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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 11g/mL
solutions of GSFD, GSIR, GSHD and GSSD were 88.71, 52.62, 65.20, and 65.22%, respectively, while their reducing
powers (OD7g0) 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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FAZE freeze dryer(FD SFDSMI2, Samwon,
Changwon, Korea) 2 71338} 2™, A 2|71 2= infrared
dryer(IRD-250, Woori Sci, Daejeon, Korea) &, & &2+
hot air dryer(OF-22GW, leitec., Daejeon, Korea)E 712} o] &
stod 60CellA] LA g g 7tA] dxaisich ALz
T 5%l A XA g =E:AA 8-1043t A=
skl om, Zp7he] 7 xE-2 4 7] (Nihonseili, Kaisha Ltd.
Yamazaki, Japan)E A}8-51] 40 mesh@ 3|3+ & F-S
Azl A& A& T

A23d A1Z (2016)

Whatman No. 19] X 2 o] 3}35}$ t}. th rotary vaccum
evaporator(rotary vacuum evaporator N-N series, Eyela,
Tokyo, Japan) & 7553 ol 5271 Z(FD SFDSMI12,
Samwon, Changwon, Korea)3te] & Al 85 #|Z235k0] A
Yol ARt 2t F2EEY FeR)e F=AE T4
AEAA D' T2 78 b5 29 A A3
g A=l Uiz HEE=

=

=

A == A 2}A|(CR-200, Minolta, Tokyo, Japan)E ©]-8-3}
o] Hunter 7t L'("8 %, lightness), a*(Z] 2] &=, redness), b’
(3=, yellowness) 2 H°(hue angle value)E =7 3191t}

Eeold s g &3

Dewanto 5(7)2] Wl w2} A& 100 uLol] 2% sodium
carbonate 2 mL¥} 50% Folin-Ciacalteu reagent 100 pL-S
7Vt & 720 nmell A R EE 2369 oM gallic acid
(Sigma-Aldrich Co., St. Louis, MO, USA)2| Z#Ao o]&}
o S =St

EotELol= &2 53

Saleh®} Hameed(8)2] ®Hel whel A|& 100 mLol| 5%
sodium nitrite 0.15 mL= 7} § 25Tl A 613t WX 3t

2 10% aluminium choloride 0.3 mLZ 7}k 25Tl A
5% WA8HATE e 1 N NaOH 1mLE 7}8kal vortex’d
ol 7kt ¥ 510 nmellA FFEE S8 2™ rutin
hydrate(Sigma-Aldrich Co., St. Louis, MO, USA)<| 7 &4
of oste] s A=A

Z2otEAlotL T B £F

Vanillin-sulfuric acid'¥(9)°ll w2} A] & 200 pLell 1.2%
vanillin €< 500 UL} 20% sulfuric acid 500 LS £3}3}o]
20 E3F WA F 500 nmell A FREE Ao
(+)-catechin(Sigma-Aldrich Co., St. Louis, MO, USA)<| A
FAe ot TS A=A

HX3ols

Blois(10)2] ¥ ol wha} A& 0.2 mLel 0.4 mM DPPH
(1,1diphenyl-2-picryl-hydrazyl)$-<} 0.8 mLE 7}ske] 10
ZF A gk T 525 nmellA] B EE S skl om, ALt
2] electron donating ability(%)=100-[(OD of sample/OD of
control)x100]]l &J3te] Y EE A=At

oy 53
Saeedeh<} Asna(11)2] WHol| e} A& 1 mLe] 0.2 M
phosphate buffer(pH 6.6) 2.5 mL®} 1% potassium

ferricyanide &9 2.5 mLE 7}t § 50CoA] 303t ¥H3-A]



Comparison of the antioxidant and physiological activities of grape seed extracts prepared with different drying methods 3

ZAt} 5l 10% trichloroacetic acid(TCA) &< 2.5 mLE
78k 3 1,650xgell A 1083 LA st o, Ao
25 mLell 7 2.5 mL9} 0.1% FeCl; 89 0.5 mLE 7}13F
F 700 nmol| A FFE=E ST

ABTS radical &7&4 &3

Re 5(12)2] el wal 7.4 mM ABTS[2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt]
9} 2.6 mM potassium persulfateS E313le] F FUF FA
o W 31d ABTS' radical S @47 e A8 Ao
ABTS &5 732 nmel|A 537} 0.70040.030°] & ==
phosphate buffer saline(PBS, pH 7.4) % 3]} 3}o] AF8-313]
ok 34 E 8ol 950 Lol FEE 50 ILE 7Fsto] ghaellA
1087 ¥hS-A17] & 732 nmol| A E3=E 23351 o,
Al4H2], ABTS radical scavenging ability(%)=100-[(OD of
sample/OD of control)x100]°] 2]3}e] &A] S AF=3FI T}

=Y bSE

BE A 33 RO Jslo] Hix| e} BFHAR
e 2, o4 52 SPSS program(12, SPSS Inc.,
Chicago, IL, USA)< ©]-8-3}°] Duncan’s multiple range test
W& ol8ote] Fatgk Lol folsE p<0.05A el
= A8k

A7t 2 D@
2 Az
o] e 2K 9 70% dlerE & F& 2
A== Table 13 2t} 82 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) 2 GSSD(ethanol extract of grape
seed with sun drying)7} Z}2} 4.53%, 6.71% 6.91% 5.55% =

A
T

oY, THo

Table 1. Yields and color values of 70% ethanol extracts of grape
seed prepared with different drying methods

Color value

Samples” Yields " ; p 3
DS (%, dry basis) L a b H
(Lightness)  (Redness) (Yellowness) (Hue angle)

GSFD  453:0487 5022:0.88" 7.341023° 9.84:020° 56.90:0.61°
GSIR 671015 4573113 9.58:024" 1023:047" 5147:1.11°
GSHD  691£0.10° 5425:0.70" 7.600.03° 1035:0.06' 57.20:020"
GSSD  555+0.7° 50.05:031° 8.160.05° 9.110.15° 51.80:046"

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

(mglg, dry basis)

Mesurement G’ GSIR  GSHD'  GssD’
Polyphenols (g GAE’/100 g) 30.09:0.53" 23.65:045' 25.842031° 747+024°
Flavonoids (g RHE'/100 g) ~ 7.68:0.05" 645:052° 733:026' 7.59:029"
Proanthocynidins (g CE'/100 g) 18.29+1.86" 13.94+120° 122642.58" 7.30:1.41°

UGSFD, 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.

GAE, gallic acid equivalents.

SRHE, rutin hydrate equivalents.

"CE, catechin hydrate equivalents.

"Walues are meansSD of triplicate determinations. Different superscripts within a
row indicate significant differences (p<0.05).
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GSFD, GSIR, GSHD ¥ GSSD2] AAtgol &S A
9 oy gitgiAl 2 d#Z AA(L-ascorbic acid), BHA
(butylated hydroxyanisole), BHT(butylated hydroxytolune)<}
H| 23 A 3= Table 37 2t} 50 pg/mLe] W FmollA]
= Az I folhQl Aole glley w2t S
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2 DPPH &% AAZAYE =t} Choi S5(17)9] X
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A 29 AA 2 BHAE 717} 97.82% 2 82.61% =
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Table 3. Electron donating abilities of 70% ethanol extracts of
grape seed prepared with different drying methods

Concentration ((ighmL) Positive control” (50 yig/mL)
50 100 500 AA BHA  BHT
GSED  2350:147°  3%87:058 88714075

GSR 836102 2499331 52620050 . . .
, . . 97824015 82614105 2096+145

GSHD  10.3:123° 2501056 65204154

GSSD 9394054

BI6LR 652024057

D 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.

PAA, Lrascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune.

Values are meanstSD of triplicate determinations. Different superscripts within a
column (a-c) and row (A-C) indicate significant differences (p<0.05).
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Table 4. Reducing powers of 70% ethanol extracts of grape seed
prepared with different drying methods

Concentration (ighnL) Positive control” (50 igfmL)
100 500 AA BHA BHT
GSFD  0.14240005° 0370:0008° 1.633:0035"

SR 0056:0009° 0353:0013 10970038 \ ,
\ o 2470017 2578:0019" 0514002
GSHD ~ 0079:0008"  0385:0007 12170019

GSSD  0076:0008°  0366:0007  1.054:0.008°

D 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.

PAA, L-ascorbic acid; BHA, butylated hydroxyanisole; BHT, butylated hydroxytolune.

Walues are means=SD of triplicate determinations. Different superscripts within a
column (a-d) and row (A-B) indicate significant differences (p<0.05).
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Table 5. ABTS radical scavenging abilities of 70% ethanol
extracts of grape seed prepared with different drying methods

) Concentration (jig/mL) Pasiive control” (50 Jig/mL)
Samples
50 100 500 AA BHA  BHT
GRSF  42291278" 81502254 8666153
GRSl 2945285 68214184  8620:009° s . ¢
. , . 9861:013" 9796:0.16° 9096:061
GFSH  2503:158  65.36:165° 8586206
GFSS  2899:328b  77.99:150°  86.11:0.12"

 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-c) and row (A-C) indicate significant differences (p<0.05).
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