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Abstract

This study was conducted to monitor the yields of useful substances extracted from glyeyrrhiza. Optimization of
extraction process was carried out by using response surface methodology under different extraction conditions. A
central composit design was applied to investigate the effects of independent variables such as added solvent
ratio(X,), extraction temperature(X,) and extraction time(X,) on dependent variables such as soluble solid con-
tents(Y,), total phenols(Y,), electron donating ability(Y,), browning color(Y,) and reducing sugar contents(Y;). Sol-
uble solid contents were affected by extraction temperature and extraction time. The maximum soluble solid contents
were at 22.08 mL/g(X,), 67.09°C(X,) and 71.25 min(X;) in saddle point. Total phenols rarely affected by solvent
ratio and extraction temperature, but it was highly affected by extraction time. The maximum total phenols were
3.31 pg/mL at 19.94 mL/g(X,), 71.51°C(X,), 109.94 min(X,). The electron donating ability was affected by extraction
temperature and extraction time. The maximum electron donating ability was 74.50% at 20.2 mL/g(X,), 50.04°C(X,).
88.92 min(X,) in saddle point. The browning color was affected by extraction time. The maximum browning color
was at 11,85 mL/g(X,). 73.92°C(X,). 100.94 min(X,) in saddle point. The maximum value of reducing sugar content
was at 14.52 mL/g(X,), 77.14°C(X,). 74.87 min(X,).
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Table 1. Central composite design for optimization of hot water extraction conditions using a response surface methodology

Independent variables

e 2 Solvent to sample ratio(mL/g) Extraction temperature(*C) Bxtraction fac(oin)
1 25(1) 80( 1) 100( 1)
2 25(1) 80( 1) D)
3 25(1) 60(-1) ok
4 25( 1) 60(-1) 80(-1)
5 15(-1) 80( 1) 100
6 15(-1) 80( 1) 80¢-1)
7 15¢-1) 60(-1) R
8 15(-1) 60(-1) 80(-1)
9 20( 0) 70( 0) 90( 0)
10 20( 0) 70( 0) 90( 0)
" 10(-2) 70( 0) 90( 0)
12 30(2) 70( 0) 90( 0)
13 20( 0) 50(-2) 90( 0)
14 20(0) 90(2) N9
5 200 0) 70( 0) 70(-2)
16 20( 0) 70(0) HX2

""The number of experimental conditions by central composite design
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Glveyrrhiza uralensis sample
¥
40mesh
v
Glyveyrrhiza uralensis powder 2.5g + distilled water
v
Condition
Solvent to sample ratiolmL/g) : 10, 15, 20, 25, 30
Extration temperature(C) : 50, 60, 70, 80, 90
Extration time(min) @ 70, 80, 90, 100, 110

¥

Extraction

Yield, Total phenolics, Electron donating ability,
Brown color, Reducing sugar contents

Fig. 1. Scheme for extraction process from Glycyrrhiza uralensis
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Table 2. Polynomial equation calculated by RSM program for extraction of Glycyrrhiza uralensis

Responses The second order polynomial” R? significance
Y, = 174.500000 ~ 1.260000X | — 0.680000X, — 2.320000X
2 2
Yield (Y,) + 0.008000X7 + —0,012000X2X1—0.007000X2 0.8227 0.0913

+0.020000X ;X ~0.002000X, X,

Y, = 12.159124 + 0.002087X, - 0.045242X, - 0.172072X,4

2
Total phenolics (Y,) ~0.000014597 X} — 0.000049628 X, X, + 0.000171X3 0.8565 0.0520
~0.000014597X,X | - 0.000225X,X, + 0.000883X;

Yy = 213.399629 + 0.204154X , - 4.181654X,, + 0.819420X,
+0.057251X; - 0.006644X,X, + 0.051015X3

Electron donating ability (Y) 0.8876 0.0280
-0.022912X,X, - 0.039424 XX, + 0.008288X§
Y, = —4.610833 + 0.070566X, + 0.000912X, + 0.096902X
2 2
Brown color (Y,) +0.000010417X7 + 0.000565X,X, — 0.000493X; 0.7554 0.1960
-0.001248 XX, + 0.0006662X;X, — 0.000627X§
Y5 = - 18.573090 - 0.344809X, + 0.676072X, + 0.077222X,
2 2
Reducing sugir contents (7)) -0.001213X] - 0.00406X,X, - 0.001516X; + 0.007135X,X, 0.6682 03716
~ 0.004373X,X2 + 0.000311X;
"X, : Solvent to sample ratio, (mL/g) X, : Extraction temperature, (°C) X, : Extraction time (min)
Y=b+bX +bX +bX,+ b”Xlz+ b, X, X, + bsz?2+ b, X, X+ b,X,X,+ b,X,?
%, Fig. 1914 2 ve} o] 20°Cd 44z A7 P R gty

% 40 mesholl EFHAI £Z 25 goll S/HTE Loy

oz} 7}k F Uz FE22A0E2 FZE%U £ Table  FEX0| FELE0]| O|XE et

1o upehd ulo} 7bo] & AL A3 F2EL Pis F% 270 ©e #& $&9) Aol Ui WEA 3
g4 4ol AHE-3li 7122 Table 20 JeERI O™ RS 082272 FA = AT

Table 3. Predicteed values of optimum conditions for the maximized and minimized responses to variables by the ridge analysis by
their response surface

Extraction conditions"

Responses -
Xl X2 X3 Estimated responses Morphology
g i 11.60 72.52 100.55 25.05 (min.) s
Yield (%) saddle point
16.84 67.09 71.25 32.86 (max.)
Total phenolics (%) 29.00 78.30 87.28 2.88 (min.) s
of enolics saddle poini
) : 19.94 71.51 109.94 3.31 (max.) p
i Donating Ability (%) 21.45 78.98 107.63 17.00 (min.) —
troi ti saddle poin
e £ 20,29 50.04 88.94 74.50 (max.) ¢
17.13 78.81 72.99 0.36 (min.) ;
Brown color (0.D) saddle point
11.85 73.92 100.92 0.94 (max.)
. 20.55 85.97 101.99 0.96 (min.) ;
Reducing sugar content (%) saddle point
14.52 77.14 74.87 4.47 (max.)

UX, : Solvent to sample ratio, (mL/g) X, : Extraction temperature, (°C) X, : Extraction time (min)
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Fig. 2. Contour maps for the effects of extraction conditions on
Yield(%)
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Fig. 3. Contour maps for the effects of extraction conditions on
total phenolics(mL/100 mg)
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Table 4. Regression analysis for regression model of variables in extraction condition

.. F-Ratio
Response conditions

X, X, X,
Yield 1.19 3.47* 3.86%
Total phenolics 0.01 0.73 6.60**
Electron Donating Ability 0.19 5.87» 6.25%*
Brown color 0.76 1.82 3.44*

Reducing sugar content 0.97 1.34 2.09

*Significant at 10% level; **Significant at 5% level; ***Significant at 1% level
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