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Abstract

Microwave extraction system equipped with closed vessels, which is known to rapidly extract target
compounds from natural products, was applied to monitor the changes in phenolic compounds, browning
color intensity and electron donating ability by using response surface methodology (RSM). Maximum
content of phenolic compound was 21.65mg/100ml in 67.88% of ethanol concentration, 145°C of extraction
temperature, and 6.24 min of extraction time. The phenolic compounds in extracts are dependent on the
increase of the extraction temperature and the ethanol concentration. Browning color intensity, which was
maximized in 67.21%, 147°C, and 6.02 min, was proportional to the increase of the extraction temperature.
Maximum value of electron donating ability was 24.50 units in 54.33%, 147°C, and 6.11 min. The electron
donating ability of extracts was dependent on the increase of extraction temperature and maximized in

the range from 50 to 65% of ethanol concentration.
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Table 1. Experimental data on total phenolic compounds, browning color intensity and electron donating ability of
ginseng extracts under different conditions based on central composite design for response surface analysis

Exp. Ethanol Extraction Extraction Total phenolic Browning color Electron donating
No.”  concentration(%) temperature(°’C) time(min)  compounds(mg/100ml) intensity(O.D) ability(unit)
1 25(-1) 105(-1) 25(-1) 11.84 0.123 10.3
2 25(-1) 105(-1) 6.5( 1) 12.66 0.125 125
3 25(-1) 135( 1) 25(-1) 12.76 0.162 15.3
4 25(-1) 135( 1) 6.5( 1) 13.01 0.217 18.3
5 7B 1) 105(-1) 25(-1) 10.52 0.123 13.8
6 75( 1) 105(-1) 6.5( 1) 11.24 0.143 149
7 75( 1) 135( 1) 25(-1) 14.62 0.214 18.0
8 75( 1) 135( 1) 6.5( 1) 19.32 0.339 224
9 50( 0) 120( 0) 450 0) 12.92 0.195 169
10 50( 0) 120¢ 0) 45( 0) 12.82 0.205 16.3
11 0(-2) 120( 0) 45( 0 8.34 0.207 6.4
12 100( 2) 120C O) 45( 0) 12.66 0.101 8.0
13 50( 0) 90(-2) 45( 0) 14.87 0.132 14.2
14 50( 0) 150( 2) 45( 0) 19.57 0.324 223
15 50( 0) 120( O) 0.5(-2) 17.24 0.149 16.1
16 50( 0) 120¢ 0) 85( 2) 17.11 0.169 17.7

YThe number of experimental conditions by central composite design.

Table 2. The second order polynomials for total phenolic compounds, browning color intensity and electron donating
ability as functions of ethanol concentration, temperature and time in ginseng extraction by microwave extraction

system
Responses Second order polynomialsl) R? Significance
Y1=102.830547-0.355362X1-1.310562X2-4.475625X3+
Total phenolic compounds 0.003637X:1X2+0.010875X,X3+0.014208X2X3- 0.9118 0.0145
0.000948X,% + 0.004833X*+ 0.269062X 5>
Y2=0.716278-0.001220X, -0.009688X2-0.059375X3 +
Browning color intensity 0.000052000%: X2+ 0.000220X 1 X3 +0.000658X 2 X3~ 0.9505 0.0090
0.000052160X,°+0.000031111X2’-0.002562X5”
Y3=22.356250 +0.376375X,-0.370625X2-1.821875X3+
Electron donating ability 0.000300X X2+ 0.000750X X3+ 0.017083X X3~ 0.9450 0.0039

0.003760X,%+0.001833X," +0.018750Xs"

intensity and electron donating ability by the ridge analysis

DX ethanol concentration(%), Xo: extraction temperature(°C), X5 extraction time(min).

Table 3. Predicted levels of extraction conditions for maximum responses of total phenolic compounds, browning color

Extraction condition

Total phenolic compounds

Browning color intensity  Electron donating ability

Ethanol concentration(%) 67.88
Extraction temperature(°C) 144.78
Extraction time(min) 6.24
Predicted values(mamximum) 21.65

Morphology Saddle point

67.21 54.33
147.48 147.32
6.02 6.11
0.3853 2450

Saddie point Saddle point
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Fig. 1. Four-dimensional response surface for total phe-
nol compounds of ginseng etracts(at constant
value, 10, 14, 17%) as functions of temperature,
time and ethanol concentration in microwave ex—
traction system.
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Fig. 2. Four-dimensional response surface for browning

color intensity(O.D) of ginseng extracts(at constant
value, 0.1, 0.2, 0.3) as functions of temperature,
time and ethanol concentration in microwave ex-
traction system.
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Fig. 3. Four-dimensional response surface for electron

donating ability of ginseng extracts{at constant
value, 12, 17, 20 units) as functions of temperature,
time and ethanol concentration in microwave ex—
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