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A 3UA PABA] H7b] e §
979l ol Holo} Z7IeLLT(p=0.01), FAITHA HelZ
o 37} A} o] H)3) 2

A 2ol AU

43k A4 52 olFolE A
Z 32U R 9} w53t AL Holw, catechin 2
% W A He
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Ao Uehte
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2 Uehta, s Held
o folzel Fol

BES el
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A7geto] wheh sk B Eel

HE&-2 gj2o] 47.78%

47.56~47.97%2 LFEPGo.
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£ 24 ws wo} ojs

Ao} )22l Holiz
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249 stz A QA Tt MRS 2P
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2 Keller & Kinsella(1973)= A ]| A Cyp4(arachidonic acid)

FHaro] A =

T 25% f@aste] Ao Akstel AHAte £

sl oto] JAAS B8 AT, Moerck & Ball(1974) SA] S

Table 6. SFA, MUFA and PUFA composition of ground beef treated with different antioxidants during reheating cycle

(%)
Fatty Storage Reheating )
i days eycle Control Pycnogenol a -Tocopherol Catechin BHT F-value
acl
Fresh 42.56+0.12 42.76+0.01 42.68+0.08 A42.53+0.06 42.58+0.08 1.51
0 1 42.7740.11 42.53+0.27 42.3240.17 42.56+0.14 42.60+0.17 0.76
1 2 43.03+0.02 42.78+0.09 43.03+0.19 42.56+0.05 42.81+0.00 422
SFA Cooked 3 3 43.1420.10 42.84+0.03 43.08+0.15 42.83+0.19 42.89+0.16 1.10
OOKE!
5 4 43512023 43.110.12 43.35+0.49 43.02+0.27 43.13+0.01 0.54
7 5 43.58+0.04 43.330.00 43.740.62 43344022 43.38+1.12 0.08
10 6 43.60+0.41 43.5542.17 43712036 43.56+0.48 43.61+0.06 0.00
F-value 2.93 1.78 1.92 243 0.65
Fresh 47.78+0.25 47.56+0.10 47.62+0.15 47.97+0.05 47.6+0.06 1.46
0 1 €48.030.15 48.27+0.10 547 80+0.02 48.0140.12  ©48.18+0.07 3.11
1 2 €47.83+0.29 48.16+0.46 84777£0.33 47984044  5°48.02+0.60 0.13
Cooked 3 3 5C47.3340.07 47.7840.26 847 62+0.46 47.8340.46 547454078 0.20
00KE
5 4 €47.09+0.33 47.4740.56 547 40+0.16 47.5940.12  “47.04+031 1.74
7 5 268410200  47.324043°  246.39+0.29° 4737+027°  *46.63+0.41° 8.08*
10 6 AB46.65+0.03 46444221 446.16+0.23 47.0140.04  “P46.43+0.18 0.10
F-value 10.78%** 0.49 18,774 2.64 7.17*
Fresh 2.63+0.03 2.600.03 2.5940.02 2.630.02 2.600.03 0.43
0 1 3.4440.03 3.360.10 ©3.48+0.17 3.460.06 P32540.09 0.78
1 2 3.2320.01° 3.1940.01°  ¢3.1640.05™ 3.3440.03°  3.11+0.01° 9.67*
PUFA 3 3 3.07+0.19 2994025  “B2.9410.26 3.05+0.22 5C.90+0.02 0.13
Cooked AB ABC
5 4 2.95+0.25 2.8840.38 2.860.21 3.000.14 2.83+0.21 0.08
7 5 2.8140.15 2.6540.14 AB) 730,01 2.98+0.02 AB) 67+0.06 1.85
10 6 2.56+0.18 2.5040.01 42.4940.01 2.87+0.09 A2.5040.04 3.20
F-value 3.77 2.73 4.81% 3.80 7.92%

Mean+tSEM of 2 measurements, A~D

Different letters within a column are significantly different by Duncan's multiple range test(p<0.05),
" Different letters within a row are significantly different by Duncan's multiple range test(p<0.05), *p<0.05, **p<0.01 and ***p<0.001.
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AE A% F AgAto] Abstol wf¢- wizdstA ¥k-3-5te
370 B 1 oY olF AR 7ML A
&) 7 F7HEFE AbSto] it FizHgo]
I8k ERL Jiang S(1987)2 A F AHAte] Exst=
7t A=, ojzfdt Yoz TUEZIR|4RI oleic
acid 59 g H|&o] HaEE Zo] 8 Hlojgta By
skl FWoll® v F(1988)2 heK-9] AA7|7te] mE
A4 2/ 9] WStof| gt Aol A oleic acid 9] &2 A
Z717bol| wheh A3} askar, R4 palmitic acid 2
stearic acid®] v]&-L& Z7)sttta ©H 13t vl Qch

2 AYoAE 237 BHSE Ashe St A4S
A7poll w2 ZSAAL Tl 9 oyt EXZSA AR 24
o] ARl HI}E Hol|R|= &3kt ol daes AR
F W7t EXIRRARY 24 B0l w9 Q7] wEe] ¥
37F AA et Ao s Azt e di2dtol vls) &
APeH Agwso] tAdes T4 7 H T
9 o7 EXAARY] vt tha JA|E= A A
t}. 53| catechin 22|9] - ZIR|PARY] 24 #S7}
7V AA et on, o3t H3 TBA g 22 3ol
At} wEbA] catechind T FAMSHA o B3] AFSE A9
A mnHel Aoz meld

6) SOD &M

AA717ke| w2 SOD 4L Table 73} Zth

A% % SOD 2/d-2 pycnogenol A& A3t 2=
oA A% 717ko] AoA4T Bido] Fadtes FAFS B
Ou FoFRl Zol= ¢llth A FYe] SOD &4 &
S A7t wE FolFRl Zfolg Ho|X| Fout, gz
217.69 unit/mg, FFAFSA] A2 229.14~253.6 unit/mg O 2
Ueht izl st AR A7) S0 e

, 53| catechin A 2] /o] 71 A vebyith. A%
7UR 7] SOD AL 7Hasdh= A3Fo]9al, catechin 2] 2
T2 g2FHEY Blud &do] A fAENeY 94

el

[en
fo == 3 M

¢

e

o mA= FAtA 9] a3t 429

2l ztol= itk 23U A% 109A o= F2AQd Zpol=
UAA T =] SOD /o] @32 wj¢ F7hete A
< B, ol A=rt AstEHA AAE ndE ol 9
P Aeg AFztEct

SOD= Ze|gft]Z-& 2 A 02 AAsH= alol, thE
TRY A R 43 aTE YER Y] wfiZof 9foF
AAEA B IS Por]a o, dA FHSAY 7
5 =3 PR E 913 v SAN R FE Foll o8 ok
F|Zoll= ARAIFL R o] G o SRS S A2
AE9 A7 EA B2 BT A7 ASEHIL JrhKim
T 1996, AE3} 747} 1992). A1F2] 2Z]of|A] SODS| &do| 7
SlE|2He peroxidaseo] osf| A/dE ZejrlE2 AlF9 3]
U 9Z-S WA= 73R AEd o]y SOD+= peroxidase
o] ZAof| i3] EZE B3Ik AR AZEL JokH &
A 1997). A% A& A5, AEY Atz Qg
9] 27} 4 tocopherolo] L} ascorbic acid®} -2 FQ5F FIFE
29| 43HE ofu] et SODEL 22 Atsta 49 vt o4t
Hug, JABAIE JArlgozy £29 A3 1 B
S SIEhA & 71 1997). wEb 2 AgolAE 277 4%
o] % % SOD Go] FAksHA) Wrlol wet gejziel Aol
£ Ho|X|= 49F oL, catechin>pycnogenol A ##+9] &2
FarskA) Helze] SoDe] BAo] thzel lske] ol 3
4H3HA| o] A 2)7} SODE] &/l & T o= TEF
-2.H, pycnogenol A 2|-2] - SAA7IA] A2 A £9| &
& FAISHE A 22 Ueyith SODE FABtaLg A 4
FAe] F & Sl F - AE oldou X5t & 4
F9] BEo|y 2T e AL /M £ glo gt AztE
o, 4SS A 2lof weha] F2 9 HEETE oy} SOD
Y AR AT AFAEFLZN FAA7L & AL
2 o=t

et

7) Catalase &M
AA717bol| W catalase 42 Table 8o LEFRITH

Table 7. SOD activity of ground beef treated with different antioxidants during refrigeration (unit/mg)
Storage days Control Pycnogenol a-Tocopherol Catechin BHT F-value
0 217.69+16.25 53137+12.74 242.70+16.56 253.60+ 6.00 229.14+ 4.51 1.24
3 210.73+ 3.48 $227.50+12.79 229.88425.67 230.29+10.56 230.15+ 9.80 0.34
5 201.44+ 2.52 5229.04+13.22 216.92414.00 235.85+13.06 205.304+25.28 0.92
7 173.35+ 9.29° A192.12+ 9.43™ 21250+ 1.94% 218.04+ 9.19° 188.37+10.41™ 4.51%
10 184.93+18.45 A81.12+ 2.72 21856+ 0.94 220.92+16.75 173.68+18.76 251
F-value 236 4.72% 0.65 147 2.54

Mean+SEM of 2 measurements, " Different letters within a column are significantly different by Duncan's multiple range test(p<0.05),
" Different letters within a row are significantly different by Duncan's multiple range test(p<0.05), *p<0.05.
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Table 8. Catalase activity of ground beef treated with different antioxidants during refrigeration

Rk

A=A Fetal

Mo

(x1072 unit/mg)

Storage days Control Pycnogenol a-Tocopherol Catechin BHT F-value
0 480.85+0.04 0.87+0.03 0.86:+0.02 0.85+0.02 €0.87+0.03 0.16
3 £0.90+0.01 0.8840.05 0.86:£0.04 0.88+0.06 5%0.84+0.01 0.30
5 #80.84+0.02 0.79+0.07 0.77+0.00 0.8120.02 480.77+0.01 0.84
7 40.75+0.03 0.78+0.02 0.810.03 0.79+0.02 40.76+0.04 0.67
10 #0.79:£0.03 0.81=0.01 0.83+0.03 0.7620.01 A80.760.00 1.92
F-value 3.73% 1.52 2.09 1.92 4.24%
Mean+SEM of 3 measurements, *~ Different letters within a column are significantly different by Duncan's multiple range test(p<0.05),
#p<0.05.
A% % catalase B3> FASHA] H7to| ©hE F-91F el &} 1. YHgEO] 2L 280 5660% Z3|H 0.55%, R

oI Sol Ysres, Fel A1) LA el Ut
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A8tEa, AR 5979 TR S o] L ZhASR= 9RAF
olsict.
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