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Screening for Antioxidative Activities of Extracts from Aerial and
Underground Parts of Some Edible and Medicinal Ferns
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Chungbuk National University Cheongju 361-763, Korea

Abstract - The different parts of 8 edible and medicinal ferns were extracted with 80% ethanol and the bioactive
substances and antioxidant activities were investigated. Total polyphenol content was highest in Cyrtomium fortunei

rhizome (57.32 mg - g*} and followed by C. fortunei root,

Pyrrosia lingua aerial part and Onoclea sensibilis var.

interrupta aerial part. Total flavonoid contents ranged from 1.95 (Onoclea sensibilis var. interrupta rhizome) to 27.51
mg - g' (O. sensibilis var. interrupta aerial part). Among the samples tested, C. fortunei root and rhizome were found to
be most effective in both DPPH and ABTS radical scavenging assay. Except in Selaginella tamariscina underground
part and Osmunda japonica aerial part, most of the tested samples showed strong potential (above 87%) in inhibition rate

on linoleic acid oxidation.
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Tdolut off] Fofl FHH e F2 HEITLE2 8
AAba Tl AR Ao o3 QA7 AN FL gholiay)

BIER] IS 3k ALE YA e}, 1EE st
EAY AHFE T WU 5 shtE EEEe| o
TRE SAES AN oE HAske Ao| F25HA AL
Utk

T3 B8} XARS oheF Shst SAIE9 47 Foirt
FA| ol Al A 4lshE W R1eh7) 3 W7l EA AN
Aol T84 B3 FH oL AT, AlEolA Ao 4
3= Ft 4 n§x1s}_,] feloz 285wl opz} ZkE
ABMIGES2 S 87| oh QA9 w3lete 72 A
ol e Aem ‘a'%o%x}ﬂ At} 28y BHA(bytylated
hydroxyanisole)\} BHT(butylated hydroxytoluene)?} #<
AFHQA A= WA7Fe AT 22 A-=40] A= 1
ARgo] AgtE]1 9lok(Jayaprakasha et al, 2003). 1822
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2 AEANERE HAPISAE BstLA o= =85
o] AA FUkstaL U=, AHFA, 47, Ao, B, AEY
4, #e, A7 F o é]%ixﬂi—r—lﬂ sl o) wa
1 ®3 22 HAEEH] £ AN Soong and
Barlow, 2004; Kim et al., 2004, Cho et al, 2001; Song et
al., 2000; Chung et al,, 1998; Cha et al., 1997)

FA|AE2] 749 22N (Polypodiaceae)®] Polypodium
leucotomos zzc’oﬂ}\—] 7]—ab‘}- ?S]—/l]-§]- ol ?S]-&Okg-klol By
=% (Gombau et al, 2006), $E=ETHWoodsiaceae)?] A
vl aAlel(Matteuccia struthiopteris) 2&E2 o)zt 47
gAo] uf-& £ ZoZ Y HKKimura et al, 2004). 1
dtofl ZAF AL I (Parkeriaceae)?] Adiantum lunulatum
(Reddy et al., 2001)% &3 Atg]TH(Oleandraceae)?]
Nephrolepis sp.(Basile et al., 1997) +EEZ5H 7484
o] BuEglon i uAle]BHThelypteridaceae)oll &3H=
7}2) A E)(Phegopteris connectilis)oliA HE3lgtEo] 24
= lth(Adam, 1999). ZWellAE M ZHEquisetaceae)oll &
3l= &AM (Equisetum hyemale)®t 27| (Equisetum
arvenseys HIR3t] FRaAre]RHe| 18] A (Coniogra—
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mme intermedia), YRS} BF(Dryopteris crassirh—-
izoma), $EZ3}2] ofAt1H|(Onoclea sensibilis var.
interrupta) 5°l4 DPPH &t 4&71% 2 2|24k} A48
A ol £431HtHChoi et al, 2005; Lee et al,, 2003; Choi
et al,, 1992). 1 A} TE opitaH|= o RIS S B
A A7) A, eIt FEES S e
A A b

ZFAbe)#HDennstaedtiaceae)oll 3R= A el(Pteridium
aquilinum var. latiusculum®+ 18]THOsmundaceae)®] 3L
H|(Osmunda japonica)= $-2lvhetol| A 48-8k= tjE2Qd F
AAEZ o8 Jof o}F] mjA] g oA UERE HAY F
o] YR 2 o] g3, LAE|S] THLERE = g AF3}7]
= 3ok 23 Ao of el shioll A $iot Ao 9l A=
& BRI 7PE o) Ag-Z sh, 18] & VIR
gt o i xlof amr) 9lu, 7|A8EE AlA Y, X¥a
7t Sl AR A ot oRitalvlE TARRIAY o
& UEE o835t S EEF | Ut uate] E3 YE A=
oAbeE AEste ALRE dEA ot Wntzke] 41y
(Cyrtomium fortuned FH¥olA 7S F54 2 A=
AHEEt | B ol m 2] T (Pteridaceae) 2l ¥ & gl (Pteris
multifida)ye FEITHOI Fholl AGEE 83t 5=
olMe A&37|= ity nHzETpe] &3t A (Pyrrosia
lingua)y= UZtoA at H2lE o|wA2 A REXiut

(Selaginellaceae)®] H-*<&(Selaginella tamariscina)& Az

2 AT o]e} o] 41§ Ei= oRgH= H 7hx) FA|41E0
A}k

A ARl 27, Wa) So) NEE 2228 2Asle 2izke]

B Ao ARE FXAES 20059 9¥ol SRy ¥
o|zfstat Ao A YR 2 (Table 1), +EEE 7j320] &
ARt & ZRet 274 W B2 Yeo] 60ToM HEAI7]L
71 (FM-681C, TLH7|F43)A}L Korea)Z HA Zof A
£317] A7HA] -70Cel B@siEt 52 BHARE I
3 3 5000 &2 80% olleH2-2 H7Iste] 60C 84 oA 3
FYBAARAE o83t 6AIZF Bt AT ZF £EA8

5mlE e Alol 8t drying oven(KPI-507L, Korea)oll

A 93] AZA B WAL BAZ EHsle] R AZ
Zapo] gt 7he4 DR Yo s 25489 ABS,

FEE DA AR AEES AFAILE AMEIIEeY,
ABTS [2,2'-Azino—bis(8—ethylbenzothiazoline—6—sulfoic
acid)], DPPH(1,1-diphenylpicryl-2—~hydrazyl), linoleic
acid, Folin—Ciocalteu's phenol reagent, BHT(butylated
hydroxytoluene) 5 #4210l AF&H AJeF2 Sigma AlES AME
3ttt 4% Ao Ultrospec 4000(Pharmacia Bio—
tech, Sweden)& AME3FH.2.5 linoleic acid ZHAFE}A 3] A4
o= VS-9108MS incubator(Vision Scientific Co., Korea)
£ gl

Z Eev s §F

AZANE g & 289E FFE Folin—Ciocalteu Al2%FS
o]-g3to} &3}t Velioglu et al, 1998), 2&E 3|4l
0.1mlill 2% Na:COs£% 2mlE H7I8la 38 %o Folin—
Ciocalteu Al¢F 0.1mlE S35t WAA}7| 1 3087 A%
2 750nmofl 4 FF=E EYsHT). Tannic acidg EEEZ
2 o] g3t S 23t & F Edls S tannic
acid 7|22 glslict,

Z &9 ol FeF

ARANE g7 ZF ZetE0|E T2 diethylene glycol H]
S o)83te] A THNFRL, 1990). £+EE 34Y
0.2ml°]l diethylene glycol 2mlE 713} 1IN NaOH 0.2ml
£ A7kt ol& 37TolA AR 54 ¥hSA1Z1 & 420nm
AN FF=E &A59ch Naringing EFEAE o831y
RS AT & & SPHEx0|E S naringin 7|12

= shatsigich,

DPPH radical £2A&A

DPPHE 0.15mM9] =2 99.9% ofjgr-&of = AM-3HS]
oo DPPH €9 0.8mloll 98 %29 A& 0.2mlE 22 &
ot 30% Fol 517nmeollA FF=EE EH3AHBlois,
1958). DPPH A 2ttiZol| ti3t 24 5(RCy)-2 BuvHE AL
|35 279 FHEE 50% AAaA = 2agt F=2 vEt
Wwor AAFEIS] vjwE 93t th2F O 2= ascorbic acid2}
BHTE AHg-3t5ict.

ABTS radical 2484
ABTS #tdZ& o]-83t gatstsy £4.8 ABTS'cation
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decolorization assay*'Holl &gt HAJSFATHRoberta 7,
1999). #FEE & 7.4mM ABTS® 2.6mM potassium
persulfate® EFF T A2 oA 241 FRF A5}
o ABTS' & 3A4A71L 732nmollA 3= ol 1.4~1.57
==& phosphate—buffered saline(PBS, pH 7.4922 314
sttt 34E ABTS £ 950400 AIRE H=HE 504 ¥
A7ist & 108 ol 732nmollA FF=E A% ABTS
A gtofze] digh &4 5 [RCo)> ST ARERE 279
EFH=E 50% AAA e 2a%t R Yeilon &AAF
7] vHE $J3F PRFZ O 2E ascorbic acid?t BHTE AN
sk,

Linoleic acidol| W& &At3} &3}

Linoleic acid®] ZH4tste]] cist M aatE gotr 7] 3t 4
oA gHEAL 99.9% oo &<l 2.51% linoleic acid
0.5ml, 0.05M phosphate buffer(pH 7.0) Iml, & 0.5ml,
283 HFETrt 25 - mI'7H HES ZAF AR 0.5ml=
AP oH BAL 22 T 40T diolA BRFAIFT
(Haraguchi et al, 1992). 84 F7|2 ¥-g 0.1mlE F3}t
o 75% of[&h& 2.7ml, 30% ammonium thiocyanate 0,1ml,
3.5% HCIol =21 0.02M ferrous chloride 0.1m1¢} £3}51 &
500nmoA FHEE F7Gsto ASHdE 2ABIET Lin-
oleic acid®] #Hite} A& whg- 169A ol &t AH&S
279 SFEA AR H7te 3 S W e diE
9] FFE Fo R Yie ko) g R LSt

Table 1. List of plants used this study and extraction yield from ferns

A% 2 ok FAHEAA FHE FEES PG B

TAEH

BE AP 23] o4 Wit HAslglen] SAS9.1 2=
YL o &3] FFA 9} BER AR BABITE F ZEvlE
ekt Zehrols $=F DPPH Y ABTS 2zt 2A4%, A
kst AAGA 7he] AT AL T 37 BAE HAER
HESIT.

=F

i} @ DA

= =

|

ol ARl 859 A8 Ei= ok A EY AR
=7 9 B2 5 ARt 80% oHE FE2ES AT 2 A
APRO| 2200 17 6~97.7%013 20 HETEL 22.9%%
CHTable 1). 5 &7 % F8 59 AsHoA FE248&
5.2~12.8%2 AAFHe] Higte] W2 Holglon HiyH&d
8.4%°) 13t

7% AR ofsF X810 Sl wiEdE i o)
T 52 3RIEEY, A, YA 5 oheke g
52 AYUL e A2 YEA B2 AE FollA olof gt 4
Ao} ghits] 18 =3t }leh(Cho, 2001).

8% G4 BN £ F ZeiulEs TS AR 43
6.38~57.32 mg - g'& thFHA UERGTHTable 2). E2)dl=
ke A 1H|o] 27(57.32mg - g, #2)(50.03mg - g), A
9 AFF(46.9Tmg - g, oFFaLH] R/dH(44,96mg - g9
£02 Fokon FX&9] A|sHE(6.38mg - g Ht 5]
Z|8H5(18.18mg - g oA RA debgtt, A¥tE oz R4+

Family name Scientific name Korean name Plant part Extraction yield (%)

Dennstaedtiaceae Preridium aquilinum var. latiusculum A Aerial part 26.8
Rhizome 80

Dryopteridecae Cyrtomium fortunei ESIACT Aerial part 17.6
Rhizome 11.0

Root 55

Osmundaceae Osmunda japonica 34| Aerial part 24.3
Rhizome 10.2

Polypodiaceae Pyrrosia lingua 9 Aerial part 199
Underground part 12.8

Pteridaceae Pteris multifida olm g Aerial parts 2717
Underground part 72

Selaginellaceae Selaginella tamariscina S Aerial parts 17.6
Underground part 5.2

Woodsiaceae Marteuccia struthiopteris Aok A E] Aerial part 22.6
Rhizome 9.1

Root 52

Onoclea sensibilis var. interrupta OFAL 3T H] Aerial part 26.6

Rhizome 9.8

Root 8.0
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o] Zauls o] AshrEct wokot, Aan|el sH|e]
9 Z)AFRO| H]sle] AjEtte] ZajwlE o] A AR
=3

28 A 2olA Eejuls o] & B¢ Svhiieols
gHako] &Hth= Choi $(2005)2] Ei17t qllou, & A
A FRAEF] A Bt ol T2 EojdE T A
Ao| we Aoz BAEQLt Aty og 27 Hal 5ol A8t
Hojj v)3lod AR L] FZeti o] & ghgo] Eoh=t, ofikary]
o] IR oA 27 5lmg - g0 & 7 BUT I theS HA
& 2R S Bojme) A ) AuEiuAte] 4R &0l
o}, AFHE FofAe Alau]e] T4 9.63mg - gt R T
o] 7B &tou, AR HFe 17.81mg - glofl HISHH
we pFolqirt, 3| oRibaule] 27 #els 22 1.95
mg - g’ 2 1.97mg - g2 EetHeo|T FFo] mje FE A
o2 ZAEITH

Azgo 282 g4 elrizhel MRS Foste] AL At
35 AR lsiEg o] HEa A AMGET, 53] DPPH
gtoiz &7 AH2 v n A 7hdeaM T e s 24 o| 7t
S3te] Ruzog go] ol &HtJung et al, 2004), ¥4
Eo] Beoy 225o| DPPH #ojzd A7%S 2ARE il
Table 37} Z3tet. iRl B3l 50%9] A4S Eole 5
T RCye2 Auu]e] Ra] F&E4 0.035mg - mI'&2 7P
Wokn, 1 HE olo] Aaue] 274 FEEM vk akel g

ma] 2&FoA RCyol 22 0.054mg - ml™, 0.059mg - ml”
2 22 2AEARES Bk, kel uleliaate]e] 27, okt
au|o] 2T wa] mw)e] 27, M99 AshE, 1A 2
7oA RCsx©l 0.081~0.120 mg - mlI™"2 ZA E]o] ascorbic
acid(RCs=0.026mg - mi™oll vl3tH LAEA o] FAT
BHT(RC5=0.121mg * ml") Br}= £ 202 ZAEIE 11
Hub FAE] AR 9 X|3pRe} g-oma] AR, 18)e A
AMEL 2B O RC7MO] 0.724~1.004mg - mI'E SAE o
DPPH 2tz 2750 nf9 2 A o2 vehydct

ABTS 2tz 42752 2|2 #a] 9 7oA RCyol
Z¥7t 0.132mg - ml?, 0.158mg - ml'2 A, ascorbic
acid(RCx=0.199mg - ml™") ¥ BHT(RC5=0.217mg - ml™") &
T AASA0) H& o d SR TSt Hurieate] 9
73 A9je] 27, okitan| o e, w9 &7 FEE
M= RCxol 0.316~0.382mg - mI"2 Yeht ABTS =to)z
2AZAo] HwA B2 Flo=2 AL B DPPH 2hd
Z+ 2A%50) WA AR HAE AR, Boaie AR 52
ABTS &z &A% E3H W2 2o & ZRIF I,

Ferric thiocyanate@TCO)HIH-& 2| AASE 270 A==
FAreHR ] kg EAsle] 4tEte] =g A HeR
(Haraguchi et al., 1992), §4H H4FEL2 ferrous
chloride®} §H-3-3ted #2429 ferric chloride ABAE AT
o} B AdoME AR HF FEE 0.05mg - mI'E 3t

Table 2. Content of total polyphenols and flavonoids in different parts of ferns

Scientific name Plant part Total polyphenols (mg - g') Total flavonoids (mg - g')y
Preridium aquilinum var. latiusculum Aerial part 33.19+0.17 14.61 £0.59
Rhizome 26.21+0.10 5.15+0.07
Cyrtomium fortunei Aerial part 32.08+0.53 10.77 £0.08
Rhizome 57.32+0.16 9.631+0.22
Root 50.03+2.07 420+004
Osmunda japonica Aerial part 21.58+0.96 8.90+0.44
Rhizome 40.40 £ 0.96 4911003
Pyrrosia lingua Aerial part 46.97+0.28 12.79+047
Underground part 37.60+£0.46 5.95+0.02
Preris multifida Aerial part 22.37+0.38 2298+0.37
Underground part 13.134+2.28 6.59+0.01
Selaginella tamariscina Aerial part 19.931+0.78 24.94+0.12
Underground part 6.38+0.04 3.13+£0.01
Matteuccia struthiopteris Aerial part 41.95+047 20.62+0.19
Rhizome 21.67+0.29 3.19+0.07
Root 26.76+£0.34 277001
Onoclea sensibilis var. interrupta Aerial part 44961064 27.51+04
Rhizome 33.8940.28 1.95+0.14
Root 29.23+0.33 1.97 £0.02

Milligrams of total polyphenol content per g of seed on tannic acid as standard.
Milligrams of total flavonoid content per g of seed on naringin as standard.
“Values are mean +S.E.
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Table 3. Radical scavenging activity of 80% ethanol extracts from ferns

A8 9 8 FHAZAA FAE 2229 TARNTAY TH

Sample Plant part DPPH (RCs, mg - ml" ) ABTS (RCy, mg - ml'y
Ascorbic acid 0.026 +0.000* 0.199+0.009
BHT 0.121 +0.003 0.217+0.004
Pteridium aquilinum var. latiusculum Aerial part 0.329+£0.012 1.049+0.060
Rhizome 0.107 +0.004 0.382+0.020
Cyrtomium fortunei Aerial part 0.205 £0.002 0.454 £0.037
Rhizome 0.054+0.001 0.158 +0.001
Root 0.035+0.001 0.132+0.014
Osmunda japonica Aerial part 0.738 £0.223 0.995+0.120
Rhizome 0.081£0.001 0.557+0.010
Pyrrosia lingua Aerial part 0.137+£0.007 0.427+£0.015
Underground part 0.120+0.000 0.323+0.004
Pteris multifida Aerial parts 0.801 +£0.030 1.132+0.033
Underground part 0.294+0.074 0.593+0.026
Selaginella tamariscina Aerial part 0.724 +0.058 1.175+0.036
Underground part 1.004£0.075 0.985+0.036
Matteuccia struthiopteris Aerial part 0.246 +0.020 0.742 +0.065
Rhizome 0.098 £0.008 0.703 +0.063
Root 0.059 £0.002 0.316£0.011
Onoclea sensibilis var. interrupta Aerial part 0.241 +0.003 0.672+0.043
Rhizome 0.090 £0.004 0.455+0.033
Root 0.093 £0.003 0.372+0.002

*Concentration required for 50% reduction of DPPH at 30 min after starting the reaction.

vConcentration required for 50% reduction of ABTS "+ at 10 min after starting the reaction.

*Values are mean+ S.E.

linoleic acid®} ¥FAIZ] ¥ 89 7HH o2 FH=E &4}
FASHE O] AAERS ZABIHTHTable 4). AlRE H7I8HA] &
2 gugte g =243 j2F(control)®] F$ wHS 8UA
500nmollA FF=7F 8.659% Urebt X AALe7} s 213
HASS & 5 ATk AR H7RE FollAe FA LY Ak
22204 ZEr] 05052 BHTS Z3t o2 Hal7o)
0.337~0.4160} H]ateo] tha 4| SF= At 16Y€0] A=t
Ha|&0] A3 2&BoA S0} 11748 Holglen 1
H|o] RAMLOAE 05718 R|ZAASI} cha AHE-S-e &
4 A9t 24Yo] AR} FHE7RES] EEETt 2,558 A
ﬂ“btﬂ ol AAIE 274 AAE THlsHEe] AEA 3
: =] tgog H]lth AR FoAe 1H] A4
‘%9} FAE AL 25BN 27 E=7} 3.683 E 3.638
EA UeRTE 9hE 329A o= 11| Adet RAj A5k
H 2250 %% 7} 3,641 D 3.382% o3| &kaL, A}
2o} R|AMRe} 2|31 18] BHT H7kEolA ZH 0.564,
0.588, 0.5212 FF=7} tha =4 A= 1 Hhe] A8

110|
ﬂﬂ

EHU

o 2ore AR SAASS opibmule] AR FEBA
89.36%2 714 k=T, T ol H9) AARR, Bl A3t
B AUATA AARAE 89% ool AATAE R

BHT®] 87.06% Mot tha: 9ieh, Wl $4e Als 3228

o] A2 67.55%2 AA&-S B AstaI} 7Y @oke \11

TH|o) AN $22

2 E3 84.23%2 tha W2 AABES

H7}Lo) e FF= ZFo) 0.343~0.4879]) oB=a] x| RAAksst . i - - ” ~
Q-J;(ﬂE] M\:: E ?:_]— —/[\- ol /ov\']]:]‘ sntiosidant activity {%)

WIS 16U 2R A2 BH7FEY] BT S 7|0 Fig. 1. Inhibitory activity of fern extracts against linoleic acid oxidation

| ) as measured by the thiocyanate method at 16 days. The final
2 3o 2z Al e] AL JA1EE AHEs A= Fig. 1 concentration of all tested sample was 25 yg - ml*
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Table 4. Inhibitory effects of 80% ethanol extracts from ferns against linoleic acid oxidation as measured by the thiocyanate method

Sample’ Plant part 5 ; Incubat10n1p6e10d (days) - 5
Control 0.301+0.003*  3.659+0.012  3.618+0.076 2.558 £0.097 1.969 +0.068
BHT 0306+£0016  0.374+0012  0460+0.027 0.416 £0.006 0.521 +£0.026
Preridium aquilinum Aerial part 0.305+0007 0.357+£0012  0420+0.008 0.416+0.018 0.564 £0.023
var. latiusculum Rhizome 0318+0007 0.364%0015  0.452+0.009 0.419+0.024 0.588+0.030
Cyrtomium fortunei Aerial part 028240001 03770002 0420+0.016 0.372+£0.001 0.475+0.011
Rhizome 029410010 03870009 0433+0010 0.360+£0.012 0.406+0.014
Root 0.300+0011 0416+£0016  0462+0.025 0.372+0.014 0.444+0014
Osmunda japonica Aerial part 0295+0005 0.383+0.007  0.571+0.006 3.683+0.021 3.6411£0.042
Rhizome 0.310+0.004 03370010 0.427+0.026 0.351£0.006 0.424£0.010
Pyrrosia lingua Aerial part 0.294+0.009  0400+0.010  0.395+0.001 0.315+£0.016 0.365+£0.020
Underground part 0.289+0.002  0.388+0.013  0.431+0.008 0.389+0.025 0.464 £0.014
Pteris multifida Aerial part 0311+0.005 03620022  0402+0012 0.325+0.016 0.404 £0.029
Underground part  0.302+0.005  0.338+0.003  0.391+0.009 0.302 £0.000 0.357£0.017
Selaginella tamariscina  Aerial part 03140002 0.362£0003  0404+0.003 0.354 £0.016 0.456£0.009
Underground part  0.324+0.030  0.50510.028 1.174 +-0.082 3.638+0.004 3.38240.113
Matteuccia struthiopteris ~ Aerial part 0306+0.023  0.337+0.017 0.396+0.009 0.325+0.013 0.400+0.026
Rhizome 0.311+£0015 0.372+0009 041740012 0.336 +0.008 0.443 £0.017
Root 0.286+£0011 0.365+0018  0.407+0.010 0.309 +0.007 0.374 £0.012
Onoclea sensibilis var. Aerial part 0287+£0013 0.354+0.012  0.385+0.000 0.291 £0.018 0.343 +£0.005
interrupta Rhizome 0296+0.001 0.378+0012  0431+0.011 0.378+0.022 0.465+0.017
Root 0.301+0.004  0.396+0.005 0.431+0.011 0.373+0.016 0.487+£0.018

“The final concentration of all tested sample was 25 g - ml".
“Values are mean + S_E of absorbance at 500 nm.

ofy

ﬁ%
Lok A
o md

Z Zelvs e St o= &% DPPH ¥
Uz 245 185 A4 ARl A audS &
I}, DPPH®F ABTS 2tHZ 2452 R*=0,712 &2 484
HHO HFig. 2), 1 ute 82l Toll= ATTA7} o9 ¥
Aoz yepyti(data not shown). & Z&|Hls =82 DPPH
2 ABTS 2tz 24%3 22 R?=0.42 2 R’=0.352 245
%, DPPH =z 2AF9 3¢ @43t AASdz
R’=0.379] Y2 ABAES Ae A2 M=) o) Lee
5(2003)2] ZFWAL FAE 160F 2098 i3t BAksla v}
A2 zto| A DPPHZ 4753 kst 2 Ad Asla
2t Zhof| uf-¢ w2 ARAI S vebd A3} vlsegt Aot o
9 @] Choi 5 (20052 AAES] Eelvls dgat gfjd &
s R=0.619] 4HEAE EJvtn 3ot E3F Kim 5
(2004)2 FgA1E9 Fritstey HoA & Zejdls S
A2 AAEA Tt R=0.74¢9] £ 9SS Bon,
% ZelvlE g3 =40l 9 superoxide BHHZ AA5 E
gk 27k R?=0.85, R’=0.749] & d@Adol Aot shch.
o|AY F Zeuls3t St ol= &% DPPH ¥ ABTS #
Az 275 281 A4} QA& el Adoldt 21t 9L
=4, ol 489 3 B u2 Axjeta AztEo
o}, Wang 5(1998)-% sage® Eds E4 Fo (H)-1-

,,.
o

¢

f|
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