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Abstract

The physiological activities of 70% ethanol extracts of grape seed (GS) prepared by freeze-drying (GSFD), infrared
drying (GSIR), hot-air drying (GSHD), or sun-drying (GSSD) were investigated. The moisture contents of GSFD,
GSIR, GSHD and GSSD powders were 4.53, 6.71, 6.91 and 5.55% respectively. Hunter’s color value analysis
revealed that the L value of GSIR was lower, and the a and b™ values of GSIR were higher, than those of GSFD,
GSHD, and GSSD. The total polyphenol and proanthocyanidin contents of GSFD were significantly higher than
those of the other extracts. The flavonoid related substance contents were in the order of GSFD (7.68 g/100g)
= GSSD (7.59 g/100g) = GSHD (7.33 g/100g) > GSIR (6.45 g/100g). The electron donating abilities of 500 pg/mL
solutions of GSFD, GSIR, GSHD and GSSD were 88.71, 52.62, 65.20, and 65.22%, respectively, while their reducing
powers (OD7y) were 1.633, 1.097, 1.217 and 1.054 absorbance units, respectively. Additionally, the same trend
was observed for the ABTS radical-scavenging abilities of the extracts as that observed for their electron-donating
abilities and reducing powers. These results suggest that GSFD is the best method for preparing GS extracts with
enhanced antioxidant activities, and that GS extracts may be used as a natural antioxidant material for use in health

foods.
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FAHUZE freeze dryer(FD SFDSMI2, Samwon,
Changwon, Korea) 2 713319 2™, & £] X171 2= infrared
dryer(IRD-250, Woori Sci, Daejeon, Korea)Z, @51 2E
hot air dryer(OF-22GW, Jeitec., Daejeon, Korea)E 217} o] 8
stod 60CollA] YA gt TR 7IA] Azt "ddAd
= 530 ZE e XA 4ol =EAIA 8~10¢7t
st om, zhzte] 258 32 7](Nihonseili, Kaisha Ltd.,
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Whatman No. 193X 2 o] 3}5}9 T}, thS rotary vaccum
evaporator(rotary vacuum evaporator N-N series, Eyela,
Tokyo, Japan) 2 73553 o] 52 2(FD SFDSM12,
Samwon, Changwon, Korea)sle] 2 A| 85 A|Z25te] A
ol AHgstinh 7 F2EE5S] TR FE2HE T2
AZANA AE T2 78 U F2d 240 A
98 AT N NEE=

=

=

A & = AAA|(CR-200, Minolta, Tokyo, Japan)E ©]-&-5}
o] Hunter #t¢] L'("8 &, lightness), a*(Z 4} &, redness), b’
(B =, yellowness) 2 H°(hue angle value)E =7 3+ T}

E2dH= g &8

Dewanto 5(7)2] Wl whel A|& 100 plol] 2% sodium
carbonate 2 mLZ} 50% Folin-Ciacalteu reagent 100 yL-<
7}t & 720 nmell A FBEE 236k o™ gallic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)2] 7 &Aldl| ¢ja}
of FFE A&

EetE o= & &3

Saleh®} Hameed(8)2] WHol whel A|& 100 mLol| 5%
sodium nitrite 0.15 mL< 7}&F & 25°CellA] 627t W] gt

S 10% aluminium choloride 0.3 mLE 7}3}e] 25Col| A
5EZF A5 TR TS 1 N NaOH 1mLE 78} vortex’d
oA 7FeE £ 510 nmol A B EE S48 S™ rutin
hydrate(Sigma-Aldrich Co., St. Louis, MO, USA)2] 7 &4
o oato] TS A=

Z2otEAOIHH &2 &3

Vanillin-sulfuric acid(9)l] w2} A| & 200 pLol 1.2%
vanillin £ 500 uL} 20% sulfuric acid 500 LS &35}
20 #3F FAG £ 500 oM FHEE S8
(+)-catechin(Sigma-Aldrich Co., St. Louis, MO, USA)2] #
FAlol oste] ke ArEsHTh

HXIE0os

Blois(10)2] Wl wat A| & 0.2 mLol| 0.4 mM DPPH
(1,1diphenyl-2-picryl-hydrazyl)-&-< 0.8 mLE 7}3te] 10
ZF A g Ty 525 nmellA] S35 Sl o, ALt
2], electron donating ability(%)=100-[(OD of sample/OD of
control)x100]¢ll ¢Jste] S EE A&t

Saeedeh} Asna(11)2] WHol wek AlE 1 mLol| 0.2 M
phosphate buffer(pH 6.6) 2.5 mL® 1% potassium
ferricyanide €9 2.5 mLE 7}gF & 50CellA] 3047t BHE-A]
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Zt} o9l 10% trichloroacetic acid(TCA) &< 2.5 mLE
718k 3 1,650xgel A 1083 AR o, Ao
25 mLol /5 25 mLe9} 0.1% FeCl £ 0.5 mLE 7}3h
% 700 nmell X FFEE S HATh

ABTS radical 2H&#M &X

Re 5(12)°] "ol wa} 74 mM ABTS[2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt]
9} 2.6 mM potassium persulfate’s E§3st] FF T LA
of W=x|ste] ABTS' radicals @A A7 The A 270
ABTS £9-8 732 nmo|A &4=7} 0.700+0.030°] ===
phosphate buffer saline(PBS, pH 7.4)Z 3] X s}o] A}-8-5}%
o} A" &9 950 Lol FEFE 50 ILE 7hste] el A
1083t WEEAIZ & 732 imoll A S3 =5 S35kl om,
A4+, ABTS radical scavenging ability(%)=100-[(OD of
sample/OD of control)x100]°] 2|3t &4 S 4H&319 T}

EAIAz2]

BE AP 33 WhERo g dsie] P9k REHAR
Yeh 1L, oA 352 SPSS program(12, SPSS Inc.,
Chicago, IL, USA)< ©]-8-5l%] Duncan’s multiple range test
WS olgalel WA ol Fel5E peo0slH Frel4
& AR eI

=2 |0

Zn Y o&
E L
e we X249 70% dBs FF 75 %
A= Table 13 2t} 482 GSFD(ethanol extract of
grape seed with freeze drying), GSIR(ethanol extract of grape
seed with infrared drying), GSHD(ethanol extract of grape
seed with heat air drying) & GSSD(ethanol extract of grape
seed with sun drying)”} 2tZt 4.53%, 6.71% 6.91% 5.55% %=

A
T

oY, 1o

Table 1. Yields and color values of 70% ethanol extracts of grape
seed prepared with different drying methods
Yields Color value
) ie : * * 3
Samples™ (g, dry basis) L 2 b H
(Lightness)  (Redness) (Yellowness) (Hue angle)

GSFD  453+0487 5022+0.88° 734023 9.84+020" 56.90:0.61"
GSIR 671015 45.73:L.1F 958+024" 1023+047" 5147+111°
GSHD  691:0.10° 5425:0.70" 7.60+0.03° 1035:0.06" 57.20:0.20"
GSSD  55540.17° 5005:031° 8.16:005° 9.11+0.15° 51.80+046"

" Abbreviations: GSFD, ethanol extract of grape seed with freeze drying; GSIR, ethanol
extract of grape seed with infrared drying; GSHD, ethanol extract of grape seed
with heat air drying; GSSD, ethanol extract of grape seed with sun drying.

Values are meanstSD of triplicate determinations. Different superscripts within a
column indicate significant differences (p<0.03).

dEAx7t 7P 1S 78S UEhila A x4
7P e FES et X524 28] AEST
A} L' FAZT} 54258 7 =4 UEhkon,
Ao Azt 457302 7P B ghE YERITh A
=5 Yehlle agke Aed Azt 7P A4 vt 2e)

A Az A B E w2 2= A age] 249

E2l5HE, E2EL0|E U == tEA ot B2
Az g xeH F2E9] F ZEos, S9E
wol= gl Z2otEAlolde] g2 Table 20 YERNS
o e FEEC] EodE &% 5% 23, GSFD,
GSIR, GSHD ¥ GSSD<e] Z&ju|s 332 100 g& 2H7}
3009 g, 23.65 g, 25.84 g @ 2747 g2 SAAZRAA 7}
= S JeR o, ALz, E3d4x, Ao dx
O ® UEEth v St ol = ek 747t 7.68 g,
645 g, 733 g 759 g0 & FTAAZX, EFAx, ALz
A EE T YD A9 A xddA 7P v
S UeRAT dAZEA] oF 400009 F0] A U=
EE o ERE ks 28, 3714 dgke] o &
A5, & Ll =27], Iat, gufole] s, AAA 2L, W
7 A, BAEH s 59 B5s UEillE 3o
= A dom A wet 1 kel &)zt 9l
T B3 v glek13). & Zelwlsdt Setieol = Fed
A AN AUz O A vls)A] vad
=& g2 Jepdidletl, 494 Az 43z =
& 2o o3| #EslgtEe] FE AoR AlRE Y ol&
Hwang 5(14)¢] AR wE of2 Yo}l A4 F529]
ZelulE slgtEo] FAUZNA 7MY w2 S e
A dA)sh= 225 JERUTE Z2AEA o 2}
2oz WA= polyphenlic biofabonoid 24 <, 22,

AR, F4, 7, 4R A4 2ASE 52 Tre ol

Table 2. Total polyphenol, flavonoid, and proanthecyanidin
contents of 70% ethanol extracts of grape seed prepared with
different drying methods

(mg/g, dry basis)

Mesurement GSFD’  GSIR®  GSHD?  GssD”
Polyphenols (g GAE’/100 @) 30092053 23.65:045" 2584:031° 747:024°
Flavonoids (g RHE'/100 )~ 7.68:0.05" 645:052° 733:026" 7.59:029"
Proanthocyanidins (g CE'/100 g) 18.29+1.86" 13.94£120° 1226:2.58" 7.30:141°

"GSFD, ethanol extract of grape seed with freeze drying,

GSIR, ethanol extract of grape seed with infrared drying,

YGSHD, ethanol extract of grape seed with heat air drying,

GSSD, ethanol extract of grape seed with sun drying.

YGAE, gallic acid equivalents.

9RHE, rutin hydrate equivalents.

"CE, catechin hydrate equivalents.

9Values are meanstSD of triplicate determinations. Different superscripts within a
row indicate significant differences (p<0.05).
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EQFEAlOP W 3}
2| =% 3+ vt glo, HM
E%* 2?4 é}oé = 11}‘& AL aela oFe] g4
29| e R A7t PR Uk ZEFEAo}
Ul 3o A= GSFD, GSIR, GSHD 2 GSSD7} 100 g%
717} 1829 g, 13.94 g, 12.6 g 2 7.30 go] AZ=H o,
SANZIL MY = S UrEMPiL Aoz, 4
FTAZE, AL x £ ettt ol ExgA] A
shetEe] Mg Eo] 1 ghko] 4Agh A 0w AtET(1S).

MASds

GSFD, GSIR, GSHD % GSSD9] MAlgodAd S A
2 oly gikstA 2 de R AA(L-ascorbic acid), BHA
(butylated hydroxyanisole), BHT(butylated hydroxytolune)@r

H] 28 27}k Table 33 2T} 50 pg/mLe] W& oA
£ dz i 2129 Holt giglont FEk 2k
uheh 2o vl o Z7sisie 500 ugmLel e
A GSFD, GSIR, GSHD ¥ GSSD¢] #zzo] &h4-e z)zt
88.71%, 52.62%, 65.20%, 65.22% = SAA %7} A AA
Z, 9302 9 ALdi o Hlgt] oA 2 24
< e o]9} e A= FEAEFY F
stz bl Ed o] AdRAACA EeluEe dhakel
=25 FAst @4o] Erhe Eau(16)E v)Fo] & o),
Az g 224 F259] HAxtgodso] HEwFol
71R18t daksl &g vehlin, & Zeluls el =
<% DPPH &tz 2AEAHE =0 Choi 5(17)9] B
1o} QA= AnE eItk E3 50 pgmlel FE
ol ET2 AA ¥ BHAE 247} 97.82% 2 82.61% =
L e A Hgtd & &4 YeERAAAIRE
EeH 3289 FErt 240 nek 1 24 <A 2t
sP7] Wl 7154 RN BEEE B A0 AR
5o, 53] $Azze % 50 ugmLe] FE0A] 23.50%
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Table 3. Electron donating abilities of 70% ethanol extracts of
grape seed prepared with different drying methods

Concentration (pig/mL) Positive control” (50 pg/mL)
50 100 500 AA BHA BHT
GSFD  2350¢147% 38874053  8871:075"

GSR  836:02 24933 526450 . . .
. . 97824015 82614105 2096145

GSHD  103#123 25014056  65.20¢154

GSSD 9394054

B76+138° 65224052

"Abbreviations: GSFD, ethanol extract of grape seed with freeze drying; GSIR, ethanol
extract of grape seed with infrared drying; GSHD, ethanol extract of grape seed
with heat air drying; GSSD, ethanol extract of grape seed with sun drying.
?AA, L-ascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolne.
Walues are means*SD of triplicate determinations. Different superscripts within a
column (a-c) and row (A-C) indicate significant differences (p<0.05).

Samplesl)

o
2L

GSFD, GSIR, GSHD % GSSD91 g S A%
= Table 49} 2t} ddEH S =4 3= AHS

EZ o] electron®]} hydrogen'* Az 4 A
at7] sl de] o]-8¥ 3 JTh18). = Aol A

o W2 =X FEE IS Tt SEFE 9
Ao 7 F7khe A3 B3omH, 500 ppm FEAA 2
Az TeH 2220 stgleo] T2 Az B8l
=7 ettt ol BAAZ 98] % wH, ZehE o]
= 9 eI Figo] thE el vlE] o =7
et A7 AAAE S 7 3 e AoE AdE (1),
T3 ISy o Aol mE gtksl 4 vl
9 A9 oA EuE sgE] el Sl
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Table 4. Reducing powers of 70% ethanol extracts of grape seed
prepared with different drying methods

Concentration (pig/mL) Positive control” (50 pg/mL)
50 100 500 AA BHA BHT
GSED  0.142¢0005” 0370:0008" 1.633:005°
GSR  0056:0000° 03530013 1.097:0038°
GSHD  0079:0008 038540007 121740019
GSSD  0076:0008°  0366:0007° 1.054:0.008°

"Abbreviations: GSFD, ethanol extract of grape seed with freeze drying; GSIR, ethanol
extract of grape seed with infrared drying, GSHD, ethanol extract of grape seed
with heat air drying; GSSD, ethanol extract of grape seed with sun drying.
AA, L-ascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune.
Walues are meansSD of triplicate determinations. Different superscripts within a
column (a-d) and row (A-B) indicate significant differences (p<0.05).

U

Samples

2547:0017" 2578:0019" 0514:00°

ABTS 2ifjz 274
ABTS$} potassium persulfate2}2] HH-3-ol] ]3] AAd =
ABTS radical(ABTS+)& Al 50| 378 gaksld E4e
Grrateo] ola) AAE ol RAlo] B 397,
25793 3578 AR BT A8 7hsslth20). EEA 9
AZzA o 2 ABTS radical 24841 S AwHA, 50
ug/mL GSFD7} 42.29% = 717} %2 ABTS 2732 Y
on, & Az = folAQl 2o 7k YEhA]
ol—ol—o \4_ 3'1_1_7]— _.7]:5]—o]] an. 1 /Ré_ll:_ H]e:";(%__i __7]_
sted HApgolse] Az} AR 73S bl vt
W A gHAkElA| Q1 2T AA, BHA 2 BHT®} B w8}
= 1 2GS Yoy sA0Re] A5 gl
4220%%Z AR ET=H FEE°] A 50~100 pg/mLe]
T NE SAAZR Az @ dEAxI AdAx
o Blate] €53 &GS UERlov 529
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Table 5. ABTS radical scavenging abilities of 70% ethanol
extracts of grape seed prepared with different drying methods

o Concentration (igfL) Posive control” (50 ig/l)

€S

g 50 100 500 AA BHA  BHT

GFSF  229078%  8L50:254°  86.66:153°

GRSl 20451285 8214184  8620:0.09° . . .
, , . 9861013 97.96:0.16° 0.96:061

GFSH  2503:153  6536:165°  8586:006

GFSS 28991328  7799:150" 86112012

"Abbreviations: GSFD, ethanol extract of grape seed with freeze drying; GSIR, ethanol
extract of grape seed with infrared drying; GSHD, ethanol extract of grape seed
with heat air drying; GSSD, ethanol extract of grape seed with sun drying.

YAA, L-ascorbic acid, BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune,

IWalues are meansSD of triplicate determinations. Different superscripts within a
column (a-c) and row (A-C) indicate significant differences (p<0.05).
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