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ABSTRACT

Background: Valeriana fauriei (Valerianaceae) has been used to as a traditional medicine to treat a variety of symptoms, including
headache, insomnia, hypertension, and menstrual irregularity. However, the present study investigates the species' antioxidant activ-
ity and its inhibition of oxidative DNA damage, which have yet to be studied.

Methods and Results: The antioxidant activity was assessed using radical scavenging assays with 1,1-diphenyl-2-picryl hydrazyl
(DPPH) and, 2, 2'-azino-bis (3-ethylbenzothiazoline-6 sulfonic acid) diammonium salt (ABTS) and a reducing power assay. The
total phenol content was also analyzed, and phenolic compounds were detected using HPLC/UV, whereas the inhibitory effect of
Valeriana fauriei on oxidative DNA damage was measured using ¢-174 RF I plasmid DNA cleavage assay. The DPPH and ABTS
radical scavenging activity were 75.17 £3.55% and 95.83 £0.63%, repectively, and the reducing power was 93.14 £1.74 at
200 pg/ml. The total phenol content was 10.24 £ 0.04 mg/g, whereas chlorogenic acid, catechin, caffeic acid and epicatechin were
identified using HPLC/UV, and the ¢-174 RF I plasmid DNA cleavage assay indicated that V. fauriei provided protection against
oxidative damage.

Conclusions: The results of the present study suggest that V. fauriei has powerful antioxidant activity that can provide protective
effects against the oxidative DNA damage caused by free radicals. The species, therefore, provides a valuable resource for the devel-
opment of natural pharmaceutical to treat aging, cancer, and degenerative diseases.
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M radicals ¥ A A|ATFO EH A5} oA|Fh=
oIt} (Lee ef al., 2006). Ed2F2%2) radicale Al ZoiAAA
o] =4 Zg-S A st oA ZAgle] AAE L, AUolA AR GrAET 3

A=o] ksl o *Pﬁ}i’\ﬂ«l @30l MoAAIA =W sk AEg Az Q)

2

2 I sl RS
o M AR ARE 5 3l
3L 9tk (Jung er al., 2004; Park gt w3l G, vk e 7k AWES or|s "t
et al., 2012). 2 &o] shfalal = GAFsF E-E phenolics  (Halliwell, 1995). ©&8]gr Ak8ld ~EZ Az <18 SAakao]
% flavonoid AlE] SFER dA o™ (Choe and 747+ vEgAe] Aol &, A&, @l d 3t DNAZHA = H| 71
Yang, 1982), o] E4E2 3} AHuke-S Fal akyl ARl W AAE Fefsto] 0431 7] AL et sl= A
radical == alkylperoxy radicalol| 45 35y, o] Azt o2 d#HA Ut} (Seifried et al., 2007).
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DNA 45 o7& /K9 S8 A2+ oxidation,
methylation, deamination, depurination 5©] .01, o©]F o)A
oxidation®] 7§ A &48 dorl= AeE d#A o
(Ames, 1985). B EAAM FF MEZ JPste 82 7N
A] (initiation), Z%1 (promotion), 213 (progression)?] =
A FAYSIH, JA] (initiation)= AR} X1sHd @kl =}
(initiator)7} A8 W thAtellA] E/dste]of, fxdzte] diite) H]
7tH o8 Agtsto] MRS DNAS &/dA1713, A E
HAFAM|3E (preneoplastic cel}& FAdsk= Ede] @dolt.
] 7§A] (initiation) TAIONA] A== DNA /32 Ay
I 83% olde] =2 FAAEe YeRE=E, JHA] (initiation)
Ao A e] DNA &4 oA=&t o T8k o
kg 3t} (Surh, 1999; Johnson et al., 1996).

B ApolM AE FQEFE (Valeriana faurieiys VFER
¥} (Valerianaceae)oll &3l ThaAl o2 i) ol B
=7e 98 e Af AFHE A 2ANEA o] &EHI 3
(Houghton, 1988; Lawrence, 1985). FQFE2] 4|EH L 2]
Eo B oA FHeF WAl e 5535 o] W] wZe] &
o7 oo 72X AHEOZ = valeric acid, isovalerianic acid,
bornylvalerianate, valrerianone, bornylacetate, camphene, o-

= O 3lOo
oe_i‘:}'l'l’

[B-pinene, limonene, kessane, kassanol, kanokonol
3} AT} (Cho er al., 1996; Choi et al., 1995).

FoFES] AR E ARl 217, B9, 21734 BRM,
TE 5ol Aoz AMgEN o FF oFor= 2HE, 4
AEE, 9o, S8R5, 18Y, 9% Tl S8t o
MGl = ggelzHE] x50l AMEE oIt (Becker ef al,
1983). FeFE uist A= el Ff A& (Jin et dl.,
2007)°lu Ajg] &4 AE (Wills and Shohet, 2009)5 F=

A] Holx]

AEolU HEEF tF A7 FE olFaL itk
B d7e FewEe dew st=el 243 oldoAH

ol ¥2Eo| Pist B4 L 454 DNA £40] et o

ABAE Frtsted, 71548 A A2 BT =0l
A AAsIAT.
Mz o
1. M=
B Aol AMH FARFE (Valeriana faurieiys SHEE

Iz YR A ssolA A ste] AT St Yoptal

Margtatol A FA3A S (voucher number: JWU-LSH-
001), A%ZS A&3lith. HPLC 2240l A&¥ HPLC grade

9] acetonitile, dimethylsulfoxide (DMSO), ethanol, ethyl
acetate, methanol, petroleum etheri= Merck (Frankfurter,
Darmstadt, Germany)A|#< A&t 7]k €9l& SK

chemicals (Seoul, Koread|&S ARE- 31Tt 1,1-diphenyl-2-
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picryl hydrazyl (DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-

6-sulfonic acid) diammonium salt, potassium persulfate,
potassium phosphate buffer, potassium hexacyanoferrate (III),
trichloroacetic acid (TCA), ferric chloride, sodium

Sigma-Aldrich (St. Louis, MO,
USAAES AHE-3FSTE ¢X-174 RF 1 plasmid DNA+
Promega (Madison, WI, USA)IA F+3le] A3} 7]

ek 2 717l R 18T,

folin,

carbonate, tannic acidT

2. vk

nFE 4 EY

A 5, 80% wiEe 3 0 = 3
filter paper (GE Healthcare Life Sciences, Buckinghamshire,
England)Z oJ=3I3iTt. vighE: 552 40Tolsle] FRelA
7t FF Wz (N-1110S, Tokyo Rikakikai Co., Ltd.,
Tokyo, Japan)= 553+ $- 28 27| o]&sle] HEEZ]
= oHE, odotAlHlo|E o= 33] §uijitg STt o]
S odeMElolE Be=S A 7 WHAR 55}
A8 A7 27Ce] BAE5L, DMS0o 4,000 ppm o=
gafiste] A ER ARSIt tst 43S vERd
< T2 Ay SRHER, oegouy oldoHolE 59
7] &1 e 84 oehE 89 Fol & Herh & A

2 HEEE dElE 2E]3L oAEoE

A= L= =N
ey /Kg'xfa

= ﬁ% =
OlE T=S vt A3, oldoMHo|E E3EolM it
5 349 0 32 S BEAOE B} o] RALE P2

L2 ARSI T (Table 1).

2) DPPH HZ 2AEA

DPPHE ©|&3t A2} Fo{52 Bondet *'H (Bondet ef
al., 19972 #3sle] =435} th. DPPH solution 300 uM
1,1-diphenyl-2-picryl hydrazyl (DPPH) & 515mmolA S-3%=
Zkol 1000] H=E olRke-e olgal] 84 FulsleT). 7}
TE FZE (032, 1.6, 8, 40, 200 xgml) 404 ] DPPH
solution 760 1 2 H7}gH T 37Co|A 208 ¥HSA|A UV/
Visible spectrophotometer (Human Co., Xma-3000PC, Korea)
o1g3tel SISl FYES ZYshch

—— . < }
[ FEE FHY) R E

3) ABTS gtz &A84

ABTS 2tz &7 &4 592 Van den Berg®| "
(Van den Berg et al, 1999y Fsle] =431 th ABTS
74mM  22-azino-bis  (3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt®} 2.6 mM potassium persulfate

=

=

e P R I

solution-=



FoEEe)

FZEE 40 4] ABTS solution 760 (LS 7}
CollA 208 ¥H-3-A1# UV/Visible spectrophotometerS:
o] 734 of|A] B

o Rt =R e [ e
s ’—TXE:]O}'Ai

e s

1-—== =
FEE AT ERE

[—

JXIOO

4) #4919

Y 342 Oyaizu (1986)°] WS ARSI 7+ &
= FZE 10049 02M potassium phosphate buffer
(pH 6.6) 250 4 3} 1% potassium hexacyanoferrate (III)
250 s EFE F, 50T 208 vESAR] & e ¥
3}3, trichloroacetic acid (TCA) 250 (& 71t €
SNS 2,000 gollA 52 A4 Eelsted Al 400 490
T 400 2L 2F 0.10% ferric chloride 16 (4 S A7}ste] &3
Sk %, UV/Visible spectrophotometerS ©]-8-3}¢4 700 nm ol| 4]

gl
=
<)

FHEE S

5 F ¥E ¥ 24

% 3= S Folin-Denis % (AOAC, 1984)S 73}
of 24T FEE 5048 SHT 950 4, folin 500 14
£ 33 & 20% sodium carbonate 2.5 ml = ¥o] 40&7¢
A2oM REGAIZTE WeES SEA ¥l B dAE UV/

Visible spectrophotometers ©]-8-3t¢] 725 oA S-3=E
A8ttt Standards tannic acidE ARSI, A

B4 Al

6) Phenolic compounds®] @& HPLC ¥4

HEHF 3}3E9] high performance liquid chromatography
(HPLC) #2412 Waters 2695 system (Waters, Milford, MA,
USA)3} Waters 2487 Dual A absorbance detector (Waters,
Milford, MA, USAYS E3fl 4313tk A3l AHgE A&
9 EFFL 1mgS Fsld 1 mbe] HEkEol g3ldte] 0.45 m
membrane filter (Waters, Milford, MA, USA)S ©]&3|] o=}
S, AR 1045 WES 2 1% acetic acid/H,02 ©]
5402 Waters XBridge™ C-18 column (4.6mm x 250 mm)
packed with 5.0 gm diameter particles (Waters, Milford, MA,
USA)E o]gsle] T35 280 nmollA] 2AJ813iT). F&&9] 7t
HsA SEES 77t 553 vlaste] 54 B et
At} ¥FELS Sigma-AldrichAF2] chlorogenic acid, catechin,
caffeic acid, epicatechin (St. Louis, MO, USA)S ©|-83I32
o, 7} F5F0 A A S ALgste] Akt

>
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IS5 DNA =4t ofx| &4

2

7) ¢X-174 RF I plasmid DNA At3%
A &4

¢X-174 RF I plasmid DNA AHs}d ~Ed|
B2 Jungzt Surh (2001)2] WL A5}

Ferric chloride (FeCl)ll 23 215} ~Eg~
A ARE A8l 4 wEE FEE 4049 6mM

THT 700 45 B F, 37CHA 158 ¥
& 20 L9} $X-174 RF 1 plasmid DNA 5 /0
A 3EZE 9SS 2 10X loading buffere} &3 & 1%
agarose gel2 171958 AAIgE & UValellA ARl HFslict.

Ferrous sulfate (FeSO,) oIt 4tshd XE# 2 &4 oA
g4 A4 S8l 7 = FEE 4049 0.4mM FeSO,
9} 0.4mM hydrogen peroxide (H,0)& 1: 12 &3gk &9
< 760 A0S H7FeE F 37ColA 1587 whSSiiTh W&
20 /0 9F $X-174 RF 1 plasmid DNA 5402 931, 37CllA 3
7+ k83 3 10X loading buffere} &3 3 1% agarose
gel2 71955 AAgE $ UvalllA AR 293315

o= =

ZEH

&

8
£ 0

o

¢

e 1>
o
ol

]_
% A
FeCl, 60 /40
seirt. whe-
, 37Cq

-

3k

=

(i

AA
B

]

5

8) TAH 4

e A9 Ay 39 ol sl en, FARA SPSS
18.0 (statistical package for the social sciences Inc., Chicago,
IL, USAYS o]&sle] 7} d3le] Hata) F:8xE AR
3, ANOVAE E3 p<0.05 514 Duncan’s Multiple
Range Test (DMRT)E AR HA3lo] 7+ A3o] {4 4
SR

&

o}

. Shikst g
FFE odopHOlE &9 it S48 vl
A 73t AkskAl R gzl L-ascorbic acid (Padayatty
et al., 20032} 7 =743t DPPH, ABTS #tld &AE
4 =i SIS v A ske] e
FHeFEe] ke FEE 9 HEETR JdHE 19
dolAHo|E £ E-2] DPPH ]z AAZAE
gk A3} (Table 1), 22AE/d0] Hold ddolAE|o|E
AR AdYsigon, FoFE dEotEclE &
FEE9 F57F =255 DPPH &A EX40] =9
pg/ml o1ake] AsmollMe we &8 JepiQlt F&
FE 200 pg/ml oA 7517 £3.55%2] &7 BAo=® L-
ascorbic acidel] Hl&] ¥ A4S YeRAL AT FHoE
Z JEolAHolE 38 &2] ABTS |z 27E84S H7sh
A3} (Table 2), £-8E F% 200 pg/ml o)A 95.83 +0.63%2]
2A S eSO 1597 ugmb ©] =2 ICs #42 Y

o

El
N[O mm Job
Mo 10 Mo o 2

o _
=
Z_'l-

o e

32

8

(o]

A=

ERfATh. =5k BAH SR 40 pg/mlE A7 BE FoA
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Table 1. DPPH radical scavenging activity (%) of methanol extract Table 2. ABTS radical scavenging activity of ethyl acetate fractions
and its solvent fractions from Valeriana fauriei. from methanol extract of Valeriana fauriei.
. DPPH radical ABTS radical
Concentrations . . 1Csg . .
Sample (ug/ml) scavenging activity (ug/ml) Sample Concentrations  scavenging ICs0
(%) P (1g/ml) activity (ug/m)
0.32 2.85 +1.46* %)
1.6 3.56 £1.45% 0.32 1.56+0.77
ME 8 3.87 +1.45% 29888.43 1.6 4.97 £0.30
40 7.44 +1.40% EAVF 8 21.23£1.74 15.97
200 38.77 £0.92%* 40 7159+ 1.13*
0.32 1.78 £1.08* 200 95.83 £0.63
1.6 2.94 £1.67* 0.32 514 +£2.74
EAVF 8 6.93 £1.39*% 119.50 1.6 9.28+3.20
40 23.02+2.81* L-ascorbic acid 8 23.85+1.93 10.49
200 75.17 £ 3.55% 40 93.04 £1.29
0.32 1.88 £1.52% 200 96.32 £2.89
1.6 2.73+1.91% Mean values + SD from triplicate separated experiments are shown.
PEVF 8 3.75+1.89% 15470 x 10° Comparing with same concentration of L-ascorbic acid respectively
40 6.2 + 1.84% (*p < 0.05). EAVF; Ethyl acetate fraction from methanol extracts of
e Valeriana fauriei, AA; L-ascorbic acid
200 18.44 £ 1.60*
0.32 5.32+£0.49
1.6 20.88 £0.05
AA 8 76.51£0.11 5.08 (Table 4), & & FFe FEER 43 tannic acid®] F
40 88.23 £0.05 FIA (TAE)% 8}] stake AlAbsliow, 7z 270+
200 93.47+0.06 0.11, 1.83£0.06, 10.24 +0.04 mg/g - TAEZ VFERITH wEre
Mean values + SD from triplicate separated experiments are shown. 222 1 HEZgS oﬂEﬂE B23go oﬂ}ﬂo]_k”];ﬂo]_g_ 13
Comparing with same concentration of L-ascorbic acid respectively = ,
(*p < 0.05). ME; Methanol extracts of Valeriana fauriei, EAVF; Ethyl =l vl ¥lad] w2 F dlE ok Ueien, o] 4 3"}
acetate fraction from methanol extracts of Valeriana fauriei, PEVF; E‘sﬂ HELe 2223 Y EZDL JH= Hﬁ%y_

Petroleum ether fraction from methanol extracts of Valeriana fauriei,
AA; L-ascorbic acid.

L-ascorbic acid2} %94*3 o= wHolut
Z JAEoHHo|E L8 E0 Sl
8, 40, 200 zg/mb oﬂ/ﬂ L-ascorbic acid2} ®]xL ‘3}0:] 53 4()+
1.06, 59.55+ 1.49, 68.65+ 1.73, 82.88+1.07, 93.14 + 1745
=2 ES BT (Table 3).

2. & W= RIS B U HPLCZ 56t TisR RS
=x
oo

ARFE WRe 222, WESdS b2 29T 9 o
YopEolE BHRe & s ST FFS BAG 2%

A=}
Rl

% shgr=o] 2 JdopHolE ¥YBS HPLC
4 N2 AHgslch

HPLCE &3l 7F¢ 2 & s 2 ekl FesE
ARAEIOIE RIAES A SEE 24 B 5D

A3} (Table 4), chlorogenic acid, catechin, caffeic acid,
epicatechin% %;g —5—}93\ o , 7_} 42201] ,]rs]- 24 ak;d bl HPZJN
ol e w4 A, 47 2.61£0.05, 021£001,
1.79 £0.03, 0.57 +0.03 1g/gC 2 ERSITE

ZAF OIF| BHM

3. "@P"' 2Ef|~0] olst DNA &2 A
FQEFE odoMHIolE BEFEL Fe(l, (ferric chloride)2]
Abeld 2Eg 29} FeSO, (ferrous sulfate)2} H,0,9] fenton
o]g-gt Aksld 2EHXAE o]83te] DNA &4 oA

[elNe]
Elaces

Table 3. Reducing power of ethyl acetate fractions from methanol extract of Valeriana fauriei.

Concentrations (1g/ml)

Sample

200 40

8 1.6 0.32

EAVF 93.14 £1.74* 82.88 £1.07*

68.65 £ 1.73*

59.55 £ 1.49* 53.40°+1.06*

Mean values £ SD from triplicate separated experiments are shown. Relative value represent comparing with 200 zg/mé of L-ascorbic acid (AA

200) (*p < 0.05). EAVF; Ethyl acetate fraction from Valeriana fauriei.
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Table 4. Amount of total phenol content and phenolic compounds in methanol extract and its solvent fractions from Valeriana fauriei.

Phenolic compounds (ug/g)

Total phenol content

Sample i
P (mg/g - TAE) Chlc;rggenlc Catechin Caffeic acid Epicatechin
ME 2.70+£0.11 - - - -
PEVF 1.83 £0.06 - - - -
EAVF 10.24 £0.04 2.61+£0.05 0.21 +£0.01 1.79+0.03 0.57+£0.03

Mean values + SD from triplicate separated experiments are shown. ME; Methanol extracts of Valeriana fauriei, -; not detected, EAVF; Ethyl
acetate fraction from methanol extracts of Valeriana fauriei, PEVF; Petroleum ether fraction from methanol extracts of Valeriana fauriei.

(A)

EAVF 0.32 1.6 8 40 200 (ng/me)
Fe?*

+ + + + + +
0.C —

—-——.——-—)---
sc — [ P

120

100 #

2
27T 80
T E
=8 60
2%
2 40 *
2 . *
N N
0 — -
(B)
EAVF - 032 16 8 40 200 (Hg/me)
OH + + + + + +
0.C —
s.c —
120
100
24
27 80
g =
=8 60
Q0 =
= ©
22 40
&
wn

20

0

Fig. 1. Protective effects of ethyl acetate fractions
from Valeriana fauriei (EAVF) on oxidative DNA
damafge by ¢ X-174 RF | plasmid DNA. ¢ X-174
RF I plasmid DNA plasmid DNA was treated with
various concentrations (0, 0.32, 1.6, 8, 40 and
200 pg/ml) of EAVF and oxidative damage by
Fe2* ion (A) and hydroxyl radical (B). Fe?*; 6 mM
FeCl,, hydroxyl radical (OH-); 0.4 mM FeSO,
+ 04 mM H,0, O.C; Open circular, S.C;
Super-coiled. Values are expressed as means
+ SD of three independent experiments. #; non-
treated group, was set as 100%. *p < 0.05 as
compared with the non-treated control group.
Remaining super-coild form (%) was quantified
using the software Un-SCAN-IT gel version 5.1
(Silk Scientific, Inc.).

g8 Hrisk e, ¢pX-174 RF 1 plasmid DNA cleavage
assays ©|-&3F H] A4 AlAFlo R HISIiT

HLFE dHoMHE 8= EF oot HlasiA]
M Abske] ZEg 2o o3 DNA 42 A8t

=
E—-I_
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HATH (Fig. 1). 2k} 2E# 2o 93k DNA &
plasmid DNAE 2 7Z7} Z|AAA open-circular®
Kl 7’442l plasmid DNA2] FENQ! supercoiledi=
izt 9 FE50l o Wojastel o8] 2 FEj7F /4
Ho} Fe?oll tidt JAav= £3&E F= 032, 1.6, 8,
40, 200 pg/ml oA ZFz: 3,18 +£0.72%, 4.84+1.55%, 1593 +
2.46%, 22.69+£0.94, 2825+ 1.88%2] H|wZ v §3= W

ol vbd, OHoll U3t IA|gz= EIE F= 032, 1.6, 8, 40,
200 pg/ml AN A 19.11 £ 1.65%, 2097 +1.64%, 23.66+2.50%,

44.53+1.79%, 63.66+154%°] 2 BIE BATE = oS
Zo® 245t DNA 730 et Al ads Helor, Fe*'
of that ¥ A gl vls] OHell ek 743t oxlads
e

i

a2

22 frel7]oh wheshs Ao, f2)7] &
222 ST (free radical)oll RS Foste] A& &

7
o] ¥

kst 2ol 7]

DPPHS} ABTSE= Mz HAgst guzds zte =32
DPPH S &4 AL 4 FofAe] 848 s W
Ho=Z HeA ITE, 1

WP ofRlF Y opaENl o
- o

=

£ o] &3t Wl 3itsl 248 Fsh] Qs wol o&
H2 Jvk (Que er al., 2006). ABTS B AL g
Uz AAdst= ABTS7F &A1 Al, hydrogen peroxide$}
metmyoglobin®] W &Aksl W0l 23] myoglobin radical
< 2ATE 7R R AASAES YR

FoFE oldotAlElo|E #8+E2] DPPH 2]z 478
oA, F=E42 a5 YERJAA T L-ascorbic acid
(5.08 pg/mb)e} H]Eked ICs, (inhibitory concentration) %kl
119.50 pg/mb = AA 3] v ALY S Bt AT 55
ZAXER] Valeriana officinalis®] 1Csy %% (38 mg/m)oll 13|
w9 =& 718 BATE (Dugaheh er al, 2013). ABTS 2]
Z+ 2AEAdNA, L-ascorbic acid (10.49 pg/ml)e} ¥ 3}
ICso Btol 1547 pgmb 2 43s] =2 AAGAHS HAnh



SIS - ZEH - OIS

ABTS®} DPPHE= 722 radical®]X|9F DPPHE free radical©]
™ ABTSE cation radicalo]t}. olo| w2 7} radicals} 4t
A Abole] whgol xpol7} Stk (Meir er al., 1995). HQ
FZ ool H ol E £ ELS DPPHOIA 7]3H= free
radicaloll i3 47840 W] ABTSOIA F@#3H= cation
radicals EFHA o2 AASLE 398 FHri= A9 3
ol we} w=ghlo] A gollo] P e mo R Hdhy=
dEE o] &s Aot gitsiA e} 72 FAA = Fe'
ferricyanide complexS $HIAIA ferrous FENZ HA8kslaL, o]
IS B3l FAE Perl's Prussian blue?] F3=5 700 nm o]
A ZAske deloltl (Ferreira et al., 2007).

FLFE JdoMElo|E EEEe] FYeS L-ascorbic acid
(100)eF AoiAQl #re= Hlawste] 200 ug/mlb o] FEolA

93.14 + 1.74¢] SES Yeplnt. A7 8992 7 seke

o

< A2 FAA R 2Hgstar AAE st Hgol| oEl ks
FNAIES ST ol Skl Ae-2 13} | 23} &
AR AgatA =, =5t 92 AAWS Edhshe okt
Aro] QI EAEF o 4stE YAgt) (Chanda and
Dave, 2009; Marnett, 2000).

FHeFZe Bl % Z7A chlorogenic acid, lignans,
flavonoids, valerenic acids and valpotrates®] HPLC 4]¢j|
osk 4 2 Eolo] thet AT (Navarrete et al., 2006)=
Farsted, HPLC 48 53 def dES a4 2,
chlorogenic acid, catechin, caffeic acid, epicatechin®] Z}z}
2.61+0.05, 021 +0.01, 1.79+0.03, 0.57+0.03 ng/go 2 &
QAL &M ERIEE sleR 3TE st &4
o FEAQ 54T bl w2, o5 5 FHoE
A, SAA, EGAne] AR, AFEAT FAESEAl (chain
breaking antioxidants)s- o219 &) 7|Qlsl= HAow &

U4 gtk QU O, HER SR L Sehuiols 3y
2o slol=ga a4g7)e] A AQH 7 F2H Swz

Ad=o] slow, Hojd fiFd 4o S Tz £
StEl 3' 4-orthodihydroxy % 4-carbonyl Z-&7]9}e] Aol
At} -OH #871= Lel7xd 7HlE fAF 725 Folst
3L o] x5 Bl staArt yehdth =3 C2-C3 olF
Fe vElFxEHE A E= AR delocalizationd]
Za S 2AGAES ST EEA A (Bors
al., 1990). 3+ Hl=F SIgE2 gAks) /gt ozt
oF B gt 28-S ke ke AREEs vEie
A2 A At} (Ferreres et al., 2009).
o] A FskAl Fol A B A=A f
A2 e e e o= deA Aok (Huang er
al., 1992). §9Z=¢2] DPPH, ABTS 2}tz 2A84 2 3t
dEe ez =2 9] chlorogenic acide} o] 9l
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