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Abstract

This study investigated the antioxidant and synergistic effects and nitrite scavenging ability of some phenolic
compounds(catechin, rutin, quercetin and naringin). The electron donating abilities of naringin, quercetin, rutin and
catechin were 6.7%, 92.8%, 87.6% and 92.2%, respectively. The antioxidant activities in O/W emulsion substrates
were in order of rutin > quercetin > catechin > naringin. The antioxidant effect of rutin was stranger than that
of BHT or a-tocopherol. a-tocopherol showed synergistic effect with catechin and quercetin, but ascorbic acid not
showed effect. The nitrite scavenging abilities of catechin, quercetin, rutin and naringin were 99.0% 98.6%, 25.5%
and 0.2%, respectively. The nitrite scavenging abilities of quercetin and catechin were very potent as compared with

those of BHT and ascorbic acid.
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A EAN EASHE HEd SFES 23 AR
SR 1,000 FF ool WA leow, 1 F
flavonoid 77} thH-E-olH,
phenyl propanoid¥-, phenoldd quinonefF% AF= =A)
sle Aoz &43A Atk Lignin®, melaning ¥
tamninf X polyphenold E@o]™, protein, alkaloid,
terpenoidoll = phenyl groupo] @A FciIvor ED 2000,
Kim HJ 5 2000).
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HEd sSHHEES 930 8ol A alkylperoxy radical
oli} alkyl radicaldl|A] A4S ZATOZA 1 radical
& AAs ASE JASH Fvh #HEsy FEE0
free radical -&& JAAA & Y AL HEo| F
A9 Z]-f—'— radicalol| Al A =35t A non-radical & gh

, peroxy radical2 FF ZHAE 4T F IV
“ﬂ"\:"ﬂ H a3 Qb st A9 whgo] o2 YA free
radical 2 ¢F3 314 7]= A7} A Michael JT 2000).

ES k3t ARl Fo SR AdkeA FHEHE
superoxide anion radical, hydoxy radical, singlet oxygen
D HO0; 59 &4 449 Fgo] HIAEA o592
AA g Bl FIAL Utk AF Fol HA=4
9] guaiacol, resorbicinol £¢] phenold] EREo] nitro
3t W& ZAsHA JATTE AMdo] BiH 9 tHKato
H & 1987, Coonecy RV$} Ross PD 1987, Kim JH<}
Park KM 2000).
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20 dF HEed e FAsan 2 o AIY 2A%

Ce-C3-Cs 3 EFEZ F=2 flavones,
flavanones, flavonols, anthocyanidins & cathechins =
TAEO 9oy 1 Fxd wet &4 flavonoid=
st 2 FFEE 23 de AR BaEa gl
tHRice-Evans CA E 1995, Nakatani N} Kikuzaki H
1995, Hertog MGL % 1993). §d¥ 7 = Wo)
A& Zx flavonoidF 2+ flavonolAl ¢ quercetin,
flavoneA] 9
luteolin, limonin, nomilin, flavanone#] €] naringin 5 ©J
&l A Slti(Hertong MGL 5 1992).

agy ol #HEd SFESY FNsaTHes AF
AojA oo F2ES ez & AFRE FEZ

Flavonoids=

rutin, kaempferol, myricetin, apigenin,

A, AARES teh tha 2 ATE Mo, o5
AR wAE Wi, AES ATE NFI £
B ATE AEAR W) FeAA Fou oW

g ddd 7ZdA Y ade & ez 4EA A
THFrankel EN 5 1997).

wEba] B delM e V157120 dis s &3
7h &9 9F A= sl¢-E(naringin, quercetin, rutin
9 catechin)®] i3l F4kst 7§ W/OF oEA
RN wmerRn, o5 3V EI ascorbic acidr} a-
tocopherol @] 9] A<aw, olANY AASE HHE, &
At A}t 84 ch
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1. M=

2 AP ALt w4 $HE-ES naringin, quercetin,
rutin @ catechin(Sigma Co., USA)ES ALg&3siyed, &
Ast g3 g 7122EAE 2 &#d4KSigma Co,
USA)E AM&-Stdth S dlEd g is &
9 FsadE vushy] dst9 AHEd 71E @it
34 % a-tocopherol(Aldrich chemical Co., USA), BHT
(Sigma Co., USA) ¥ ascorbic acid(Sigma Co., USA)o]
At

2. HXAIB0{=(Electron donating ability, EDA)
=
o
Al5¢] DPPH(1,l-diphenyl-2-picrylbydrazyl) radicalof]
W AAGH 2L Bloisgy(Blois MS 1958)&
AL2319 T 0.15 mM DPPH solution 4 mL¥} A& 0.4
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mL(L,000 ppm) EE3te] ALolA 3083t PAF o
S 520 nmo| A EFEE =3 35te], DPPH radical &A
24g Be 49 dsd F3s

DPPH 212 275(%) = (1 -—oq)x100

SA : Sample absorbance
CA : Control absorbanced

d A¥e FEYAF 1.3 mLE 99.5%
ethanol 100 mLoj —8—6]] 71 & 10 mLA conical tubeol)
B3 479 ANEE % 527 50 ppme] HEE A7t
sl Pl ch :LE]EY_ 0.1M phosphate buffer(pH 7.0)
g 10 mL A7Fe § FF 45 mL ¥ 3 40£1TC
Td27el AFshEA shF Fom st aFRE &
BsltHFukuda Y 5 1996). 2 &=&4t dgA 7=
A9 &4ksl 3= thiocyanate methodE AME&te] =
Aeatt &, 75% ethanol 4.7 mLo)] 2 A& 0.1 mL
¢} 30% ammonium thiocyanate 0.1 mLE Y, 3 &3]
3E 3 20 mM iron( Il )chloride(in 3.5% HCIl) 0.1 mLZ&
Y3 500 mnmellA] UV/Vis spectrophotometer(TU-1800,
U.S-A)i FEEE S48 4 N899 FidsE FqF

ARZ Atk =71 97t 435 AlEs
A, &, AR F3E7F 039 =EsieEd o
£ Ao g Yerd.
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BeEDE vmas] A4, o
=4 3gE 30 ppm3} tocopherol FE& ascorbic acidE
20 ppm FEE 47 FAvtsto] Hewsy SEERY 24
2 gas N2gN o5 FSuTE Wzt

0}7“/‘}‘3 2AZEL Gray®t Dugan?] 39 (Gray JI
9} Dugan JLR. 1975)9] olgte] 2554t =, 1 mM
NaNO; &9 1 mLe] 4% %9 A& 1 mLE 73}
3 01 N HCIpH 12)& AREste] ¥h-g8d9] pHE
122 23¢ g FFE 10 mLE g9 o) §9&
37CAA AL ¥EGAIZ] F ZF WS E 1 mLAy 3
s}l 2% A8 S mL, Griess A2k 04 mL 7}ake]
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Z EFAZ S A2dA 158 FAAZ T
UV-spectrophotometerS AF&314 520 nmo| A FF=E
ZAFste FAEIE ofANFE FIAT. FAFS
Griess Al9F HA FFFE 04 mL 7H5te] FUSH
otk olF Y AAFLL AFS AU A9}
A7VeA] g2 A9 obENE WESEN YEHe
W, o] #to] £ ALFTE oM EAAYE L2AFXEe] Atts
AL gk

. 2ar 3 0F

1. MX}ZB0{=(electron donating ability, EDA)

Naringin, quercetin, rutin @ catechin® DPPH radical
2A5 S AE F4EAIQ] BHA, a-tocopherol, ascorbic
acide} v 3 radical £2A5E ST AFNFig. D),
quercetin, rutin & catechin® DPPH radical 2452 Z+
ZF 1,000 ppmoll A Z+ZF 92.8%, 87.6% = N2%E 7
3 AABE Rl utd, naringing 6.7%% wl$- <Fsh
EATE BER

8 Al FA3EAQ BHT, a-tocopherol, ascorbic
acid®] DPPH radical £A52 42 404%, 92.7% 2B
95.3% 9.2 ascorbic acid®} a-tocopherolol A H] @3 Z
g 2ATE B4tk ol A#AzREH FdFLe=
Hol ggdgo] 713 Holukxn F4o] A gle oA
£ Ay ascorbic acid’} 7}F 2L radical £2ASS
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Fig. 1. Electron donating abilities of some phenolic compounds

and commercial antioxidants.

“*Means in the same column not sharing a common letter are
significantly different (p<0.05) by Duncan’s multiple test
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E3F  quercetin, catechin®] B ZAALL ¢
tocopherol@} B8t A3 AASS ZR 9low, BHT
B} Jggez e AL ¢ F AU Ruting
DPPH radical 27%& quercetin, catechin®th Hqto
U £ Aols HelA gsith

=

2. gitstsnt

O/W o3& 7]A4A] catechin, quercetin, rutin =
A7k 7149 F4tst 7S vne 29
(Fig. 2), catechin, quercetin, rutin 2 naringin& 37}
714 9 dz2T9 AF 8¥9 FFE=E 77 0407,
0.307, 0.069, 1367 2 15672 1}E}kon] catechin,
quercetin, rutin ¥ naringing H7} ZE A|E A
qz2TEg 42 FF=E BIYrh 53] mting 4t
eyl bg A AeZ JEbst o™ naringin®] 7
+ 7HE 92 A2 YEyTh

279 FE7]7F2 33921 WHH catechin, quercetin,
rutin ¥ naringing F71S 7L Z7 729, 794,
12.04, 39424 =T s 2.18u), 2.39+), 3.64u)
2 L18d] x4 AFEF}E BYth

Flavonoid®] ¥<tstasts= 0-& sy 3eEF v
Z7FA| 2 hydroxyl group] Ty 92 th2A vEpd
. $HFOo=Z Beringe] ortho-dihydroxylation(3”, 4’
-OH)el g3 zZA F&F& won, F&xoz 593
OH~719 &Ale F4its &5 I7M71+= ¥wd, OH
717F @UATE EAE we 2 &3E 335 ZaHE
Aoz BUHIN Ytk oS S Baingo] 3719 OH
718 Zke myrcetin® 2709 OHY|IE  Z3 e
quercetin®t} 213l §77F A3} Aoz RHIFA
) tHDziedzic SH ¢} Ydson BFJ 1983, Rice-Evans C &
1996).

2 2439 AFJAAME 37, 4 X9 2719 OHVE
Zr51 ]+ cathechin, quercetin, rutin®] @2ts} a7} 47
2xle] 3 /M9l OHE Z3 9+ naringin®t} 2 &3}
7t A AoZ Vet ES naringin®] st}
7b w9 oFgt ZeZ wFo] Hol 47 9] OHY] B
O 37 fX9 OHY|7F &gt ade o & &<
HAs ALE JZdr

2+H aglycone |9 quercetine 3° X rutinose
7t AFEHY A= A P9 rutinBoh 48t &
7t A8 ol= 391X OHS &A7} g4tsl 8ol

naringin&
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2 Ay Ay FFEY FURETD Y 4G £AF

2 9FS F+ A2E BuE3 thDas N9} Pereira
T 1990, Nieto S & 1993).

a2 AFA Fe oW A dd 71ZeAE 3
$1Xd OHYZ|E Z3 Qe quercetino]u} W<l
mtine 39X OHE ZA] 2 cathechin®.t} 3H4k3}
7L A Aoz ey ti oE A%E 2y

Frankel 5(1994)2 a-tocopherol® 22 H]=A gAat
StA (non-polar antioxiadnt)= 7] S = v|E3d F
7 FAT OW oFAH 7EoA Zgt aFHE B
o3 &tk ¥HH ascorbic acidet Z-2 FA FArsA|
(polar antioxidant)= 1A 712 Rt 715404 ¢
BRAY S 2 ch

2 A3 A P& O/W oFH 7[Z M wgAd
rutin®] quercetin®t} ©l T FAFEFHE He AL
quercetin B T} rutin®] FAQo] © & A 7|QEH, &
gt flavonoid9} Z2 ZEd& 3FES FAstags
I 2&A W EAsts OHZ|Y U Ao wg =A
geiA ], E A 74 e wAE A g
e s AL AEHAAY

3+, BHT, ca-tocopherol ¥ ascorbic acidE Z+zF A
7hek 712 9 dx279 ARG 8YA 9 FFEE S
A} Fig. 3), 47+ 0373, 0508, 1.880 2 1.567= }E}
W%t} o]l§ ZFo|A BHTY a-tocopherol2 &R}
Jo AT E WO} ascorbic acide L.8]8] )R+
o 52 FBES Yt
ZT79 $=7]7H2 3399 ¥kd, BHT, a-tocopherol

o

2.0
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~O— Catechin
—¥— Quercetin
159 | = Rutin
—3— Naringin

Abs(at 500 nm)

Storage days

Fig. 2. Changes of the peroxide content of the linoleic acid
emulsion substrates containing some phenolic compound.
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W ascorbic acide F7}5F 7148 42} 7.69 7.04, 24
Y Z A BHT % a-tocopherol2 ti=z=7-o s 2.30uf,
212809 AFEFHE ¥ whd, ascorbic acid= 0.73H)
2 e35)¥ 48 FRaHdE BYth
o]’Ze] Ao A rutina} quercetine BHTW} a-tocopherol
o Fstadrl e Aoz Yyt Sitala
+ rmtin>quercetin>BHT>catechin>a-tocopherol>naringin
o) ol
Ascorbic acide FEAAANZA, HEA FisHA 9
2FZAA RN, FSAZRA AFHARALZYHY A3
2 gAFIeE UBEAN Fit5) FE
L2 dHA Jdoy oW oddd 712
M= 2 BV FAHA @tk

Catechin, quercetin, rutin 3 naringin(30 ppm)ol] a-
tocopherol(20 ppm)& -8 FA7Ie 7129 Fikstan
£ uvag FI(Fig. 4), catechin, quercetin, rutin L
naringin®] a-tocopherol-& & A7 713 9 YT
9 A% 8Y9 FZEE 7z} 0382, 0.207, 0.192, 0.90
9 15672 e

=T FX77Fe 3399 WA catechin,
quercetin, rutin 2 naringin®l] tocopherol-& H-23t I
e 12 A7 759, 879, 89U W 39YU=A
catechin, quercetin, rutin ¥ naringinol| a-tocopherol&

g3t A7 AL dzTFol dsl 24 227,

2.0

—@— Control
—O— BHT
—¥— Toco
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-
v
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Fig. 3. Changes of the peroxide content of the linoleic acid
emulsion substrates containing some antioxidants.
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2.64v, 2.708] 2 118419 AZEAE Bt

E.35], catechin(30 ppm)el a-tocopherol(20 ppm)S '
2 AN 59 $=717He 7.5Y & catechin 50 ppm
A7V A9 45717 7292 Yo, quercetin
(30 ppm)ol] a-tocopherol20 ppm)S HE A71S ALY
$E77+e 8792 quercetin 50 ppm HAZFH F99
271t 7992 JEEY. ols ZAFAERFE, o
tocopherol-& catechin®]\} quercetin Bt} &Atsta w7}
dSol= Bt ¥ HAUHA 48t &F9 FUME
2o} catechinF} querceting a-tocopherol# A<4& 77}
de= e & F AN

20

—@— Control
—O— Toco+Ca
—¥— Toco+Q
-5/~ Toco+R
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15 T

1.0 1

Abs(at 500 nm)

0.5 1
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Fig. 4. Changes of the peroxide content of the linoleic acid
emulsion substrates containing some phenolic compound and a-
tocopherol, respectively.
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Fig. 5. Change of the peroxide content of the linoleic acid
emulsion substrates containing some phenolic compound and
ascorbic acid, respectively.
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&4 23

=3 catechin, quercetin, rutin @ naringin(30 ppm)e
ascorbic acid20 ppm)& VLt A7 OW gEA
71l Ae] G4t IE wlagt 23 Fg 5), catechin,
quercetin, rutin ¥ naringin®] ascorbic acidE ¥ A7}
gt 712 9 dxFY AR 8Y9 FIE=EE A4F
1.363, 1.523, 1.457, 2.065 & 1.567Z v}epytch

279 $=717+e 33941 ¥hE catechin, quercetin,
rutin 2 naringin®] ascorbic acidg &35l A7I{E 7]
AL 247+ 369, 3449, 3.6¥4 ¥ 2392 A catechin,
quercetin, rutin ¥ naringino]] a-tocopherol S 2314
A7kt 713 dzTol dsf 4z 1094, 1034,
LO9W % 070819 AZEAFHAE EATh

oldel AN HEA FHEE 55 mtinelvt
quercetin® a-tocopherol® J{HAHQ A&52EE Ho)
o, ascorbic aicd#e] F5IFHE ASHAY Qe AL
2 JEhych

4. OFAMY NS

Catechin, quercetin, rutin & naringin®] o}24tg 4 A
& =733 ZAI(Fig. 6), catechin, quercetin, rutin =
naringin®] oFANY AL T 99.0%, 98.6%,
25.5% 2 02%= e} catechin} quercetindl] A 733
oMY AAFTE HYLH, naringing] FSE ol
g ATl A9 Holx Fyrh A oA &
A B3 Qe A2 43A A+ ascorbic acid 2
BHTY| ol &A% 4% 565% 2 552%2

eEltth olde] Hu}=HE] catechino] ) querceting] of
a
100 4 | £ 1000ppm a
- ——— r__
o
z
= 80
H
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Fig. 6. Nitrite scavenging ability of some phenolic compounds
“*Means in the same column not sharing a common letter are
significantly different (p<0.05) by Duncan’s multiple test
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24 A% dley HFEY

o]59] o}A4tY AAS catechin, quercetin>ascorbic
acid, BHT>rutin>naringin®] <o) {1th.

V. 8% o z2

2 dFAM e AEA Tl EAses 4% dsd
3} 3B (naringin, quercetin, rutin & catechin)®] 4+3}
&3 g ascorbic acidi} a-tocopherol®} ¥ -&3le] A
7Vt & W dsEH, ofFAYE 2AFE A
A} 5FF T} Naringin, quercetin, rutin 2 catechin 2}
DPPH radical &A%2 ZZF 1,000 ppmoll A zZ+2t
6.7%, 92.8%, 87.6% = 922%=Z Vet =4
oldd 7129 4kst EF+= rutin > quercetin >
catechin > naringin®] o]ttt o]E9 aAdE 7#E
SX(100 ppm)&] a- tocopherole] Y} ascorbyl palmitate
7R Fastadrt ¢stg ey BHTHE U=
o4 okt §¥9E XYt} Catechin quercetin® a
-tocopherol & A5 282 B F] e, ascorbic acid
= A2F8S Holx et Catechin, quercetin,
rutin @ naringin®] ofAXd LA 47 99.0%,
98.6%, 25.5% % 02%=Z }eli} catechin} quercetin
oA Ft ofRAE AASES BEP L, naringin®] 3
S obEAA ALAFo) Rolx gth
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