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We investigated the flavonoid and phenol contents and antioxidant effect of wine by-product extract.
Antioxidant effects were measured with 1,1-diphenyl-2-picryhydrazyl (DPPH) and 2.2'-azino-bis(3-eth-
ylbenothiazoline-6-sulfonic acid) diammonium salt radical cation (ABTS+) assays. Cellular reactive
oxygen species (ROS) were measured with the dichlorofluorescein-diacetate (DCFH-DA) assay. The
flavonoid and phenol contents of the methanol (MeOH) extract were greater than those of the ace-
tone+methylene chloride (A+M) extract. Among fractions, the 85% aqueous methanol (85% aq. MeOH)
fraction contained the highest flavonoid contents, while the n-BuOH fraction had more phenol
contents. In the DPPH and ABTS assays, the MeOH extract showed a scavenging effect greater than
that of the A+M extract (p<0.05). The n-BuOH fraction (0.5 mg/ml concentrations) showed scavenging
effects of 72% and 92%, respectively, in the DPPH and ABTS assays (p<0.05). However, the 85% aq.
MeOH fraction showed a 90% scavenging effect in the DPPH assay only. In 120 min ROS production
assay, all tested fractions dose-dependently decreased cellular ROS production induced by H,O; in
comparison with that produced by exposure to the extract-free control. The MeOH extract showed a
higher sinhibitory effect on cellular ROS producing than that of the A+M extract at all concentrations
tested. Treatment with the n-BuOH fraction (0.1 mg/ml concentrations) inhibited cellular ROS pro-
duction by 60%. These results indicate that the #n-BuOH fraction of wine by-product extract inhibited
cellular oxidation and may contain valuable bioactive compounds such as flavonoids and phenols.
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PAsts 5202 Add. I A == BHA
(butylated hydroxyanisole), BHT (butylated hydroxytol-
uene)s ol o™, 53 BHT= o8 97 234 4PFE
b A mhol A2 T4 FA4 (microsomal enzyme activity)
& Z7IAZTE Aol AHAWA, o] & TAGAEA Y <t
AR g =Fo] AZ|Ho FAE 1 AT JHo=
TFAE ] QITHL, 4, 14]. 1o whet 715 T StAAH A F
& Yehlis A Efd dAdditsiA e A7 e Y
53 gl FAolt1e, 24, 28].

Fde o 424 Ad T /M A Ho] Hojd
Ao s o7 7HA ey &S Uede 4= &
7 As4d SEES TR doem2] dAesA dEEol
ZA 3= phenolic hydroxyl (OH)7]& @94 53 Z&ste
e 7HA L e, 3o 3 e Eﬂr T gL
e ALz dEA dn[7, 10]. 59, L& drjdl = 4=
Alobd (anthocyanin), Z & Ao} W (procyanidin),  7HE| 71
(catechin), A€ (quercetin), 28| 2} E £ (resveratrol) &
T2 g o2& EYss Lol THA A W&
of TN FEEA, s, B, T S
g AEE a5 ATV o] FAA L T2, 17, 29, 31].
olg13 kst AP IA S 7HA ExE AA FY AMF S
% 30%E AATH[20], I F &F 8%/t EEF A F AHE

@

EY3



i, o2 Qs o Mk B9 TEF FAEEE 37, 4,
45, 271 2ol & 787 T4 BAdG[24]. F=9
735, 201313 AAarEFe oF 261 E, 201210 A At 277 84
EORE 1O F 74 Eo] 7tFHAoH, ofd| wet wid £
B 25 BAHEo] AL gle Aot 25]. 7HE A
Fo Yot TEF BAEL ZEHER, GEA Y, F
HHEE 59 AYJAHELE £& 5302 Fh8 e
AoE BuH 1 glom[9, 11, 22], TetR o, 4 o)A f,
HERY A 2 HERY E 5% df35ta ota RaE 9 th33].
olo] Wt B AFAE TEF 71F Fo LA E T
F EAES gastdd AEE Y3 TEF BAES {7
42 3% 9 2¥std & FgfRxot 9 HE FFS
245ty TEF FAES ksl G35 dolR A )
R
M=
A

AzANZ 5, AF AHE A74A 70T Y deep freezer (NF-400
SF, NIHON FREEZER, Japan)ol ©¥% = #3543

F£ 9 2¢

EEF HAE9) {7180 FE< 98] acetone:methyl-

ene chlorideE 1:1 HI &2 &3t T&=F ‘j"}%ol %lﬂrﬁ]
RN =5 sk UAT AR F 32

HhESte] Ao of R 40T & AoA rotary vacuum
evaporator (N-1000, EYELA, Japan)2 % %3l4 acetone/
methylene chloride (A+M) & 55 23t A+M &9 2 *
57 ¥ H4EE methanol (MeOH)E FZ311

ZHabel]l A+MI} F S MeOHS Hof 99} 5Ud HHoz
23] HHEE & F535t9] MeOH FEE2 A%t F &0 =
FH AUz £538 F2E2 s O &) SAd o
gt A4 02 £g3ta n-Hexane, 85% aq. MeOH, n-buta-
nol (n-BuOH), water + 8 &5 AUt A@dll& 44| =
E& dimethyl sulfoxide (DMSO)°l| =] A ZujA 2 Q3
FEE 3A4ste] Aot gl

2

= x
2t 1 12 0] & (flavonoid) 32 Dav1s R

o

oz

a J

=
PHe Wdete bt 2ol ZAY. =5 Fde &
i 255 4 235 1 mgs MeOH 1 mlo]l 5o AJ§ o]
al

10 ml19| diethylene glycol 7}ste] 2 E43 &
NaOH 1 ml #7k3kef 37CAlH 1412 <k hS AT W
$0] £1¢ & UV-visible spectrometer (Helios beta, Thermo
electron corporation, USA)E AH-&3t 420 nmolA F3 &
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% ZAstact. ojw EFEHE rutin (Sigma Co., USA)S
ato] FEFAM A F ER ot FFES SH3)

% 3= (phenol) 3}8= %2 Folin-Denies™ [28] & &
o ZAsAT. FEE 9 £9E 1 mgS MeOH 1 mlof
o] L, 108 341 gk 849 2 mlo) 29 4@ Folin-Ciocal-
teu’s phenol reagent 2 ml& H7}ste] EFE o3 3% &
A g F 10% Na2C03 €4 2 mlE 9 143 B9k WS
A7t dkgo] £ $ UV-visible spectrometer (Helios be-
ta, Thermo electron corporation, USA)E AH-&-3+e] 750 nmel|
A EIzE A9 oy EFEEZ tannic acidS AFE
shlom ARt T WHoE #4 5 4 e
2EHH F ded gde ¥Fe AU

aL X
=

r_l_,

=
s

rlo
=51

JIN' =

1,1-diphenyl-2-picryhydrazyl (DPPH) 2IC|Z AH&N

A &9 DPPH 2ttZ 2AZA[5] 34 & 3 94 24 +
25 % BIYES MeOHZ 5 22 843le] Ag3tgh
DPPH 2 mg< ethanol (EtOH) 15 mlell < DPPH €&
zA 34tk DPPH €9 1.2 mlel DMSO 0.5 mi$ EtOHE
3 miE &%ste] DPPH 3492 AH-stgith. DPPH 849
o FFETH094~0970] HEE ko] APl AEIATH A
% 0.1 mi¢} DPPH 84 09 mlE 42 ¥ 102 & UV-visi-
ble spectrophotometer (Helios beta, Thermo electron corpo-
ration, USA)Z 518 nmol| A =4 3stAth oluf oz d4
g4k8kA Q1 L-ascorbic acid9t §H4 8H4k81AI 1 2,6-Ditertbutyl-
4-methylpheno (BHT)E AH&3tdth. ZEF HAEY
DPPH 2tz 2AZA4 2 thaol 4o meh A4tst gl

EDA (electron donating ability) (%)=

2T EJT AL TIJT
i mz‘;qa“ x 100

n:]ol

2.2'-azino-bis(3-ethylbenothiazoline-6-sulfonic
acid) diammonium salt radical cation (ABTS+) 2}C]|
2 A EN

TEF BAEO) T3 ABTS+ 2t &4 84 L Re% 9
PH27102 2439 7 mMe| ABTS+$} 245 mM9] po-
tassuim persulfates #7}3te] radical¥ A& 913l Ao A
16A 7 A S &, 734 nmoll A FF =7 0.68~0.727F HES
EtOHZ 343ttt ABTS+ 3|41} 098 ml%t +Z& 4 %
IE 0.02 mE EFst gaeA 1083 BA ¥ UV-visi-
ble spectrophotometer 732 nmol A FHEE ZHsATh o
2702+ AAFAA Q] L-ascorbic acid$} §H4d dH4kslA|
d BHTE A3ttt 525 49 ABTS+ 22 47
g4 39 A wat At
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EDA (electron donating ability) (%) =
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MIZ HH¥

g AEZF 2Y(MEdt) ez Ry AA A FSH ZHT-
1080)5 E¥Hrol B AP A A i gFstiA Ao A
o HT-1080 Al %+ 100 units/ml® penicillin-streptomycin
(Gibco, USA)# 10% Fetal bovine serum(FBS, Corning cell-
gro, USA)7} 34 RPMI 1640 (Lonza, USA)S AF&-3}4] 37
C, 5% CO; incubator (MCO-15AC, SANYO Electric Bio-
medical Co., Ltd., Japan)ol A v} F3tHA B S AEE
dFde 28 ANZE AR v FUTY dFY F phos-
phate buffered saline (PBS)S&.Z A A& ¥ 0.05% trypsin-
0.02% EDTA (Gibco, USA)Z #-ZH AZE Egsle] 94
8 & F HAE Axo] WiAE ¥ Aoz A2T}
—?— 2 "PQ 55 & £35t9 cell culture flaskell 10 ml#
w&dto] FYotal, 6~7dntth At v ¥t A
’\}% skt

>‘F
oot ox

> e il

l

MZE Lf gMMAB(reactive oxygen species) 53

Ax W EA44F S DCFH-DA (2,7 -dichlorodihydro-
fluorescin diacetate) assay [19]2 Z% 3% th. DCFH-DA
(Sigma, USA)= A2 W &444FH whesto] 3=
(dichlorofluorescein, DCF)& BHE0] W& 102 o] A%S
AE & Yo BAst= FFE SHAFOEN AZ Yo &
BALTE ZAT F A AEE 96 well cell culture plate
of EF3 F 43 wWiget, PBSE AL F 20 uM
DCFH-DAS 7 wello] £F3}o] 37T, 5% CO; incubator®l|
A 2087t pre-incubationdt AT, 7t welldl ASE A €] 3k
37°C, 5% CO, incubator®] A 147t vj %3t & DCFH-DAS
Sl 2 Al Z+= B PBSE A2 ¥ 500 M H,O, & A 8] 8k
A2t B2 DCF fluorescences excitation 488 nm, emission
530 nmo| 4 microplate reader (VICTOR3, Perkin Elmer,
USA)Z ZA3t 5t 27 & (blanka# control®)& A &
Al PBSE A3}, control#2 500 tM HYO,E A& & 3}
T, blankZ & 500 1M H,0, T4l PBSE A ejahe] %439
o

A

M

7} Mean*SEM (Standard Error of Mean) 2.2 1}

w9 A4g HolHe dxes A4 NEERY <

g A5 2 HE one-way ANOVAE AA S froA&
o
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X
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2 o o
EEF BME £E8 Y 2229 & F2EL0E ¢
= g
IEF RAEY guE 25 Y FYEEY T EYR
wolt 9 & ¥ 3o Table 19] YERAITH TEF HA
= A+M 3l MeOH F&=59] & Eikolt F&E 247}
264+0.77 2 56.1+1.87 mg/g. 2 MeOH 559 % S5
wolE o] #4th EY=E FollA = 85% aq. MeOH &
3 Eo] 1051+0.93 mg/gl & 714 ¥ ZgRwol=E &

fate 202 YEROoH, 322 n-BuOH, Water 2 n-
Hexane 8 & ol 2+ & F2& 2 2959 &
9% 3% £3 MeOH %—%%(4 35:004 mg/g)°] AtM #%
£(0.38+0.004 mg/g) Bt £ HE S FHdte 202 YE
wov BYEE FoA n-BuOH £ E0] 547+0.04 mg/g
o2 N = Fh O}L A2 ey, ol ue} & =2t
HiolE 4 HE ##F & MeOH +5 %, 85% aq. MeOH ¥
n-BuOH & &9 1 = et S ¢ F AT Lazze 5
[18]& XEF FAHE F%E2 malvidin, catechin, epicate-
chin % gallic acidE 77 34.86, 69.53, 50.9 % 18.64 mg/kg
Sfete A2 B1dY Y. Tournour 5[30] TFEL4E
EEF FEY ¥ HesEe 693 mg/ GAE g ol F
2 ) E3ES synerigni acid9} (+)-catechin ] AT B
133t Hwang 512 549 FFo @& F A= &
F3 Z2EA oY (proanthocyanidin)® #H#E& ZA @
A3} F ¥E FFE 1671~2860 mg/100 g, T2 LHEA oY
o &L 1836~5530 mg/100 g& YER)A Ty B3]

o

=
ZTF FME FE52 4 2829 DPPH 2i0|g 29gy
T HiE 325 9 £959 DPPH Uz &A%
e F4FLE AAT 5+ = 582 EDA (electron do-

nating ability, %)% Table 29 Yebf it 2+ & F&&

Table 1. Contents of total flavonoid and phenol in solvent ex-
tracts and fractions from wine by-product

Total flavonoid = Total phenol

Samples contents contents
(mg/¢g) (mg/g)

A+M extract 26.4+0.77° 0.4+0.00°
MeOH extract 56.1£1.87° 4.4+0.04°
n-Hexane fraction 20.2+0.12° 0.4+0.01°
85% aq. MeOH fraction 105.1+0.93° 3.6%0.01°
n-BuOH fraction 65.30.21° 5.5+0.04°
Water fraction 34.4+0.12° 2.8+0.01°

‘Values are expressed as mean+SD. Values in the same column
with different letters are significantly different at p<0.05 using
Turkey’s test.
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Table 2. DPPH radical scavenging effect of solvent extracts and fractions from wine by-product”

Concentration (mg/ml)

Sample 0.05 01 025 05
A+M extract 12.4+0.00° 16.4+0.02° 18.5+0.01° 19.2+0.01¢
MeOH extract 26.5+0.01° 42.2+0.02 58.4+0.01™ 73.7+0.01°
n-Hexane fraction 17.0+0.01% 15.6+0.00° 16.5£0.01° 17.9+0.01¢
85% aq. MeOH fraction 22.340.01¢ 29.3+0.01¢ 425+0.01¢ 47 .8+0.00°
n-BuOH fraction 26.1+0.01° 36.4+0.02" 63.2+0.01° 71.8+0.01°
Water fraction 15.5+0.02° 222+0.01° 41.2+0.01¢ 49.1+0.02°
L-ascorbic acid 90.8+0.00" 91.4+0.00" 92.0+0.00° 92.3+0.00"
BHT 255+0.01° 37.7+0.00° 58.4+0.02" 70.2+0.00°

*Values are expressed as mean+SD. Values in the same column with different letters are significantly different at p<0.05 using

Turkey’s test.

g4 B35S 747005 01, 025 05 mg/mle TE2 o
(L-ascorbic acid, BHT)Z W23ttt 1A F2EE7
J& u] MeOH FEEL2 A+M FEE H| 13 g
& A% $8At ol %4 MeOH
Fotizolt 4 F vE $gd A#dE A
BHIEE = p-BuOH B35 24HE
ol BHTRt} EDA%ol A Y

ol A 71.8%9] Aﬂh—O— Ehd o
(702%) 2t £& Sz &4

n-BuOH HQ «] e 3FY F EgExolE B HER
A#Fo Yot AN, Lazze S[18]% EEF HAE F
29 438 S DPPHY 2 24T 4% =& Uz &
AsE BAty B1sAt Tournour 530 TE=F 2
AHEO F AEdES Y 5 FHdAE By
EEF FAHE FZE2 oxygen radical absorbance capacity

(ORAC) 2@l A 55-104% 9] As) &35 UYeEpATha 2l
Gtk Park 5[26]S ZUAF 25 AME] 22 2 339
%213 139 wE DPPHY A 93 AfetZd 2484

A} a9 A4, 50T oeh& FFE°| RC=16.8 ng/
mlZ, 8 E| A& ethyl acetate ¥ 0] RC5=154 ng/ml
2 M e 4S5 U o, #3909 A, 78T EtOH

FZ%0] RCs=24375 ng/ml, #8=
o] RC5=6984 ng/ml= 714 £ & /‘é:%
gz 2AgAAAE 7*} qetg FEE0| JJrJJ Oﬂ?}—%
FEEET 1459 o]d9 & &4
%tk Hwang 5[12] i‘:“]«] FET e
= 2 QE A o}y d (proanthocyanidin) ¢ < 34
st A7) FRAE Hlad A Ferric reducing/anti-
oxidant power(FRAP)¢} DPPHe & & &4tsl 24 219 4
#AEL BT 092 ol Fellen, ¥ = &3 DPPH &t
Z 2AZA Aol o] A (0.98)0] 7HE EkThal H sk
o & 4747 F SHERCE FFS 8% aq.
MeOH &8 Eol| 4] 9o DPPH £AE4H & wton o
8] n-BuOH £ =0l 9 AAGFo] 5902 DPPH
oz 2AEHE T s FFH AAAo 52 J0E o
A,

01—7 ?5]—

ECF BME FE= Y 2820 ABTS+ 202 A7EY
X dE FEE Y LY ABTS+ S # &A%
4= DPPH 202 &AZA% 72 dagel sl
EDAZ Table 3¢ Yetdtt. 2+ &l F&& ¥

o]
2 T=E=2 X "—‘Qie

Z+7+ 0.05, 0.1, 0.25, 0.5 mg/ml FE& o & (L-ascorbic

Table 3. ABTS radical scavenging effect of solvent extracts and fractions from wine by product®

Concentration (mg/ml)

Sample
0.05 0.1 0.25 05
A+M extract 9.44+0.00" 14.0+0.00f 29.6+0.01¢ 46.6+0.01°
MeOH extract 69.6+0.01° 91.8+0.00° 92.1+0.00° 91.4+0.00"
n-Hexane fraction 7.34+0.00" 10.2+0.008 21.1+0.01° 30.7+0.00"
85% aq. MeOH fraction 60.0+0.02 87.7+001° 91.0+0.00° 90.3+0.00°
1-BuOH fraction 90.4+0.00° 92.9+0.00° 92.4+0.00° 92.4+0.00°
Water fraction 42 5+0.02° 70.2+0.00° 72.9+0.01° 85.3+0.01¢
L-ascorbic acid 99.7+0.01° 99.9+0.00° 99.9+0.01° 99.7+0.00°
BHT 57.5+0.00° 80.7+0.00° 92.4+0.00° 92.3+0.01°

*Values are expressed as mean*SD. Values in the same column with different letters are significantly different at p<0.05 using

Turkey’s test.
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Fig. 1. Inhibitory effect of acetone/methylene chloride (A+M)
and methanol (MeOH) extracts from wine by-product
on levels of reactive oxygen species in HT-1080 human
fibrosarcoma cells.

acid, BHT)# ¥l 23}t MeOH F% %% n-BuOH #3
< FA A Q] BHTS Hlwste 025 2 0.5 mg/mlE
oA BHT 7%, 924 % 923%°]¥, MeOH F& &2 921 ¥
914%9 27% < Yo n-BuOH #3852 747 924
%E 2T FAE ghS JER ST BHE, O o]ste] w5
o Hh MeOH %% &3} »n-BuOH 32 &o] BHTS} Hlal
H =2 EDA#S UrEl-lﬂ % t}. Jara-Palacios s [15]2
,] stA]-g].a'] ABTSH

A& FFo] 2 3

b FU{U

p
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b o rlo

Hai’ =1 E
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(reactive oxygen species) MM AR|E1}

A 0.05 mg/ml

—O—n-Hex —®—85% ag. MeOH  —&—n-BuOH

—A—water ——Control —{1—Blank

4000

3500

3000

2500

2000

Fluorescence (Counts)

1500

1000
500

Fluorescence (Counts)

o

30 60 %0 120
Time (min)
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ANz Y &4 dags ST AR F F2EE ZF A/

N
=i
ghiA
K3
N
HL
-3
_a
i
i

o AE W 44T Y
3] MeOH #% % 0.1 mg/ml F=oA & ti=T3 vlast
64%9 AAaHXE Y dth(Fig. 1). T=F F4ks F
£ < n-Hexane, 85% aq. MeOH, n-BuOH, WaterZ T}HA]
F3t] d& EYES 005 2 01 mg/mle] FEZ A3}
=W, F EEAA BT 30% e A W FNALT o
A &o] v L8 YA T, 608 o] T A= n-BuOH, n-Hexane,
85% aq. MeOH, water# 8 & <02 A X U E444F 9
Agol A UeET o & F /M 2 AX W 24444
AAEHE Yebd n-BuOH £ E9] 3 60%9] A &&
B Ah(Fig. 2). Lazz 5[18]2 Caco-2M|Z & o] &sto] L=
BAE FEEd s sl a3E 4 A Itert-bu-
tylhydroperoxide (TBHH)E 5% ROSE FE9EH O
A gk EF_’E}O}E} Wang S[32]% Caco-2 Aol A =
e A 0A1ZF 2 A& d ¥ TBHHE
TH ROS A4S %7‘3?‘& -‘Jr AE Y ROS A E Al
A3 EHglutathione (GSH) B4 & F7HAA & &< 0}0%
FRAE HEFEE0] A8 2EY2EREH A
CAJSLS S EJ-OH'}E}. gk Choi [6]5 & oi}étﬂoﬂkl
AN Fae 84 AAAsE LS ZAAZ I catalase 3
glutathione-S-transferase 4 & FSA AT HiustA
Ol’“«] ANEEHE LS o
& MeOH #2899 & &
o 3

12

b

=z
[¢]

bl

}‘ﬂ

mm

H‘T

‘%EPkkl ol &
25 ToME n-BuOH 8 =9 443t 53} 81 F 52
B 0.1 mg/ml
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Fig. 2. Inhibitory effect of fractions from wine by-product extracts on levels of reactive oxygen species in HT-1080 human fi-

brosarcoma cells.
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