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Effect of Dry Powders, Ethanol Extracts and Juices of Radish and Onion
on Lipid Metabolism and Antioxidative Capacity in Rats

An, So Jin'* Kim, Mi Kyung
Department of Food & Nutrition, Ewha Womans University, Seoul 120-750, Korea

ABSTRACT

This study was performed to investigate the effects of dry powders, ethanol extracts and juices of radish and onion on lipid
metabolism, lipid peroxidation and antioxidative enzyme activity in rats. Forty-nine male Sprague-Dawley rats weighing 157 + 6g
were blocked into seven groups according to body weight and raised for four weeks with diets containing 5%w,/w) dry powders of
two different vegetables consumed frequently by Korean-radish(Raphanus sativus L) and onion{Allium cepa L), ethanol extracts and
juices from equal amount of each dry powder. All the powders, ethanol extracts and juices of radish and onion decreased total lipids,
triglycerides and total cholesterol concentrations in plasma and liver. Above all, onion ethanol extract decreased them most remarkably,
Tt was thought that organosulfur compounds and flavonoids extracted from onion by ethanol inhibited biosynthesis and absorption of
lipid and promoted degradation of lipid. Radish powder also decreased them by increasing fecal excretions of total lipids, triglycerides
and total cholesterol most cffectively. Catalase and glutathine peroxidase(GSH-px} activities in red blood cell(RBC) were most
remarkably increased by radish powder and onion powder respectively. Superoxide dismutase(SOD), catatase and GSH-px activities in
liver were most remarkably increased by onion ethanol extract, radish powder and onion ethanol extract respectively. Xanthine oxidase
{XOD) activities in liver were most effectively decreased by ethanol extracts of radish and onion. Thiobarbiruric acid reactive substance
{TBARS) levels in plasma and liver of experimental groups were significantly lower than those of controls. Above all, onion powder
decreased them most effectively. It was thought that vitamin E and high flavonoids in onion powder inhibited lipid peroxidation,
promoting liver and RBC SOD, catalase and GSH-px activities and inhibiting XOD activities effectively. Flavonoids in onion ethanol
extract inhibited lipid peroxidation, promoting three antioxident enzyme activities and inhibiting XOD activities most remarkably.
Also flavonoids and high vitamin C in radish powder inhibited lipid peroxidation, promoting liver and RBC catalase most remarkably
and inhibiting XOD activities. In conclusion, radish and onion were effective in lowering lipid levels and inhibiting of lipid
peroxidation in animal tissue, From these data, radish and onion can be recommended in the treatment and prevention of discases
such as cardiovascular disease and cancer and in delaying aging. As cthanol extracts from onion were most effective in lowering lipid
level and promoting three antioxident enzymes, and inhibited lipid peroxidation as did we should try to utilize onion skin which is
discarded though reported to have abundant flavonoids. (Korean J Nutrition 34(5) : 513~524, 2001)

KEY WORDS: radish, onion, lipid metabolism, antioxidative capacity.

S84 A, Gxs 2 pislggAge) wy 2

N 2 Ago] F7heHe Sald) Quk? BF A Yy

o BAET ot W P AN ST Yis

FEuEE 197030 olF A4 AAAGT FRa o] Frkete] x#Tst E7P% wekd xolEA7)

S9 F7l2 Of 484 4F 4ALL 749 U E AR AFNEAS YR glow, S8 w9lo) @i
B4 AFe) 4AFL 3 FAHALS s HRol ¢ Gyl Uie B T2 1 Yo,

— _ B, ojg) gt zAlolq TR el SlolA

Ao e Hol Me) Aeloiiy Aol Faathn AxsT o

*To whom correspondence should be addressed. o9 T HIoe A4 el AR At A

© 2001 The Korean Nutrition Society



514/, ofvhel At AL B ¥

AR 8444050 AET, XE, @lEe sulthydryl
(-SH)7] 2 DNA$] nucleotidecll ZHg-5ta], =2 apikal
(lipid peroxidation)$} DNA &4 5-& dezoz=4 o
& 712 A w38 A E Ao 44T g’
ol2i gt kA &4 ¢stAlE ¢ e wdskAo] dig
dte) o2 AL Fio] U= 84kdl vitamin
3} flavonoidsell 3 @77} @43 o] Feix|m gir}.™
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ZAY] than] AE2AY 29 ofuke) 9Y AF e
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WA ohee 2 2918 AR

%oH(Allium cepa L) HEze] £t thdAl 48
Z FHE UEsla oklet 4l ZulREA da] A2
on ? gig 242 JehlE quercetin, quercitrin,
rutin ‘& flavonoidAl Aot AU} AKHrE A st &2
<1 allyl propyl disulfide ¥ diallyl disulfide 5-°] $
Hol Qe Aog ¥iA Yb® g dF AFrEEs 3
24 5%, ° dFas " 92 AstEn” ALuA48
ofgta 3} ™ xanthine oxidase A 8iat& " ahatg}arg P
gt Po ot Aot Bnse] it

% (Raphanus sativus L.)= A A3la) &3 282
LY E Ax)9) A2 AMLFe] 1 e8Fo] Bo
o F A - AR F uEe) BB 2 A 60%
ol & Hae ¢ F8H AFo|}, Fol= AR &
291 oldgolAl, AFEA RAE Eafale gEolz
TEE f4, ISl E BEEhe Al 5 A
o2 F9% A4g = A4 o B, S8 A Ay
vl AAE 7 HolAdRrt B e AP g
A gk M2 A7) w2 F9 flavonocid¢l kaemp-
ferolo] fEo gdvtn Bxdln 9o} T gkabso
ol F2 AE 7Md Ao slysx ok 2y, Fe
ek @RS dued 59 Sdde] dA R @
ATV e B FE gNoE uEE ARE A9 ¢
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FEAZ A3 AAEHA g ¢ T 499 A9E A
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B oAge eah}ate] oiu] sjiFeln, F7] FolA
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Z flavonoids®] ¥#& Kang £ ™2 o] f3lo
spectrophotometer(Spectronic 301, Milton Roy)E 420
nmolA FFES S35 T, Bcarotened Nilise) WH™
22 High Performance Liquid Chromatography(HPLC:
HP 1100 series, Hewlett Packard)S AH33led Colu-
mn: Ce{ODS-2, 250x4.6mm 54, Mobile phase : ace-
tonitrile : dichloro-methane : methanol =7 :2: 1,
Flow rate: 1ml/min, Detector: UV 450nm, Injection
volume: 20i%] 2744 E43Y. F vitamin C &
F& aY*S Algsle] S8R, Vitamin B ACAC
2l wA® o @ HPLC(Waters 2690 separations mo-
dule, Waters)=3 Column: j+porasil, Mobile phase :
hexane : isopropanol : acetic acid = 1000 : 6 5, Flow
rate’ 0.8ml/min, Detector: BFHE7)(Waters 474 sc-
anning flurescence detector, Waters)(excitation 298
nm, emission 324nm), Injection volume: 20polM &
439z 1 AFE o-tocopherol equivalent(a-T.E. =
1 X o-tocopherol + 0.5 X B-tocopherol + 0.1 X yto-
copherol) £ #4kated VEhRIT

Aol & Fe AOAC T S Lee 59 g™
o2 FFsYeh A= A=Y A a-amylase, pro-
tease. amyloglucosidaseE #7}3ld 77t ¥ crucible
o] Y& residued AZ3te] £84 Ao]4dfr2(insoluble
dietary fibers, IDF) 2] %22 7+:53131, E§F o3 efo
60T ethanol& ojzte} F.uje) 4ughg 71dte] 42904



1A Bt AAA § AH3te] Axs AL 5784 4
o] M#(soluble dietary fibers, SDF}¢] Y22 75513
t}. o247 3] Ao IDFg} SDFY 42 §3}e] F240]
A $2(total dietary fibers, TDF)S) g0 & 7hpaldot
BE Age] it 49 gake g B F AE 19
sl o= g3k Yehyinh

2. MYUTEY MR T 49

¥ 479 Sprague-Dawleyd T3 83 497181 74
o) A8 AR A 1597 TP EFNBR IS
A ATk HE717E F AFo] 157 + 6g8 ASE AF ulgd
W3 (randomized complete block design)ell ¢l Tu}e
# Treg BREe 22~25T, % 40%. 12hr © 12hr lig-
hi-dark cycleol $AHE A3 457 AH&E9Y. 4
P55 3 vl¥ 218l stainless steel cagesl A A
sl Aolet B2 AHEA HES st

2 APoA AHEF 2ole) FAAEL Table 13 23k
t}, dole] g5EE FHosE 255 A (com starch,
A S AW FY2 2 S5SH(corn oil, FAF)E A}
431, ¥ FYo2E caseinledible acid casein,
Murry Goulburn Co-operative Co., Australia)& A}&
stk 71485 vitamingd AFE AHgsked £ A
(AIN-76)& @42+ 2lo] F-A19] 4%} 1% +FO2 2old|
alo] BFSIT. ARTL AR A7 HolFA 5%
71 HEE 4, e FEETY AT AelFAY
5% 483k HEL 95% SR FE519 52 A=F
3 2 Holo AN, FTe HETNAM AHEE A
2% 9459 T3 ARE F& U ¥2 12T
A& 2ojol| 4ol ALg3tHr}. old Al ALt F
Al ZelE SETFHES Abete 25390

G ATE 2000 2hHet F(HE 4388 20009 hHe
BEANFAIN TR, A8 AF £ F RRE
AAS T AT 7|2 A} FAAZ § £ 40 meshd]
HE FAY F=2 Uit 4 AR RS FEE
< 7 54 HEPE Wl gt F, gjet 79
ARG 74z} 15u0EFe] 95% ofgge] FetAA goTHA
1747HE < FRFE F AR, FAe 95% olle-E
2 23] vhistel 234 F odg 9 og Aol AiF
& Bo} 3087 10.000rpmel A HAEAT F 2 AFY
& AAEET AG Agold] Aof Agstt. F2 +
A F AEE Y7 A9 o 5F7(KJ9303, Kw-
ang Jin)& AME3l] £ o] 52 Az F RE, A%
SFEEY 2 Yo Ui,
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Table 1. Composition of experimental dietslg/ kg diet)

Experimental diets™”
C OP OF O RP RE R

Ingredients
Corn starch 698 648 681 666 648 682 655
Casein 150 150 150 150 150 150 150
Comn oil 100 10 100 100 190 100 100
Salt mixture® 43 40 40 40 40 40 40
Vitamin mixture® 10 10 10 W0 0 10 10

Choline chloride 2 2 2 2 2 2 2
0 50 0 0 50 0 0

Plant ethanol extract 4] o 17 4] 0 16 Q
0

) 0 32 0 0 43

Plant powder

Plant juice

OP: Onion Powder
OE: Onion Ethanol Extract
05 Onion Juice

1) C: Convol group
RP: Radish Powder
RE: Radish Ethanol Extract
R): Radish Juice

2) Diets of powder groups contain 5%f{w/w) each dry powder, and
ethanol extracts and juices are obtained from egual amount of
onion and radish used for making each dry powder and then
added in diets

3) AIN-76 salt mixture(g/kg mixture): Calcium phaosphate, dibasic
(CaHPQ, - 2H.0) 500, Sodium chiloride(NaCl) 74, Potassium ci-
trate, monohydrate(K.CeH:O; - HAD) 220, Potassium sulfate(K;SC.)
52, Magnesium oxide(MgO) 24, Manganous carbonate(43 - 48
%, Mn) 3.5, Ferric citrate(16 - 17% Fe) 6, Zinc carbonate(70%
ZnQ) 1.6, Cupric carbonate(53 - 55% Cu) 0.3, Potassium iodate
{KIOy) 0.01, Sodium selenite(Na,SeQ; - 5H,0) 0.01, Chromium
potassium sulfate{CrK(SO.), + 12H.0) 0.55, Sucrose, finely powd-
ered to make 1000gram

4) AIN-76 vitamin mixtare(mg/kg mixture): Thiamine HCI 600, Ri-
boflavin 600, Pyridoxine HC| 700, Nicotinic acid 3000, D-Cal-
cium Pantothenate 1600, Folic acid 200, D-Biotin 20, Cyanno-
cobalamine(vitamin B2} 1, Retinyl palmitate(vitamin A) 120,000
retinal equivalents, DL-¢-Tocopheryl acetatetvitamin E) 5,0001U
vitamin E activity, Cholecalciferol 2.5(100,0001U, powder form),
Menadignelvi-tamin K) 5.0, Sucrose, finely powdered to make 1,
000gram

HolHAZL LUl 38 AAFT At FAsA At
F717b5te) 49 W HeldARE Adsg. AT
AUl 13] F2 Azl SRR, Aol HHeM &
T #Ead A WEE 9y Ast] AF FY 243
Ao Ho] FFE& FIETh

3., gon e MR

AEFEE A8 423058 124704 2309 23 o
Al (metabolic cagelol M 2443 Fete] B2 A3 &g
o, Aeojel] oj3f ¥e o] LAHE AL ur] Al
hatgel = Ao 228 YolFA] §3T F. 2F 1041
H oA 10A171A] djAbgel M We AT F g 3 oA
10ARE oA 1241752 diabel W A3 sk,
o] 71735 B2 AHEA HES o fAT we 24
E ZAF F 20T A9 Rassn



516/ %, oka}e} Auief Al o Hakdls

A57100) FaE AYTELS 1247 A ¥ die
thyl ether® v}3|A|A ARG F FA)E AH3S A%
oM Hedg AFHsH AT 4L FuEE AE W
28}7] ¢18] EDTA(Ethylene Diamine Tetra Acetate)
7} Eo{ polystylene §-AHEE @l o} ice bathel
2023 AT F APE7] (refrigerated multy pur-
pose centrifuge union 55R Hani)Z 2,800rpm, 4T
A 3087F 94EE3t] ol 3o MY # 3o EHE
wejota, ¥ 93 ) AAPEEdT A s &
A7) A&l - 70T deep freezerdl HA3HH

HYTE 39 ice cold saline® H713te] Q4lE2]7)
2 2,800rpm, 4TA 102 943 R L A A
g yHEgle] Ay, o]$A 3o oA FPTE 0.
9% NaCl £33 2367} 1: 10] H2B 548l 50%
hematocrit suspension® TE ¥ 3413} Ao E4S
235}7] A72] - 70T deep freezerd] RB3IALE,

AL AAT F ice bath$ldlA FA & HE3H
ice cold salineo] ol g B-& AR E7|& AAF
¥ FAE 23sln vl - 70T deep freezerol Hust
A A g A8 F3N AMstth

4. 3ooH By

el #AY & Fringsd) 7o = 43 ¥
A5 EE Blight Dyers] W®2 ol &3t 24313
T, YA, b o] SR} FHAHESE R €39
HDL-Z#H2HE e A2UE o8¢ kit(YEAhE
A3l spectrophotometer(HP 8453, Hewlett Packa-
rd)2 Ztz} ot 546, 500, 500nmoll A w43 FEdct

HAte] shitdiAld ¥ (Thiobarbituric Acid Reacti-
ve Substances: TBARS values)2 Yagid® 22 lumi-
nescence spectrometer(Perkin Elmer, LS50)2 exci-
tation 515nm, emission 553nmel A A#Fst9ew, 7he

TBARS #%2 Buckingham®*& o|§3l9 spectro-
photometer(Spectronic 301, Milten Roy}E 33 532
nmol A v] B FEct,

AP 7+9] superoxide dismutase(SOD) 84S
Floh 59 W™ & o] 838l ferric cytochrome C¢)
fio] Pai= = A=E 550nmeil HI47 FH(HP 8453, He-
wlett Packard)3tict. H¥7 et 119 catalase AL
Johansson®} Hkan®{™ef oJsf 2384 x, glutathione
peroxidase(GSH-px) @4 Fich 54 #4®& o] &3}
o 7 365nmollM % 43+ NADPHY {F3=&
2389

7+ 22)9] xanthine oxidase(XOD)&4 &78& Stripe
3} Deila Corteg] g™ & oj&3lglon], 2+ 489 &
A& Aashs do] gag aide] i ¥ Lo
wryd ¥ F3td Z35.

5. BN

£ A7 BT BE A AY e AYEY B2H
EELAE Adssn, dUux] BAE4 (one-way an-
alysis of variance)& & ¥ a=0.05 =4 Duncen'’s
multiple range testol &3l z} ¥ F HFRY 7ol
A& AR AR 3Ed B 232G du-
plicate® <] BFe = VehyRid,

ay a3y

1. EYO MRS B2 BE BT

B AgolM ALSR Gl B o R B 324
& 9 YR ANEL3EE Fo FH% flavonoidsst &
43} vitaming! f-carotene, vitamin C, vitamin E %
HoldfAe FFL Table 29 Zich.

% flavonoids®] 9k Y¥A¥(4.41mg/g plant powd-

Table 2. Contents of flavonoids, B-carotene, vitamin C, vitamin E and Total dietary fiber and Yields of powder, ethanol extracts and juice

Groups
opP OE 0] RP RE R)
Constituents
Total flavonoids(mg/g plant powder) 441 298 2.62 367 1.24 2.25
B-carotene{ug/g plant powder) N.D" N.D N.D N.D N.D N.D
Vitamin C{mg/fg plant powder} 4,93 319 6.29 6,96 4.02 10.38
Vitamin E(-T.Epg/g plant powder) 0.61 0.23 0.17 0.30 0.20 0.22
Total dietary fiberstmg/g plant powder) 178.6 32.5 70.9 269.4 345 1167
IDF(insoluble dietary fibers)img/g plant powder) 1314 22.8 442 197.5 26.1 714
SDF(soluble dietary fibers)img/g plant powder) 47.2 9.7 26.7 719 8.4 45.3
Yields(%) 9.7 34 6.3 6.8 22 5.8

1) N.D: Not-Detected



erte] 7 BRow, 1 UL EE FAR(3.67Tme/g).
G| 222 E(2.98mg/g) ] #2Z WA Jehich 2}
AlE e F flavonoids FAA 829 == flavonoi-
ds®l ul&-e Fmr} 67.57%. Bt 33.79%Fom, $4S
A Fol EFE flavonoidsyE ¥/} 59.41%, 27}
61.31% 2 JEPtl B-carotened U AR} B AR
BRA AEEA] 9oy, Vitamin CY Feke 72
(10.38mg/g)ot 718 Bka, d&o2: FH¥(6.96mg/
g), 49E(6.29mg/p) el £o2 A JEldtl Vitamin
E o #3e o4n gt F A8 BT 2 #ghe] nn)aiy
T, 15 AR 0.61pg/g)0] 7 Bk o2 4
H AT e &F2 dHE 35 o) vitamin E9) &
o] gR|BZ 2 A3 ARFHIRATe] AHPTd
HEE vAo), AAZ AEe] vitamin E %2 Table
2004 AAFE AR} O 2 208 AT F2o
4R doe 7 A7 2% AE8(178.6mg/g, 269.4
mg/gel 7V Eoken, 53] FEY o) ol
7HE 23 £3, BE AlRCA AAZ B84 Yol
Ho| ko] -84 Holdf vt oF 3u) Axg £
AYgE Bgoy, FolAME 1 et EFolme Aog
257 =

Table 1. Food intake, body weight gain and food efficiency ratio”

Groups Food intake Body \fveight Foad efficiency
(g/day) gain ratio

C 204 £ 0.5™" 1837 £ 69  0.32 + 0.02'™
opP 210 £ 04 186.1 + 4.7 032 + 0.01
Ot 224 £ 1.0 195.1 £ 14.2 036 + 0.05
Q) 209+ 08 W5+ 116 032 + 0.01
RP 216 + 08 204.0 = 96 033 00
RE 223+ 05 1775 £ 838 0.30 + 0.01
R} 21.2 £ 0.6 186.8 £ 7.9 031 £ 001

1} Mean =+ Standard Emor(n = 7)
2) Not significant at o = 0.05 by Duncan's multiple range test

Table 4. Plasma lipid concentrations and HDL: total cholesterol ratio”
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2. 4°14%3, Mz

ARFE 3 B HoldAH, 4P ey A%
F7V2 Table 37} Zgict

s W NoldHTS HYrIzEEde AFFELS
o =0.05 pEAA F el o} fo]Hd Aolg Hel
A gob F3tel o] Hojz} Ao HPol= EIE 9F
< FA ¥ Aoy

3. AFaA

1) 8% AYs

4] FAY, F4A Y, T 26 E, HDL-Z2H
£ B4 9 FZU2HE g HDL-Zd2HE9
Hi&2 Table 4%} 223ke}.

g FAWETE Al 7HA FRdgTo] dEE vy
TejH e g YUty 53] delehF: 8T, SulgTol
7V #e g vyoey, 2UEEY FS f9Fe)a
ot tiET T v FEE ERIRITE dAe] F44)
terst FEHLHE SEE RE YT E gEFR
o fro Ao ygton ouiel T Zzte] A AYEE P
8] BRI E oS EETY FART] 242 7}
A vdehden E8 Jud|ggFE 5ol 7MY Bt
t} @39 HDL-2H 268 $EE FAAET L ANg
Uz APFES d2EH 793¢ }ojE HolA] W%k
o}, dAE dEFrg 28 A Jehila, 39
F ZH2H S g HDL-Za2HEe v ge 28 4
o] E2FED oo Boton, 4 H2APP
g 9 vaeME A, FAY, $EdaHEY 2
Felre} o] Fuo @3S Ew FAET A7 7}
A o}, =g AANH o2 PPe| A AFEAS}E
A Ffajo| 7} Edo| vt Aty o g A Uebgt

2) MY NYEE
e FAE 494 3 FZd2EE F5% Table 5

Groups Plasma lipids(mg/100ml) HDL: total'

Total lipids Triglycerides Total cholesteral HDL-cholesterol cholesterol ratio
C 22617 £ 1247 25289 + 1742 77.96 + 6.66° 17.47 £ 1.30¢ 0.24 + 0.02°
QP 185.64 + 10.80= 113.20 + 8.2(r 47.68 + 3.78~ 2372197 0.54 + 0.04*
OE 168.51 £ 11.71 10593 + 7.40 37.21 + 2764 21.36 + 1.68° 0.59 + 0.05
Of 171.09 + 18.54¢ 143.59 + 19.55% 39.94 + 3.08~ 22.38 = 1.90» (.52 + 0.06*
RP 194,56 £ 9.92¢% 153.58 + 23.08* 41.08 + 3.82%4 20.22 + 1.04» 0.53 + 0.07*
RE 191.75 + 11.41% 158.56 + 10.56* 53.23 £ 2.94* 21.23 + 2,40 0.40 = 0.04°
RJ 21263 £ 693" 155.28 + 34.52% 51.65 + 4,86 23.00 + 2.37* 0.50 = 0.04*

1} Mean £ Standard Enmorin = 7
2) Values with different alphabet within the column are significantly different at @ = 0.05 by Duncan's multiple range test
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749 FAWEEE BE AYFEo] thRTrT FoH2
2 g9kn, B3] Sl ehgHEETo] 7F weken], -4
YTE ToME F2ol 7F 2A et e S4A
et R ESSHERETE A B AYTEC], FF
HAHE e BE AYPESo| d2ERd FFeR
wgoreny ¥ 7R A vk B FA RS nhA 2
ol S ETA 7MF Faitt olgk A Nge A
ZEPAE 2 ofulel £2 v|T A [EH Fo Aol Aol
7b giglov dgeFaEodMe YnjFe] Tl H|s
Al 71A] Ae T ETA o og Jiid

3) Bel AE Y

AY FF ARAS W) A} Y, FEA2H
9] wj ML Table 63 2ghet,

UY WF WPEAE R FoAs Ax FA BT 2R
23 FFEve] ae) vl f9502 Egta, el
AYPEE AETTH 42189 Aol7t QT PR A$
dx dee3ETol 1 whon, 7o BdlE A
Fo] 71 itk WoRo) 99 A fEFE BE 4
Yo dZPEG ERT, F3 TALTH dolee

Table 5. Total lipids, triglycerides and total cholesterol concentra-

tions in liver” (mg/g wet weight)

Groups Total lipids Triglycerides chc;rlzts:lrol
C 53.54 + 1.80" 731 £ 070 299 + 0.42¢
opP 43,07 + 2.81" 500 + 0.41= 197 £ 041
Ot 37.14 £+ 243 3.46 + 0.48° 1.23 £ 011
Q) 41.31 £ 2.00~ 390 + 063" 1.57 + 0.24"
RP 4360 + 116> 5.14 + 0.45* 203 £ 047"
RE 44,60 + 1.92° 579 + (.69* 213 £ 0a7°
R} 41.84 = 2.03* 511 + 0.75* 2.09 + 0.16°

1) Mean * Standard Errorin = 7)
2) Values with different alphabet within the column are significantly
different at o = 0.05 by Duncan's multiple range test

Table 6. Fecal weight and lipids excretions”

FLETo) hzTe st felH oz o ¥ 4
A P ME SR EFEET] dxTo |3
Frol oz BA vehdon], Jolx] 28X F4HE o

B Aol

W 2226 WA $AFTS FlteFeE
T& Astane A BRE 4PTEC H2TET ¥}
i, 53 FARES SueldEFEET ) W ¥ E7
ZHEE wfdsgEd, FAETE oE AT ES v
A= Fe A2l 2olE BAH.

4. BNBE

1) 230 e HMAAE BF

33 2t TBARS @%& &A% ZFAE Table 78
Z3et.

Y35t 29 A e BE JUTECl a2
B} fAA0 2 Wtn, APFELANe FAH AolE
Bol7] gfgkovt, g} 7o YT BF ARTEC| 7t
F @skos, 53] dHaEdel 71 At AlgAzd
By v @A Gokre] iRt ¥ BEE B

2) HAFY Mo 52 8Y

g 7o FEA 43} &4 SODY catalase,
GSH-px®} #4& 23§ d3hi= Table 83 23T,

ZAPFe] SOD &L BE Tl F944] Aolrt ¢l
gol}, BE AHLEe] da2gR ozt & Fke|dn
I F I ESE T FET M 1Y 8T
9] catalase B9 BE ARFEo] Lol vsh {4
o2 moton, e Mirg AHTE UM E Fe]
A9 ARLEEETT S0 AT uld v 241,
o] A% ARTO) eSS ESETY FTEY 52 A
£ B9 A¥F9 GSH-px $AL tizFEg ZE& 4
YT B FIH ST H3tm, 2 TN FHAETCI 7MY
ey A2 YT E N E FFA Aol 7} YTt

Fecal weight{g/day)

Fecal excretionsimg/day)

Groups

Wet weight Dry weight Total lipids Triglycerides Total cholesterol
C 0.84 = 0.05< 0.49 + 0.03 28.97 + 3.35° 017 £ 0.02° 1.02 £ 0.08
op 0.89 + 0.1 0.61 + 0.06~ 43.94 + 589" 1.01 + 0.56* 231 £ 032
QF 1.11 £ 015" 0.57 + 0.08* 52.56 + 6.00* 1.88 £ 091 245+ 0.20°
QJ 0.94 + 0.06° 0.61 + 0.04 46.64 + 3.91% 1.00 + 0.56* 1.95 + 0.17™
RP 1.64 + 0,15 0.90 + 0.09* 61.15 + 9.08" 1.09 + 0.43%* 348 + 048
RE 0.89 + 0.14° 0.51 £ 0.06° 39.96 £ 5.25* 0.48 £ 0.09* 1.65 + 0.45%
Rl 1.34 + 0.19* 0.72 £ 0.08* 46.16 & 5.84* 094 + 041* 213+ 044

1) Mean £ Standard Errorin = 7)
2) Values with different alphabet within the column are significantly different at & = 0.05 by Duncan's multiple range test



Table 7. TBARS concentrations in plasma and liver”
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Table 10. Xanthine oxidase activities in liver"

Groups Plasma Liver .
(nmol/100ml plasma) (nmol/g wet liver)
C 143.86 £+ 23.48°Y 10.52 + 0.88"
OP 76.55 + 6.47° 7.58 + 0.90°
OE 90.07 + 524" 7.89 + 0.22°
o] 9667 + 3.28° B.48 £ 0.24°
RP 89.78 + 3.84° 8.32 + 045"
RE 10935 + 7.17° 8.52 + 0.33°
RJ 108.60 + 8.55° 8.33 + 0.34°

1) Mean + Standard Error(n = 7)
2} Values with different alphabet within the column are significantly
different at o = 0.05 by Duncan's multiple range test

Table 8. Antioxidative enzyme activities in erythrocytes”

Groups XCoD
C 9.04 + 1.34°
oP 4.38 + 0.89"
OF 3.80 + 0.81°
(o)] 425 + 0.86"
RP 482 £ 0.84°
RE 388 £ 097°
R) 4,43 + 1.09"

Groups . , . 50D . Catalase ' IGSH-px .
{Wmin/mg protein)  (nmole/mg protein)  (Wmin/mg protein)

- C 8.31 £ 049"  4099.8 + 576.3% 0.183 + 0.01°
OP 9.47 + 0.58 78684 + 560.0° 0.273 + 0.03°
OE 1081 + 0.73 9631.7 £ 1237.9* (.270 £ 0.01°
0] §.82 + 0.86 95434 + B889.6* 0.264 + 0.02°
RP 9.70 £ 1.12 11003.7 £ 967 0.240 £ 0.01°
RE 9.04 = 0.69 9438.0 + 9424* 0.250 + 0.01°
R 1050 + 1.63 93599 + 1312.1* 0.243 + 0.02°

1) Mean % Standard Error(n = 7)

2) Not significant at o = 0.05 by Duncan's multiple range test

3) Values with different alphabet within the column are significantly
different at & = 0.05 by Duncan's multiple range test

Table 9. Antioxidative enzyme activities in liver”

Groups ' sOD - Catalase . .GSH-px .
{wmin/mg protein)  (nmole/mg protein)  (u/min/mg protein)
C B.55 + 0.89"" 8480 + 127465 0.111 + 0.08°
op 1553 £ 091" 15951 + 3591.3%* 0.327 + (.05
OE 18.29 + 1.22° 17577 + 1475.8° 0.460 £ 0.02°
0] 17.37 £1.25" 12552 + 36740 0.151 £ 0.04°
RP 1749 = 0.69° 32002 £ 1304.1°  0.150 £+ 0.02°
RE 16.36 £ 1.00° 28230 + 2220.3*  0.15% + 0.02°
] 15.58 *+ 1.42° 14951 £+ 1893.3° 0.133 % 0.00°

1) Mean + Standard Error(n = 7)
2) Values with different alphabet within the column are significantly
different at o = 0.05 by Duncan's multiple range test

3) MY B A WY

7t} 3kst 249 SOD, catalase, GSH-px¢] 84S
Z73% d31= Table 95 23k},

k¢ SOD AL AHTS0) 2T Hl3td ol H o
2 gov dUTAE F7 Aolg Bo)A) ¥xe
U AEFe MG nfaNA 2 Fu e R 227048
E28ye] 71 A 19 catalase 84 =¥ 4UTE
o] ZTEY x}Ed, 53] RARZET Fojge3AE

1) Mean * Standard Error(n = 7)
2) Values with different alphabet within the column are significantly
different at & = 0.05 by Duncan's multiple range test

T, USSR ET0] 2P Bl $H o2 =gto
o, 2 FANE FAREY LR 2EETE Yuix 4
PTol WHME fo1 5 Ao)B BYh BE A2AYT
E YellNE o) 49 olgeRaE Do), B He
AEFE 40 7M A Yehd oK AEToMe 2
7o} W% P& AT 78 GSH-px BAS o]
G328 29 GAETo) Y2z vlald feFos
Etedl, 53 719 e deugrSEe Juan
THAE FH Aolg B, PHAER B Yoix
T A¥E 2o foHos magAel E5it 1 99
Uelz 2EE $o)A0AE Fo1} h22ET ga gL
A%E YEhIITh =8 AAH o= SOD, GSH-px84
& G FAN, catalaseBAAL AT A 2bzt A
X B ek} HYTelMg) vl e R By

4) M4 Xanthine oxidase &%

ko] XOD #7444 £3% 3= Table 103 325k}

742 XOD #4e 2 E APFEe] gzTar) fo3e
2 Wity B3] Yujs}l B AJT BTl ogeiaE
TEo| 7H wgkon ASAZIHEZ viaHE o ok
7 B} o e A EE By,

i |

B ATE S AT 9 T §84
B0 2Me| F5e A Hol 2 o) IR,
o1& $iskel Gatsh 7h WA oAt 3 bekso]
sl 9%E Yohuw, vobt oleid EHE Ehgs
42 A0E A3l guis ol A AL I2E 2
F¢ vimsigc

1. MYGA _
Fots} 7o ¥ NESFEE R Fol ¥ A
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Abo] vlX| e FE dofry] $i5td APFEL] ¥F, 71,
He] AW, XY € 2426 5% 939 HDL-Z
HA2HE 28 2439

43 718 FA, A4 € FH2HE 555 @
zte} 5 o] A3 o] AL Wof HE AYPLE) dF=T
ol vj3] Gt 53] YAl 7 de A FE2E B
HE gl EFEEo| Mg AWNEH =8 M4 &
HH o2 AT

Sheo$t Junge] Q"] @2 Ao 10%] 13}
T SuE 4A7 AAHZIR A% 8 F TN =2
dadEsEe] F718 AAHoE dern Budigde
B, Kang® Kang9 A7 "HE JunEe Brlyels
g 5 3AALE 2N, FHAHECR Q% ¥
F ZrZHEFRY F7HE dAR T Wiz gle] £ A
A3 42 A3E B3 =3 S5t vl 3 A
A R i 2 SUAHE FE ASEAAE deths B
4. )9} & 499 ¥ 5 AAAstESY
= rhEd® 450 s SEEEE A AE 4
o7 Hu¥e gk a2y el Yol FuEYE
B opal Aol AHf-2" 2 quercetin, quercitrin, rutin
%9 flavonoids®7} thge 2 350 oz A4HF b}
AU, ol 5] MU AstEAE A &+

HEAe) We] A S U FZH2EE Y
< 2E dPTol dizdd vlate 2 AYE ngoen,
53] 884 2 #8484 4oldHae #3e] 7Y =t
FART 9 5o 7Y Be 4] A4S vjddo g
Za 7he) AgeES AP ZH FAE Ay Ay
At s F2 Aol RAd o 4o Add £ ¢
o1 2 o)l g89 kaempferold vEF flavonoidse)
AelA 29k g% 2oz ARdd

A9 LBEAZM LBEA G F 234 oFFe
FAZ A= Holdfde 1 4 gl 3A 8
A e B84 AROE oA, 784 Aol dHf
Ao Ay Ay SS9 28 i a9y
olgdx ¥yse] g} Y olg) Byl e Mo
= A, Holidfrde] 237 FEHHA At 5
7FEAY gel matrixg BAStH F¥49) Fihg A&fs}
o AAEFTE AP LEA BT 9] Y 2HEy
g g33E A9 EA, 20MY ZH2HE 2 g5
S F4se] Wog widAg o2 A FH2HE poold]
#7158 7#&A7E A3 AR, propionatest Zo] the
Mo Heldf LA RAES short chain fatty acid”} 2
HAH 249 rate limiting enzyme?! HMG Cod

B = e
IVE 49

reductase(f-hydroxy-3-methyl glutaryl coenzyme A
reductase)®] 4% JAs SH2HE IS T4
N7E AL F Uk 3 244 Ao)df3e B8
Farstel st i O v Agy 28-S A el v
AR FAEEY, o)A FX1E 2ol dF matrixe
e 258 AFES FAEFHAE dEAPLEH
Aube) wjM kg F7HAF)E FA A AW ALARERE
g g 4 gl ?

P, GG LFEETE AETRY HoldfAw
Fflavonoids?] o] oz BFstn E47 He) &
A, F4AE, FZHLHEQ FTAS N o L &
7} 7 = A eRG ol iR B oz} gkl =
T quercetin, kaempferol 52| flavonoidsel €3t &3
T Azt & F gl 2AAeE el BF A flavo~
noidE Aol9 0.1% 4202 Fod A7 Y47
el FFU2EETFol d2PRO @3, HMG CoA
reductase®] ¥4 L3 fiFTe] vld Fia|ch E o
2 AF*AME flavonoid? quercetini catechine] &
H2HES 4HA 7] #F<] g4 740 SYAHE T F
AArEE A7 E8E BT} E£3 o o
o2 &5 U= quercetin® in vitrool A A SHE s}
2 LDLAM AFHo| geld 8l glon tLo] Atstdd
LDLe] 59733 EaadAde] F88 FHEIUL A
g o flavonoids?t #AERAYL aHH 0 Z oug
Aoz 7lgslz Qoh® T8 flavoncidse 2 818720
o2} 8= ool Ao} SR %} flavono-
1ds9) 80%0°]42 AAHI 2 deA glE quercetind
alechol, glacial acetic acidell &= S22} Sl AL =3
@209, kaempferol2 B0} =A-E aleohol, ether £
alkalieso] SEthn Bugo] gtk *4 oj24 ol gt
SE2EET) YHFDY PR FgHen & A
AMPAFERE 291 Ho] z} NEd $4¥ flavonoidse]
%3t AY Apol2 458 5 YACH

AEAR o2 guis} Fo] Hoj= Ay AueEE A3l
1=, 53] FARES S|z A U: FE
Aol iAol oz HE Faf AW tFo wj4dgE
o2H YA PLESETE Aol FAY FRHGE
flavonoids 52 Yoz Z2eEH A T4 €L F
TF A RS 2oz YA e A
E AN AR B £ ot aeuy, okse) Fofl= Aoy
#37 flavonoidsE# & A9 EHo] s ¥
5ol oz A £Ee A7t o] Folf o B
AT 7108k Rolgtn vRPAE 4= vk 28y



Y 3 ZY~HEFEY S7H 9. Wikt 3¥¢t Bk
~E#H2e $ BAFEAPY FadHdathe HE
e o, Fue} o HHE BAFHAHS <t A
2o 854 AHE 98 Ao AR, B, g
8} A% o322 AW AASRAN 7P ATk
Z o2 n|Fo] Ho} o e §&5HE flavonoids 52 A
PR Hold Ao YA}, o2 9l T8
flavonoids?! quercetin® 7t TSR FHiE o vk W
7 FPATL ol 83l BEE LA FTEHE
£ Adshe 98 Sy R84S 5Y 7 e F2
o2 Azbdr,

2. BuRF

ofshal Heof AR JELFEE F FY A7t Yoot
A sk v)Ae G Gobrr) sl P
7te] AA s Ed g AP 2he] F4ts A
SOD, catalase, GSH-px¢] 843} 7kiA 9] XODg &
A& A&

e o] AQAARE JAFE BE ALPETE
o] Z2FRY FF o yustw B3 ddET, ¥
AHEFFETO VY B FFES RYEY, o dgE
7} PES Wiste] g0 921 Park 59 977
oA kxbgo] 7he] SRR A& FAA FEAA
o= B 29} flavonoidsS) quercetine] #H9 7 TBARS
e g o= AN ROE Igarashist Ohmu-
na®] d7*e} Uxg Aal st

UutH o2 A 22 ALY &AL AFuke] FAAJEQ]
i B¥ 8 Qite) Basht s fglem deA 3l
|, AFzbshs XA aqlEnte] ohzt XA
891 (oxygen free radical generating system)oll 2i&} A
A9 oxygen free radicalo] B go oy opr1gnt P of2]
¥ free radical® ¥ 23U WA B0l
AAEE S0y, A WellA 2 xAle] wWol7]H g Hof
A FE A2 ek glycosaminoglycan?) £3),
Tl A E5) §49) sulfhydryl?1] 413} ¥ DNAS] &42
QoA s =719 FNE et ™ iy A
£ ol€ free radicalE5g =HE & e G A
71 EA5 free radical 22 &3 o2 AAHRE A3
o) FdE FAS ot YABAE AA SOD, cata-
lase, GSH—px §°| Tei== P48t Hhe vitamin A,
vitamin C, vitamin E 5¢] &4 3HislAg TA4=
o] vt ® gatgl B FollA SODE ARPH 2Eg 2280
B ATU 5714 718 2a8] Aeel free radical
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A el A dAN A HAd o) superoxide anion ra-
dical(0, - )& H.0,& A7 *® Catalaser: SODE
218 44E HOo F88e itist B3 A7
GSH-px= AZGRHET HOZ EA9 A= &
ABAM F2 3sE 0§ AslERE A EHAAd he-
moglobing B ¥3Hs dehg §c} PP

Agte) 2k A 71A] gHE A4S AL dAE =
E ARy BT ¥ae F7RME=d, AETY 2
4 catalase®} GSH-px7} 71@3tAl wH§sle BE AYPT
29 g4o| g2Fd 8j3d F9HoR Edn £3,
GSH-px9] 2% ¥4 U fieiAlde 27t 718 wekd
FHRALTANN 1 84e) M A Ve, 7HY B2
catalase®AS B9 FARTY SR ATEL I
Bito] oje] & WAz s itk 7 o} g BaE
% SODE EE APTFEY &) iz vlgte #oF
o2 Eged 1 F SudeeREETo) M =}
catalased] A% T FARIFSET AhTA4ol
fFeH oz 71t en, GSH-pxe] 4 & gofolighe3
2E 77 SHARETAN REZTET 980 BA e

i), Catalase®] 7$¢ SODst GSH-pxete €8] BT E

o] gAjo] ymrErtt 453 FAHA=. o= Fot A
4o g tjel catalase® A8 Jlvhe 2”9 B
o] g% Ax BEv 58 AZEE 47 & GH ol
A%, F5EE AAIMY catalase ThodFe] Bl
Z o Age 4771 YA 8 2o Bl :

Z, 2 AETEY AW B 2RFA- BT
o} 7re] Bt} gL YFAoR YXE HREE 5
2L A2 AAREY, £ AgalA Fatahzde] 444
7 M Holwd SAR T s FAEHL
1 BA) 4%E AL E go} FAPET Y we)
$E)99 flavonoids$t vitamin E7} #]l24% digegx
Zgate] SR A e A4S FA3] TS AL
AZEc) £, FARTFY A4 catalased] 84 FAH
7 vitamin C ¥ flavonoids®l wlEA4] shtsl Azl
S0 vepte 2 Ay X AAEEe AL B
o2 AABIHT Al Et.

o)21%k M) EAA 3844 = flavonoidseh 413} vita-
minFE £ 4 9&dl.? Flavonoids® SOD, catalase,
GSH-px 59 #4tst 24 842 2AX71AU, A3 fr-
ee radical scavenger= Z-§¢22H A A 2
B3-S AARABL® Vitamin A, vitamin C, vitamin
ES -2 813} vitaminS-& §AkeF & 239 ¥4 fr-
ee radical 2¥H 22& 2353 F& 4§ d=d, WA
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vitamin A¥ singlet oxygen®|\} free radical® ¥
o8 AAuse] MAGAE P88t ,” vitamin Ce
T84 AeoA HAE RFezd SR FEE
A Aaakte] AHug-2 33, o-tocopheroli} B-
carotene®} ZH X &4 FAEA Y AL F1.? vita-
min E¥ free radical®] 3AL=2HE AET A2 £X
FA A AR BEs T wWeolAE 2ednTn gy
7 k.

e XODEA L BE AYFEo] 2T R} fofFe
2 gokm, 53] 4uie} Fo e FE 5750l 71 W
Sttt AA W) free radical A4 A sl XODE pu-
rine, pyrimidine, pteridine, aldehyvde®™ 3 heterocy-
clic compound 52 Al FHezh= By §4 5 A
A WellM= F2 purine# o] thARHEQ! hypoxanthine
& A A 8ate AAEhs Bhee Zojg ZEes Y
o] ¥ H,O.Z 44%.” Flavonoids#i= XODY &4
Asat=ul,” flavonoidsSe] &2 Wl hydroxy7ig} 14
of @t 2 Afast then,® 53 gallate’|E TR
flavonoids?t XOD2} &4 aatAez AHsga®z »
53 ek Ra 59 937 oJsid gmgdes g
& flavonoids?! quercetin-4'-glucoside®} quercetino]
XOD9l 845 Asfgirtn stglen], o AvAd=
flavonoids$! myricetin, kaempferol® quercetin®l xan-
thine oxidaseol ch#} =144 Asle} T334 As <]
EFEYe 2ad lo 58 29 dAsY. oala

2 2N gatg 7o g FEISv X0D &Y.

71 vk 718 guoigeE-Eol FhEo = quer-
cetin, kaempferol 5¢] #2& 75 53 flavonoidse] &
2 4BE = QA

o 9 HE

£ Ao Sejve}t AN AR gstet Fr1 A
o Abe} ghabsbsdl] Wil GEkE olE o yolrt o]
 Z9E Jehe 479 A4S Ak g3 7o A
i} S EF2E 3 F2 vustdt @33 3 ¥ F
Ak 9 A FE2Y2HES FASH APuAE o
ojpgtm, 4w 7te] TBARS % B H¥ 79} e
SOD, catalase. GSH-px9} 847 212] XOD 84& &
Agto 2N atdleel viAle Y-S AU,

# flavonoidst ¥®ziel /P Bgtem, 1o go=
= 7R Y9 EF2EY $28 ¥A U B
£ ANBofA B-carotened HSHA FRhow, vitamin

Ce] ke e} 7 BRI & AR, o3 Ee
woz @A et} Vitamin B8 2% EE AlEdA
I gige) vnjatded), duziEe] 2 F M #Y. #
Aol A I F A7} oA Ert dEH0E ¥
vehgton, 53 FAETol 7P w3k

HoldHFT AFF7HES Tl oFf-d foFHQ A
o] & HolA| gkot el Fof Ao|7t B Aol d
UE 93 A £ihs Ao E VeRdu

43 7ve] FAY AT 2 FFe2HE vEE
okuiel B o] HHY 7L ol BE AYFEO] Y=
ol vlaf FREH, 2 FAME 53] GoletEEEE]
1 d@ARA A AYrEL e Ao vy
WAt el AW, FAAY D FFY 26 E A FS
BE dgwe] iz vidty & AL HY2H 53
BAETO] WS Bl 7 B2 %o A g wjdign,
2 thgo] Yl REEo|fit). & YR
Bv2 HolgdfAe d¥rchs duhg] = flavono
idse] dFoz, RAETL F W9 flavonoidse] Enrrt
E Aol &z ooz HE Fa AW ko wjd
st A g4 ke Apdreg AR & F Uth

U3} ko] FtskAl A A Fe B E gatel Fof A¥
TEC ETEY Froy o vtn, 53, FRaE el
7HE deken 2 g0 2 g3 A FHERETl, 79
AE GelgeFEETe) B 5E By FA¥Ts
be] A 7HR] 3HE 5459 gA4L 2E AgTdA 9
279 vgte] FrhetR e, A8Tel 39 53 catala-
se?t GSH-px7} U173 whg-dle & AT ES 84
o] &7 vl|ale] oA o2 =t catalased] ¥A
& FARTA, GSH-px9 48 FARTas 713
3t} 249 SODvE B8 AUTEY §4°] =T o]
sto] frelHo® goton 1 F FuplgGeFEETol 7t
i, GSH-px®] AL SR B 52 ETT St
HAETAA, catalase B FHEF LGEFEET
oM, thaFETt fFe4oz FA Jepygth £, 4
XODgAEL BE A¥TE0| dETRY FaHo= W3k
3, 53] Sutet Fof @2 FEFETEC] 7MY with o
A, gate 7he) IR A Y F0) b gk 4t
AVBFE SOD, catalase, GSH-px B9 38t 749
BAE Z7MA7)E TA GuARd 71 Be| EiE]
gl flavonoids ¥ vitamin E7F v)E44 §48AEs
7158t A free radical scavenger® A8 FOEH A
Atels FA3 gAEE Aok noln, o= §
A8 g2 o] Zh ul Yuel g SEE M Y



B RS 44 2 XOD 249 YAEHE FE 9
B&o 5= 534 flavonoidsll 9% Ed=2 AztEn o
AR T B$ catalase?] &4 37 #4 vitamin C
3 flavonoids®] ¥ &4 4kst B3i7l Aol Uyepde
24 AW sz e AL oz oAstgrin
AEE

ol ol A2} zho| oo} Fo] Holrt Ay AL A
SAFI R, Fidhs & FAA A= Ao g vehded, %t
o B AEET 23] g2 FEE0 A AWrFE:E
o] ARH0 2 FAAZT, 3 A28 o TAXA
on, Fupaits wvlEZix| 2 Akl Tte el x| Awatale
B2 JAGoRA oetge] S&5E flavonoids
59 B8 Ags) & 5 Ut F-o ASel= AT
Holdfde] dFos HE i gk AL A
22X AWAErES ZaAAT, ggelMe itea
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