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Abstract

Response surface methodology (RSM) was used for the microwave-assisted extraction (MAE) of the effective
components of grape seed, such as its antioxidative and nitrite-scavenging abilities. Microwave power (2,450 MHz,
0-160W), ethanol concentration (0-100%), and MAE time (1-5 min) were used as independent variables (Xi) for
the central composite design to yield 16 different MAE conditions. The optimum MAE conditions were predicted
for the dependent variables of the extracts, such as the total phenolic content (Y;) antioxidative ability (Y3), and
nitrite-scavenging ability (Y3), depending on different microwave powers, ethanol concentrations, and MAE times.
The determination coefficients (R”) of the regression equations for the dependent variables ranged from 0.8024
to 0.9498. The maximal values of each dependent variable were predicted at different MAE conditions, as follows:
3.19% total phenolic content at 142.32W, 44.30% ethanol, and 4.36 min, and 1.22 antioxidative ability at 84.44W,
56.60% ethanol, and 3.28 min. More than 99.5% nitrite-scavenging ability was predicted at pH 1.2-3.0, 30.80-106.58W,
49.32-55.18% ethanol, and 3.72-4.58min, respectively. The results indicated that the total phenolic content and
antioxidative ability showed a higher correlation with each other in that they were more influenced by microwave
power than by the other variables, while the nitrite-scavenging ability was largely influenced by the ethanol
concentration.
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gk F 35~45Col|A] EFN=Fa 4T WA RashuA
AHget7] 27 10 mesh olets Eajsto] Ab&sEITh

olo|ZZHolE FEUH

o] AR Yol 8. FEAX](2,450 MHz, programmable
power/max. 2,450 W, time control) 24| 7872 o] A3
H 9E27A](Prolabo, Fontenay-sous-Bois, France)$3T}.
F2UE S U110 mesh, 1.651 mm)eh AR Gufjy]
(1:10)E 2 et &S FZEE 3t microwave
power, ehE T B FEA I 2 FEEA] 2P S
A st T

FEXN FHMIE st SAHEY AEAE { 2 B

AEH RS vlelaggolr 28 &L FEAT, &)
&1, microwave power 59 FEZ| wet bt
(10,14,15). webx] 54 A9 HA FE221 55

Aste] ST AZ16)9) wWEd microwave power (0~160
NE-& FE0~100%), D FZAZH1~5 min)S 22}
SRR sl 2, -1, 0, 1, 28] 592 F33 5]
(Table 1). 01} o] AW 167710 FZzHA 0w Ad st
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© = 743t SAS (statistical analysis system) program(17)
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) S WREEH A (response surface  methodology,
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Table 1. Central composite design by RSM computer program for
the optimization of extraction conditions for bioactive components
from grape seed

Experimept ggﬁ‘% EiOH conc. (%) fxﬁga(cm
1 401 251 261
2 40(1) 25(1) A1)
3 40(1) 73 1) 21)
4 40(-1) 75 1) A1)
5 120( 1) 25(1) 261)
6 1200 1) 25(-1) A1)
7 120( 1) 75 1) 261)
3 120( 1) 75( 1) A1)
9 80( 0) 50( 0) 3(0)
10 80( 0) 50( 0) 300)
11 0) 50(0) 300
1 160( 2) 50(0) 3(0)
3 80( 0) o) 30)
14 80( 0) 100 2) 3(0)
15 80( 0) 50( 0) 1)
16 80( 0) 50( 0) 5(2)

“The number of experimental conditions by central composite design.

A
(=]

a5

Op

H= g
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Ciocalteau reagent (Sigma-Aldrich Chemie GmbH,
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E 24319} ol B2 gllic acidE 5-50 pg/mL
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%< Kato 5(22)¢) W22 520
nmoﬂfﬂ A h &, 1mM NaNO, €9 1 mLol| A8
Z kst ©§7]9 0.1N HCl (pH 1.2)% 02M 74+
%—%ﬁ(pﬂ 30,42 2 6.0)0.2 Wgolo] pHE 7}7} 1.2,

30,42 2 6002 st ZH w3 AS 10 mLE 29
t} o %@%0 37CoAA 1A1ZE ¥-8-A17] & 1 mLE Z &)
2% ZAL £ 5 mLE AUVelal ZA] ZA| 3 Griess A 2k

(30% acetic acid®= Z+Z} ZA|3F 1% sulfanilic acid®} 1%
naphthylamine (Tokyo Chem Co., Ltd., Japan)< 1:1H] & &
gk A) 04 mLE 7hste] & AT 1 4 2ol 15%
W] & UV-visible spectrophotometer (Shimadzu Co.,
UV-1601, Kyoto, Japan) 520 nmol|A T3J=E &% 31
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o}, total phenolics (Y1), antioxidant ability (Y2),
nitrite-scavenging ability (pH 1.2) (Y3), nitrite-scavenging
ability (pH 3.1) (Y.), nitrite-scavenging ability (pH 4.2) (Ys)

Y(total phenolics) =

Y artiosidars ability) =
Y(nitlite~scavenging ability, pH 12) =
Y uiite scavenging ebilty, pH 30) =

Y ittt scavenging abiliy, pH 42) =

11.089375 + 0.146547X, - 0.131425X; -

Y(nin'ite-scavenging ability, pH 60) =

- 1.235625 + 0.013953X, + 0.057525X; + 0643125X3

0.000019531X,” -

0.352500 + 0.006250X; + 0.007000X; + 0.255000X; - 0000002500X1X2 0000188X1X3 0.000400X,X5 - 0.000032813X,”
79.320625 + 0.055016X, + 0.528125X, + 2.684375X; -

17.040000 + 0.379109X; + 1.280725X, + 14.433125X; -
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Fig. 1. Four-dimensional response surface for total phenolics of
grape seed extracts at constant values (1.0, 2.0, and 3.0%) as
functions of microwave power, ethanol concentration and
extraction time in microwave-assisted extraction.

0000081250X1Xz i 0.000281X,X3 - 0.001350X,X5 -

0.000470X;” - 0.051250Xs"

- 0.000050000X;” - 0.033750X"
0000464X1Xz 0006906X1X3 0.010950X,X; - 0.000040625X;”
- 0.004702%;” - 0.200000;"
0002041X1X2 0024156X1X3 0.037350X:X; - 0.000823X,” -
0.008370X;" - 1.310000X5"
0016146X1X2 * 0.003406X,X; - 0.006550X,X3 - 0.000259X,”

- 0.004896X," + 0.556250X;"

11.961875X; - 0002701X1Xz 0018031X1X3 + 0.003050X;X5 + 0.000524X;” +
0.005516X," + 2.422500X;"



Prediction of the Optimum Condiions for Microwave-Assisted Extraction of the Total Phenolic Content and Antioxidative and Nitrite-scavenging Abilities of Grape Seed 549

Table 2. Experimental data on total phenolics, antioxidant ability and nitrite-scavenging ability of grape seed extracts by microwave-assisted
extraction under different conditions based on central composite design for response surface analysis

Experment phzgzﬁcs Antioxidant abiliy Nitrite-scavenging ability (%)

number (%, db”) (AD oH 12 oH 30 oH 42 oH 60
I 1514010 1034000 95.12:0.00 78.53£0.98 8.7040.15 2354016
2 1884023 1114001 98.10+0.13 8694000 10024029 3394035
3 1524009 105002 97.2940.13 84.19+0.55 62.6440.29 12744033
4 2.05+0.05 1064002 979140.16 92.09:0.33 70414044 15.8540,16
5 2044020 111003 97.74+030 89.62+0.58 2588044 13824074
6 2754006 113001 9835030 97394027 34854117 13744016
7 202:0.12 L0940.00 96.79+0.30 9034023 2341034 15174035
8 2304033 1104004 97.5740.15 91154046 23554068 13634082
9 2474005 1224003 97.94+0,18 98.2040.16 45.1140.19 3764019
10 26240.10 1234004 97.78+0.18 97.16+0.00 46304092 5.5040.76
11 1744002 LO1#003 97.37+0.00 87434033 39424355 6894041
1 3.10:0.07 1024000 97834000 97.4040.33 48684056 9.08+1.12
13 13040.12 1024006 8737076 6124095 10.70:0.16 3124000
14 1444006 1184006 84.84+0.70 902740.16 5623031 B.12065
15 1654009 1054006 96.77:0.25 §7.57:0.59 36442031 982+1.14
16 3.03+0.05 1134002 97.35:0.14 9731022 59424047 18824082

"The number of experimental condition by central composite design.
b, : dry base

microwave power 84.44W, N E-E F % 56.60% 2
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Fig. 2. Four-dimensional response surface for antioxidant ability of
grape seed extracts at constant values (1.00-1.13-1.16 AI) as
functions of microwave power, ethanol concentration and
extraction time in microwave-assisted extraction.
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A% e BA4 e R*E 22} 0.8609, 0.8335, 0.8647
9 0.8687°]10.1, pH 1.2, 42 2 6,09 A= 5% o]HollA,
pH 3.0°14= 10% olUolA folido] JAF=HUT. HA
o F271-2 Table 39 YERRS 3, ol o S8 47 o
¢4 (saddle poinf) &2 YERL TAEA (ridge analysis)'g‘
AN B TH16). ©| ZA pH 12, 30, 42 2 6.0042] 3
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85.46% % 30.19%% ViERITE G pH 1.2~3.004]
99.5% ©]’Fe] & oFANGAAS S Bl HHFE22H
< microwave power 30.80~106.58W, o8& F% 4932~
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Table 3. Predicted levels of extraction conditions for the maximum responses of variables by the ridge analysis

Responses R Significance X, (Power/W)  Xo (BOH%) X (time/min) Max. Morphology

Total phenolics 0.9498 0.0030 142.32 4430 423 3.19 maximum
Antioxidant ability 0.8024 0.1191 84.44 56.60 328 122 maximum
Nitrite-scavenging ability (pH 1.2) 0.8609 0.0492 30.80 4932 4.58 99.53 saddle point
Nitrite-scavenging ability (pH 3.0) 0.8335 0.0780 106.58 55.18 in 99.60 maximum
Nitrite-scavenging ability (pH 4.2) 0.8647 0.0458 2532 86.06 32 8546 saddie point
Nitrite-scavenging ability (pH 6.0) 0.8687 0.0424 62.45 98.12 332 30.19 minimum

Table 4. Regression analysis for regression model of variables in

extraction condition

F-Ratio
Extraction condition Microwave Fthanol conc, Extraction
power (W) (%) time (min)
Total phenolics 950" 883" 859"
Antioxidant ability 497" 212 257
Nitrite-scavenging ability (pH 1.2) 0.13 649" 0.19
Nitrite-scavenging ability (pH 3.0) 142 528" 1.14
Nitrite-scavenging ability (pH 4.2) 416 879" 053
Nitrite-scavenging ability (pH 6.0) 142 854" 151

<0, Tp<0.05, <001,

FZE 71 eAREY Y d&3T H4 22712 39
= ko] 7% 3.19%(microwave power 142.32W, ol gH-&
=5 4430%, 2EA7F 423 min)et FArEEe AS-
1.22(84.44W, 56.60%, 3.28 min)= Ytebsith. 28]3 pH
12~3.0014 99.5% ol/de] £& ofdAld aASE Bl

F&E0] 34 27 ¥+ microwave power 30.80~
106.58W, &S F% 49.32~55.18%, 5EA17F 3.72~4.58
. o)de] AxellM s S At
gl }*“3 ’2}3&"3% K o)A A microwave power®]], o}2
A aATE e Fiool JIFs Hol e Fo= U
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