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Abstract

This study was performed to investigate the antioxidant activity of Korean ginseng using an ORAC(Oxygen Radical
Absorbance Capacity) assay. Four fractions each (80% ethanol, ethyl acetate, water saturated 1-butanol, and water) were
obtained from different ginseng samples (White Ginseng : ; 6 yrs-, 5 yrs-., ; Cork Ginseng : ; 5 yrs-., 4 yrs-). The saponin
content of each fraction was quantified by LC/MS, and the antioxidant capacity of the ginseng was measured by the
ORAC assay. The ORAC method, which was recently validated using automatic liquid handling systems, has been adapted
for manual handling with the use of a conventional fluorescence microplate reader. Furthermore, the ORAC assay
provides a direct measure of hydrophilic chain-breaking antioxidant capacity against peroxy radical, which is the exiting
and emission of 2,2’-Azobis (2-methylpropionamidine)-dihychloride (AAPH). As a result of our experiments, ginserosides
Rgl and Rb1 were the two major saponins found in the ginseng samples, and Re, Rb2, Re, Rd, Rg3, and Rh1 were
detected in a small quantities. For the antioxidant capacities of the fractions (80% ethanol, ethyl acetate, butanol, and wa-
ter), we found that the organic solvent fraction had similar antioxidant capacities, and were higher than the capacity of the
water fraction. When determining the similarities in each fraction, only the ethyl acetate fraction showed similarity com-
pared to other fractions (p>0.05). The antioxidant capacity of ginseng may come from phenolic compounds and some non-
polar saponins. However, based on the results of this study, we hypothesize that some acidic polysaccharides and other bio-
logical components may contribute to its antioxidant capacity. Additional research is required to determine other possible
biological response modifiers that contribute to the antioxidant capacity of ginseng.

Key words : Ginseng, antioxidant activity, oxygen radical absorbance capacity(ORAC) assay, fluorescence microplate
reader.
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T3l =gtet <f, Bk, AE WA AE T T HAd 2 SH 1998b, Kim SH & Kim ES 1997, Kim et al 1995, Sofuni

2ol e e B 7 FAS T& 71dskE Aol
= itk w8t AA9 Bt} whgAJo] F A A

T & Ishidato M Jr. 1984, Harman D 1984, Capel ID & Thor-
mley AC 1983, Oberley CW & Buettner GR 1979).

393

Zx(superoxide radical, hydroxyl radical, hydrogen peroxide, al-
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Lee 2003), =7 w2, <, 717, &FKwak et al 2004), %
7 ZZZ(Park et al 2005), H3(kim & Joo 2005), H-E-=}
(Yoon et al 2003), 7+7]AHPark et al 2005), A-54Fo] o} F
2](Song et al 2004), R|&(Choi et al 2006), AAU(Lee et al
2006), W X]Lee et al 2007), Aulzf H=2] ¥al9l 2U(Song
et al 2006, Kim et al 2004), "4 ZA(Rim et al 2005)<]] ©]
2717 FEHS AAEZNE s &Y g B Ret
o z+g el &4 E4S 4V] 93 A AlEEH A Utk

47] ABoA aatsl 84 3 WH o 2= DPPH(e, ¢
-diphenyl- 8 picrylhydrazyl)Z ©]&3F 2] eiolzd &7 a3t
Z4& ¥|&3l] MDA-BSA conjugation ¥h-g 9| &3 &
2, A2 A3} A £33, tyrosinase A &3} 2, su-
peroxide dismutase A} /4 274, obEAdE &7 A8 37,
hydroxy radical 424 % =7, hydrogen peroxide radical 4~#
5 2%, AARA-YLEL o] §3 YA 274, TBA(thiobarbi-
turic acid value)E ©]-&-3F giksl 2, Thiocyanate ¥, ABTS
( 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) #H]
28 o] g3 =AW, e =7, lipid peroxide value test,
A &%= 717t =3, nitric oxide test, 3 -caroten-linoleate mo-
del systemS ©] 83} a4k3} =7, xanthine oxidase #|3] &
4 &% ol AHEUS

AeA oz fevets vEslo T AF A
B} Qe o Ao R AL HA 2 QA dy) 7
Aol o3 F8 AR A4 AL F5A13A | g
ZH-8(Kim 2005, Jung NP & Jin SH 1996, Saito H & Lee YH
1978), & T2 2 & ~Eg 2~ F&(Kim 2005, Jung NP &
Jin SH 1996, Kim et al 1979), &t 2He 2 g} FiH(Kim
2005, Shon et al 2004, Park KS et al 2003, Jung NP & Jin
SH 1996), A& thAl 7§41 ZF-8(Shon MY et al 2004, Jung
NP & Jin SH 1996), &<} 7§41 Z-8(Kim 2005, Lee et al
2003, Jung NP & Jin SH 1996), &4tsh Z+-8(Kim 2005, Kim
JH & Kim JK 2006, Lee JW & Do JH 2001, Jung NP & Jin
SH 1996) 5 B2 35| d#A|3 Jom, o 149
grts) 2pgo) Hig AFRE WikE B FAPH SR Aed
A3 zhd4a 5918 DPPH( e, ¢ -diphenyl- 8 picrylhydrazyl)
£ ol 83 f P2 2A Ezbo] % Pas B 23
(Kim JH & Kim JK 2006)2} 143} o] 37 Sle o Al
|| W3} superoxide dismutase biosensorE- o]-&-3t gHitslE
22 (L. Campanella et al 2003), 214} F2&8-9] <17t AW =
A abs) A3 24 33 DPPH &A% 573, A #
& Mol A homocysteineo]] 2] F=& WHH 7|5 ol 2}
T2-8{(Zhou W et al 2006), sto] =54 2tz A7 o &
7] XA itelE fed B A4 o oA 2HE
59| d7(Daxian Zhang 1995), ZW|4t &g & F9 9
4ks) E4d(Lee JW & Do JH 2001) 5] vk sl ahikst
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2 3= FE DPPH( e, ¢-diphenyl- 8 picrylhydrazyl) S
ol &3t K FoH oA Aol o3t AT o)
9|Ze] 74, A} D(an electron transfer)2] o] & 7| &
23 7|E A WEELS T2 gAs 24| 8y, &
% o], carbonyl?} vl Z-S &3] % AA HEY
SRstet] 238 B o, 4 AR HE o] E(a
hydrogen atom transfer reaction mechanism)2 7|22 & 3}
ORAC A2 radical chain reaction®] 717 &4 2Q1 &4
Q4o A AEH At gakst B2 9 free radical &
7 5% =, radical chain breaking antioxidant capacityE =
A st Wi ojti(Huang et al 2005). WA M2 A o] 2
g uigon @ 47 PUES B4 Aol g a9 148
o] £7gl 2% phenolst 5o TFS ol Sshedl AT W
Wol] B AFoA] ALR3 ORAC assayr Al FU &3k
hydrophobic 483} hydrophilic Aol 2% ¥t2-317] w|&
o $-& W7} Yk AY-E 74X 3 Jk(Prior et al 2005,
Prior et al 2003). T3, 43l i EAR 879 HE E
£ AHgstn 3 BAS AR 2N whg HET} oR
gl FEAEE Y & U= WHoVIE st} ol EAE
ol 3 7H¢] B3-S ®ol 7KL 7] Wl 20043 =
Z2tt SHEAA Ed gkt 28] FEHE AT Al
Agrzisloa] 1 Fet FAatst 84 B8 AN gel &
NERED 7189 o3 71A] ksl 248 24 EEY] oF
E gl 95 ZEe 475 d = Je ) e &
T3E 9 NEAR] W] iR A7 = ATk Prior et al
2005).

wEkr B AT s g ate] gAtE 9S8 doti
71 S8 f71 2 E SuiE ARSSte] g /1A ol Ade
S velE 8 828 35513, H2 d33Q0 it
3} &4 AT 9PHe] shuE PAE I 9l.em, Taleott ST (2003)
Zo ol MEA AN=El & Oxygen Radical Absor-
bancity by Fluorescein £ ¥(ORAC Assay)S ©o]8-3} Z}
ol FEE ks G448 SR, 718 A A7
FHoIE f7] &0 & FEA QA AREde digiM B
gk olel 87 AdEe] Ale] o] diE ok HdE |
T7E A=Ak

mo Wi lo
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o FEE A
=< 747} 100v] 9] RFEAE EHAA
A AL A= A8k ol AT 42 Fs5 g8 &
F 97 AANE @ 250 mL Zpa3o) e zr—g]uoow
80% EHS & 50 mLE 78] 1A7F 3253 F Ao
WA Bl 213 & oFEtn AFES F oA HEsle &
& 23) ¢ slo] % 33 5T A4S §F WG FHE
& 250 mL ZekxIol Ha 65C ©]3t & Aol|A] rotary
evaporator2 ¢t F53T AF-E FHF 50 mLE 718l
U F 2 AFol ¥ol JEHE 50 mLE 7iste] ARE
o2 AHESE A AL 55 FHoe 232 23] ¢ ¥
Hotol F 33 £ - 2Rt & 758 B AFl &
A Oﬂ%ow HolER

o BAZ 913 A9 ORAC AssayS 913 3hirsl 84
48 HAAZ AHSIRTh

3. Ginsenosides2| &4

80% o&r& 3 A7), AEoMAEHCES £, X3} ¥
ge3 £, £F 299 1282 747 HPLCE v&&o]
o AEHIFHE] A2 Z Table 18] 2P0 2 LC/MassS
o] &3t A4 & & <l4ke] AlEd HE 5 ginsenoside
Rgl, Re, Rhl, Rbl, Re, Rb2, Rd, Rg3 o] &g B89k

4. ORAC(Oxygen Radical Absorbancity by Fiuore-
scein) Assay

Zzte] §7) gl ool 2EE A BB P
2 peroxy radical®] YA "ol 2]3t fluorescent] 7+
2&E FHToEN o)Atk uts} ezl S
3] 2,2~ azobis (2-methylpropionamidine) dihychloride(Aldrich
Co., ©|3} AAPHZ ®7])Z Al-83}9) a1, Talcott & Lee (2002)
7F ksl B4 &Aoo ALE3E ORAC (Oxygen Radical
Absorbancity by Fluorescein) ¥4 & o] 835190 ch & 23]

oA Aol 2 BFde] Frd My A8 AJdEe] Az
o+ %d phosphate buffer (61.6:38.9 v/v, 0.75 M K,HPO,
and 0.75M NaH,PO,)E AME-3I5th A# A& 243517
Qjsle] gaksl g Hlmw EFEN O FE Trolox (water soluble

ORAC Assayo] 9% Qlite] shsl @4 A 395

analogue of vitamin E, 6-hydroxy- 2,5,7,8-tetramethlychrman-
2-carboxylic acid, Aldrich Chem, Inc. Milw. WDE Ql4te}b3
AL 718l ZH2} 0.0, 1.65, 3.125, 6.25, 12.5, 25.0, 50.0 uM &
=2 3]A38}3 Fluorescent & £9-& Ou et ¢/(2001)8] B+
ol whe} Fluorescent Stock (Sigma Chemical, St. Louis, MO)
10 ¢LE phosphate buffer 50 mLol| 885l A Z3lH 1 =
A717]+ fmax® fluorescent microplate reader(Molecular De-
vices Co.)S A8} 485 nmoj A Ax}7) o] 7] excitation]
3l 538 nmol|A] W emissionE) Al FA 3] B 43 A&

At

Table 1. Condition of LC/Mass for analysis of ginse-
nosides

Instrument : Waters Alliance 2996 PDA, ZQ2000

Column . Xterra®MS C18

Column Temp. : 40C

Eluent : 0.1% AA 18% ACN, 0.1% AA 80% ACN~
0.25 mL/min
MS condition
ZQ Mass Dwell Cone
SIR 799 0.4 59
637 0.4 53
1108 0.4 30
1077 0.4 45
946 0.4 69
783 0.4 60
Injection volume : 5xL
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Fig. 1. Antioxidant activity of tested sample expressed as
the net area under the curve (AUC).
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FAret @45 gotEr] A3l Azl AAE-L phosphate
bufferol] oJ3)4 1008] ] Fof kd LS 3 108
255 AYEHAD SE AZEL 504LE FHaA &
495 mL®] phosphate bufferZ 7} 1004 44 t}& 96
well microplatedl] &AZHTE A% 4L A7 Y4 o
2] A|Z3t 7} = Trolox &Mz} AMo|| 2}z Fluorescent
BE 49 100414 743 T 2371712 2487] M0
S0l A ZE peroxy radical Al £ AAPH 2-H(AA-
PH 400mg-2 phosphate buffer 5 mLo]] &3)A17 A2)S &
Foll 3} 7] o] multipippet 2.2 ZHz} 50 uL¥ 7)) BH2A)7]
T ZA] 23 & AZFsl4 ) Fluorescente] ZH4 H]-&-2 37(C
oAlA 70% < nf] 28 7FA 02 fmax® fluorescent micro-
plate readero]] &3] 7] 2% %], fluorescent 244 ZAHe] o
AL Trolox £F A% A3} vlwE]o] Softmax pro,(Mo-
lecular devices, Inc) o] 9jajA] 7]|2H Yt BE AHL 33)
HHE Rl o 0 o8k ORACEHS A 1 g& #M Trolox
equivalent2 JeERHolF T (¢M TE/g).

5. EA3ts £4

A3 Z3= SAS 9.1 B4 2338 0] 835l meantS.E.,

95

Rolrlol gt iRgat

t-test, correlationS AM8-3t] Z} g7 2o dis)] B
AT p<0.05 FFAA FJA4dS B IITHCody & Smith
2006).

Zxl ol nH

WP D), WHEED), HRANEED), ikl
)] 80% AEE AV A, odotAElolE B, 33} B
@& £, & £39 Al IS LOMassS ARE3l 2
Mg A7, A4 TR 429 &) 23 1g 9 ginsenoside
Rgl, Re, Rhl, Rbl, Re, Rb2, Rd, Rg3e] 3Heke Table 26 4]
9} B} QA4 F AFEI L ginsenoside Rgl ¥} Rblo] 2} £-3
ol F8 Ao o= 3t gem, Re, Rb2, Re
o] HE °]aL, 15| = Rd, Rg3, Rhi7} 9] E¥&x
ok R sd e A ders £33 33 Hee
YoM T2 I3 Bl B8 & FFS Bgo, 97
Q3 ol BYoA g3t AA e Alxd AR 2ev)
olgiglen, &3 A F AI¥U BRE HEL EXE 4 ¢l
of A4t Al 7120} At FTFHE Zhzhe] BEo Y3 AL

HE 32 ofn

Table. 2 Contents of saponins on each fractions which extracted from several ginseng
(Concentration are in mg/g of ginseng fractions)

Fraction Ginseng Rgl Re Rhl Rbl Re Rb2 Rd Rg3
EtOH W(6) 41.32476 40.59073 8.949476 64.19395 19.37621 17.5171 4.128024 0.360403
W(5) 50.35615 41.84569 14.89158 6131483  22.04513 21.28946 7427134  0.11984
C(5) 62.75241 52.14998 4.987546 76.99505  29.21529 28.78905 9.726045  0.76215
C4) 46.28425 39.58595 int” 56.76777 2297113 23.66522 6.952380  0.592794
EtOAc  W(6) 55.82568 17.59424 int 10.62156 int int int 2.538601
W(5) 31.95843 5.365915  13.67115 int int int int 1.846559
C(5) 77.16767 24.0569 36.47282 15.62906 1.820163 1.275796 1.213755 4.747755
C4) 39.6173 8.573441 2.567606 int int int int 2911992
BuOH W(6) 85.24972 78.97504 1.736423 110.8754 37.37106 34.54809 9.655203 0.132886
W) 69.2292 63.99759 9.109277 102.0522 40.16723 39.19249 15.80458 0.005422
C(5) 63.0513 63.21278 int 109.0357 39.7348 41.14449 14.14573 int
C4) 114.424 108.2997 1.962586 85.8118 40.82392 36.77863 21.11511 0.833576
HO W(6) 0.047553 0.067571 0.002633 0.16231 0.031473 0.032329 0.008516 0.004447
W(5) 0.382842 0.84007 0.00648 0.807032 0.301392 0.225618 0.231731 0.016118
C(5) 0.156494 0.24734 0.008073 0.363125 0.093728 0.076352 0.065738 0.02175
C4) 0.147694 0.230649 0.005576 0.338001 0.083215 0.068323 0.05849 0.012835

1

) int- interference peaks concentration could not be determine.



17(3): 393~401 (2007)

d gHg vlmshed) $A7F iTh

2. ORAC(Oxygen Radical Absorbancity by Fluore-
scein) A

Qlite] itel FAS dolry] A3l WaledD), WAHGS
), B3 WYEED), FRABEED 80% g o
712, oE oMEo|E £3], £33l Feg 7Y, E $¥&
24zt QAL ghz-allel] g-35te] AAPHS]| ]} peroxy radical
o] AT Ado)| WE fluorescent®] 7H4&3 ORAC Assay
o o3 S A, Ao A BYE P4kst &2 Table
39} Fig. 2014 B ulksh o] Mik6d @) Wik 2)e]
Parsl zte et A7)A0) AS zhzh 259+4.5, 224422
o], olEotAEIo|E & 2] Z-F 17.8+2.8, 15.2+2.50|31
om HEhe H3lo 214416, 21.3£1.20|3, 5 BEHE 144+
1.4, 13.1x1.98 JePATE fFUdD)F o Fqkdd
2)S o v A9l A 24z} 27.243.0, 26.582.50]1%0 11,

Table 3. Antioxidation activity of each fractions which
extracted from several ginseng

White White Cork Cork
Fraction ginseng ginseng  ginseng  ginseng t-test
6yrs. Syrs. Syrs. 4yrs.
EtOH 259+4.5 224422 27.2+3.0 26.5£2.5 0.3256
EtOAc 17.842.8 152425 24.6+43 213426 0.0300°
BuOH 214+1.6 21.3+1.2 223+43 272434 0.1234
H,O 144+1.4 13.1x1.9 14740.7 19.1+53 0.1515

Each value represents Mean+SE. of triplicates.
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Antioxidation Capacity (ORAC)

White Ginseng 6yrs. White Ginseng Syrs. Cork Ginseng Syrs.  Cork Ginseng dyrs.
Fraction QEOH BEt0AC GBUOH @H20
Fig. 2. Antioxidation activity of each fractions extracted
from several ginseng.
Each value represents Mean+SE. of triplicates.

ORAC Assayol oj% Qlte} gabsl g4 A7 397

oeolAHo| E B8o] -9 246443, 21.3+2.60|9.00 Hgt
S B3 223443, 27243401, 5% BIL 147407, 19.1
+ 538 velch

Zt A AAHE2] 80% olghe 7] X, dFolAH ol E £
3, £33 Fehg 23, § 2YE9 4 8 F3te] /9
A v RdAE ZE Q4 AA 9 dEolAEolE 34
g oS YEMIATHp>0.05). 14 5] F-E HEol B
o] &% . &0l Yk 80% AT Ar|2dA FoAdol
]9 Woka dubA o g ALY RS Wol g53 FEE
o] Alxdo] A9 gl %5 L8 vk =3, 2
Zto] gufd WE F&E A437te] AHABA | YoM % Ta-
ble 404 B ule} o] ofghs o] 20} ol Ho|E
o] FAAT FxHp>0.05)7}F =LA vEteH, T8
33 & 28, g Ay} Feg £, odolAlE o]
E 287 1eg £ AloldlA fo4dE VERIATHp>0.05).
Z9] Fiksl EAJo] 80% ol Ar| 2, ojdotAHo]
3, 23} FEE 13, E £ EFoA YERT H]
| e =L]
1 5 FAElEg L dgolAE
= ZEEE A% AEolu 47 HSA
o] AEdel] &% AR FEH I gloy, RE EE A
ksl EAdo] UG Ao 2 1]Fo] o]& o 4 T
T UE AE 84 EF U 77 STEY A A=
7 2 5 A AT S RAATEe) gHAksl A0S ul s
£ Z3elA] odofAle]o] E £ Tt o) 48(p>0.05)3 &
o] 0959572 BF A velfo] WAitT) o] Rulakgte]
ksl @0 i e o B2 HEV 288 AeE A%
2=

Ql4kel kel B4 A9t BHsid ks B d &A
o gk AFAA BH Bl A glo] Hlmrt ol
th UM E Lee & Do(2001)7} Erlato 2 2E] AL 60%
etE FF £3& 0|43l DPPHe| &J¢t 4 3%
Agatg o, vhg A giksiglo] 2.00004 ¥Hg 1% 73
HollE 1.80, 10¥ A3} Hole 1.855 vehllo] whg- 27
3a|ste] #4tst Edo] DPPHOL ¢ubelA wh-g-3k At

d
E
AT
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Table 4. The correlations of each fractions

EtOH EtOAC BuOH H,0
EtOH 1

EtOAC  0.85119™ 1

BuOH 0626737  0.58833" 1

H0 0.47709 041614  0.76439" 1

Each value represents Mean+SE. of triplicates.
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A4 kst Fido] e Ao ® AGE AT} 121 lino-
leic acidol] thgh Ak} ¥k=] E3H= 1,500 ppmollA] &k 72.23%E
B9, LDLo|| thdt 2ts} x| ok 220ppmollA] 22.52%%
Yellle Aer BasRth A3 3(2006)2 g4 £
H E FEE, 80% JHE FEE 80% Hlers FEE9
st 8Y S A B FEEY A I FEEC] 83.82%
g FEE0] T118%°|Y 1L 80% s 28] 49 U
ZE-0] 89.74% HEE] FEE0| 79.22%°]Q 11, 80% wEkE >
25 AL Y FZEL 8837%, el 2Z2EL 85.67%=
Helo] Asate] 5 ks @S Zte AR 53
Aok = 519892 WA E FEE9] 29 vhe F ¥ &F
o] ofaf o] Frkst 70TAA = 12043 EA
St 4 Fos S7PF A AR @ A" 250 =
T ARe] AojASE AR ks Bakslso] A Hle
I Stk gkl @7 i 7 Bl BB ¥
2]3}e] o]E5o| xanthine oxidase A3} 2}-&3} tyrosinase A&l
28-S JeRItE B 1(Choi ef al 2002)8} Loi et al(2003)
& Qtmie okgolA A A% VsbilelN Pisbet
DPPH radical 4%, xanthine oxidase A|3)|%, H,0,- Fe™ 7
AN A Fksl wkE A F& Bt stEo, Ak
ek ofAlel ek Bz Qlakte] &4 tsibe & &
ATk Kim er al(1982)7} Kim ef al(1983)-2 wjate] zH o
w3 AFE 74 Ax F Eeds 39E W59} polyphe-
nol oxidaseol] W3] R 13}tk Zhang et al(1996)2 HO,-
Fe"AlollA 4 saks}l Aol thal A4k 84 A7]29)
HEI E 52 o8 =& 747t 718l TBA(thiobarbitu-
ric acid value)E ©]&-¢+ 3tk S35 st M 5o &
Aghe A2 st 34 F TBARS 47 ofely|E4ke] 2
&of 2% Aoz FEAT ofejztgolgtn Bastitt Ali
M B et al(2005)= <14k9] vl TA = 2.5% COEToA
459 vk A Bl A A" Fo F Hlm Tl 60%,
FetExol= §HFo] 30%, DPPHO| o3 ghitslz o] 20%
A Zvzy Zr1ettn 9tk ol = Campanella L et al
(2003)2 Al BE 1 e AT Eol IrE ool el 3
23l GA& HESIHon, B dF Axe} viwy) oY

E oA AFRE ORAC assay= 20049 % S22t} &
oA G itsl 2rgo] FFE3E A AASEU 3]
(The First International Congress on Antioxidant Method in
2004)| A 71 A& 7kA] ikt 2HE- S HHES] @
FE gz A% HEg A5 2 5 e tiH wites

X171 ¥ the oxygen radical absorbance capacity assay(ORAC),

P Hg o

the Folin-Ciocalteu method, the trolox equivalent antioxidant
capacity assay(TEAC) % sho|tt. ool &2 Bol A}
&5 e FAAs 28 2% WU CE HAT base -Total

radical trapping antioxidant parameter(TRAP), Crocin bleaching

B

Hobrlob R iEEEEE

assay, Inhibited oxygen uptake(IOU), Inhibition of linoleic
acid oxidation, Inhibition of LDL oxidation. ET base -Ferric
ion reducing antioxidant parameter(FRAP), DPPH(«, a-di-
phenyl- 8 picrylhydrazyl), Copper (II) reduction capacity &
o] A= 3 AtHPrior et al 2005).

Prior et al(2005)2 ORAC Assaye o4 ZAte] AE-E 7]
Ho= 3la(a hydrogen atom transfer reaction mechanism,
HAT) QA= H-8o] 7ledt 71 A-e whiog 4y
&k3L 9121, Folin-Ciocalteau method= A} €2 o] &(an
electron transfer, ET)& vlgtro g 2 3¢l 2F8-9] 230
o] %t phenol#-2] &g SA3t=d AMHS-H a1 la, TEAC
assay ¥A] Folin-Ciocalteau method9} o] Mz} Aol o] &
& vl e g FEEHo T ok

Huang et al(2005)2} Prior et al(2003)°ﬂt o) Az} A
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