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Abstract

Microwave-assisted extraction (MAE) of grape seeds was performed under the different conditions based on a central
composite design for independent variables of microwave power (0~120 W), ethanol concentration (0~100%9
and extraction time (1~5 min). Response surface methodology (RSM) was used to predict the optimum extraction
conditions for three dependent variables in grape seed extracts: total yield, total catechin and electron donating
ability. Determination coefficients (R%) of regression equations for the three dependent variables were higher than
0.9 (p < 0.01). The optimal MAE conditions to yield the maximum value of total catechin (434.16 mg%9 were
122.76 W microwave power, 42.88% ethanol and 4.67 min extraction time. The superimposed contour maps for
maximizing the three dependent variables indicated that the MAE condition ranges were 75150 W, 4060% ethanol
and 3.55.0 min. The predicted values at the optimized conditions (6.72% total yield, 408.65 mg%b total catechin,
and 83.33% electron donation ability) were similar to the experimental values. The optimized MAE (112.5 W,
50% EtOH, 4.2 min) was more efficient than the conventional solvent extraction using 80% EtOH, 60°C for 3

h and 150 rpm.
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Table 1. Total extract yield, total catechin, and electron donating
ability of grape seed extracts by MAE under different conditions
based on central composite design for RSM

Exp Microwave EtOH  Extraction Total yield Total catechin g(l)?giin
No.” power (W) conc.(%) time (min) (%, db) (mg%, db) ability(‘7§)

40(-1) 25¢-1)  2(-1)

( 2821020 170.09£2.83 61.94.6
40(-1) 25¢-1) 41
(

378:020 2229841665 72114
40C) 751 261 256035 171431483 67.8+3.6
40C) 751 4(1) 351025 26290+19.68 74.6+1.4
1200 1) 25(1)  2(1)  386:031 285.73:0.69 74.0+47
120(1)  25C1)  4(1) 571005 398.8624.58 782+L.1
20(1) 751 2(1)  350:026 255321992 76.0+12
20(1)  75(1)  4(1) 490040 291512365 79.0+17
80(0)  S0(0) 3(0) 422007 309484972 79.6:09
10 80(0) 50(0) 3(0) 423007 336.19:23.02 80916
1 02 500 3(0) 278+006 137.56:537 72308
2 160(2) 50(0) 3(0) 551:0.00 36447:2398 82.3:0.4
3 80(0 02 3(0) 233017 11415308 53267
14 80(0) 100(2) 3(0) 250007 18326+2422 635407
15 80(0) 50(0) 1(2) 256019 164814004 66658
16 80(0) 50(0) 5(2) 543008 42970128 820+14
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"The number of experimental condition by central composite design.

32 A15A A6 (2008)
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Fig. 1. Four-dimensional response surface for total yield of grape
seed extracts at constant values (3.0-4.5-6.0%) as functions of
microwave power, ethanol concentration and extraction time in
microwave-assisted extraction.
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Table 2. Predicted levels of extraction conditions for the maximum
responses of variables by the ridge analysis

2 Slg]llﬁ X1 X2 X3 Mor-
Responses—— R° e (PoweyW) (BOOH%) (timelmin) ™2 phology
Tol yield 09809 00002 13871 4530 435 642 Sggi‘ﬂf
Total catechin 930 o064 12276 4288 467 *! maximum
contents 6
Electron 9808 00001 14996 5118 342 8404 maximum
donating ability ™ ’ : ‘ ‘ :
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Fig. 2. Four-dimensional response surface for total catechin
contents of grape seed extracts at constant values (300-350-400
mg%) as functions of microwave power, ethanol concentration and
extraction time by microwave-assisted extraction.
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Table 3. Regression analysis for regression model of variables in
extraction condition

F-Ratio
Extraction condition M;;‘"y“é’;“’e Ethanol Extraction
. (%) time (min)
W) conc. (
Total yield 2969 13.70" 30527
Total catechin contents 901" 57" 733"
Electron donating ability 1587 4676 2035

<0.1, “p<0.05, “p<0.0L.
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Fig. 3. Four-dimensional response surface for electron donating
ability of grape seed extracts at constant values (60-70-80%) as
functions of microwave power, ethanol concentration and
extraction time in microwave-assisted extraction.
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Table 4. Optimum extraction condition for optimum responses of
total yield, total catechin contents and electron donating ability
of grape seed extracts by superimposing their 4-dimensional
response surfaces

Extraction condition Range of opfimum Optimum condition

condition
Microwave power (W) 75 ~ 150 1125
Ethanol concentration (%) 40 ~ 60 50
Extraction time (min) 35~50 42
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&3 F2H(80% g2, 60T, 3417, 150 rpm)¥} A4
3lg nlo|mE o] H FZH(MAE, 1125 W, 50% ol EHS,
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Extraction time (min)

Fig. 4. Superimposed four-dimensional response surfaces for
maximized levels of total yield, total catechin content and electron
donating ability in grape seed extracts as functions of microwave
power, ethanol concentration and extraction time in microwave-
assisted extraction.

Table 5. Comparison between predicted and experimental values
of response variable of grape seed extracts at the given condition”
within the range of optimum conditions

Response variable Predicted value Experimental value

2)
Total yield(%, db) 672 6&803%%%
Total catechin contents 403.29+8.83
(mg%, db) 408.65 (2.19%)
Blectron donating ability(%) 83 %gggf

?Mjcrowave power 112.5 W, ethanol conc. 50%, extraction time 4.2 min.
“Mean of triplicates *+ sd.
IRelative sd. = s.d/mean x 100.

Table 6. Comparison between MAE and conventional extraction
of response variable at the given condition” within the range of
optimum conditions

Response variables Microwave-assisted Conventional
P extraction extraction
. 6.70:0.02” 6.78+0.01
Total yield (%, d.b.) 030%)" 0.15%
Total catechin contents 403.29+8.83 367.21+12.62
(mg%, d.b.) (2.19%) (3.44%)
Electron donating ability (%) 8(3322)3 7(8(3)3%)

?Mjcrowave power 112.5 W, ethanol conc. 50%, extraction time 4.2 min.
Extraction temperature 60°C, ethanol conc. 80% , extraction time 3 hr.
"Mean of triplicates + s.d.

“Relative s.d. = s.d/mean x 100.
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