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Abstract

Phenolic acid concentrates of rice bran(RB-ex) and hydroxycinnamic acids were investigated for their anti-hyperglycemic
activities through glucose uptake and glucokinase activity using HepG2 cells and stimulatory effects on insulin secretion
using HIT-T15 cells. RB-ex was prepared as an ethylacetate extract after alkaline hydrolysis and hydroxycinnamic acids, found
as major compositions of RB-ex, such as ferulic acid(FA), sinapic acid(SA) and p-coumaric acid(p-CA) were investigated
to compare with the properties of RB-ex. The properties of glucose uptake in HepG2 cells were examined in the absence
of insulin and two different glucose concentrations(5.5 mM and 25 mM). RB-ex and FA showed anti-hyperglycemic activities
through the increase of glucose uptake and the stimulation of glucokinase activity in HepG2 cells. RB-ex exhibited higher
glucose uptakes with higher glucose concentrations, whereas FA exhibited the same increasing effects on both concentrations
of glucose. RB-ex and FA exhibited doubled glucokinase activities relative to control. In the presence of insulin in the
25 mM glucose-containing medium, the levels of glucose uptake were increased in all treatments compared with control.
As stimulatory effects of samples on insulin secretion were estimated, RB-ex and FA stimulated insulin secretion at a
concentration of 25 pg/ml and in particular, FA showed the highest amount of insulin-release in HIT-T15 cells. Antioxidative
effects on HIT-T15 cells, RB-ex and hydroxycinnamic acids, excluding p-CA, showed inhibitory activities of 78% to 80%
at a concentration of 100 yg/ml. On the basis of these results, we conclude that RB-ex and FA could help decrease blood
glucose levels and prevent the cell damages via antioxidant activity.
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%AthBeak SH 2007). A2% B2 dad Aol <l
&9 #8] As7F Yetu= §40] glon, d=2l A2y &
= SR AL FE el = E AT Y STt o
£ &Y o] Al vlaf mj$ E& £ Bl
THChang 5 1998). Al23 T WA Alo= A W 3
43} Bl 7179 Ast= Qg ArEttZd S7F 9 AksHA] &
Eg 2o o5t 27 &4 B0 wrkal deA QIthWolff
SP 1993). AW &H4ts} FojA| Aol F4rsE a4, gl C,
HE E, E99s 5ol o8 fAHT on, A& 52
Bl HFE ¢ o, Ad FASHA, EFHE B
HEAhS ZHE Abgto] o3 BAEE ARlEdES £
of WO U)o A5} LDL 228 WA THIaHE <] A4
AATe =N AAhAY] WA &3S UEh o (Hiramatsu
5 1990; Rukkumani 5 2004), G tAto|A] Q19 7152
Hzs AU 7t SR S woFL=2H @9
A 3to]| Tttt X 5} th(Peungvicha 5 1998; Waltner-
Law S 2002).

ar, stz HE 2% A o 98 4
A4S 59 AL A2 Uz, 49 %
Y 5 o] =2 A4S AFHE AE kL JrkKushi
= 1999; Simin 5 1999). @A 2] 9] F4]
I Qs B2 ovR SHeE eFE I Ffigten, |
oo = 3t Fg4 ool vigl, 7714, A4, 2 &
Aet B 55 TSt lo] =919 A% fAE S8l
2 Fdo] "ok AT 7|2 A So= s A4
Hrj= u|7} £2S AAS Wojd] g2 HHskr g, @
n]o] &uREQl nFE iR FAEEA 7HE AR Sl
o] §EL Utt H|Zol= ABAEE 7M1 E4, HIER By,
H|E}R By, r-oryzanol, HlEAto] EH-iE o] glom, £3] n]%
9] Hls4k2 EElHlE9 3 TREA FAE ST A o
& AEAo] Sl A2 HaE o] glti(Cheruvanky R 2000).
=7 5 A= AlZHel= hydroxycinnamic acid, hydroxybenzoic
acid A|99 HzAte] 45 = FFH=, 28 RfES
N2 Ao ester AFATEIZ 2A)5FL 931, ferulic acid,
p-coumaric acid, benzoic acid, sinapic acid S-°] A3}, #|7}
o= o]2fgt Al FRECl BEH ok LA Ut
(Faulds & Williamson 1999). & B 115 H-Fof|A] ferulic acid
7 AR hemd ol ko) TAshE A4 T4 W W
78t ATHOhnishi 5 20008 R, 7ol A s
A 229S AY erdo] Hee A3, A& Hu)d
F A @9 st ans vehd A2 Btk Jung
< 2007).
2 AFoA = vFE 7RSS $ oldotAlElolER
sto] A& )7 HsAt 5523 hydroxycinnamic acids 2]

o
o
A

Mo O @O

pEREEDCE R

P G0l vA= FFE BAs A, A7 FEH e 1A
Z(HepG2 cell)E vljFsle] T 7

2 2393, A AEHITTIS cel)?] Q47 Balof o
= Gk} &4 Abd(reactive oxygen species, ROS)2] XA

1. 0|12 H=d S529| =M Y Az FH|

"7} ¥=At =5 (phenolic acid concentrates of rice bran,
RB-ex)2 ZA|5}7] $J8 &Xu|7} 20 gofl 1 M NaOH 100 ml
7Fste] 15417 Bt Aad7 AR 20T A 7HeRalE
Al A3} thBaltolome & Gomez-Cordoves 1999). 1 M HCIZ
A 2& W] & t lEoMHIOIEE 0|83 F 3
HrEste] &3 oHotAEHo|E BEFE AU - 55
sto] 2hAE] AR ThE 80% HWIERZo] o] AP L
o, H=At 0199 E-EES BAISH] $13l Seppak Cis Vac
cartridge(Waters Co., Dublin, Ireland)E S3HA| A 50% HEH-2
of ST Al BT o} ThA] 71 - SEste] A
22 Agalot & Bl BEE 2407 S8l WY
Folin-Ciocalteu 2.2 Z=7J5}%th(Singleton & Rossi 1965).
Ferulic acid(Sigma Chemical Co.)2 & HTFF A& A4S
% T EY¥E T2 100 ¢ 2 mg ferulic acid= LERH L
t}. Hydroxycinnamic acidQl ferulic acid(FA), p-coumaric acid
(p-CA), sinapic acid(SA)ZE Sigma Chemical Co.(Sigma Chemical
Co., St. Louis, USA)o|A 3} A3

2. MIXE HHQF

H AFo ARESE HepG2 A|E+= American Type Culture
Collection(ATCC, Manassas, VA, USA)S. 2R E L5141,
10% fetal bovine serum(GIBCO, USA)} 1% penicillin-streptomycin
o] 33} Dulbecco's Modified Eagle Medium(DMEM, GIBCO,
USA) x| A v Fstct. 37C, 5% CO, 2 FA8h=
vj9¥7](Sanyo Electric Biochemical Co., Sanyo, Japan)oj|A] H}]
fsom, 2~3eutct A) WekS AASITh HITTIS
AEZLe St N 2F 23 o 2 HE BoFulo} 10% fetal bovine
serum, 0.4% penicillin-streptomycing H-5-3F RPMI 1640 1} %]
(11 mM EZ=% E3H GIBCO, USAYE ARE-31Y, 5% CO¢t
77°C z7ske] HME wjer|olA] wfekskalc). HiAl 2<dutct
3w Az w2 g, sdukth B Ade

SRLELS

3. MTT Assay
Cell viability-& ZAF}7] $J8] MTT(3-(4,5-dimethylthiazol-
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2-y1)-2,5-diphenyltetrazolium bromide) colorimetric assay= 4l
AlsHaTh HIT-T1S AZE 50x10° cel/ml7} EZZ 96 well
plateo] 38}l 24A17F vt F, iR E A|ABIAL fetal
bovine serum®| A7}EX] &L Hjx|of| AR FEE 25, 50,
100 pg/mlz A27E &, 48A17F 5k vigFstich S0 pgwell
=L 9] MIT A9k BEZF35F the 4A4|7F & MTT7} formazan
02 5= AE=F microplate reader(Bio-rad, Benchmark,
USA)E ©o]&35te] 570 mof|lA FF=E 45ttt do=
29 SFEE 7|F2 = viabilitys AFE3SISTH

4. ILC-C} 2013t §7§-’I

96 well plateo]] 30x10* cellml7} E|E2 BEZ=3}o] 24A]7F
B wigsta, e 2= FEOA AR7E AIZY 7 1Y
o A= FFE AR, E3F 1 =T EA 5l
Al QJIER(10 pgm)e] EA ojFo] w2t AlE7t & RFdel
2= FFSE 2ABHATHYin § 2002). A 29| F=+ 50,
100 pg/me= FF81a 1AIZE F2F 37 Coll A A% &, 2z¢
55mM, 25 mM ZEY 22 228 sz 2 vEE & 12
AIZE St Bl WhEE = w2 RE 10 X FHdtod
WOl 2 RS SHSIAT EETY FE= glucose
trinder kit(Sigma Chemical Co., USA)S AMg-al =Xttt
AlZ7} Z3EA] 2 MAE FARRE AFESH L, 2
o 2= wjAT HPste] SAHE g VLR, AlZY T &
PEZ iAo Holle ZET FEm)E 4o NEs
(30x10" cells)2 AAbste] YeRHSAT

5. Glucokinase &M &3

AZE 96 well platee] 30x10* cel/ml7} =2 HFs}0]
24A7k F2t wjekatanh. A&HA0 pg/me)o] ZFHE 25 mM
2o iR A 7 ARES 100 pg/mlE H7LeE TS 24
AIZE E3F wjeFstaL, QlAE ehFH o2 AJHE}o] microtubeo]]
FASATE EANES A7) €3 microtubeo] 500 02] lysis
bufferE &1L, 1027+ &gt F 4,000<gof A 1027 A=
gsto] AF5AS 3Pt eE AFAe] 250 1l homo-
genizing buffer(50 mM Tris-HCI, 100 mM mercaptoethanol, 1
mM EDTA, pH 7.4)& 911 4Tl A 6057F 12,000xgol| A %
AAET & AFHE 2o} glucokinase B4 SHof o] &
34tk Glucokinase ¥H3-9H-2- 200 mM Tris-HCI(pH 8.0), 50
mM KCl, 5 mM MgCl,, | mM NADP, 5 mM ATP, 50 mMx}
0.5 mM glucose, 0.1 mgml bovine serum albumin, 1 unit/m
glucose-6-phosphate dehydrogenase(G6PDH)7} & =2 3911,
T A0 20 12} glucokinase HHS-Y 980 S 4]o] 37 CoflA] 20
B FoF vk A|Z T} Glucokinse Ao WhE glucose-6-phosphate
(G6P)7} G6PDH2} W3-8 w] nicotinamide adenine dinucleotide

Dy B 235

phosphate(NADP")7} NADPHE Q=L AL o] 83ty glu-
cokinase TS 23t} WHgol 2J5 A4E NADPH
AAHELS 340 mmof| A WESA|ZF Y BESAIZE 208 & S
Z7H&-2 =75} tHDavidson & Arion 1987). Glucokinase &
& BHEE S0 mM Z=gE H7bste] 4 FFE=A 0.5
mM ZES J7iste] 42 FFEE W g Fst 189
Fao] gl | ngo] f5) QA EET] SE(nmole/
min/mg protein) 2 AAFSIR T EA4H Q] Tl A F== Lowry

o WgE wgon Ttk Lowy 5 1951)

6. Cl=El 2Hls 53
HIT-T15 NJZZ 6 well plateo] 30x10° cel/ml7} =2 &

ka1, 24A17F WIFRE The AERRE WjXE 98 A

U Bolge 2gsh] 99 2 mM G} 11 mM EEg
ZAY HEZE 2A7] T, FAARRTLL 2.5 nM exendin-
4, AIRE 25 gnt Z12E A, 0% B9 MRS
Hu)g 94 %S Insulin Kit(ELISA kit, Shibayagi, Japan)2
A8 2481 tiNomura 5 2003).

7. M AAF(Reactive oxygen species, ROS) X

HIT-T15 A|ZZ 96 well plateo]] 30x10* cell/ml7} B == &
Fe F 2UAE P, 229 AR SEE(O
100 pg/m)E H7kste] 37°CollA 4AIZE Bt A stk
0.1 mM HyO,& AlZ o] A 2|3t & 3087t vjekat, of et
o &2l 100 #M DCFH-DA(2',7-dichlorfluorescein-diacetate,
Sigma Chemical Co., USA)E 10 & YQith 308 < 9=
£ AEZYE S8t 932 A1 T3, excitation wavelength
485 nme} emission wavelength 535 nmoj| 4] multiple plate reader
(Model Victor 3, Perkin Elmer, USA)2 ©|-&3}o] fluorescence
£ =23}l Fluorescence Intensity(F.L)= o ZH(FAE
o]l i3t relative inhibition(%) 22 e AT

8. SHEA

EA A 2]+= SAS/STAT TM User's guide 8.0} T2 13-
olgsto] BIA9 EEBAR EASTH BARHANOVA
analysis of variance) % 4005 o5hE FZFHT, Dun-
cnd] THEHSIAES WAt

Zot Y nF

A z= v)7} A 5=E(phenolic acid concentrates of rice
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bran, RB-ex)2] 3482 1.32%°]% 12, RB-ex?] #H=At g
S 243 Aa} 732 mg% o 2 AL QI A RS g 7}
o BAL ZA7] 918 T Z(HepG2 cel) S HjFato] A
29 A7 2o AZEU fdoll niXE 9FE ZABFRL
ZA1}= Fig. 1, Fig. 29} Zth 5.5 mM EXdo)l A 12A4)7F vl
gt & A|29] ATEE(50, 100 pg/me)oll wE AZY o
= AR A3k, RB-ex¥t FAE A 2l5=o] oEF o2 A=
W o gl 2718 & & ATk 2. 50 penlol A
RB-ex®} FAQ] EZ =) ZHEE(residual glucose)2 ZFz}F 0.085
mg, 0.055 mgo] ), 100 pg/mlo|A] RB-ex2} FAQ] w1} 2+

b B
b
c
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Fig. 1. Effects of RB-ex and hydroxycinnamic acids on
glucose uptake level depending on the sample concentrations
(1 50 pg/mé, M 100 pg/ml) in HepG2 cells. The cells were
incubated in the absence of insulin at 5.5 mM glucose
media for 12 hr. *~¢, *° Values on the column with
superscripts were significantly different at p<0.001 by Duncan
multiple range test. SA, sinapic acid, p-CA, p-coumaric
acid, FA, ferulic acid, RB-ex, phenolic acid concentrates of

b b
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Fig. 2. Effects of RB-ex and hydroxycinnamic acids on

rice bran.
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glucose uptake level in HepG2 cells. The cells were incubated
with 100 pg/ml samples in the absence of insulin(C]) or
presence of insulin(lll) and samples at 25 mM glucose
media for 12 hr. *~¢, ™ Values on the column with diffe-
rent superscripts were significantly different at p<0.001 by
Duncan multiple range test.

[0
ne

oldt
ro,

7 FAFIFA

Z52 Z+7F 0.068 mg, 0.036 mgo2 Uepdo 2, iR
(0.107 mg)T} B] W3 59%9] T=T FUF ZolE HETh
HHH, SAS} p-CAx= 2=t FUZolA tixatof Bls] oF
18~27%%] wjv|g HAE Bk

25 mM Z=ol|lA Qe F7F f-5o W HIE ot
7] 98, A= 100 pg/ml sZoA T YT s &
stk Qledo] EASHA] o2 AHEiolA MZzW & FU2
RB-ex¥} FAo|| 93 =33 F7H UEh 1o H(p<0.001),
Hiz]of ol Qe EEHresidual glucose)?] F=5 ST
A3}, FA0.046 mg), RB-ex(0.048 mg), SA(0.073 mg), p-CA(0.078
mg) =22 F7tstch 1, dedS Fhs 2=
o] oo & FAFel S eH, E3] SAL} p-CA
= =9 A7l o 3 ZolE vEhil e, iAo &
ol9le EEro] - FA(0.039 mg), RB-ex(0.045 mg), SA
(0.045 mg), p-CA(0.05 mg) <=2 &7}t 7t L2 A4
Yol 9175HA HkE-3te] - o] 8(glucose utilization)T} A1)
Z+-8(gluconeogenesis) S AT O ZH o A GA]of £
83 Qe ek AR A2Y T A BRERke] 7
T A= Al o FeEAY Ve 4R 24 Y
o T f4do] AaEY, ded Mgl 9Tt F 5 HE
71-& A o)A ZpA| T, A4 Abst W {2 A A F
717} k24 9] § o] &2 JAIshE A2 U A JlTtH(Abel
5 2001). Yin 5(002)2 &g 4 R I1f A berberineo] 2}t
= 40| TNZ A Qled glo] T o84S AL
24 @9 Fst A& vetdoha 59, 227 F&0
w2t g o] &Aool FUHEUAR, TsE TEF22 mM £
=olAe F o84 8ol ot Aoz st
Berberine®} H] 32 ©f FA ¥ RB-ex2 Q& glo] 1%
2o A0 BRI o] &S STHIRL, e
dofl o I Byt o FTHHSEH o] T2 B
P Ao Fa3 FFE £ A2 7|ddnh

2. Glucokinase &0l OJXl= A&k

ZF M3 oj| A 2] o] & Z71= glucokinase SAJ T U gt
BHE 7=t} w2bA RB-ex ¥ hydroxycinnamic acids7} Z¢
A 3Z 9] glucokinase &/dof| v 2= G ZAFSHATHFIg. 3).
25 mM ZEFo| 355 ujX|o| A glucokinase EAJo] FA,
RB-exoll 3] §o|H o2 Z715HET(p<0.05), SA, p-CAE
glucokinase EAJof| FFS n| xR ATt ZHof| A glucokinase
of ot JFo| sEH QAEk= T o] A M T8
g AARA, o2 o] fYEHUS o 7MY HA 2=
= QA4S A]7]3L, hexokinase 2tk Zr=ttof T w2 %
3H(Km)yZ 7FA] 2L Qo] glucokinase B EE SO EH
FY o] && HX = FFE SHE 5 Uk grHe R A
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Fig. 3. Effects of RB-ex and hydroxycinnamic acids on
the activity of glucokinase in HepG2 cells. The cells were
incubated with 100 pg/mé samples in the presence of insulin
at 25 mM glucose media for 12 hr. ** Values on the column
with different superscripts were significantly different at
p<0.001 by Duncan multiple range test.

2% T A A9, 1t2A 9 F o] &4 HaE 1HEF
9] glucokinase ZA =L} BT o] =L Ao F HIEoO Qo
H(Tura 5 1996), e AFPLE Q3 =¥ 7|5 A5t
+ glucokinase &/ ¥ glycogen T4 HAE U, o]
g Has Qled Fojof i AAH R Yedria B

ol

}44 th(Pratipanawatr 5 2002).

3. MZE dzt= 9 el=El 2H|S0l 0|xl= g

HIT-T15 A]Z+= Syrian hamstero| A S A FA 5-
AERA <At 3% 247 fARE 71 4S FAe, 2ug 5
o ulgsto] ol Bujzh s, Aeta} ohsbA 2
& proinsulin gene 7FA| 3L 917] W&ol led £H] 24
o] At} BlFt 24S 7HE AL B §lof HE Al
320 e A5 sk Hl ARt NiZ2F2 d2A Uti(Zhang
S 1989). RB-ex ¥ hydroxycinnamic acids”} |3 A|3£2] £2]
of n]Al= ATE doti7] 93 AlRY F= FHIRS, 50,
100 pg/m)ol] WE Al BES AL, t2ato] of
g HlEE UElal, I A3 Fig 49F 2k SA= 25 pg/ml
9] F=oA A2 FA a7 U e, RB-exd} p-CA:
HE TN FoHe s 54 arE YERSIth ¥, FA
= BE oA AZ FAof ol FFS FA &UTh
o|9} -2 NE AHE F7h= RB-ex, SA, p-CA] 2]t A
FA Az Holw, ¢ W A7 Bad o= AlrHh

RB-ex¥} hydroxycinnamic acids7} HIT-T15 A|3Z 2] Q1<&H
25l PlA= FEFS Table 1] YRR 2 mM Z=1
11 mM Zx F 7FA] 2794 FA®} RB-ex= &350
2 =¥ Y& SAART 2 mM 22 FRoA Qe

ﬂ

oy 3y 237

T 10 g, .
= a
£ B BC b B
g 120 - .
el

5 2y :
8 1
2 80 -
z
T 60+
8 40 -

20 -

0 :

SA p-CA FA RB-ex

Fig. 4. Effects of RB-ex and hydroxycinnamic acids on
viability in HIT-T15 cells. The cells were incubated with 25
rg/mb()), 50 pg/ml(X), 100 pg/mi(Ml) samples for 24 hr.
Cell viabilities were assessed using the MTT-based viability

assay. ", *™ Values on the column with different superscripts
were significantly different at p<0.05 by Duncan multiple

range test.

Table 1. Effects of RB-ex and hydroxycinnamic acids on
insulin secretion in HIT-T15 cells"”

Insulin secretion(pg/mfé)z)

Samples

2 mM glucose 11 mM glucose
Control 720.2+75.3° 750.5+ 73.7°
Exendin-4 760.2+34.2° 1,271.3+ 31.9°
SA 648.0+72.5° 7203+ 49.8°
p-CA 620.5+82.5° 6473+ 93.3°
FA 1,447.2480.2° 1,432.2+155.4°
RB-ex 1,105.5487.6" 1,333.8+ 80.9°

D Cells were incubated with 25 pg/mé samples at 2 mM glucose
and 11 mM glucose Krebs-ringer buffer media for 30 min. Insulin
contents were estimated by ELISA. Positive control(2.5 nM
Exendin-4).

* Data are expressed as mean+S.E.(n=3). *~° Different letters within
a column were significantly different at p<0.05 by Duncan multi-
ple range test. SA, sinapic acid, p-CA, p-coumaric acid, FA,

ferulic acid, RB-ex, phenolic acid concentrates of rice bran.

2 BH|L FA(1,447.2480.2 pe/ml)9} RB-ex(1105.5+87.6 pg/me)
of oJaf| F71= L, ¥ p-CA, SAL 23 v|wsf Hr}
£ Zo]7} glolon, FANRLOE H7IEH exendin-40 A &=
7R 2t 223 Zpol7t i) g, 11 mM 2= 5
oA A& led Ful nAe IS S8 2 Al
Z2RE 2oF ¢l4d okS FAZ} 1,432.2+155.4 pg/ml, RB-ex
= 1,333.8480.9 pgmlZ & Eu|E FAAIF I, p-CA, SA
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= Az ey ZHof obty gk wAA| gskeH, vt
H exendin-4+= 1,271.3+31.9 pg/ml 2 Q&3 EH|E X319
o Exendindiz 3% Al E23E T SR olEstel <l
% HHE A5k A2 o 5 U3k Exendin4+= glucagon-
like peptide(GLP-1) =8Ao| A A5A= g5t E24
o] SAea HolH dad BulE ZAATE Aew
By¥ EZo|tiEng 5 1992). Ferulic acid®] Q1&d EH|E
A7 = 8BS O E dFE FlA= e o jlew,
rat 32 A A]E<2] RIN-5F A Eof ferulic acidE 10 ¢M2]
FER AL 1 Aol BHIEE ASAL § ng/nd
ooz tE HE4 IHE vls) w2 AR 2ALES]
THNomura 5 2003).

4. MZL§ ROS M7=

A ze] H Az et 3Hitket 43S 573517 Y8l Al
ZU ROS A|ASS AL, A= Fig 59 Ath A&
=% 10 pg/mlo| A ROS AlASL FAQ} RB-ex2] 7%, 60%2]
ROS &7 & UellaL, SAE Hlud ¥ =585 Ug
WAL, A 22 vitamin CO] 79 SA} H% 9]
S UERTE S, 100 pg/mbe] FE|A FA, RB-ex=
ROS AA &Ao] oF 80%= e L, SA, vitamin C= 78%
o] A S Yetlleh ¥, p-CAE BE &4 AlZ
W H,0,9] 2]3F hydroxyl radical(OH - )] FA4S gtz oZ
A 85}A] F3 Tk FA, SA, RB-ex= hydroxyl radical(OH - )oj|
& =2 AEEdS RUCEN E4E AlZY 2394
4t aE Fa AAEQ 7lss FrAlskE Hl 7198 A
52 A= E ) Hydrogen peroxide(H:0,)+= A|EEZA] o] 75}

100

- A B
R 8 r B B
S
c
= 60 - )
L=
= b
g BT
ke g
7]
- T—'
€
0 I . .
vitamin C SA p-CA FA RB-ex

Fig. 5. Scavenging effects of samples on intracellular reactive
oxygen species(ROS) in HIT-T15 cells. The cells were
incubated with 10 pg/ml(X), 100 wg/ml(MM) for 4 hr and
were subjected to oxidative stress using 0.1 mM H»O, for

30 min. *~, *™° Values on the column with different super-
scripts were significantly different at p<0.05 by Duncan

multiple range test.

[0

- 51917 SERE L DR

ot

31, Aol A 735t hydroxyl radical(OH - )& @AJsto] A=
W e dolut DNASL BE-g-6to] oo 2 4 A|ZAPEE
T3t=d), AL 34 & Ax(superoxide dismutase, peroxidase)
o] Aol - Wo} 1 5o] ROSO thgt who} AlAE]o] FHoF
gt 22 o g dHA glow, 53] G Ao o) =
=40 wE ASHY AEH A= HF B A2 AAEL 7]
o= Walsha, ded AR Aot I Aol =2

Z A QtHTiedge 5 1997).

o
lo

o
e

2

Y 2=

u] 7}t &4 525 9 hydroxycinnamic acids®] &k
ol BlAE G 2A] ) AER B SU
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