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Abstract

Microwave extraction system equipped with closed vessels was applied to confirm its capability
of extracting ginseng solubles including saponin, which was monitored to optimize extraction con-
ditions by response surface methodology. Total yield increased with the decrease in particles size
and more extraction steps. Soluble components were completely extracted by operating the system
within 6 min per one step, which should be repeated by 3 or 4 times. Optimized conditions for maxi—
mum extraction of response variables(total yield, crude saponin) were 40 ~50% of ethanol concentration,
about 140°C of extraction temperature, and within 6 min of the extraction time. The extraction effi—
ciency of total yield was dependent on the decrease of ethanol concentration, while crude saponin
content was favored on the higher degree of ethanol concentration. According to the temperature
guideline, below 90°C of extraction temperature, the optimal ranges of extraction conditions were
predicted as 30~50% of ethanol concentration and 2.5~6.5 min of extraction time. Estimated values
of total yield and crude saponin were in good agreement with experimental values.
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Fig. 1. Microwave heating curves of different concen-
trations of ethanol(A: temp., B: pressure).
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Table 1. Effect of particle size of ginseng roots on total
yield and crude saponin content in 50% etha—
nol extracts by microwave extraction system
at 120°C for 2 min

Particle size of sample

Component

250um 2mm 4mm
Total yield(%6) 32.15 29.76 18.50
Crude saponin(96) 6.82 6.84 3.14

Table 2. Effect of extraction steps on total yield and
crude saponin content of 50% ethanol extracts
from ginseng powder by microwave extrac—
tion system at 120°C for 2 min

Extraction step/2min

Component Total
1st 2nd 3rd

Total yield(%) 32.15 333 078 3626

Relative content(%)  88.67 918 215 100

Crude saponin{(%) 6.82 1.03 038 823

Relative content(%) 8287 1252 461 100
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Table 3. Effect of extraction time on total yield and
crude saponin content of 50% ethanol ex-
tracts from ginseng powder by microwave ex-—
traction system at 120°C

Component Extraction time(min)
(dry basis) 2 4 6
Total yield(%6) 32.15 35.73 34.87
Crude saponin(%) 6.82 7.16 7.55
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Fig. 2. Four-dimensional response surface for total
yield of ginseng extracts(at constant value, 30
-35-39%) as functions of ethanol concentration,
temperature and time in microwave-assisted

extraction.
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Table 4. Experimental data on total yield and crude saponin content of ginseng extracts under different conditions
based on central composite design for response surface analysis

Experiment Ethanol Extraction Extraction Total yield Crude saponin

number”’ conc.(%) temp.(°C) time(min) (%) (%)
1 25(-1) 105(-1) 2.5(-1) 33.58 435
2 25(-1) 105(-1) 6.5( 1) 33.46 5.70
3 25(-1) 135( 1 2.5(-1) 33.86 5.81
4 25(-1) 135( 1) 65( 1) 34.94 6.70
5 1) 105(-1) 2.5(-1) 2863 6.56
6 75( 1) 105(-1) 6.5( 1) 2794 6.78
7 75( 1) 135( 1 25(-1) 30.81 7.90
8 71D 135( 1) 65( 1) 3231 7.84
9 50( O) 120( O 45( 0) 34.88 7.29
10 50( 0) 120C 0) 45( 0) 34.86 7.30
i1 0(-2) 120( 0) 45( 0) 34.06 361
12 100( 2) 1200 0) 450 0) 10.94 411
13 50( 0) 90(-2) 45( 0) 34.87 4.81
14 50( 0) 150( 2) 450 0) 40.37 8.02
15 50( O 120( 0) 0.5(-2) 35.18 5.60
16 50¢ 0) 120( 0) 8.5( 2) 35.87 6.56

YThe number of experimental conditions by central composite design
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Fig. 3. Four-dimensional response surface for crude
saponin content of ginseng extracts(at constant
value, 5-6.5-8%) as functions of ethanol con-
centration, temperature and time in microwave-
assisted extraction.
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Table 5. Predicted levels of extraction conditions for the maximum responses of total yield and crude saponin

contents by the ridge analysis

Yn X1 (EtOH/%) Xo(temp./°C) Xs(time/min) Max./Min. Morphology
Total yield 41.5405 148.2378 5.6690 40.4517(max.) Saddle point
Crude saponin 56.2920 143.5286 4.6950 8.1959(max.) Maximum
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Fig. 4. Superimposed four-dimensional response sur—
faces for maximized levels of total yield and
crude saponin content in ginseng extracts(at
constant value: (A) total yield~38% and (B) crude
saponin content-7.7% as functions of ethanol
concentration, temperature and time in micro-
wave-assisted extraction.

Table 6. Optimum extraction conditions for maximum
responses of total yield and saponin content
by superimposing their 4—-dimensional response

surfaces
. . Raqge of Optimum
Extraction condition optimum "
" condition
condition
Ethanol conc.(%6) 40~50 45
Extraction temp.(°C) 135~150 140
Extraction time(min) 55~6.5 6.0

Table 7. Optimum extraction conditions for maximum
responses of total yield and saponin content
by superimposing their contour maps at 90°C
as an optional condition

Range of

Extraction condition optimum Opt1rpgm
i condition
condition
Ethanol conc.(%) 35~50 50
Extraction time(min) 35~75 4.0
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Fig. 5. Contour map for total yield(12.98-17.20-21.42
-25.63-29.85-34.07%) of ginseng extracts as
functions (at 90°C) of ethanol concentration,
temperature and time in micro-wave-assisted
extraction.
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Fig. 6. Contour map for crude saponin content(1.34-

2.90-4.46%) of ginseng extracts as functions

(at 90°C) of ethanol concentration, temperature
and time in microwave-assisted extraction.
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Fig. 7. Superimposed contour maps for maximized le-
vels of total yield and crude saponin content in
ginseng extracts(at 90°C) as functions of et-
hanol concentration, temperature and time in
microwave-assisted extraction.

Table 8. Comparison between predicted and experim-—
ental values of response variables at the given
condition within the range of optimum con-

ditions
Given Response Predicted Experimental
condition variables values values
45% EtOH, Yield(%) 3852 38.67
140°C, 6min” Crude saponin(%) 7.7 847
50% EtOH, Yield(%) 35.03 34.48
90°C, 4min  Crude saponin(%6) 6.06 6.16

DEthanol conc. 45%, extraction temperature 140°C, extrac-
tion time 6min.
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