J. Ginseng Res.
Vol. 23, No. 3, 164~171(1999)

7it=71e| olo|aZ2H0|E F=0M Ginsenosides2]
FEEM DLIEHED FESE v

ojA & . oj7)%* - AFTH
AugeE AEFe, A ASLaY ES
(19999 6¥ 7d )

Monitoring of Extraction Characteristics and Comparison
of Extraction Efficiencies for Ginsenosides in the
Microwave-Assisted Process Under Pressure

Sae-Bom Lee, Gee-Dong Lee* and Joong-Ho Kwon®

Department of Food Science and Technology, Kyungpook National University, Taegu 702-701, Korea
*Department of Traditional Fermented Food, Kyongbuk College of Science, Kyungbuk 718-850, Korea
(Received June 7, 1999)

Abstract : Microwave-assisted extraction, which is known to rapidly extract target compounds from natural
products, was monitored by response surface methodology (RSM) while extracting ginsenosides by using
microwave extraction system (MES) equipped with closed vessels, and was confirmed on its extraction effi-
ciency. On the whole, coefficients of determinations (Rz) of the models on ginsenoside contents of extracts with
various extraction conditions were above 0.83 (p<0.1). Ginsenoside-Rb,, -Rc, -Re and -Rg, were maximized
in 140°C of extraction temperature and 50~75% range of ethanol concentration. Unknown compound peak on
HPLC chromatogram observed at extraction temperature over 120°C, increased at the extraction temperature
of 150°C. The extraction temperature of ginsenoside-Rb, and -Re increased from 129°C to 147°C with includ-
ing unknown compound, and R? of the models on ginsenoside contents of extracts increased with including
unknown compound into ginsenoside Rb, and Re. Contents of unknown compound were minimized in 67.33%
of ethanol concentration, 99.34°C of extraction temperature and 3.65 min of extraction time. Ginsenoside con-
tents extracted by microwave system for 8 min showed a similar tendency to those of the current extraction
method for 40 hrs.
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Table 1. Experimental data on gisenoside contents of ginseng extracts under different conditions based on central composite

design for response surface analysis

Exp. Ethanol Extraction  Extraction Ginsenoside (%)

No. conc. (%) temp. (°C) time (min) Rb, Rb, Re Rd Re Re, Unk®  Totl
1 25(-1) 105(-1) 2.5(-1) 0665 0619 0617 0297 0662 0.102 0.000 2962
2 25(-1) 105(-1) 6.5(1) 0.629 0.679 0.573 0.308 0.605 0.091 0.000 2.885
3 25(-1) 135(1) 2.5(-1) 0.709 0.699 0.670 0433 0535 0.084 0.701 3.829
4 25(-1) 135(1) 6.5(1) 0.862 0.851 0795 0540 0615 0.099 0.797 4.613
5 75(D) 105(-1) 2.5(-1) 0724 0711 0655 0340 0641 0085 0.000 3.156
6 75(1) 105(-1) 6.5(1) 0.807 0.826 0727 0397 0.641 0081 0.000 3.479
7 75(1) 135(1) 2.5(-1) 0948 0958 0880 0733 0.705 O.114 1.175 5.296
8 75(1) 135(1) 6.5(1) 0952 0949 0864 0.683 0.670 0.091 1.652 5.158
9 50(0) 120(0) 4.5(0) 1.059 1.164 0968 0.629 0828 0.126 1016 5938
10 50(0) 120(0) 4.5(0) 1.058 1.159 0970 0630 0.830 0.125 1.018 5.936
11 0(-2) 120(0) 4.5(0) 0.628 0.603 0567 0300 0572 0.091 0.000 2.761
12 100(2) 120(0) 4.5(0) 0541 0562 0655 0414 0610 009 0617 3434
13 50(0) 90(-2) 4.5(0) 0718 0.668 0.667 0364 0.711 0.117 0.000 3.245
14 50(0) 150(2) 4.5(0) 1.093 1.078 1.008 0.869 0.814 0.135 1.781 6.075
15 50(0) 120(0) 0.5(-2) 0.821 0792 07755 0436 0772 0.120 0.000 3.696
16 50(0) 120(0) 8.5(2) 1.088 1.097 0982 0648 0765 0.116 1015 5793

?The number of experimental conditions by central composite design

® Contents of unknown compound were calculated based on ginsenoside-Rb,
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Table 2. The second order polynomials for ginsenosides as functions of temperature, time and ethanol concentration in

microwave-assisted extraction

Responses

Second order polynominals

R? Significance

=-2.519133 + 0.016698X, + 0.043688X, +

0.031719X, + 0.000030667X,X, —
0. 000075000x X, +0. 000458X x -
0 00()173X -0 006656X 2

Ginsenoside-Rb,
0.000191X >

0.8358 0.0754

Y, =-5.197539 + 0.020977X, + 0.081975X,, +

0.181156X,, + 0.000039333X X, -
0. 000265X X,-0. 000133X, X -
- 0.000322X,>~ o 013656X,’

Ginsenoside-Rb,
0.000232X; :

0.8647 0.0459

Y =-2.116148 + 0.012659X, + 0.037060X, +

Ginsenoside-Rc

0.036500X,; + 0.000029000X, X, —
0. 000062500X X;+0. 000338X X

0.8335 0.0780

0.000142X > - 0 000144)( —0. 006156)( 2

Y, =—-0.676641 + 0.001736X; + 0.007194X, +

Ginsenoside-Rd

0.086031X; + 0.000104X X, -
0.000277X,X, — 0.000045833X,X, —
0. 000109X 2~ 0.000015000X,” —

0.9192 0.0014

o 005500,

Y, =-0.128680 + 0.002603X, + 0.013346X, -

0.009969X; + 0.000070000X X, —
0. 000145X X5 +0.000425X, X
- 0. 000075000X i

Ginsenoside-Re
0.000096X, b

0.6036 0.5124

0.003844X.”

Y; =0.112461 — 0.000149X, — 0.000277X, +

Ginsenoside-Rg,
0.000014800X

0.004750X, + 0.000016333X, X, -
0.000077500X,X+0.000029167X, X~
2 00000016672 —

0.5306 0.6629

0 000594X

Y, =-2.898820 — 0.022699X, + 0.033702X, +

Unknown
compound®

0.033813X; +0.000443X X, +
0.000952X, X + 0. 002388X X

0.9550 0.0022

0. 000283X 22 0.000141X,> - O 031844X, :

*Contents of unknown compound were calculated based on ginsenoside-Rb,

Table 3. Predicted levels of extraction conditions for the maximum responses of ginsenosides by the ridge analysis

X,

X X

2 5 3 .
Yn R Prob>F (EtOH/%) (temp.C) (time/min) Max./Min. Morphology
Rb, 0.8358 0.0754 53.73 140.36 6.91 1.11 (max.) max.
Rb, 0.8647 0.0459 52.99 129.30 5.49 1.16 (max.) max.
Rc 0.8335 0.0780 57.49 142.28 6.57 1.00 (max.) max.
Rd 0.9192 0.0114 64.51 148.55 491 0.88 (max.) saddle point
Re 0.6036 0.5124 57.31 129.22 4.77 0.78 (max.) max.
Rg, 0.5306 0.6629 64.31 148.34 3.86 0.13 (max.) saddle point
Total 0.8341 0.0773 57.34 141.12 592 4.90 (max.) max
Y 4¥S HPLCY| o3l ¥4% A Fig 8 2tk RUEsaAl jeEREAd) s F224 we)
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Fig. 1. Four-dimensional response surface for ginsenoside-
Rbl of ginseng extracts (at constant value, 0.6-0.8—
1.0%) as functions of temperature, time and ethanol
concentration in microwave extraction system.
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Table 4. Predicted levels of extraction conditions for the maximum responses of ginsenosides and unknown cbmpounds by the

ridge analysis

X X X Max.
Yn R? Pob>F  BOH%)  (emplC)  (tmefmin)  (Min) Morphology
Rb, 0.8647 0.0459 52.99 12930 549 116 max,
a 68.22 146.56 5.65 2.10
Unk 0.9550 0.0022 (67.33) (99.34) (3.65) ©.01) max.
Rb,+Unk" 0.9476 0.0034 66.07 146.65 5.82 3.13 max.
Re | 0.8335 0.0780 57.49 142.28 6.57 1.00 max.
Re+Unk 0.9401 0.0049 68.19 147.16 538 229 saddle point
Re 0.6036 0.5124 57.31 129.22 477 0.78 max.
Re+Unk® 0.8705 0.0409 68.95 147.09 531 120 saddle point
Re, | 0.5306 0.6629 64.31 148.34 3.86 0.13 saddle point
R, +Unk 0.9065 0.0170 68.76 147.64 491 0.28 saddle point
Total 0.8341 0.0773 57.34 141.12 5.92 490 max,
TotaHUnk®*  0.8722 0.0395 57.37 139.50 572 622 max.

? Contents of unknown compounds were calculated based on ginsenoside-Rb,
® Contents of unknown compounds were calculated based on ginsenoside-Rc
¢ Contents of unknown compounds were calculated based on ginsenoside-Re
¢ Contents of unknown compounds were calculated based on ginsenoside-Rg,
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2 A AFEIITH(Table 4, Fig. 7). tHE-29] ginsenosides
Ho FE2257} 147°C F20)A=Hl, ginsenoside Rb,
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Fig. 7).
H 592 A8 F 3472 AEUL ginsenos-
ide-Re®} -Rg,°] #A3le WHH, ginsenoside-Rg, ¢

|

-Rhie 371=]o] AR Jamigho] e F4E vt
Atk zevt B Ao Aaels %0 (50 psi
olshat 71EZANA AIES] AT HIHTE A
Y AR F Y ginsenoside’} E3l|EHe= AOE AR
He, o9} e e Pak TV mlelaZYolR
2B o]g3t AREUY AlZAUORS] A&E sl
el gafol] oigh e} 2 APEs o F U

w2 wlo] a2 o|H AR E Q14 AkEd A
o] FFo o)g3lr] fiMeE WA I H =
Q3 B E sl FEERAS AHE Feot ok
31 AZpR. sl wlelAR g o]E FZA] unknown

e YAEA e FEZRUS A Hiax
unknown SIEHEY| tigt FAEHE AAF] £ A3},
Table 49149} 7ro] =% HAZHNA unknown g
29 FFE 00106%5 AZHJeH, o W
E9l 32 oehe FE 67.33%, FELE 99.34°C, F
EA17F 3.65% ©ISlt). oo ARolA & wf Q14 A
Fd AJE i3l vlo]aZelE F=221E unknown
peakS XA A% 100°C °l3le] 2xoA FEdh=
o] vl st} Azt

3. 88 FEUHHD ojo|3 =40l £EHH F==
& Hlu

AQaAtzde digt da F2%3 MAP 299
93 $+8 ginsenoside’d TF2 Table 59 JERAN
o} @3 FEuBHol 93k £ ginsenocside FEHL
7.46% TEoIUAL, 287k MAP F&E2 ginseno-
side-ReE A3l UAE W2 H3E Ho|HA
Z o] oF 497%%Th L) §EZke] MAP
Sl thEE2] ginsenoside Aol F3) Wzt
FARRE o2 F g 7.68%F YEMA o]
el AgA QAR AR FEAA mpoja=R
HolB FEHE d3) FEHTY v & of Y3
A¥s oPJATE 2 ginsenoside®] FEEEA F
3 5 Btk et MAP WL FEAIE
102 olWe] FEozm 58 §° Y& ¥ oz} &
o 2 ouRe] AT AR F e 7S

Ro FAT

d



Vol. 23, No. 3(1999) 7R nlo|aEgelE. 22olA Ginsenoside?] FEEA 171

Table 5. Comparison of extraction efficiency on ginsenoside contents between current extraction method and microwave
extraction method

Ginsenoside (%)

Extraction method Ext. time

Rb, Rb, Re Rd Re Rg, Total

Current extraction 40 hrs 3032 1.161 1.213 0.470 1.346 0.235 7.457
method

Microwave extracion 2 min 1.708 0.651 0.733 0.276 1.396 0.209 4.973

method” 8 min 2.904 1.117 1216 0.572 1.613 0.260 7.682

“Ethanol conc. 80%, extraction temperature 85°C, extraction time 8 hrsx5.

b Ethanol conc. 80%, extraction temperature 85°C.
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