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Abstract

This study was carried out to investigate the total polyphenol and flavonoid contents and antioxidative activities of the
methanol extracts of Citrus sunki, C. unshiu and C. natsudaidai peels before and after drying. Total polyphenolic
content was high in the citrus peels before drying compared to the dried peels, and highest in the order of C. sunki, C.
natsudaidai and C. unchiu. On the other hand, flavonoid content was high in the dried citrus peels than in the citrus peels
before drying, and was highest in the order of C. unshiu, C. natsudaidai, C. sunki, but in dried peels it was highest in the
order of C. natsudaidai, C. unshiu, C. sunki. DPPH radical scavenging activity was highest in the order of C. natsudaidai,
C. unchiu, C. sunki, and that in the citrus peels before drying was higher than in the dried peels. Inparticular, C.
natsudaidai peels before drying showed higher activity than vitamin C in 0.5 or 1.0 mg/100 g. Hydrogen peroxide
scavenging activity was highest in the order of C. unshiu, C. natsudaidai, and C. sunki in the citrus peels before drying.
The dried peels were highest in the order of C. unshiu, C. natsudaidai, C. sunki at 0.5 mg/100 g, but high in order of C.
natsudaidai, C. unshiu and C. sunki at more than 1.0 mg/100 g. Inparticular, all C. natsudaidai peels displayed high
activity more than 87% at 2.0 mg/100 g. Clear patterns in alkyl radical scavenging activity could not be confirmed in
Citrus species whether before or after drying of peels. Hydroxyl radical scavenging activity was highest in the order of
C. natsudaidai, C. unshiu and C. sunki but was relatively low compared to the scavenging activity of other activated
oxygen species.
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o} AFEHEAAE FH7edL 221 A= 2t
ZAAT ] EW 679 6000E HLZ Aatd Zlo=
A= ok o]y & FERv AFAGAA iR
EFald Ee Y482 3 S50 AFEET(Spiegel
RP$} Goldschmidt EE 1996). L& 352 g-8o] A
FAS oF 129 Ho|EE w9 @ o Hu FikEo]
A7, Euete] A9 ER T2 e aAedA A
Zb oF 159kEe] ] FibEo] AE L Qth(Kang HI
T 2006). 1Y EVFE T HYIER HEAE
I3 o= carotenoidF, bioflavonoid¥F, pectin ! terpene
F7F F58A gaEo] a(Kamiya SO+ Esaki S 1971,



Jeong WS & 1997), 53] 7= 3o t&F =] 9
= hesperldmo]b} naringin®} 22 flavonoid =42 A
29| 4L A (Kim JHS} Kim MK 2003, Yoon
CHS} Jwa SM 2006), EAEHe] 5 SXAAH 18
S oAweta, N yo] LDL FH2HEQ ¢S A5t
ANA 3] 174-e FXAIZIHSon HS 5 1992, Bok
SH 5 1999, Kim HJ % 1999). ¢ & 395 Hx
AR RS AI(AZ33)(Aurantii nobilis  pericarpium),
2y, A T olFoE EFoAH, Okﬂ&%of’nh
AAastase] 2457 FdelA a3 Ao

AA, Q5 ZAER FAE A, 50743} & 31?3_
3t Cﬂlmﬁﬂr 5ol &' AR dHA UTHEAT 1997,
Min SH & 2002). °]=]gt F83% A2d 7|[s=des
HrakaL },l” g Fuls O AR AR 2ol

2 Qo= diF-E #H71Ha vk

H well-beings F73h= 2L didle] W8l J&
o] AN R oofskel W tEo Q1S Bt
o] Fat F7HeE Bt ARlEe w3ts EF3

Z4F Aol =25 glon oje] By e

Aakart 5 B ok AWM R Ao
a7b 22, Sl BsterE, selEd, Beke v
R R . - e =L ke _8_01 Soll 25k superoxide
anion radical, hydroxyl radical % hydrogen peroxide radi-
cal 57 22 Hk3Ado] & Ed4H x(reactive oxygen spe-
cies, ROS)E Z¥=|o] Frlelx #EH, I, 5974
3l o o A% wdASS A iAol A A E
o AMlazute] AwraSs ItsiA 7ol Alxzer Eapgde] W
35 25t DNA &8 Azt Valko M 5 2006,
Kim HJ 5 2007, Kwon GJ 5 2007). mebA AA U &
Ak} %01/\1&%‘% %7}/\1717%% ROSE 4T &+ 9]
© @A e A EdTte] BeAo] Az
A QAL o2k o] dftow w3 g 7% AWS
etal A gskr] 9% HFH o AEHUY butylated
hydroxy anisole(BHA), butylated hydroxy toluene(BHT) -&
o ¥4 stAEe] Ade A EAE SHES
2 A W @tsl olAAE STHAITIAY 24t
2AE g de I e ISl g g4o
gks] 3= JQtivValko M 5 2007). FHolle 4%
AekAlv e, A4 5 2404% frefel ksl s
Wsto] o]gstE = A=) o] Fo|A AL tH(Masaki H
5 1995).
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1. HE 2 A2
A AH8-HE XE(Citrus sunki), =5E7HC. unshlu)
Y 3}E(C. natsudaidai)®) X]J—](Zﬂ_%&]d])t T8 3o 7+
2 gAdE SAA Ax3F F 1~3d0] AHdE AL A
FEEHAAE AAZA tiAFl e S4AR17FdelA
Atk A= 8 259 7+ s N 7L
HE Pt & 12 4ds AFAA AH BA AN
SRt Aol AR EE Aok Fluka(Bushes Swit-
zerland) L} Sigma-AldrichAKSt. Luois, USA)2] AEF& AR
3Tt

2. Zlm|(zzfm)et ool HES =&
4EF 1 kgg SHTE AFSIL FAEH=
v‘i—»ﬂé}oq -80°Coll A % 5& T FAAXINE
Az FEEEY FE2 A2 A 2]
ge f? HEE 1,000 mLoﬂ gol &2
om, 3% T membrane filter(0.45 pum, Whatman)=
Hste] AMgStT WEkEE AES o 40 mLE F

0:1 -
Astel Gast AGel AESIATE HHE F2EY 32
e 2 g UL %

TEE 7Y FF O wet 959 1¥E &
2 ALtk
3. & Edlnlls M
% Z9E S Folin-Denis®] H(AOAC 1980)

Hyste] SAAT S Aldd] 4 =R F99 v
e FEE 1 mL, 95% ethanol 1 mL, 7 5 mL,
50% Foiln-Ciocalteu reagent 0.5 mLE 7}ste] Ao 58
b At WA F 5% NaCOs 1 mLE 7Fshal

T AZOA 1ARE WA T 725 nmellA 53
EE 439 F Eg3s P2 (Hcatechin Y

o efstod 23 Al wet Aldketith

4. & EatEL0|= Y
ZF FPtEo|= ke Zhuang 59 *H(Zhuang XP
1992)° wet 2+ ZHER #9 weE FE5F 0.5 mL
2 mLY FF9 0.5 mLe] 5% NaNO,E ¥ &3
% 627 U AAY 1 & 10% AICL 0.15 mLE ¥
ThA] 633 RESAIZITE ©]ojA 2 mLe] 4% NaOHE
U1 Z S 5 mLE Z2HSE 2 I 1587 vheEy
3 510 nmollA S48 Y F R ol TS quer-
cetin EFEol oJsle] 2 Aol wet ALEATH

Rlopok 2 o
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5. DPPH 2jC|Zt A=t
=25 F99o wWEerE FEE2] DPPH radical 24
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A& Nanjo 59 W (Nanjo F 5 1996)° st =A
AT 60 uL Al S(EE vitamin C) <4l 60 pL 1,1-
diphenyl-2-picrylhydrazyl (DPPH) -8<H(60 uM)< Z7}sk
o 10z ¢ Rk o EFEAES quartz capillary
tubeol] &3] 3 28 Fof electron spin resonance(ESR)
spectrophotometer(JEOL Lts., Japan)Z SA3I¥ T ~HE
L2 scan time: 2 min, field: 337.1+5 mT, time constant:
0.3 s, power: 1 mW, amplitude: 1x5008] o2 7=
sttt @4kstA Fol| i3k DPPH radical 4784 o}
o] 21& o]gate] ALkt

Activity(%) =

ESR signal intensity for medium containingthe additives of concern
ESR signal intensity for the control medium

> 100

6. Hydroxyl 2iC|Z A7{EHM

EF Fu9 WegkE FEE9] hydroxyl radical &~
dL2 Rosen 52 WH(Rosen GM2} Rauckman EJ 1980)
of &3kl SAsAT. &, AT} = AB(EE vita-
min C) 20 pLE etubeoﬂ T2 % o47]e] 03 M 5,5-
dimethyl-1-pyrroline-N-oxide(DMPO) 20 pL, 10 mM FeSO4
20 uL ¥ 10 mM H,0,/0.1 M phosphate buffer(pH 7.4) 20
pLE Frksted EFT oS ARolA 258 WX F
quartz capillary tube®] %71 ESR spectrophotometer2 =
Attt F4kstA S0 g hydroxyl radical 4~7E4d
o] A4k 219 DPPH radical 2484 =4 Wiy 5
SEE

7. Alkyl 2iCc|zh A7{EhM

s B vEs F2EY alkyl radical &~72A4
2 Hiramoto 52 *'H(Hiromato K & 1993)° &3}
st @48l A B(EE vitamin C) 20 pLoll =57
20 uLs &3 F 40 mM 2,2’-azobis(2-methylpropion-
amidine)dihydrochloride(AAPH) 20 uL& “¥il 40 mM a-
(4-pyridyl N-oxide)-N-tert-butylnitrone(POBN) 20 uL& &
&3 b 37 C ol A 3023 ¥H-& = quartz capillary tube
o 27 ESR spectrophotometer= =43} Th &4kl Al
Soll thd}t alkyl radical &AZAIe] A4HE 9]e] DPPH
radical 227184 574 Wiy} Tt

Table 1. Yields of methanol extracts from Citrus peels

RN - 0 - oA - AR
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8. Hydrogen peroxide(H.0,) A7{&HMd

AR A3 ves FFE9] hydrogen peroxide 4=
AL Miillere] W Miiller HE 1995)%1 2,2-azinobis
(3-ethylbenzthiazolin)-6-sulfonicacid(ABTS)-peroxidase sys-
temol| A SA3IHTE 96 well plateoll A Al E(E+ vitamin
C) &9 80 uL, 10 mM H,O, 20 uL phosphate buffer
(pH 5.0, 0.1M) 100 pLE o] 37TColA 5EF HEA|
Zo. 1 % 125 mM ABTS 30 pL®} 1 U/mL peroxi-
dase 30 pLE Fil EHIF F 37Tl 1023 HHA]
7131 enzyme-linked immunosorbent assay(ELISA) reader
(Sunrise, Tecan Co. Ltd., Grodig, Austria)E ©]-83} 405
nmollA FBE=E S35

9. SAXz|

2 A7 A3 Ade 33 v 4% g1t 3
FHAE JEh ST, SPSS 11.18 o] 83} El‘é%
9] f-9*= Duncan's multiple rangeZ 753k $ p<0.
TFFoA 4E vlnstH T

=] 3
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_8_

[:l

S A
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e, 2 BoskEe Al FEF

A= Table 19 YERAATE FE27&2 =9 %
(AZ79)(40.7+1.6%) & Al 2J3tale 27.541.5~31.4+1.8%
o] MREA AR HIESHATh =3 X127 s 77
7<134( Aza]) et ARt FAAY] T3 (p<0.05)
£ veiisloy, £33 aek Aaajztels A
A 2 p<0.05)F AT 4= STk

-y
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[ele) = =
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2. & Za|nls B
s ST A=A G BEss 23 AR
24 IS IS B SRS BYsE gle
24 HREe A SFEe Az guE, gad 5
=

of

i)

3} o ~H 2 AZE o]Fa § 74‘4-(Herrmann K 1989)
FAZ SAFHNiwa Y} Miyachi Y 1986), <4F7]
T3 FaFoed de YTy 8 st oty
FitslbsS YERATHShahidi F2F Wanasundara PK 1992).
%, polyphenol = Ae] &4kt AA L}t A A7)
2HE 245 Bo3) T+ 9ES IHKim JK 5 2006).

(%)

Citrus sunki Citrus unshiu Citrus natsudaidai
Peel Dried peel Peel Dried peel Peel Dried peel
30.6+2.4° 40.7+1.6° 27.5+1.8° 27.5+1.5" 29.9+1.9% 31.4+1.8°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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Table 2. Total polyphenol contents of methanol extracts from Citrus peels

AFeat 2 Ak st o) gpakst ety 91

(mg/100 gL)

Citrus sunki Citrus unshiu Citrus natsudaidai
Peel Dried peel Peel Dried peel Peel Dried peel
418.0+7.2° 367.947.6° 303.8+16.8" 267.746.0" 396.1+14.7° 326.7+18.0°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.

1l

27U 9 skEe] Ay F s S
g+ A= Table 20 Ui 3 Eds 3
A 7}37)(367.9+7.6 ~418.0£7.2 mg/100 g)7} N3] (A=x3}
71)(267.7+6.0~367.9+7.6 mg/100 g)Rth E3koH, &,
sk, &5 ¢AE Btk Mg, 25497 9 g
Zrzkel 3o} A 7boll= FAIZ 423K p<0.05)%
YeRASE Ahn MS 5(2007)2 52 dxd 253U
o] 70% oleHE FEE2 F HA=TH 836.8 mg%etal
B3l o, Kim YD 5(2009)& 3+ A7|HE &
o] ZE)dE o] 126.8 mg%olA 852 mg%= 7
23tk B8k, Goinstein S 5(2001)S 7 A
zale] gEAQl ZAER A, HE 5o HIo
sbiE F ZEvdlE FES 140200 mg% AH=olSdTh
3 BsiRth B A743 Ahn MS 5(2007)8] AR
= 23~3.08 Ax WA YER o, Kim YD 5(2009)
42 Goinstein S 5(2001)2] ZAFHT}= Z47F 3.3~4.34)
2 2.1~2.68] =A UERg=d], o]Eg Aol A5 A
zx3, FEEE, FE89, ARz 59 Aolo] T
Aoz dHET)

rlo
ol ™

3. & Sapwwo|s &
A7, L0 9 sh@el Ao F Fepuwols §

FE ZAT AHE Table 30 eI & FehR-
ol g s

F2 & Zods e vidlE dacdzs
3])(101.2+1.8 ~138.7+3.5 mg/100 g)7} A 73)(96.6+2.5~
122.5+4.3 mg/100 g)Btt =UTh AAI 9 F SR
olt gFE 2FEL, s B IEY SAE =k o,
AFAzAa) = ok, 27898 9 129 &A= =%
o g3 sk Z4zhe] 299k AuRtols FAIZ QL
22K p<0.05)E YERN oY, 2FU7tke] a9} A3
T3tell= AR FAHp<0.05F &IT F fidTh
Yang YT 5(2008)°l oetd 2547 o] Zeprro]
T 3k oF 3453 mg%(rutin 13.6, naringin 241.8, hes-
peridin 285.2, neohesperidin 3.6, hesperidin 1.1 mg%)=

A 7-8(199.4 mg%) Rt oF 1.7v) E1 F/FE TJSsH
zAQ3tty Rustgch B A7 Ax} olSo Azrtt
+ oF 2.8u WA YvERstth

4. DPPH radical A7{&M

e, 23U 9 3&2] 339 DPPH radical 427
A4S =A3 A= Table 49 YERJATE DPPH ra-
dical 2AZH L AlgdE BE FollA 3, 254978 2
e AR ZTE T3 Aa)rt Z9)(d 2|
Hgte 2 A4S Uehgiith =3 17 9 E A9
3 HE AREL 1.0 mg/mLolA 84.7+2.1~92.842.9%
2A w9 52 245 JeEiglen, 53] st A
3= 0.5 2 1.0 mg/mLolAl ZH2) 87.442.8 ' 92.8+2.9%
24 ek C(@Z 77.9+0.7 © 81.9+1.1%)RUE E&
23 YERATE 1Cso2 3t A H3(0.14£0.01), 27
U7 A79](0.24+0.01), 3= F3](0.31+0.03), = A3}
3)(0.44+0.02), 2FU 7+ 215](0.54+0.03) 2 & 23)(0.56+
0.06 mg/mL)e| A=A, k=9 Xyjef Ay 9 2
Fzke] Qe A og AL YoRLE 50%9] A
A4S JERAATE You IM 5(2005) fAke] £
FE2E9 F ZYve ¥ DPPH 2AFS 4319
A HERT fooA =L st a9t S-S
Husldth Kang HI 5(2003) &3228 e
ZABE g4 F2¢ § DPPH AAFH5E =
I} A7 Bt HAAFAF0] 33%NA 10%=E FA 3
8-S 8213k vl Tt Jeong SM 5(2004)8 7
o] YHLHE AHEdt F 70% LR FEI¢ F
DPPH radical £AEAE A3 A3 FHI 52.27%7HA
Aol Yepdtta stk B AFE3 Kang HI 5
(2003)9] Ao} rR AR FE2E] ¥ 71
2} DPPH &AEdo] F7letion, & A7 A5
=59 o] 0.5 mg/mLAlA+= Jeong SM 5(2004)2]
o} vl ALY =2 ARE Yepfith oy Ay

= 2w 18 59z 9 51 27ke] DPPH radical

e e 8

Table 3. Total flavonoid contents of methanol extracts from Citrus peels (mg/100 g)
Citrus sunki Citrus unshiu Citrus natsudaidai
Peel Dried peel Peel Dried peel Peel Dried peel
96.642.5° 101.2+1.8" 122.5+4.3¢ 123.303.1¢ 113.0+1.9° 138.7+3.5°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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Table 4. DPPH radical scavenging activities (%) and ICsy (mg/mL) of methanol extracts from Citrus peels

Extracts Citrus sunki

Citrus unshiu

Citrus natsudaidai

Vitamin C
(mg/mL) Peel Dried peel Peel Dried peel Peel Dried peel
0.125 19.1£0.7° 13.6+1.2° 24.5+1.0° 20.8+2.3° 47.5+1.9° 274+1.7° 58.4+0.9f
0.25 34.8+1.7° 28.5+1.3° 53.1+1.9¢ 43.242.0° 66.3+2.47 46.6+3.2° 59.1%1.2¢
0.5 55.441.9 47.5+1.5° 76.62.2¢ 47.042.2° 87.4+42.8° 63.14£2.6° 77.9+0.7d
1.0 84.7+2.1% 67.8+0.8" 89.742.5% 82.842.3° 92.842.9¢ 86.3+2.9° 81.9+1.1b
ICso 0.44+0.02° 0.56=0.04° 0.24+0.01° 0.54+0.03° 0.14+0.01° 0.310.03°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.

AATHE A7t ARk BAHQ o7 (p<0.05)
 YehiEA Sl dehde & 5 gglon, 5ol £
Fuzel 29 B B st ARIE F8% 75
QgL ﬂ%o}h Ao Helth

5. Hydroyl radical A7{&HAM

g, 547 9 =9 ]2l hydroxyl radical 4
AEHE =43 A= Table 79 YERIITE Hydroxyl
radical iﬂ%/‘é% sha, 297, g ¢AE =%k
o XE2 0.5 mg/100 g o3| FEolA Huje] &Ao]
%o, 23U 0.5 mg/100 g& ALstas T
(AxH) e &Aool U, =S BE sl A
o] &Aool Etk Ty skEe] AFT(72.1+0.07%)
9} Z13)(71.742.6%) 5 ALlstals 2.0 mg/mLAAZAE
70% T]9H49.6+3.3 ~63.5+0.9%)2] AAZA S UrE‘rlH?iE}.
ICso2 3k A33(0.96+0.07), 3k 21371.24+0.08),
A7F 219)(1.46£0.12), A& 213](1.58+0.03), _T‘?J_ﬁ *@
H37(1.9740.17) R X& AH73(2.0240.26 mg/mL) A=

Al ksl S ‘4’5}‘417] AelAE e SEMETE
Hoh o B2 &Y F=E0] 8% 2oz HRt 9]
Aol AxlEZ E u hydroxy radical 2AEAEL Ja %
277 97 AR R FAAL] FoAE
L]'E}Lﬂuﬂ/ﬂ W, sk A vt bR
e As & ‘F AR T3 hydroxy radical &~AE
AL OE AL FE Bt Yko) 2.0 mgmL
o)A hydroxy radical &~A&d0] 50% o4l o2
B} o] AE9 JleAS AT+ AATh

o
73
o
puw A W

6. Alkyl radical A7{EHd

g, 5797 4 29 99 alkyl radical &~HS
A4S =233 A= Table 69 YERAATE Au] 9] alkyl
radical 24&4E 0.25 mg/mL ©J3lollA sl=, & L
ezmzte] £AZ 05 mgmLold LFu7 #F o
g A2, 183 1.0 mgmLolA 25U &
2 sk SAE 3T 9 279)9] alkyl radical
2AEAL 0125 mg/mLAlA 2527, st= 2 g9

O

Table 5. Hydroxyl radical scavenging activities (%) and ICsp (mg/mL) of methanol extracts from Citrus peels

Extracts Citrus sunki Citrus unshiu Citrus natsudaidai -
B 3 - Vitamin C
(mg/mL) Peel Dried peel Peel Dried peel Peel Dried peel
0.25 8.940.6" 13.6£1.0° 5.0+0.7" 5.0+0.8° 13.5¢1.1° 25.6+1.9° -
0.5 23.8+1.1° 15.6+1.1° 31.541.1° 26.5+1.0° 30.0+1.6° 29.3+1.4° 32.540.3°
1.0 37.6£2.0% 31.7+1.1° 36.9+1.0° 40442 4° 51.9+2.4° 43.0+2.2° 63.0+0.7°
2.0 49.6+3.3° 63.5+£0.9° 50.442.7° 61.242.6° 72.142.7° 71.742.6° 91.1+1.5¢
ICso 2.0240.26° 1.58+0.03¢ 1.97+0.07" 1.46+0.12" 0.96+0.07° 1.24+0.08°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.

Table 6. Alkyl radical scavenging activities (%) and ICsp (mg/mL) of methanol extracts from Citrus peels

Extracts Citrus sunki Citrus unshiu Citrus natsudaidai ) .
- - - Vitamin C
(mg/mL) Peel Dried peel Peel Dried peel Peel Dried peel
0.125 34.6+1.1° 25.7+0.3 29.8+0.4° 46.1+0.93" 39.5+1.6° 37.240.9¢ 52.6+0.7"
0.25 49.1+1.6° 31.5+0.9° 39.3+1.8" 47.4+1.37° 49.3+2.2% 59.8+1 44 55.5+1.0°
0.5 59.542.9° 60.5+0.6" 66.6£2.3° 63.6£0.88" 65.1+1.5° 68.2+1.6° 66.2+1.0°
1.0 76.242.3° 68.420.7° 79.7+3.1¢ 67.6+1.82° 73.5+1.7° 82.1+1.6° 69.2+1.1°
ICso 0.28+0.03° 0.41£0.01¢ 0.35+0.02° 0.300.02° 0.27+0.03° 0.20+0.01°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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Table 7. Hydrogen peroxide scavenging activities (%) and ICso (mg/mL) of methanol extracts from Citrus peels

Extracts Citrus sunki Citrus unshiu Citrus natsudaidai L
- - - Vitamin C
(mg/mL) Peel Dried peel Peel Dried peel Peel Dried peel
0.1562 20.9+1.6° 21.9+0.7° 38.240.9° 5324247 40.0+1.2¢ 45.8+2.0° 54.5+0.8"
0.3125 32.840.4° 33.840.6" 61.6+2.8° 76.543.1° 60.8+0.2° 68.942.5¢ 77.9+1 4°
0.625 49.4+0.5° 50.620.7° 78.2+1.0° 74240 4° 77.5+1.0° 79.10.2° 82.2+0.4"
1.25 69.4+0.9° 65.3+0.8" 77.9+0.6° 74.440.7° 89.0+0.5" 87.6+0.5 92.2+0.9°
ICso 1.03£0.26° 0.98+0.01¢ 0.38+0.02° 0.2120.03° 0.37£0.01° 0.3020.02°

Values with different superscripts within the same row are significantly different at p<0.05 by Duncan's multiple range test.

£ARZ, 0259 0.5 mgmLolA shE, 25347 2 g
o] ¢=ME, 283 1.0 mg/mLolA 3, JNEy 231
ZHel =AZ2 =gt JEL 05 mgmLS ALstas
o] gAdo] Etow, 237 0.1259F 0.25 mg/
mLE AYstae AT &Ado] w3k, s 0.125
mg/mL< AlQJstale X199 &4do] w3t 53] 1.0 my
mLolAE 2E ZEASE] HEN C9 HISBAY =
< 4 eI 1G> 3k 713(0.20£0.01), 3F&
AY7431)(0.27+0.03), 2 AY7(0.28+0.03), =527 F17))
(0.30£0.02), 2FU7F A 749)(0.35+0.02) 2 2= 3041+
0.01 mg/mL)e] =AEA, stEe] 97t 7 2 &
AZAE eI o] o2 E of alkyl radical 44
gAe Hgel 7 Ayrs JadA BEAZ &
9 2Kp<0.05)E UERNHA E3to), 5477 sk
A5 Fo7t ARG E5S ¢ F AT

7. Hydrogen peroxide A7{EHM

e, 257U 9 skEe] #3]9 hydrogen peroxide
2A84E A3 A= Table 791 YeERNSITE A3
9] hydrogen peroxide A&AHZAFL 2FE7, o= 2 3
29| A2 =tk 9 (A= 025 2 0.5 mg/mL
NA 27, sk, EY AR E3ou 1.0 %
2.0 mg/mLolA sk, 23U, 2F SAHZ =90t
227 k=2 1.0 mg/mL o34 Zlo]e] &Ao] &%
O, 2.0 mg/mLollA= AT o] S0 YT 274
72 0.5 mg/mL °ol3tollA ZlT]e] Aol EkoL 1.0
mg/mL o] ol A Ao o] &9t 53] st
Astal 9 3= 2.0 mg/mLolA 87% oo w2 &
AE e 1Cs2 2727 %19(0.21+0.03), 3=
Z13(0.30+0.02), 3= A3H3](0.37+0.01), =F27 A3
3](0.38+0.02), F& F3](0.98+0.01) B & Z3(1.03+
0.26 mg/mL)2] =AZEA, HEe] Azuel o= A
Ao R 50%2 AAGEE JdERNT] flEliAe v F
2 ZQa= 3¥UE Kim YD 5(2009)2 8 A7
2 AF A AEE ARt o5 #39] hydroxyl
radica 2AE3& SAHT A3 X2 &4 62.8~75.1%
o] HAZA FEAVIER Z zbol7t Tk SHSTh

olgel AT B u QAF LFUZ U HE e
hydrogen peroxide A~AEA-S 37} A rwt FA
ARl & p<0.05)F HolHA H55 & + AU
@ exuz ¥ shzel Aush Anus A I3
of gt mwl-¢- & B8-S YElE SR Hol o)
&3 st Ede ek AoE ddHEnh

o

o nln (A

2 A7 X, 27978 9 gEY Az
2 ARy Hegs FEE F ZYds I, T F
gR-olt 3 gl sl S AT & 9
HE T ol Higt] gHujox =ghkom, Tt
g, s, 27479 AR Ytk v, I SR
wolt R AR oA Edth Aol F
SttE ot e 25U ok, JNEY SAE
ko), A= skE, 2597, XEY AR =T
DPPH radical &AL 3tg, 25787, 29 &4
2 EZkow, A} 9B g w9t 53] skEe A
A= 0.5 2 1.0 mgmLoA HEW CEUOE &2 &
A& RATh Hydrogen peroxide A7EA-2 A3} ol A
=797, ok, =Y A2 F=)34th 9= 0.5 my/
mLellA 2597, sk, JE9 A2 =%o 1.0
mg/mL olFellA sh, 25Uz, JNE FAE YT
53] st A3y 2 3= 2.0 mgmLolA =& &
A4S YJeRAYE Alkyl radical &4 Axyjel R
o] o Res S8 g F2Ed & T FAEES
3lg 4= QlITh Hydroxyl radical 2AEA-E sk, 2
47k JEY #AZ Utk T2y Hydroxyl radical
A2AZEL 8 SNAET 2AGAH vlste] A
o8 o B345 YESI
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