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Antioxidant Compounds and Activities of Methanolic
Extracts from Steam-Dried Allium hookeri Root

Hyun-11 Junl, Jae-Heon Yangz, Geun-Seoup Songl, and Young-Soo Kim'

!Department of Food Science and Technology and “Center for Healthcare
Technology Development, Chonbuk National University

ABSTRACT This study was carried out to investigate the effects of steam-drying on antioxidant compounds and
antioxidant activity of Alliun hookeri root (AHR). The yield of methanolic extracts, total phenolic content (TPC),
browning intensity (280 nm and 420 nm), and organosulfur compound contents (alliin and cycloalliin) in raw and
steam-dried AHRs were 10.71 ~37.40%, 15.53~36.36 pg/mg, 0.48~2.09, 0.01~0.25, 1.46~700.61 pg/mg, and
1,173.95~2,182.60 pg/mg, respectively. Yield, TPC, and browning intensity of AHRs increased by steam-drying, where-
as organosulfur compound contents decreased. Of all methanolic extracts from raw and steam-dried AHRs, four-time
steam-drying showed the lowest ECsy values (0.43, 7.53, 0.34, and 0.48 mg/mL, respectively) for DPPH radical scaveng-
ing activity, ABTS radical scavenging activity, SOD-like activity, and reducing power, whereas four-time steam-drying
resulted in the highest TPC (36.36 pg/mg) and browning intensity (2.09 and 0.25 at 280 and 420 nm, respectively).
The antioxidant activities of methanolic extracts from raw and steam-dried AHRs were closely correlated with their
TPC, browning intensity, and organosulfur compound content, showing correlation determination coefficient (Rz) values
higher than 0.82. As a result, four-time steam-drying of AHRs could be useful as potential antioxidant sources.
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AN (Allium hookern= 31,4001 €] o] Ako] 128 %]
ol A AAYsH= Mak(Liliaceae) ] 3y A E(Allium spe-
cies)Z A2HAI Q1 wlQkute Al = FFulolgkal EEm 483
oFg 0 & ALEH = HHIA ol vh(l). A= 20119 =]
A sl A7k Foll M= 2ol A Al HH A AYrkeko]
A& A F7kstal Qo kAl e] e, ol & T 2 79
TolA AFE e EREE o Yt F5 o|Fi It
(2). AN (Allium hookeri root, AHR)+= gallic acid,
chlorogenic acid, protocatechuic acid, hydroxybenzoic
acid, vanillic acid, ferulic acid, sinapic acid, catechin,
rutin 5 A=A IFEFH allicing X33 alkyl thiosul-
finate e o] A {ES OFF ot slo] s, &

B, FHT, st & hFd Dol sivkar defA
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%7t T7heE 2% 3,2919 Holar, FEE ANAA L &
2H38.1%), NEAAA(17.5%), Bt 2D 7] 2 (11.4%),
T 2uo] R EA(8.7%), HANE FEEB.I%) ToF W
A7]5 Mol Fda BE T o] Fiste) Aol &

AFEo] 79.5% o]’F o = YEFHTHT). o] w8l Jg
T AW A2 F(reactive oxygen species, ROS)
Zol&E 9l a9 AF A ol & &8 11737
3173 8} AL3) 9] AFgte] vkl E

o
=
jebad
o
ity
Mo 4
H

AL =
l.,

o = KoM ooff o mo rlo
]
L,
oo
Riorg
i
2
x
[
1
T

2, d9e, 45 5 FEEE WS
&7, FEA, FELE § 2320 ek /)54
o g3t B GFL FE Ao delA ArhO,10)



1726 AL - FAE -

w=(Allium sativum L.), ¥3-(Allium cepa L.),
(Allium tuberosum R.) & &2 =0] AR A7 2F
o= &g AelA oA AR e = Hold A
ol e EFtatal A4V sAF o R &8o] gk Aot
(1D). olell & AFolA = AR E FAitst 8o 177]
TAFOR &85 H% V| 2ARE QA FEAE 3
7b A verESEEe] Atk AEElsd 3 E,
HEA, setE 5)% 4tst @4 ((OPPH 2o &
274, ABTS gttjz &7 &4, SOD fAF &4, sk
eIl M= g ko] tiste] Hlal A8kl

off M my )

Mz 2 Al

2 AT AREE Al AE 3R G4 20159
AjE Ao Fr|ef Hes dueh & vt dF 1x
(70°C, 12A17H)38}e] AF&3FSI T}, Pyrogallol, gallic acid,
DPPH(2,2-diphenyl-1-picrylhydrazyl), ABTS(2,2-azi—
no-bis-3-ethylbenzothiozoline-6-sulfonic acid), BHT
(butylated hydroxytoluene), ascorbic acid, alliin &<
Sigma-AldrichAHSt. Louis, MO, USA), cycloalliin® Wako
AHWako Pure Chemical Industries, Ltd., Osaka, Japan)
oA FYhsIR o, 1 8ol AleFE2 analytical 2 HPLC
gradeg AM&-3F3iT

BEX2 Y HEZFEE M=

Az A A 300 g2 35 A71(HD-300, Hyun-
daetotalmacine Co., Ltd., Gimpo, Korea)oll ¥i =z}
(100°C, 4A17H3k S0l &3 712(60°C, 8AI7h3l+ F3EA
g H}4E 77t 239 43] WESIQITE FEAE T AFARE
e &% 1230°C, 24/ e gAF o= 33l

HEEFEE A A ARt FxA e A
#] & #|&(Single type stainless roller, Shinpoong Eng.
Ltd., Gwangju, Korea)3dr %o ¥+ A(250 um, Daihan
Scientific Co., Ltd., Seoul, Korea)Z A A3}3it}. |4 st
AFA1EEE] 100 gofl 80% Wl¥HE 1,000 mLE #7hste] 25
3} 2] (25°C, 30i)3 Fo 941E2](5,000 rpm, 10 min)
2 o] ¥}(Whatman No. 4, GE Healthcare Bio-Sciences
AB, Uppsala, Sweden)3t= #3485 33] whE3lo] ATt
oAl oKl ANE Kobx 4 HAxg § -20°Col| B3
staA Fatkst Ao 4] AE2 ARSI

AWk DuBois 5(12)9] WS wdste] Sl
2 AlZ 10 goll 80% #eh-e 100 mLE A7lste] #43)
A 71 Fo] AAIEE] (5,000 rpm, 10%) ¥ o B (Whatman
No. 4)%F €8 280 nme} 420 nmollAq S3 =S SAH3A
I E2FZE 80% WESS AFE-EF T

oy
¢

d

I~
24 995

ZH=d 3tEE &

¥4 31gHE gk (total phenolic content, TPC)&
ISO 14502-1(13)9] W& o83t S7833it. meh-&5
%% 1 mL9 10% Folin-Ciocalteu’s phenol reagent 5
mLE H7}ete] 33 RESAIZ $9] 7.5% NaCOs 4 mLE
A7retqleh. o] REg- NS QbAoA ¥hg-(23°C, 1A17HAIZL
% 765 nmelX FFEE SAH o, FEE Fo=A
3} E Sk gallic acidE R EF R 3] FEE megd

pg gallic acid® YEMI Y-

Alliin2} cycloallin &H

Alliin®} cycloalliin % Ichikawa S(14)¢] WS ¥
g3l AFE3}3itE. Alliind} cycloalliin® Xevo TQ-S
mass spectrometer(MS/MS)7} #&¥ ACQUITY UPLC
system(Waters Co., Milford, MA, USA)ol| A EA =t}
A& 92 5 ul, 2§12 Acquity UPLC BEH Amide
column(2.1 mm>150 mm, 1.7 pm, Waters Co.), Z% =
& 30°Ce]al 42 0.5 mL/min®|lt}. ©]5/d2 10 mM
ammonium formate(pH 3.0, &7} A)9} 0.1% formic acid
7} sh-% acetonitrile(&1 B)o]31 2™, gradient program
L 0~0.5%< &1 BE 100%%2 A, 0.5~4%& &1 B=
100%°1 4 50%% ¥4, 4~4.5% &1 BE 50%= FA,
4.5~6.082 &1 BE 50%°14 100%= <57}, 6~10%-2
£ BE 100%2 X8 2433tk UPLC-MS/MS 7]
715 Xevo TQ-S(Waters Co.)& AF&8315lom AE 2 A
S 9% MS/MSE A7] &% o] 3}(electrospray ion-
ization, ESI) ®219] ko] R =of A multiple reaction
monitoring(MRM) W& A-E3FA T 4 F&u|Es &
& 380°C, ion spray voltage 3.0 kV, capillary voltage
3 kV, con voltage 30 kV, source offset 30 V, collision
energy 650 L/h, desolvation gas 150 L/h¥t}. o] w alliin
3} cycloalliin ¥#3%2] ZAgo](m/z 178.14) 2 Aol
(m/z 88.09)2] WMFE A7+ Z47}; 3.3453} 3.475°]0 S
H dlo]¥ #8432+ MassLynx software(version V4.1,
Waters Co.)& AMH&-3F3A T

Z+-=+ ascorbic acid
FEE 50% AaA7E
g "3k AJ5 9] F%(the half maximal effective con-
centration, ECso, pg/mL)E Th2-2] 2]o] o]sle] dojx 2
ol A Abzste] yERl AT

DPPH radical scavenging activity (%)=

Absorbancecontro— Absorbancesampie

<
Absorbancecontrol 100
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ABTS &tz 24 FAL& Re 5(16)2] W& o] &3}9] IW(Ver. 9.1, SAS Institute, Cary, NC, USA)& ©]-&3}o]
sttt wgt —’F%% 30 LlLoﬂ ABTS #dZ &9 3 et ZEHEAFR YERAT 2 AR e fFoAde X
mLE #H7}sle] ¢} Oﬂ A 657 HF-gA)1Z1 Fol 734 nmol| A 0.05 ==l A one way ANOVARE HAHEA13} 2o Dun—

TAEE SAHEJ e YFERTEE BHTE ARSI can's multiple range test® W3R o™, FH =4 33
ABTS #o]zte] 2 JaL £ 50% #AaA7)E d Hag AR B3 AW Ed 22 3itsl AR ditsl @49 dade
o] ¥ % (ECso, ug/mL)¥ th-9] 2lell o]ale] dojzl Ao Pearson F#E41S 0] &3t T3] 734 (simple regres—
A AbEstel YEbd AT sion analysis)& ko] H]aLakgltt.
ABTS radical cation scavenging activity (%)=
Absorbanceconirol — Absorbancesample Znr A nF

<
Absorbance ontrol 100

ol

S dE2
SOD fAF 842 Li(17)9] W& o] &3t SHsA. Al(control) B FEA T AT WeEFEE9
WES3EE 300 plel 1 mM EDTAE 343k 50 mM W 3atsl AR A3 Table 1 2 Fig. 13 2t A

0

Loyl >

& %
tris—HCI buffer(pH 7.4, 37°C) 2,650 pL2} 1 mM HClel TEAF S AAEY HegeFE2E & FHEA
=21 60 mM pyrogallol 50 pLE #7}3}o] 583+ vk-g-A]71 S5 S 10.71~37.40%%}F 15.53~36.36 pg/mgl-= =
Fo 325 nmellA FHEE S0 o™ 2T EE as- EAY oA Frlsit 53] FxAE 357 239
corbic acid& AH&-33ith Pyrogallol®] &3 %5 50% 7 Al 43) 2 F7hste] whel A AR HEEFEE R F
2718 dl 83k A5 5% (ECso, ng/mL)+ o9 F2 7H7F 3.4v¢) 350, FHEA SEE S 44 21

2o ot dojzl Aol A AbESte] YER ST o} 2.38] Z=7FsF ). A ¥ e] ol &= gallic acid, chloro-

SOD-like activity (%)= genic acid, protocatechuic acid, hydroxybenzoic acid,

vanillic acid, ferulic acid, sinapic acid, catechin, rutin
Absorbanceconiro — Absorbancesampie

AbSOrbanceemmm <100 Tk e HpF ARt o2t ferulic acid-4-0-B-D-
glucopyranoside} #-2 vl e 5 thFst A=A 3
¥ Oyaizu(18)9] WS o] &3le] =733t rEo] EAg T dE A JATHE,19). o9 E2 AT
€835 1 mLol 0.2 M phosphate buffer(pH 6.6) 2.5 Auc F4 daeFEEe] Tl sdE g%l =%
mL9} 1% KoFe(CN)s 2.5 mLE H71ske] 50°Cel| A 20%-3F U 710 Ay-datel fAbstgl o, o= AbAEe] ) L
HES A, o] HE-g- Mol 10% trichloroacetic acid 2.5 mL 2o A Aol wE] = oA AbRjEEE] ] AE AW g
= FH7bste] AAE(3,500 rpm, 108) 3+ Fof] AsAs 2 3719 Y wEe] vEEAEA 24 AsA SEE
oAk o] 459 5 mLel THF5 5 mLet 0.1% FeCls o] Al e sFER LI HAY AEH I} A
1 mLE 718k 700 nmoll Al $3 55 S43on iz bound®d #H =4 sgEo] FEEujel &HA &3 fr

T2+ ascorbic acidE AFEEFSITE S E S AR HI) g H=A stgER AE 7] uito] A AbAte] Ko %i
?9} TR FFE e Aol 2 YERIl o, HhE-dl o] A EE o] TPCoZF 571k Aoz F4ETh20,21).

FYE7 057 A o Waw AR BE(ECy, ug/ml) A9 FEA G AR gL FE R ANEE 5

= el ameld 2HE st A shgah BAglel ZEA e sl F7ksglon, ol
FoE4 SFE FF A9 f48 Aol 53

S ZEAE 357 28014 4312 F7hgel w4 A

7} AgL 33 uty Aysie] AL AFE SAS B4 T2 1l 280 nmoll A= ZHzE 3.8u4 9} 4.44), 420 nmelAE

Table 1. Yield, total phenolic content, browning intensity, and organosulfur compounds of 80% methanol extract from steam-dried
Allium hookeri root

Steam drying times

Components Control 2 4
Yield (%) 10.71£0.67°"% 36.92+0.69° 37.40+0.41°
Total phenolic content (pg/mg) 15.53+0.69¢ 33.18+0.60" 36.36+0.82"
Browning intensity 280 nm 0.48+0.01° 1.82+0.01° 2.09+0.01°
420 nm 0.01£0.00° 0.21+0.00° 0.25+0.00"
Organosulfur compound (ug/g) Alliin 700.61+9.11° 4.40+0.79" 1.46+0.08°
Cycloalliin 2,182.60+4.52° 1,173.95+27.29¢ 1,253.43+5.97°

YValues are meantSD (n=3).
IDifferent lower case letters (a-c) in the same row indicate a significant difference according to Duncan's multiple range test (P<0.05).
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A Alliin Cycloalliin
F3:MRM of 1 channel ES+ F3:MRM of 1 channel ES+
178.14 > 88.08 178.14 = 88.09
Alliin 1.397e+006 334 1.397e+006
10 234 100
p 7
58831.03 34 Cycloalliin
5.88e4 347
37597.73
% % 37684
0 T LA as s ey min 0 | AAAIRARA] ARAS AR min
250 5.00 7.50 250 5.00 7.50
B Alliin Cycloalliin
F3:MRM of 1 channel ES+ F3:MRM of 1 channel ES+
178.14 = 88.09 178.14 > 88.09
100- 331348 1.342e4008 100~ 3.31 Cycloalliin 1.342e4008
348
5917418.50
5.92e6
Y %o
|
0 T T T min 0 AN AN LILA) LALRS min
2.50 5.00 7.50 2.50 5.00 7.50
C Alliin Cycloalliin
F3:MRM of 1 channel ES+ F3:MRM of 1 channel ES+
178.14 > 88.09 178.14 > BB.O9
10 348 8.084e+007 100 Cycloalliin 8.084e+007
159032.00
3.16e6
% %
Y T Ay | AR RARA MM min 0 | BARAN LARRE MALAS LAARD min
2.50 5.00 7.50 2.50 5.00 7.50
D Aliin Cycloalliin
F3:MRM of 1 channel ES+ F3:MRM of 1 channel ES+
178.14 > 88.09 178.14 = 88.08
. 348 8.748e+007 _ Cycloalliin 8.748e+007
100 100 248
402777.50
3.40e6
% Y-
e e min f o

250 5.00 7.50 250 5.00 7.50

Fig. 1. MRM mass chromatograms for alliin and cycloalliin by
UPLC-ESI/MS/MS in positive mode. A: standard (1 mg/mL),
B: control, C: steam drying (2 times), D: steam drying (4 times).

Z+7} 21.08) <} 25.08) F7}8te] furfural, hydroxymethyl
furfural 53 728 2W FAPAERT s JEo R

A A 1EA melanoidin(ZH &2 T 244 45) A o]

B Ao R YERTH12). ol¢ 22 Ade FEZE9
FEARO] TNEFE A4 EFFEEY AHET S
Y= 71E] AT Aot FAReloH, o= 29 FXE
7 Fell AR ol EAletE FrER, fFElobv| 4t di=
A SgE 5o AuEol 19 FXHA Fo Maillard
WS- caramelization ¥FHg, HEA 33HE A5AksEbS 5
I} 2 vHlEgaF 2 gkgo] dojibA melanoidino =

7] yFoz FHHETH22,23).

UPLC-ESI/MS/MS& AFg3te] gHastgtes &
ul, alliin¥} cycloalliin & Aol &(m/z 178.14)
Ay ol2(m/z 88.09)¢] HFF At Z+7F 3.34% 3
347w, A B FEA G AR e FEE
M= FAFE WEE A7k alliind} cycloalliin®] &2z
A Fig. 1). o] = YA 7IZ B43F 3 AJ7(24)9] o}
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o S =% 5L
= ""E‘
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FE& NMNEAoR T4 &
4 z=9] 7%110]‘:} A g FaxAE| e A e
=59 alliin¥ cycloalliin %2 Z}7} 1.46~700.61 ng/
mg 2 1,173.95~2,182.60 ng/mglo-2 S XA 2]l 234
wastAth 5 SEAY 3Gt 23]0ll A 432 F7HEk
upel Ay AR ERE] wgesFEEe vlste] allind ZH2t
159.2v 9} 479.99), cycloalliine Z}2z} 1.9vl<} 1.79] 7H4
3Fe] alliine] XA FAAAN F43] gistes o=
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Uebslth olsh g sk AR S Fa /1A PR
F ol AREREel FEAY A7t FAEES i

grobe A 2,24) 9k frAbsEl o, o= Ak it ol 4|
3t9 alliine] S22 HAgolA o3, Ao, dd, 3 5
3 e E8)A 2913 allinasest B2 e @il os)A
allicin, diallyl sulfide, diallyl disulfide, diallyl trisulfide
T 22 st A=A} thiosulfinates® A 3= o] 4 3]
Fashe Ao ® FAHETHe). e YTEE o] e
imino 3} cycloalliing A4 3k Aejol A= 1 373
o] A& E A7 Foll= 33 =] 50%
ol 7] el FAEAE T AR ] #3slEE A
24 allin®t} Agsivta {‘rlﬂ'ﬂ‘:}(ZB,ZG)

ANA o7 ZxA = Al Ego o]
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S 0.01~15 mg/mLA FE® %Akl DPPH
%*é, ABTS #tt)zk 227 &4, SOD A 24
2 s Hol| #ek kst &5 ECso %k_‘li btz A7,
24 E4L 0.43~1.81 mg/ml, ABTS 2}t
ZF oA AL 7.53~13.71 mg/mL, SOD A} &4 0.34
~3.23 mg/mL ¥ =L 2.20~8.38 mg/mLE YEFGO
W, BE S FxA el os) A Abx e Rt
A AT g FEA T SgUt 23] 432 F
7}8tell whel A abajiie] Bk DPPH vz &7 249
ECso #kol ZH2t 3.4vi e} 4.28), ABTS &e]z &A &4 9
ECso kol 717} 1.4ul¢} 1.84l, SOD Ak €24 9] ECso #kol
712k 6.0u ek 9.54), = o] ECso ghol 22t 3.4n¢} 3.8
H P Oi LlrF)ru—r)r 0]9}7.27‘%1}‘; %Eﬂﬂ?}
2k p Eol A Ay d4-FEFEHRT ECso
ol 2 %ﬂ St SR 9 Bol #ast
Atk 710 AT At A TH24). ol =
st} o= A
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Table 2. ECsy value of 80% methanol extract from steam-dried Allium hookeri root

ECso” value (mg/mL) by steam drying times

t X
Components Comparlsonz) Control 2 4
DPPH radical scavenging activity 0.02:£0.00" 1.81£0.01° 0.53+0.08" 0.43+0.01°
Antioxidant ABTS radical scavenging activity 0.710.02° 13.71+0.55" 9.81+1.34° 7.53+£0.29°
activity SOD-like activity 0.010.00° 3.23+0.09° 0.54+0.01° 0.34+0.02°
Reducing power 0.02:0.00* 8.38+0.89" 2.45+0.02° 2.20+0.02°

YECso value is expressed as the effective concentration at which antioxidant activity using DPPH radicals, ABTS radicals, and
pyrogallols were scavenged by 50%; absorbance was 0.5 for reducing power.

Comparison is ascorbic acid for DPPH radical scavenging activity, SOD-like activity, and reducing power; and butylated
hydroxytoluene (BHT) for ABTS radical scavenging activity.

)Values are mean£SD (n=3).

“Different lower case letters (a-d) in the same row indicate a significant difference according to Duncan's multiple range test (P<0.05).

Table 3. Regression analysis" for ECs” value between each antioxidant activity and antioxidant compound of 80% methanol extract
from steam-dried Allium hookeri root

DPPH radical ABTS radical

scavenging activity scavenging activity SOD-like activity Reducing power

Y=-0.068X,+2.863, Y=-0.271X,+18.037, Y=-0.143X,+5.435, Y=-0.310X,+13.132,
R’=0.99 R’=0.95 R’=0.99 R’=0.99

Y=-0.890X,+2.224, Y=-3.540X,+15.530, Y=-1.863X,+4.097, Y=-4.027X,+10.236,
R*=0.99 R*=0.95 R*=0.99 R*=0.99

Y=-5.965X3+1.857, Y=-23.734X5+14.068, Y=-12.496X5+3.328, Y=-27.008X5+8.575,
R*=0.99 R*=0.95 R*=0.99 R*=0.99

Y=0.002X,4+0.473, Y=0.007X4+8.646, Y=0.004X4+0.428, Y=0.009X4+2.299,
R’=1 R’*=0.87 R’=1 R’=1

Y=0.001X5— 1.170, Y=0.005Xs+12.618, Y=0.003X5— 3.013, Y=0.006X5— 5.187,
R*=0.98 R*=0.82 R*=0.98 R*=0.99

YX1, Xa, X, X4, Xs, Y, and R’ are total phenolic content, browning intensity at 280 nm, browning intensity at 420 nm, alliin
content cycloalhm content, and correlation determination coefficient, respectively.

YECs value is expressed as the effective concentration at which antioxidant activity using DPPH radicals, ABTS radicals, and
pyrogallols were scavenged by 50%; absorbance was 0.5 for reducing power.

nmol| Al -4.027~-0.890, 420 nmol| 4] -27.008~-5.965)

# melanoidin®] 7P7ﬂ 7ot g o= ke 2 e

2 = 7] & &9 s, E3EE(alliin®] 0.002~0.009, cycloalliin
& =
of =1

=74 3t 2 o] ©] 0.001~0.006)> &9 kS ettt mabA] FEA
Li_ﬂ?/]?‘_ ”ZH 2 UﬂE‘f FEEY itz @A JF E]i A3k At o] $3sletE ko] FhAgt: dx e
FAE Aoz FHETH28,29). 3+ 7]F] ®ilsEl DPPH oA sgE AuEde] kol Frksto] ARt
o A 249 B9 A AR dasFEadA & E]«] AAA ] kst @7do] S7kd Ao ® At of9h
3} ferulic acid-4- O-B-D-glucopyranoside: Tt& 2o Ay A w3550 DPPH gdZ &4 g4
91 ascorbic acid®t} 1] ¥& ECsp #tS UER o] 2355 ABTS gtz &7 244, 399 53 22 ks ddolA
ol Mgt FEES AATo =N k3t ksl A4S 7} FTHs4d e 2 ARAES Boy HEd Ex A
71 kst B2 #e 9 5] rbeaitta AdETH19). T o] stokthE 71Ee] ARl fAberl o, o] = E4tks)
HerEFEEo] iE Aks 4w 2 kst 44 Aol TH 540 wet e Avs ol ol 3
ECso #49] & A9 A3 (Table 3), T9=4 33 o] W3Ely] ez AaEvi(30,31)

& 3 @ 2 (280 nme}t 420 nm)e] 2 A AS (corre-
lation determination coefficient, R%) %< 0.95~0.99% Q of
7} akst gg at ek A S JeEbiIT st ahE o
R gt alliin©] 0.87~1, cycloalliin®] 0.82~0.99% 7} & SEA YT A wehe3
At Ao wheba] zkelE BHGlom, 53] ABTS ghvlz & g e I 2 Rt gL
7 @A o] R gho] WA vebdt), $h 3 Aol d& (DPPH #uZ 24 24, ABTS 2tjZ &4 &4, SOD
718713 st &) 5EE on) s vas] 2 7t 3 FA &4, el M A= G ZARSSIT
AFsl @rg o] ksl A 7187 2 2 Abelg Balon 7} 23] Oﬂﬂ 437 F7tetkel whet A AR e B
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T el Aaglel fAre Aol it v 93
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o 179 ZAsdeh A R Fx AR HegEFEEe
ksl &4 9] ECs 42 DPPH ozt 424 Aol 0.43~
1.81 mg/mL, ABTS 2z A27A &AL 7.53~13.71 mg/
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8.38 mg/mLE FXEA ol o34 A AR He] H Ul ECso

grol gtk s R 2 Fus Yol
BCro dhe) 2AASE)S= 082 o142 3 dhse vehlo
A% 4TS ehioith dud o SEA S A
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