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Abstract

Response surface methodology (RSM) was used to monitor the characteristics of a return current extracts from Ara-
lia elata. A central composite design was used to investigate the effects of the independent variables of extraction
time (X,), ethanol concentration (X,) and extraction temperature (X;) on the dependent variables yield (Y,), total
phenolics (Y,), electron donating ability (Y;), browning color (Y,) and reducing sugar contents (Y;) of extracts. The
maximum yield was at 316.58 min (X,), 15.68% (X,) and 93.49°C (X;) in saddle point. Total phenolics were highly
affected by ethanol concentration. The maximum total phenolics were at 94.78°C (X)), 22.9% (X,), 323.05 min (X;)
in saddle point. The maximum electron donating ability was at 94.78°C (X)), 29.82% (X,), 323.05 min (X;) and was
highly affected by ethanol concentration. The maximum browning color was at 97.00°C (X)), 38.35% (X,), 321.82
min (X;). The browning color was highly affected by ethanol concentration. The ruducing sugar content was at
97.00°C, 38.35%, When the extraction temperature, ethanol concentration, and extraction time were 87.62°C (X)),
24.62% (X,), 339.39 min (X;). The optimal conditions of extraction conditions for response variables by superim-
posing of contour maps were 263.5 min (X,), 14% (X,) and 89.5°C (X,).
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Aralis elsta sample
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Condition
Extraction time (min) : 120, 180, 240,
300, 360
Ethanol concentration (%) : 0, 25, 50,
Th, 100
Extraction temperature (T.) @ 80, 85,
90, 95, 100

l
Reflux extraction process
l
Filtered with No.2 (Whatman) paper
under vacuum condition
l
100 mL Mess up with ethanel
l
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Fig. 1. Scheme for extraction process from Aralia elata.

Table 1. Central composite design for optimization of ethanol
extraction conditions using response surface methodology.

Independent variables

ExpNo.  Extraction Etanol Concentraion
time (min) concentration (%) temperature (°C)
1 180(-1) 25(-1) 85(-1)
2 180(-1) 25(-1) 95( 1)
3 180(-1) 75(1) 85(-1)
4 180(-1) 75(1) 95( 1)
5 300( 1) 25(-1) 85(-1)
6 300( 1) 25(-1) 95( 1)
7 300( 1) 75(1) 85(-1)
8 300( 1) 75( 1) 95( 1)
9 240( 0) 50( 0) 90( 0)
10 240( 0) 50( 0) 90( 0)
11 120(-2) 50( 0) 90( 0)
12 360(2) 50( 0) 90( 0)
13 240( 0) 0(-2) 90( 0)
14 240( 0) 100(-1) 90( 0)
15 240( 0) 50( 0) 80(-2)
16 240( 0) 50( 0) 100( 2)
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Table 2. Polynomial equation calculated by RSM program for extraction of Aralia elata.

Responses The second order polynomial” R? significance
Yield (Y) Y= -396.100000+0.263594,+1.210125.X,+8.009375X,-0.00016 LX? -0.000796X,X, 08646 0.0459
(%) -0.003530X2-0.001521.X,X'-0.009250.X;,2-0.039250.X2 ‘ :
Total phenolics (Y) ¥,=-23631+6.544589.X;+33.908371.X,+512.867647.X,-0.020425X> -0.008484.X,X, 09750 0.0004
(mg GAE/100 g) -0.200000.X2 +0.044306.X,X;-0.169683.X,X,-2.828054X> : :
Eleztg’l‘i‘ d‘zfgmg Y;=-504.752604-0.007595.X, +1.726869X,+10.834099.X,-0.000166X>-0.001220.X,X, 09341 0.0064
(,f/y -0.005564X2 +0.001557.X,X,-0.011458X,Y,-0.058211.X2 : .
0)
Brown color (Y)  ¥,=-5.538219-0.000278X;+0.00313 X, +0.128544X,-0.000004948X? +0.000001542X,X, (0414 0.0046
(0.D) -0.000049600.2 +0.000029375.X,, +0.000006500.X,X,-0.000748.X2 : :
Reducing sugar (Y) ¥=-16.259982+0.019426X,+0.011519X,+0.316256X,+0.000000560X? -0.000038784X,X, (coe7  0.0212

(%) -0.000081706X7 -0.000196.X,X,+0.000036967.X,X,-0.001462.X?

DX, : extraction time (min), X, : ethanol concentration (%), X; : extraction temperature (°C) ¥ = b, X, +5,X,+b, X +b 1 LX+21X,X 4D, X5 +b, XX+, X X +b X5
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Table 3. Predicted values of optimum conditions for the maximized responses to variables by the ridge analysis by their response

surface.
Extraction conditions”

Responses -
X, X, X Estimated responses Morphology
Yield (%) 316.58 15.68 93.49 32.49 (max.) saddle point
Total phenolics (mg GAE/100 g) 301.89 28.46 97.41 1169.61 (max.) saddle point
Electron donating ability (%) 323.05 22.96 94.78 29.82 (max.) saddle point
Brown color (0.D) 321.82 38.35 97.00 0.30 (max.) saddle point
Reducing sugar (%) 339.39 24.62 87.62 1.04 (max.) saddle point

DX, : extraction time (min), X, : ethanol concentration (%), X, : extraction temperature (°C)
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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(mg GAE/ 100 g).
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Table 4. Regression analysis for regression model of variables
in extraction condition.

F-ratio
Response conditions
Xl XZ X3
Yield (%) 0.57 9.14" 0.81
Total phenolics o . -

(mg GAE/100 g) 14.04 55.03 14.74

Electron Donating .
Ability (%) 1.57 19.47 2.55
Brown color (0.D.) 581" 2229 6.73"
Reducing sugar 3.40 8.48" 4.52

content (%)

#xxp <0001 **p <0.005 *p < 0.01
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Table 5. The optimum condition of extraction conditions for
response variables by superimposing of contour maps for
Aralia elata.

Leaching condition ~ Optimum range Optimum condition

X, Extraction 220-307 263.5
Time (min)
Ethanol
2 Concentration (%) 0-28 14
X, Extraction 88-91 895

Temperature (°C)
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browning color(Y,), reducing sugar(Y;)®] contour map<-
superimposingd}to] Fig. 33 o] HZ FEZ27 W& 4
Sttt o, ¥hEEHo| FEE FES FEF A

263.5 &, AErS B 14%, FF 2% 89.5°CE Uelstth

DPPH{ %)

30.04

0.91

-28.21

100
~ 67
-57.34 - . Ethanol concentration{¥)
400 : =

o 0 gy O

Extraction time(min)

DPPH{ %)
7 100.00
"83.67
“ 3 “73,33Extraction temperature(‘c)
400 300 v
200 o  60.00
Extraction time{min)
DPPH( %)

100,00

8a.67

73,33 Estraction temperautre(‘c)
60.00

100 s 5
Ethanol concentration(i) 0

Fig. 4. Contour maps for the effects of extraction conditions on
electron donating activity (%).
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Fig. 5. Contour maps for the effects of extraction conditions on
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Fig. 7. Contour maps for the effects of extraction conditions on
Aralia elata extraction. (A) yield, (B) total phenolics, (C)
electronin donating activity, (D) brown color, (E) reducing
sugar.
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