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ABSTRACT

In this study, the HPLC conditions were investigated to quantitatively
determine flavonoids in ethanol extracts from Jeju citrus peels. In addition,
antioxidant activity of those extracts was evaluated using various methods.
Described below is the summary of the experimental results.

The concentrations of total polyphenolics in extracts of citrus peel were
determined by colorimetric methods. In the results, the polyphenol concentrations of
ethanol were 7.25% for Citrus unshiu, 11.04% for C. Jinjihyang , 7.86 % for C
hassku Hort, and 16.73 % for C unshiu(Unripe Citrus) respectively. The total polyphenol
contents showed big differences depending on the citrus species and the harvesting
times, and were decreased in accordance with later harvesting time.

Based on the flavonoids analysis from citrus peels, the followings were
determined to be the major components; rutin hydrate 0.24 mg/g and hespeidin
43.80 mg/g for C. hassku Hort, ferulic acid 0.73 mg/g and hesperidin 5.57 mg/g
for C jinjihyang, naringin 47.68 mg/g for C. Unshiu, rutin hydrate 0.82 mg/gand
ferulic acid 2.78 mg/g, hesperidin 8.40 mg/g for premature C. Unshiu. In
addition, naringenin, hesperetin and tangeretin were detected as the minor
component for above 4 citrus species. Naringin in C. unshiu, and hesperidin in C.
hassku Hort, C. jiyyhvang, C. premature C. unshiu were identified to be present in
considerable amount. On the other hand, quercetin was not detected in this study.

By the examination of antioxidative activity using eight flavonoid standards,
higher activitis of DPPH radical scavenging, superoxide scavenging, and xanthin
oxidase inhibition were observed in rutin hydrate, ferulic acid, naringin,
quercetin and hesperetin. On the other hand, hesperidin and tangeretin showed
lower activities compared to other flavonoids.

In general, the extracts of Jeju citrus peels showed higher activities against

antioxidative examination such as DPPH radical and superoxide scavenging,



nitric oxide inhibition, =xanthin oxidase inhibition. Higher activities were
observed especially when the extract contained wider range of flavonoid
species.

By the examination of antioxidative test on HepG2 cells, the extraxt of C.
unshiu peel showed ROS scavenging activity. The extract of (. Jjinjyvhvang as
well showed considerabl activities concentration dependant manner. By the
combination of above results, Jejy citrus peels were considered to have
preventive effects for the chronic disease associated with ROS attack.
Especially, peels of C. Jinjihyang, C hassku Hort, and premature C unshiu are
expected to be applicable as the ingrediients of functional foods related to antioxidative

properties.
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Flavonoid &5 F%317] 918t AH&9 AT 2 /v 2523 trus unshiv),
AAGC unshiu x (C sinensis x C unshiv), Z2HC hassku Hort), &F wA%IHC
unshiu ; Unripe Citrus) 4502, Alg2 A3 i+ 242 I-1(7A1EH), M-1(Z2h), K-1
(5 A=), H-1(25 93hE 2=3} 33t

e B9 F9 flavonoid 7 #E H9E 4% ¥
e F olE 70% dEgR AoA 1749 1 HA AA FEIAT. FH T A}
i

4 Ax7E AHeste] zhol

I~

Z99E 335 FFSS Folin-Denis¥S 7 MEAA 2400 WA £
Wi 3 E g3 AFS 9 P S tannic acid (Sigma) & NS AFEste] =
Astgdtt AEA AL F28 ML tannic acid 1 mgS 50% WEFLS8H 1 mlel =
o] WA AL (stock solution)S FA|stL, o|E HFFLZ7 0, 325, 75, 125, 250,
500 pg/mL7t H%E H3 AFESH Y. 2831 UV-Visible spectrophotometer® 725
nmel A FFEE FAHs AFHS AR AR EYHE 3FEE FHS ¢
3 2E WyPor FAsn WA FEHY FEES 1 mg/mL FEE ethanol:

1 = 02 mLE Al@d#el Hslol /T2
St} 7] 0.2 mL Folin—ciocalteu’s phenol reagent (Sigma)S %7}
sto] 2 Z3ek & 3% 7F Ao WAEHATh o] &Ae] 2M Na,CO; &4 04 mLE

ekl EFa, A FHFE 4 mLb HER FA: ALNA N G F 4



3. Flavonoid &% &4

g

Flavonoids #4& flall 2593, A, 25 sy, 4 458 453 39

T Azxd B9 E 70 % EtOHZ FE3 3 5359
Z47bol F&=E AE 1gg 10mLY MeOHE =< & 045um syringe filter (MFS,
MFS-25, 25mm)Z YPAE A=23, A4S flavonoid A48 A|EZ o] &3t}
HPLC +#4 ¥+Ed2E Sigmarle rutin hydrate, ferulic acid, naringin,
hesperidin, quercetin, naringenin, hesperetin 53 A%< AF£3}% 31, tangeretine

Wakorh S5 A1eFS ALgatsich.

2) HPLCY A= %3 A9

HPLC 414 flavonoid & 41 913 AE94E B4 EE =07 flshd,
AFA o] UV-Visible spectrophotometerg& AF-83te] Zt flavonoids &2 9] H &%
B34S SAE 5 o] S AdEsiitk(Figure 1. o] w7} flavonoid
3732 rutin hydrate 255nm, ferulic acid 320 nm, naringin® hesperidin 280 nm,

quercetin 357 nm, naringenin¥ hesperetin 287 nm, 12 3 tangeretin< 287 nm©] 1 t}.

1 F Minngenr
el | ]

I g T —
I - r T 1 AMarngm — o=

e ——— o 1] = e,
3 _'._. _'\- _;lq:rf_:. . el
N 14 e e Y g -\,L _' '_"\-:__\_ 4
Pl ) T g 06 =l Sl 00 ) B

Figure 1. Maximum UV-Visible absorption wavelengths of

each flavonoid compound.
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3) HPLC #4] =21

Ay 70 % EtOH +%% % flavonoid 7+ A &4 dl& WatersAte] HPLC
(waters 2695)& ©|€3ith. HPLC #4dA £ A2 acetonitrile 1,000 mLol acetic
acid 5mLE £33t gM9 Z44 1,000 mLel acetic acid bmLE £33 &N F
FE AR, 71&7] SyHoer Egstgdrt. olw flavonoid AE A
HPLC 7171%2& Table 1 Wepilal, ol 5ol 7]&7] &+ =35 Table 2
otk & olggt A xHe R #Eld 8F 9 flavonoid wEHe ARZvEIRNS

Figure 20 e A TE.

Table 1. HPLC instrumental conditions for flavonoid analysis.

HPLC Waters Alliance system, Waters 2695
Column Atlantis dC-18 (3.9 x 150 mm ID. 5
Detector um)Photodiode array Detector
Flow rate 1.0 mL/min

Injection volume 10 4
Column Temp e
Sample Temp 10T

Table 2. Mobile phase conditions for HPLC gradient—elution.

Program order Time(min) Acetonitrile(%) Water(%)
1 0 20 80
2 10 20 80
3 11 45 55
4 16 45 55
5 17 75 25
6 20 75 25
7 21 20 80
8 22 20 80
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Figure 2. HPLC chromatogram for flavonoid analyses.

4. 37tz 44

1) AATAS 5H

HAAE o] 5 (electron donating ability) =732 Blosis ®¥Hel| ¢]3 DPPH free
radical 2719l wel ZAsAT? =, WL [ o Fxe AE 474 9%
well platee] 100 w4 #5331 0.4mM DPPHE NS &
W23 & 517 oA EFEE 24k o] W iR EE ascorbic acid, butylated
hydroxy anisole(BHA), trolox& A}&3}$9th. DPPH radical 2A &L oo H oz
BH AFEeola, DPPHO F4 %71 50% #4E o dehds AR FRI0o)® &

Alatlem, 7F AsHz 33 uks AF F gae 7otk
DPPH radical i7ﬂ %]—/‘6] (%) = (Acontrol - Asampl)/Acontrol x 100

Asample = A]E—% 7;(5]!7]'?_]_' ‘?}%91194 %"%E

Acontrol = AEHA HlEHES A7}al whgole] FFw
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2) Nitric oxide &4 &4 &3

A A © 2 nitric oxideE A dE E 22 sodium nitroprusside (SNP)S Al-83} ]
A 29 nitric oxide 27 L& AASAUE? 10mM SNP & 200 ptol] A=
SEEE Hrbstar 25 TollA 3AIZF &9 WA Z T whgo] € & w3 o
3k k9] GriessAl¢F [25% (v/v) phosphoric acidoll A 1% (w/v) sulfanilamide$} 0.1
% (w/v) naphylethylenediamine]s # 7}t th. A-2oA 10+ &< vESAIZT $ 540
nmol A FFEE SA3te], HESHE o F A (nitrite) 9] F LS E nitric oxide A~ EA
= AF=Eskdth Nitric oxide £27184 & 3 %7F 50% #4E wf Yehds A8 F

T (ICs0) % A AT

3) Xanthine oxidase YA ¥ Superoxide &4 84 =7

Xanthine/xanthine oxidase®l <]t uric acid A4 290 nmollA F7Fd F3 X
o3 =A3} L, superoxide? %2 nitroblue tetrazolium (NBT) 2HHEH| 2] )
ZAstgoh wmede zk ww 7k Agek 05mM xanthine, 200 mM phosphate
buffer (pH 7.5) 100 w2 &31% 1 mM EDTAZS +18t 1, olu enzymel & 50
mU/ml xanthine oxidaseE H7}sto] uric acid®l S FE=3F% T Superoxide
2SS 9 v 0.5mM NBTE #H7bste] ®Eg-AlZ o} Xanthine oxidase A
9 superoxide A7 AL 7z AAFE uric acid®t superoxide® FHF=7F 50 %

e o Jehds AR TR(I00)E EASA

1) Al=Euf

B oAFo| A= A EFQ HepG2 A EE AFESE o™, AlX+= 100 U/ml penicillin,
100 pg/ml streptomycin, 10 % $-Elo}&* (fetal bovine serum)e] *¥3%tF Dulbecco’s
minimal essential medium(D-MEM)& AF-&3ke] 5% CO.8F 37 T7F A ¥ = vl%7]
ol A wigetA L, A WS 374l A A&
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Figure 3. Concentrations of total polyphenolic compounds in ethanol extracts

Concentration(%)

from four citrus species.

2. Flavonoid9] HPLC &4

1) HPLCY HZFA 2 AdAH A}

HPLColl ¢]& flavonoid 7+ 84S fla] A3 A &S Figrue 401 Wbl
o} oju] ¥F8 N FE WS rutin hydrate, naringin, hesperidine Z+Z 0.01, 0.1,
0.5, 1mg/ml, ferulic acid, quercetin, naringenin, hesperitine Zr2} 0.01, 0.1, 0.5
mg/ml, tangeretin Z+Zz} 0.001, 0.01, 0.05, 0.lmg/mL°o|t}. A3toA BE AXH Z+
flavonoid®] HPLC #4] # &2 09994 ~ 1 H92 =2 4o4S el

T Z} flavonoid ¥ &8 05mg/mLe TEE 7|£o 2 530 ZA W& F4

5
& i EEHAE Table 30 530t ®olA W= whsp o] v=aw

a2
lo
ox
=

|

TH A= tangeretin®] 059 ¥ = 7F 2Fal ferulic acid7F 1.81 = 7F¢ & Aoz =
Atk T3 HEES A7l AU ESFHAE  tangeretine] 0.06 ¥ 2 7FE ZFa
naringin®] 120 %= 7}¢ 2 < Bt o4 # flavonoid EFE RS AL83l]
HPLC #A4oA 9] skt vFF A7t of

of hAlAew ¥3e AAE Yelle Aow ZAHA



Table 3. Mean and relative standard deviation(RSD) of peak area and retention

time for HPLC analysis of flavonoids.

Peak area Retention time(min)
Mean RSD(%) Mean RSD(%)

Rutin hydrate 18.0 < 10° 1.39 4.823 0.77
Ferulic acid 52.3 x 10° 1.81 6.922 0.72
Naringin 15.5 x 10° 1.45 8.609 1.20
Hesperidin 14.8 x 10° 0.72 9.421 0.99
Quercetin 32.4 x 10° 0.81 13.788 0.07
Naringenin 36.5 x 10° 0.84 14.715 0.09
Hesperetin 35.8 x 10° 1.12 15.091 0.09
Tangeretin 4.5 % 10° 0.59 19.081 0.05
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2) Flavonoid $t% £4 23

7+ Fy)ol] v oo w stiEo] gt B ¥ flavonoid A#-2 rutin hydrate,
ferulic acid, naringin, hesperidin, quercetin, naringenin, hesperetin, tangeretin 5 ©]t}.

B AL o5 839 flavonoidE FACoE 7t

il

H] Fof S HPLCE 243}
Atk 4% AFAF g HTolA flavonoid®] FHEFS A4S AAE Table 401 2 °Fs)

Stk & HPLC £4 Al o] A 559 chromatogram$ Figure 5 ~ Figure 8o U}
ISR =1

A Ay A Bl ule} Zo] 7 HIoA FEI ZFEE T flavonoid FHE
=1

=
Hl ] B, rutin hydrates A goly 2FA A= Fr|HFoez dEFHoy, &
2hol = 0.24 mg/g, =F VAT A 082 mg/gl R o5 2Fo AyHorn we
ol skREo] Q= Aoz FAFHAY. T ferulic acide A Fo A 0.73 mg/g, =+
n A Lo A 278 mg/glE 25 S MY =4 HAEFHU LW, naringine
SFURANAT 4768 mg/gE otF =2 stHS UEM AT Hesperidin +41 2o
Mz AAZNA 557 mglg, &F Sl 840 me/gel S Heol Wi, It
dlA= 4380 mg/g= 7 wA RFS WAt 3 naringenin®] $EFE B,
2ol 4 0.08 mg/g, A&l 008 mg/g, =F=HlAM 001 mg/g, <=5 vAdst
A 0.71 mg/g® TFS HEtde]l dAH w2 e FEFA v w0
Ao e vy 2§52 YeERHRITE 28] 3 hesperitin A #-2 221 A] 0.20
mg/g, AAFNA 0.07 mg/g, &FE3A 0.24 mg/g, =7 HAESTIA 018 mg/g
o] &S e A, tangeretine ZAboll A 0.18 mg/g, SFE oA 046 mg/g, <
T WA s IA 025 mg/ge® tAlHor H=3k e S BAloy XA ol
e 093 mg/geE AUAHoR H& d3S Bt ¥hHo| quercetin® F$ EE
=

HEFAA HETA oldte] =S Hole Jow

rir

<
rlo
N
k)
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Table 4. Flavonoid contents in peel extracts of four citrus species, determined

by HPLC analyses.

Flavonoid contents (mg/g)

Code
RT FA NG HD QC NGN HT TG
(255nm) (320nm) (280nm) (280nm) (357nm) (287nm) (287nm) (320nm)
M1 0.24 - - 43.80 - 0.08 0.20 0.18
I1 - 0.73 - 5.57 - 0.08 0.07 0.93
H1 - - 47.68 - - 0.01 0.24 0.46
K1 0.82 2.78 - 8.40 - 0.71 0.18 0.25

RT @ Rutin hydrate, FA : Ferulic acid, NG : Naringin, HD : Hesperidin,
QC : Quercetin, NGN : Naringenin, HT : Hesperetin, TG : Tangeretin

Figure 5. HPLC chromatogram of HI1
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i)

3

3. I3} 2

1) Flavonoid ¥+ & &9 &4k3} &4

(1) DPPH radical &4 &4

Pabsk w4 7 SAA] 1AL Fyrlie weete Ae® #Ev] & AR
< @A Z(free radicaloll AAE Tt A= Fo FA4bst T A A =
3= dAsleE =2 AFEE T DPPH(,1-diphenyl-2-picryl-hydrazyl) = <+4 3

e

#]7] &2 cysteine, glutathione®} =& o} x=At3} ascorbic acid, aromatic amine(p
-phenylenediamine, p-aminophenol) 5ol 93l o] Az iks 549 3
Aets ZAo] wol ol gHx rt?
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8% ¢ flavonoid EF=4d3 A 8% Ab&ste]l DPPHE| free radical &7 &4dH o=
gitsl d4S S43% A%E Table 59 Figure 99l YeERUIATE Ao Al B %o 7}
flavonoid®] ICsy # < rutin hydrate’} 22.4 uM, ferulic acid’} 107.8 uM, quercetin®|
187 uM, naringenin®] 132.2 uM, hesperetin®] 4095 pM=Z YEIto™ HH T
radical 227 45 Hole Zom FAEHIIY. 53], Bl el o5 flavonoids
% rutin hydrate®} quercetine HETS =2 AF83F ascorbic acid, butylated hydroxy
anisole (BHA), trolox9t 71¢] &53% &9 =2 DPPHO free radical 471 €4&
Hol= Ao Foudrt. 22y naringin, hesperidin, tangeretin® 7%+ ICs kol
1,000 pM o] o 2 DPPHO| free radical &7 @Ado] 28 =X && AHo=z 3y

At

AXNFBNO)E BYFOEN AEZHl Fsu  dFed NOok AAHH

nitrozation, nitration?} =& FHA g3 P ASRESS of7|ste] fralgd EE
YetA "o 53] diAAEZE g8 HuN AAdEeE NOe FHxAd
AEZmAEE el Aoz 484 dvk 28y NO9 wt7l= 6 ~ 1022 tids]
#H7) wZe ddAem AYPHow HEsted B2 oElwe]l wEth wie

E AFo A flavonoide] nitric oxide A A3 AL, nitric oxideE A sI=
249 sodium nitroprusside (SNP)E A}-&3}e] o}&A4F (nitrite)d] ¢S =Hste
WO nitric oxide AAFAES AFESEAT oY WHoR ZF AR mhes
i AstEe g AFrtEEAd A &4 A3E Table 5ol UEWd. A
A3}, 7+ flavonoid?] ICs a2 X7 1,000 uM oo 2 veElyal, 2 Ao A o] &4
8% flavonoid®] 7, nitric oxide AA A Ao athx =4 EL& FHo=
HI7LE Atr. 218y Figure 109] AZoA B %o] o]& flavonoid % rutin hydrate?]
Y= avnl 7 oEXHOE nitric oxide AAAS Aol FItE = AIES

Hol= Zloz EAEAY
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(3) Xanthine oxidase QA &4
Xanthine oxidase™ AFs}4  #7 oA xanthine dehydrogenase=+4-El A/ F T},
xanthine oxidase™ hypoxanthines AFshA| A HEX OS2 uric acide} AHAE A shH
Ahafre 71 s 77 o] AMARFE O HAEA ®vh. Uric acid® 42
AeEEI 5SS FEseE AoR A JdormF uric acid Al A AT}
g E42ZA4 8 Aot =] xanthine oxidase®] <3l

AAE AxaggrE Axe 4 zdac ged x

AAY 5 Qe BE B AR £ge] el F83 Aol
acide] X7 EobAWA dolutm, olFol ARFAE olFo] Al FAHY 4TS
fsha, A 49 Al

AgAZ AHEE o] gton FFAFol AMEH= BH R allopurinol, alloxanthine &-©]
& A Sk

Flavonoid®] xanthine oxidase &7 <Alel tist A#E Table 5 WeERHSATE 7}
flavonoid®] ICsy #t< rutin hydrate”} 12.0 uM, ferulic acid’} 622.3 pM, quercetin©]
3.92 uM, naringenin®] 305.0 pM, hesperetin®] 2855 uM=Z uUElo™ HlwY
xanthine oxidase &4 AZ et 3], Figure 113 Table 5914 Hi= uls}
Z+o] rutin hydrate, quercetin® A% WzTo=E  ARES  allopurinold®  FAFSH
xanthine oxidase &4 JA|E Hole Aoz FxArt. ey DPPH free radical
A2t vz 7R 2 naringin, hesperidin, tangeretin A EE52 A%, ICs 3ol

1,000 uM ooz &g A adrt avA AA & Aom FAE U
(4) Superoxide £A A

A E = free radical superoxide(-O; )% HA3HM, AAH -0 =

species(ROS)Z A3lxlo] A H2A e FFHPHoZ MEEAS Fisles Aoz o4y

A Ytk AAHoRZE -0y = WA gAks wWojz Ao o3& superoxide dismutase
2

(SOD)ell olaf whes satstesz At aey o] Wl ksl oA A7}



AZ AE-BY #YL fAGE del BAZ 47 49 AdHon Afisds
I~

b QofubA Hu, o] MEliEdsE APHon AT AR £4e Ao

d

>

ol Flet7] ot & Aol A= ShellA A 8F 9] flavonoid EFEA S Al
532 superoxide radical 2AEAF HAFES TP, 1 A3E Table 50 HEFHS
o}, Aol A BE HEeE o] ZF flavonoide] ICs #S rutin hydrate’} 505.2 uM,
ferulic acid’} 197.2 uM, naringin®] 217.8 uM, quercetin®] 31.8 pM, naringenin®]
285.9 uM, hesperetin®] 153.1 pM=Z YEIY A H oz ol HEELS FAo] Y&t
Aoz Yyepdth ¥y xanthine oxidase &4 Al AFoA e wisAR
hesperidin@} tangeretin®] 74 %o+ ICs %to] 1,000 uM o] o 2 e o] v
Aoz ZAEATHTable 59 Figure 12).

Table 5. Antioxidant activity of flavonoids using stable radical scavenging effect.

N Cso (UM)

Flavonoids & :
C DPPH Superoxide = Nitric oxide Xal?thme
ompounds i i ) oxidase
scavenging scavenging scavenging inhibition

Rutin hydrate 22.4+1.10 505.2+3.2 > 1,000 12.0+84.9
Ferulic acid 107.8+0.68 197.2+0.5 > 1,000 622.3+46.7

Hesperidin > 1,000 > 1,000 > 1,000 > 1,000

Naringin > 1,000 217.8+10.2 > 1,000 > 1,000
Quercetin 18.7+1.45 31.8+1.4 > 1,000 3.92+0.45
Naringenin 132.2+16.4 28594221 > 1,000 305.0£5.7
Hesperetin 409.5+7.3 153.1+£12.5 > 1,000 285.5+18.4

Tangeretin > 1,000 > 1,000 > 1,000 > 1,000
Ascorbic acid 55.611.91 > 1,000 > 1,000 152.5+12.3
Trolox 58.4+0.88 978.2+3.2 > 1,000 422.4+459

"BHA 78.8+0.2 > 1,000 > 1,000 NA
Allopurinol 4.7+1.4 6.12£0.5

¥ ICs values were calculated from regression lines using seven different
concentrations in triplicate experiments.

> Butylated hydroxy anisol

9 NA : not available method
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DPPH radical scavenging activity

100

—@— Quercetin
—O— Narigin
80 4 —w— Naringenin
—/— Rutin hydrate
—ll— Hesperidin
60 4 —E— Hesperetin
—&— Ferulic acid
—— Tangeretin

Inhibition(%)

20 A

Log concentration(pM)

Figure 9. Dose-dependent scavenging effect on DPPH Radical by flavonoids.

The data represent the mean S.D. of three determinations.

NO quenching activity

60

—@— Quercetin
—O— Naringin
—y— Naringenin
—7— Rutin hydrate
40 - —l— Hespeidin
—— Hesperetin

50 A

9 —@— Ferulic acid T
E 30 4 —<— Tangeretin
E
2 20 A
£

10 -

0 -
-10 T T T T T T T

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Log concentration(uM)

Figure 10. Dose-dependent scavenging effect on nitric oxide by flavonoids.

The data represent the mean S.D. of three determinations
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Uric acid scavenging activity

140
—@— Quercetin
120 4 —O— Naringin
—¥— Naringenin
100 4 —V4 Rutin hydrate
—l— Hesperidin
80 —— Hesperetin

$ —@— Ferulic acid
= 60 - —— Tangeretin
2
x
8 404
K=
[=
- 20
0 ~
20 1
40 T T T T T T T
-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Log concentration(uM)

Figure 11. Dose-dependent inhibition effect on Xanthine oxidase by flavonoids.

The data represent the mean S.D. of three determinations.

Superoxide scavenging activity

120
—@— Quercetin

—O— Naringin
—— Naringenin

—/— Rutin hydrate
80 1 —m— Hesperidin
—l— Hesperetin
60 { —€— Ferulic acid
—— Tangeretin

100 4

40

Inhibition(%)

20 A

-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

Log concentration

Figure 12. Dose-dependent scavenging effect on superoxide radical by flavonoids.

The data represent the mean S.D. of three determinations.
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(3) Xanthine oxidase QA &4

Xanthine oxidase= hypoxanthines AFstAlA HFH OS2 uric acidst A4S
et A rel FAadE 7L o] AbawmRE RS "o
metA HFHow AN E uric acid®] FE Ao xanthine oxidase?]
A3l BE dolH gkt

ATt 7 By ofeke FEE A 59 xanthine oxidase &4 o Alo] tjg Ax=
Table 69 YeErHATH Ad A ICs @2 &5 W57 1895 pe/ml, A o]
243.7 pg/ml, &5 Wzko]l 2787 pg/mb mpA o 7 ZAbo] 4574 pg/mlO R L5 un|Ads
7} 71 =2 xanthine oxidase 84 AAE v Wow 23U XA =

H w4 =2 A AAES HoFAr}. xanthine oxidase &4 A7 714 =99

2Fn gt Ao ICs #*< 1895 pg/mlE YEFF oW xanthine oxidase EA A
of i3t o]59 FA £ DPPH radical 27 &4 &£AH9es 2 2Fudsy >
AAZE > 2543 > ZAF Fol Qi

(4) Superoxide £A A

A F2E ety oere FEFE Al 52 Superoxide radical ~A Ao thI A=
Table 6o YeEtAch A3 A3} ICxo #e &7 WASH7E 671 pe/ml, &+
1095 pg/ml, AA8Fo] 1971 pg/ml, vpA o 2 IAbo] 2414 pg/ml=E 7HE @2 &
S48 Yepdddth o5 S4L eFuds > 23U > AAG > A} ol
AT},
| £= uja ol gatksto]l Aol E712 4# 3 trolox?] ICs #k

59.5 pg/mbet WA F5 3 superoxide &7 TS zZte= Ao 7 FAHACH

A
ol

o
oM,
o
s

N
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Table 6. Antioxidant activity of extracts from citrus peel using stable radical

scavenging effect.

VICs(pg/ml)
. L . Xanthine
DPPH Superoxide Nitric oxide .
] ] ] oxidase
scavenging scavenging scavenging o
inhibition
n 104.4+15.8 197.1+£84.9 957.5+40.0 243.7+125.7
M1 609.8+84.2 241.4%77.0 785.5+50.0 457.4%+14.9
K1 132.2+16.4 67.1+16.9 214.8+23.0 189.5+16.2
H1 215.2+10.6 109.5+18.4 > 1000 278.7+12.8
Trolox 11.2+0.6 59.5+15.5 > 1000 144.7+0.6
YBHA 6.8+0.0 NA > 1000 “NA
Allopurinol 1.2+0.8 1.6+0.1
Quercetin 1.4+0.9(uM) > 1000(uM) 3.2+0.2(uM)

¥ ICs values were calculated from regression lines using seven different
concentrations in triplicate experiments.

> Butylated hydroxy anisol

© NA : not available method

5. HepG2 Al Zd| A9 3Aksl & A
oste] e W JokgE) MH Foz Seuete] Fdsel 10d Aol wls 54
o] A Z7tate] 755541 o= 9tk 1Ela 654 o Aabel wmdol waE Ax o

@ A Aol ol AT FEEA A Aol Abg

-
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34 ~E# ~(oxidative stress)oll ZHst o Astd &4 (oxidative damage)
S guats Ao Bauwa ik weka] AEUleA e kst B4S Z7HA7]7]
Ak AFE ol Agd &4 2 A2EY 2 gisk AU Wo] Ajx"ES B

8 5
Aahel, aA ko] €ddle] Hx 2% AL dwelr] flad ha

T (62.5, 125, 250, 500, 1,000 pg/mL)ell web A
A HepG2 THAIEFE FEAF wiAolA 2417 F¢k Wi Fdt Fol 242e 5=

= 1AREER 37T, 5% COxll A WA|skaL, thAl HoOp (5mM)E 7heto] 154 ol Al

(hydrogen peroxide)7} & 74-9-o] ®¥gFst= 332 A|7]& ROSE A x= 7H
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Figure 13. Effect of ethanol extract from citrus—H1 on the intracellular ROS
content in HepG2 cells. FBS(10 %), SF(serum-free media), N(N-

acetylcysteine 1mM). H1: C. Unshiu.
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Figure 14. Effect of ethanol extract from citrus—I1 on the intracellular ROS
content in HepG2 cells. FBS(10 %), SF(serum—free media),

N(N-acetylcysteinelmM). I1: C unshiu x (C sinensis x C unshiu)
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Figure 15. Effect of ethanol extract from citrus—M1 on the intracellular ROS
content in HepG2 cells. FBS(10 %), SF(serum-free media),
N(N-acetylcysteine 1mM). M1: C. Hassku Hort.
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Figure 16. Effect of ethanol extract from citrus-K1 on the intracellular ROS
content in HepG2 cells. FBS(10 %), SF(serum-free media),
N(N-acetylcysteine ImM). K1: C. Unshiu(Unripe Citrus).
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v. 2 £

AT 2= 23] F 9 flavonoid $ES =437 93 HPLC ¥4 2718 3

=
3, gkt WHo 2 ol flavonoidd] 4kst a¥E HrRer Ay sy g A&

2. 4=9 AFA 7= 3 F9 flavonoid TFHEL EA3 Ay, FAbd= rutin
hydrate 0.24 mg/g, hespeidin 43.80 mg/g, R A TFollA ferulic acid 0.73
mg/g, hesperidin 5.57 mg/g, =+ "B7Fo| A naringin 47.68 mg/g, <+ H|A S
oA rutin hydrate 0.82 mg/g, ferulic acid 2.78 mg/g, hesperidin 8.40
mg/g?] FHS HAT. E AP AR A4 ZE A9 olA = naringenin,
hesperetin, tangeretin®] ®|Zo|X|wt RF AZER I, naringines <=Fd7t
hesperidins 22}, A, &5 vAd oA t&F dFH 5SS & F AN
o, quercetind 4FF EFolA HEHA &S},

3. 8% flavonoid E+EHES AbEsto] aAtst 248 wlwg 23 taa 2.

1) DPPH radical &~A24 a3E5 54 23, 1Co a2 quercetino] 18.7 pg/ml,
rutin hydrate©] 22.4 pg/ml, ferulic acid’} 107.8 pg/mé, naringenin®] 132.2
wg/ml, hesperetino] 409.5 pg/mlE EFSFO ™ quercetine] B]|WZAH F& i
Z agd a3s e

2) Nitric oxide A4 A3 @4& 54 A flavonoid 8% EFollA ICs #hol
1,000 ug/mé ©]A<S eI, rutin hydrated] 795t BluF Hx o FEF
S % nitric oxide A FFS ztar = Aoew 2AEUG

3) Superoxide A& A ZHo| A= quercetin®] 31.8%= 8% flavonoid A&
7S =4 yElskar, o]o] ferulic acid 197.2% hesperetin 153.1% <o = &}
pras
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4)

5)

Xanthin oxidase A3 A4S ZAH3 AP flavonoide] ICs 2 rutin hydrate
7} 12 ug/ml, quercetin 3.92 ug/ml= WA F FI}E Bk, dbAo| ferulic
acid’} 622.3 pug/m¢, naringenin®] 305.0 ug/ml, hesperetin®©] 2855 ug/mlo] <= H
131, naringin, hesperidin, tangeretin A& 52 1,000 pg/mé o]go =2 A oA
B avA 24 B2 Ao R Y

o] 43 o] 8F flavonoide| ¥4tsl &3E wlws] ¥ A3, rutin hydrate,
ferulic acid, naringin, quercetin, hesperetin %©| DPPHo| &3t 42
=3 superoxided] 27 A, xanthine oxidase ZAAA a7 =4 e
t}. whHo hesperidin, tangeretine ThE flavonoidel] ¥®|38l Bln % aALE}5 o]
o

e gom 2AE

> &
superoxide®] A7 A& LFuALy > &FU7L > WAAFF > Zao] Fo|gd
I nitric oxideA A3 AL Fu|Adsy > FI2F > AT ol F

2ol A% 10o ol 1,000& d Zloz Hol Ad) @ye] ke oz wuw

2F, A, 25 s e dus kst gakel ddd Vs SR
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