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Abstract

This study was carried out to investigate the antioxidant activity and changes in major functional components of fermented
Gastrodia elata Blume. Fermented G. elata Blume powder by Phellinus linteus repeated thrice (3 FGP) showed more DPPH
radical scavenging activity than a non-fermented G. elata Blume powder (NFGP), and once fermented G. elata Blume
powder (1% FGP) at a concentration of 500 and 1,000 ppm. Free radical scavenging activity of 3™ FGP was similar to
that of BHA at a dose of 1,000 ppm. Moreover, the ABTS radical scavenging activity of the 3™ FGP increased compared
to NFGP and 1* FGP at a concentration of 31.25 ppm. Total polyphenols and flavonoid contents were increased as
fermentation progressed. Ergothioneine content was increased more than 8 times in the 1% FGP, 3 times in the 3" FGP,
respectively than NFGP. In conclusion, this study indicated that the antioxidant activity and functional component contents
of G. elata Blume were increased depending on the fermentation number.
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M =2 AuNGastrodia elata Blume)= Tha A Wil AEZ =X}17
Q) o] BNl BUR AR Umillaria sp)7F B4
sto] Ztehs 7| AlEe|th Hubs 2 3, 48, F 5 5
ol A gL Jlom, Bt mlem =4o] fle A= &
A Qo o2l ATolN Aehe FLEL B, FAZ

A A g AP AEdAL A 2H 3 A
o A4 ks, TEA B L DNA W4 5 25
of ¢ ABBALE, P L AIAG AR T RS

it [o

Ao Z dHA 9rHAmes BN 1983; Aruoma 5 1991; Rhim
& Choi 2010). o]&3t A58 AEHGAZEE AXE BT
S U= FUT BYS HASE AL 0l Faskt
BHA(butylated hydroxyanisole)2} BHT(butylated hydroxytoluene)
S 22 A HAEHAlE St S madtE A AE
Aol de] ARG ok, ¢ HRE RAGOR <l
sto] HAE FAY AR kst 28 g dol S
3}ar Qlth(Igbal 5 2005; Kim & Kang 2010).

Areh B 9 A|lZ 9] DNA &4 digt B3 a7} /1]
B EtHPaik 5 1995; Kim 5 2011).

Auto] 35 GHAHE O Z = gastrodin, vanillyl alcohol,
p-hydroxybenzyl alcohol, ergothioneine, phenolglycoside, benzal-
dehydes B #=7g HiFA] 5ol lom, o2et 7|54 &2
=9 A8 a3t o dtollA Bils 3 §leK(Taguchi
= 1996; Lee 5 2006; Lee S 2012; Kim & Park 2013). £3]
ergothioneine> A2 48/ ohn| =4t 2 Zhf-7|(free radical)
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£ AAsIAY F4ikeE 549 B4S F7H7IE TR 7]
A& 2Asto A aaE YEhe, I fjo= Al
2R3 a5 % Wg2d apt Qe Ao gEA Aok
(Franzoni 5 2006; Martin KR 2010; Ito 5 2011; Weigand-
Heeler 5 2012). Aufo]| $H8-% ergothioneineS -FAYS= &
U Al ofsf A E o] Hutol S4H= o=, 74,
WS, &, WAl F ergothioneine H-HAF FoA Hute] 7k
2 w2 ofo] -85 o] rHEy 5 2007; Kim & Park 2013).

| AA F-ogt v E Hae] gt AAES] 7|54
A& 57t g avte] itk Ilo] F7kska glev
(Sung F 2013; Cho 5 2014), Hn} ¥a FE5E9] A=A
Ao gt Aqts FEI Aol E3F o]H Y WE Hut
of tigt AFEL HukE 1A YAAIFS o A 9 ¢
ZA(Heo 5 2006; Park 5 2012)7} EZEA(Kim 5 2010)&
BF7Eteh whEtA 2 dFtellAs AE dad g AN
o2 AR A AA (Phellinus linteus)E: ©]-&-8k] M} &%
< 12 AT v, FYg TaFHS 23] BHE AAEHY
32 IaES AAtsto] Ha Sl IE 7154 22 o
o Wzle} Fhite} BdS BAste] 7|54 AF A3 dF
9] 7|zAm = E&starl skt E3 s Ua Hnp 2T
o AEjgAde AnE AydFolA 13 gaEy 23 A
29 FaEd I A Aol Y3 Apolvt glo &
dAolMe 12 TaER 32 HaEo AEAHS 245
pig

WE U

1. &

2 Atoll AR Hub= 20129 T QHd Hnp g xet
WA A vl &3t A= HuNGastrodia elata Blume) &
o|AE FUste] o] &Sttt Hup £ Az Hul &ato]
25 FRTE AFSHY o]l&dS AASHL, 10T 3=
712 &l %7t Heg AX3 §F, E47]E ©]&s}
80~100 mesh A= o] Az} 27| 2 Hast the AR A}
gtk

2. oF Wi A ©E HMOp HE

APATolx 3z iR S/, dAvt 22 o= S
2= B A7k wE At s FEE ST 23, A
Al(Phellinus linteus KCTC 6190) 15%2] Mo} 42 3
3} potato dextrose agar(PDA) vljX| o]l A 25C, 4~7L 7t vl oFs}
Fe W FARY Ao 7P &t Ao g yeydth wet
A, B Ao A= AadFQl Phellinus linteusS PDA v %]
o Fste] 25T wjg7lolA 79 52t vzt $ cork borer

0
ot

Ars &4 685

1l

2 A3t FF4 1 Lo SFF L= 20 g, sugar 10 g X
ek FARA wfekulR] ol 5~10%(viw) FE8te] 25~30C o
A 4~797F viFEtSi) o] & wikHFE BA7IE 43t
ko] W QFulA] 200 L7} S0l AR g1 | LE HE5
o] 25C oA 4-7Q7F vjoFate] 2F o2 ALLEAT)

At A Hop B wiofoo] SREo] 15-30% ==
2 3338 3, 25T, FE 65-80%) A 747 wrastgct 1%}
HhE $ ok Bko] SE.80] 7% 0|37t HEE 70T oA
8~12A17F BEAZS}] 121 T A 158 7+ BFstgch 27
gt 12 wa Hop 925Ut HaR A0 R 23] v
Ha3t T 121 CoA 1587 Bdste] n|BEL 648 B2

4. DPPH ZIC|IE AHS

Aok B} 14 9 35 0E Aol o] ojge 228
o] DPPH #t|Z 242752 Blois MS(1958)2] WHof o) &
Attt &4 AJRE 0.1 M sodium acetate buffer(pH 5.5)9]|
fa5te] 2 mLe] 7.5x10 ° M 1,1-diphenyl-2-picrylhydrazyl
(DPPH, Sigma-Aldrich Co., LLC, USA)E &3%}5}11, 37 Cof A
3087 wH2-A]7] th2 UV/Visible spectrophotometer(HS 3300,
Humas Co., Korea)E 0]-&35}4] 517 nmoj| 4] SZ=§ =45}
At 2oz dF4AIEAIRl BHAS AHEsHE o,
A& ARF o5 ofgjef 22 Ao 4SS EE A
529 A3 S (inhibition) Abe] o] BA AL Foke] A2t
gz &4E 50%2 Asfet=t Fadt 5= ICy g
Ttk

DPPH 2t} A& Fhre FYE
aAzon LT . . x 100
2AS(%) NE 2Rl F3E

5. ABTS 2iC|Z A7is

A 28] ABTS 2tt)Z 2759 742 Re 5(1999)¢]
o oJ3l =43}t 7 mM 2,2-azinobis(3-ethylbenzothiazoline-
6-sulfonic acid)(ABTS, Sigma-Aldrich Co., LLC, USA)Q} 2.45
mM KS$,055 12 EFsto] oA 14A17F HH-EA|A
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ABTS'E A7l &, 413 nmol|A FF=E Z3t4 0.7~
1.00] HE=2 0.005 M PBS buffer(pH 7.4)2 343}%t}. 0.1
M sodium acetate buffer(pH 5.5)& ©]83}te] Z} m=H=Z 34
g A|& 40 uLofl ABTS &4 4 mLE &3] 1831 ¥hE-A]
2 F 413 oA FHES 2gelo] 2z 2L 2] of3)
Asfe= ArEston, ARt e 44 50%=2 Ast
=d 283 =4 ICs S Fstarh

ABTS 2]z A= H7HY FEE
] g0 =1- . - x 100
£715(%) AR BH7Y FHE

6. & EflHlE & E2E0|= &E

=
A=29] F ZdgE FF2 Folin-Ciocalteu Hof &3] &7
3t CHPellegrini S 1999). A2 1 mLoj| 282> 5 mL, Folin-
Ciocalteu reagent(Sigma-Aldrich Co., LLC, USA) 0.5 mLE &
ote] 887 WESAIF T ¥hE-Eoll 7% NayCO; 10 mLE 3
B, ZRAE HF RUS 25 mLe Bao] ALe|A 24
7+ ®FX)%F & UV/Visible spectrometerS ©]-83}] 750 nmoj| A]
TYTE 2Qstgct REEAF gallic acid(Sigma- Aldrich
Co., LLC, USA)E AR&ste] & HIFAS 181l A|2F=E
29 ¥ EdHE T2 ARSI

ZalEwo|E RS Moreno 5(2000)9] ¥ o) wiat =
A3t} 10% aluminum nitrite 100 uL2} 1 M potassium acetate
100 4L, 80% ofehg 43 mLE E3ket & AIR 05 mLE A7}
stof A-2of|A] 4027t BESAIF T WS- & REgA o] S

2 510 nmoj|A] &A519ck EEEZ 2 quercetin(Sigma-
Aldrich Co., LLC, USA)E AM2slgon], B2 AeFA 73t
T A2 #2829 ¥ Behuiol= Fake Atk

7. Gastrodin, vanillyl alcohol 2! ergothioneine &H2F 244
Auto]| g5 FaAE 2 gastrodin} vanillyl alcohol $HF

< Ong 5(2007)2] Rl &Jsf EAs%th &, A= 50 mg
o} 50% methanol 2.5 mLE F7}5to] A2 A 105 S 5t
SAIFTE I 5 BRSNS 2,038xgoll A 202 Fet A& St
o] AA=S (.22 um filter2 o338 o2 HPLCE E4351%
o} EE8N-L2 gastrodin(Tauto Biotech, China)¥} vanillyl alcohol
(TCI laboratories, USA)Z ZF4=of Z}2} 30, 60, 125, 250 ng/iL
9] 2 3]A%te ARESHE T HPLC column& Luna Cig
(250x21.2 mm, 5 M) AFE3}H 1, o] FARS- 0.5% formic acid
water?} 0.5% formic acid methanolS ©]- &35}t 5452 0.7
mL/min, S E= 270 nmo|Jch

A& §-7-5 ergothioneine T2 Lee 5(2009)2] HHH o
ket EASFETE A& 0.2 gofl 10 mL cold ethanolic extraction
buffer(10 mM DTT, 100 M betain, 100 M MMI in 70% ethanol)

£ Ar7)st & 35 59 sonications}F Tk Egoof 2 mLo]
1% ethanolic solution A7}3}1, 18 Z9F AFLo)| A HF-&-A]
71 3 2,038xgo| A 204 52t ARSI A5 3 mL
£ %5%3}9] 50 mM sodium phosphate?} 3% acetonitrile®] =
o] 4 HPLCZ A3}t EF8M2 ergothioneine(Sigma-
Aldrich Co., LLC, USA)E ZF o] L3414 6, 12, 25, 50 ng/
uLe) =2 34s1e] ARESEATE HPLC column2 Ecomosphere
Ci5(4.6x250 mm, 5 ym)& AMGSIL, 05/ 50 mM sodium
phosphate®} 3% acetonitrile(pH 7.3)2 o|-&3t4th 52 1
mL/min, 33 == 254 nmo|th

8. SAHIXzZ

HE ZA3}= Statistical Package for the Social Science Program
(SPSS, version 21)& AME-8to] AFEstith HE SAg2 3
3] ¥HE E7ste] BH+REHAR eIt AR o2
TE] Y FHeFul ABTS o) A7 S Ato|o] AL B
A G ARA S FHs IFNY KIS £
A3l LA A (one-way ANOVA)Z AA[ZH B3 Duncan’s
multiple range test2 p<0.05 $Fo|A ALZAA ST
Zdat 3 nF

1. &5 31500{| 2 DPPH 2iC|Z AJs B35

AR oL FE2EY $&2 uda Ao, 12} 9 33}
g Hup 22Eo| 747} 163, 13.6, 10.9%2 Ve, 2E 3]
ol w2t FE5ES T2

g An da Sl w2 vt ofgkg FEE] =
DPPH #ttjZ &75S vt A7he Fig 13+ 2t} v s
Aupel Ird Hup BF 22E9] F=71 57kt w2}k DPPH
ghrjZo] et Axpgols axrt F7bskoh vlad A
=21 125 ppm} 250 ppmof| A= v E Hupet 12 & 32}
IE ko] gz 245l FoFt o)zt itk 21U
F259 5% 500 ppm, 1,000 ppm®] H ol A= HIEE A
o} 2280 2721%, 55.79%, 13} W& Mo} 2&50] 23.83%,
53.72%2] 2AE&S Ueho] 12} dae] o3t &49 S7h=
O, 32 dtg Aol FE2E-L 36.58%, 70.07%2] &A &
< Uetlio] 12} dae] uls) FAitst &Aool foHer F
ZFst@ch £33 3% EE Aok 2552 1,000 ppmé] FE=of
A A FAISA Q] BHASH FALSHA 2 H4ke 842 U
Bt dlghE 2559 1Csgh-2 v A Hnkr} 101.3 ppm
ojglon, 13 W& Hul= 622 ppm, 32+ L& Hul:= 61.3
ppm o2 a7t Aol et RFopx] FAkst &do] St
ot Zo® Uehith B3 1A} 3 W 3A a Hop 22
E9 2%, FAdFAEHAIQ1 BHAY] ICs) §H(74.3 ppm) H} T
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Fig. 1. The electron donating ability of ethanol extract
from non-fermented and fermented Gastrodia elata Blume
powder using the DPPH assay. NFGP: Non-fermented Gastrodia
elata Blume powder. 1 FGP: Once fermented Gastrodia
elata Blume powder, 3™ FGP: Fermented Gastrodia elata
Blume powder repeated thrice. Values represent the mean
S.D. (n=3). Mean with the different letters are significantly
different (p<0.05) by Duncan’s multiple range test.

ot 2 ahush 2L Vel

UE AHrte] 3 el G 2T 2% that Pak
5(2012)9] AFoA = &S FEEY B 1, 2, 4, 8 mgmL
o Wra utol H]s) Wi Ake] DPPH trlg o4 &
W7t ok wastel 134 WEAAE G4k Bl GloiA
WE A Aol7h GglE B ATolAe] Aol A U
ehgeh et Kim 5010 QubHvkel wE Aoke] A
Agols 24 A Hekel C 90%, ARk 91%,
WE Auke 02%E WE FolE F45 2ol fAHrkL
waste] B AT AT fASKICE ol 2ol & Ao
A WE 5147k S71el wet Hnte] Akt B4l S

L AOR et AntE 0§ 715 AES Ax
S, b W] o3t ABH S ANE 7 4 9
Ao Z AlgHCh

S}
=
o

o oﬂ,

; Ol 2 ABTS ZIC|Z AJs w3}
& FEE9 Yo ©E ABTS Sz &A%
H]ﬂﬂ éa}— Fig. 2¢] A8t 289 F=o o
g irg A 12} 9 33 3E $0] AL v|wdt du, gz
© 7 AHEHE AFAIEHA BHAY] 9f3f ARtR o2 A
e O, 31.25 ppme] FE A= BEE HuK68.6%)<t
12} 28 Aol $2E8(66.06%)0) ¥]3l 32} Wra FEE(71.58%)
oA &/o] F7FstTh AR oghE FE2E9] ICy g Hl
g Holrb 14.8 ppmolon, 12} ¥a Huol= 18.6 ppm,
321 IE Aok 16.8 ppm O 2 H]EE Hnfol| Bl 13} ¥E

Fig. 2. The electron donating ability of ethanol extract
from non-fermented and fermented Gastrodia elata Blume
powder using the ABTS assay. NFGP: Non-fermented Gastrodia
elata Blume powder, 1* FGP: Once fermented Gastrodia
elata Blume powder, 3™ FGP: Fermented Gastrodia elata
Blume powder repeated thrice. Values represent the mean
S.D. (n=3). Mean with the different letters are significantly
different (p<0.05) by Duncan’s multiple range test.

Aol 238 27O, 35 A A 2 Aoz
e,

£ 7o) 13 U An} $580) ABTS 22 2752

a3t

ARFE o] 83ty HulE WA F] Park 5(2012)2] Lo
A WaE SE Ak 228 v} 2o BHS tehgic
o] Mo ATE(eng S 1994; Park S 2012)0] 4= DPPHS}

ABTS7} 2A 8k gtojze] 227} qa . 7| A3} B2 o]
A3 Aol Zo|7} glof Bl AAS A E o]k Uk
T BIEtgo), B el wE Hul %22 DPPH 2]

Zr 27 @437 ABTS &)z AA FHo| fARE A=
Bl

3. ws 20 KE & E2 s SRE0|= &
B35}

a9 g Hut 2559 F EQvsy St ool
T e 54% A= Table 1of] YebH ST} vd s Hut
FEEY F %ﬂlﬂ%“ FEF2 958 mg GAE/go|gloH, 13}
g 2o

5 mg GAF/g, 32} 2&t8 $&E-2 3384 mg
GAE/go.2 UrE}Lh Ua Sof Huly] & EduEs ol F
Ashick Ea HE 47t R4S F Eeul gl
ooz Zrlehe Ao Uehtt B Aol wE o}
F280) Zelali WS ZHSTt AR B og
& 2222946 mg GAE/o] 8 & Aoz ekt

(Kim 5 2014). E3+ A0} 9 W& An} oehe 2222 9
A% ok FE2(6843 mg GAER), BEAMY ogte 2=
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Table 1. Contents of total polyphenols and flavonoids of
ethanol extracts from non-fermented and fermented Gastrodia
elata Blume powder

Sample” Total polyphenols” Flavonoids®

(mg GAE/g) (mg QCE/g)
NFGP 95.8+0.14%) 147.7+0.1°
1 FGP 143.5+0.1° 925.0+0.1°
39 FGP 338.440.1° 1,993.0+0.1°

Y NFGP: Non-fermented Gastrodia elata Blume powder, 1% FGP:
Once fermented Gastrodia elata Blume powder, 3" FGP: Fer-
mented Gastrodia elata Blume powder repeated thrice.

2 mg of total polyphenol content/g of non-fermented and fermented
Gastrodia elata Blume powder based on hesperitin as standard.

) mg/of flavonoids content/g of non-fermented and fermented
Gastrodia elata Blume powder based on quercetin as standard.

Y Date are expressed as MeantS.D. (n=3).

% Mean with the different letters are significantly different (p<0.05)
by Duncan’s multiple range test.

3

(20.1 mg GAF/g) ¥ 3= HehE F25(30.13 mg GAE/R)
o] B3] &=thJeon 5 2008; Kim 5 2012; Lee 5 2012).

EgE o|E FgFe vty 1x} 9 3%} @a Mo} oE
2 FEE0] 747 1477, 925.0, 1,993.0 mg QCE/go.2 Wta
515 27k whet o802 %A vhelutch kel A

0 FEE2 RS dEE FEE BEAR dEE FEE
=

pecs

q

=28 9 3o g FEE 5 HE 8=l vl d
H2 ETELO|EE Fshe A2= YR THJeon 5 2008;

A= EAst= EgHE FgEoIY ETtHolE= HA
P 2 A-g-5h, E2|¥ 3HE-2 hydroxy radical 2
superoxide radical &7 %3}, ZgtE 0] == alkylperoxyl 2+
oz 2753 de] UrkJeon 5 2008). A& Fofl FHF-E
s St ol TRk S ST FoF
ABBATE Qlo] A4S BAS S5t Sa% AR
AR, B, A AP ES 2 ool At e A
o2 HuEHKKim 5 2004). & AFoA = Tazl 23
Holl met Eulsy EehiicolE o] F7shi, o
o ul#sjA] DPPH W ABTS o]z &7 &4o] olAl+=
AE & 1 tF gae] 3 e STt xo|=9} o
H=4 sRtEE] WA Hute 4ikst &4 S7tol 71o38t
= Aeg Bk @A ofd) st @4do] F7ste 714
9 Z Park 5{(2012)2 ¥a o] £H]H protease, amylase, lipase
Y 5t sy 452 VI Aer diYsta ¢
FE Aol A TR o Hupd 7] A2 2 A

4. &5 30| ME A0l 7|54 SE =2 Bis

Hule] d2td 4o wE gastrodin, vanillyl alcohol 2
ergothioneine TS v u gt A= Fig 33 Zth Mute] H)
=4 B2 = gastrodin, p-hydroxybenzyl alcohol, vanillyl alcohol,
vanillin®} H|#H&E=4 SFHERZ circiumaldehyde S0 o,
o] FOA] gastrodino] 717 wol THElo] YT LA 9]
THLin 5 2002). Gastrodin® FALS} 244, FAA -, P
w9 9% 2o A} Qov], Fe) FUHBES B3
3}o] p-hydroxybenzyl alcohol2 E3]E thKim & Park 2013).
Vanillyl alcohol®] Z-$-oll= 95 2 & B4 A 7I5°l
Rem, 7y HoF ol avrt 2 ez RiuHy Qo
(Liu 5 2002). 2 dtoflA Tazt 23y g ol whet gastrodint
vanillyl alcohol @] e §-0)5HA ZAast= Aoz Vel

Ergothioneien2 A3 Al A o= 139.4 ng/g DW, vt
& Anf, 12 9 32 EE Hdnp oekE FEES 247 2012,
1,625.4, 1,097.3 pg/g DW7} 3hg-5lo] Qlgith. dha Ao v]3)
E Fo ergothioneine o] F7IstA o, T THE Al
12} dr@o vlg 27} ZAsh= Aeg yelygth E3tICs
X2 Yyeld ABTS &t &A% 3} ergothioneine e}
o S AW ES S 1 FoAd ABBAE HolA] &
THFig 4). ol= WAl 7|54 43 itst &2 A
2 0] 9] AF-E(Dubost 5 2006; Lee 5 2009)0 4 H A<
P4 &4g0] ergothioneineo] oYzt w54 ShtEdt A
BAZF Aokl Bt A FARE Aifo|o). webA 2 AT
oA Aol a3 F7Hf wE FHd &A% S7he
gastrodin, vanillyl alcohol & ergothioneine®] F3FE T} = ATF

94 gL U BUES ZYW vy BYES S

d
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Fig. 3. Contents of three major functional components in
Gastrodia elata Blume powder depending on the fermentation.
NFGP: Non-fermented Gastrodia elata Blume powder. 1%
FGP: Once fermented Gastrodia elata Blume powder, 3™
FGP: Fermented Gastrodia elata Blume powder repeated
thrice. Values represent the mean+S.D. (n=3). Mean with
the different letters are significantly different (p<0.05) by
Duncan’s multiple range test.
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Fig. 4. Comrelation between ergothioneine and the scavenging
effect on ABTS radicals (mg/g DW) in non-fermented and
fermented Gastrodia elata Blume powder.

7lejaxz H2elch

E3t ergothioneineS HARFF 59 #FollAT A==
opn|iito 2 7Rt ISt fat Qo= A, r-aminobutyric
aciddd AAAT 28 28, AE BE, 995 @ 9o 22
A7) Q= Ao 2 BuE T QJtiFranzoni 5 2006; Martin
KR 2010). An}o]] §-3-% ergothioneine2 A= ELHE H
Aol UR=HE 2ot %S Antz A o) A A
o] Hrtol] ZAHHKIm & Park 2013). & A-7+2 3, 134
UH AJofl= ergothioneine®] gHego] WA Hof v|a] S7HHR
o}, 33} WS A% 13 wie] wjs) gpel ZAH olf2
cheat o] 248 & 4 YA Wi wAA ergothioneine
o] AL wiAl ol Z3HE o] Q= b Ad&of sl &3t
H Ao@ welth B AT 33 wE Al 13 2a
Aok o] FAAE WEs] FUAT B WO
oz, 7k g dAnit dop 29 Z3A71|3L, 7154 =
2 g S0l gt Hnp B A w=5 2Ask= A+
7h Bas Ao g Helrh E3JF Hnte] ergothioneine> H A9
2EFA W 712 HHE 2242 EEA YolKim &
Park 2013) AFRHHIAL F0] AT Aol QI AOR &
FHER, 35 ABHAATY A O Vs =2
g B40) et A7k ool Aok & Aolth.

9%

of & AE

T-= Phellinus linteusE ©]-8-3}o HulE WaA|# &
of WE 7leA =2 TF wskel s 24
ok v Mol &5 U8 At 2559 A
B71st7] 9léll DPPH 2tt]Zt 4753 ABTS 2tt]
WESGt BE 22204 5= oEdoz

Sl

ok
2

S

ol
b o

Noox

off o

tlo

aHarst 2 689

%]
gz £A5o] F7Fskl 2, 500 ppmt 1,000 ppmo] 5=
HYjo A wdkaet 12} g Aop &5 w3 32 HE
Hup :&E9] DPPH o)z 47 &40 F7tetadcth =g
321 WhE AHnp 259 ABTS #HjZ A|A 8= ¥a A
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