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Optimization of Extraction Conditions of Sarcodon aspratus
by Response Surface Methodology

Hye-Jin Lee, Sung-Keun Jung, Jeong-Ryong Do, and Hyun-Ku Kim

Korea Food Research Institute

ABSTRACT Response surface methodology (RSM) was used to monitor extraction characteristics of extracts from
Sarcodon aspratus. Based on a central composite design, independent variables were microwave power (30~ 150 W),
ethanol concentration (0~ 100%), and extraction time (1 ~9 min). Dependent variables were yield, electron-donating
ability, total phenol contents, and SOD-like activity. Coefficients of determination (R?) for dependent variables ranged
from 0.80 at 0.97. The maximum extraction yield was 50.28% under conditions of 125.1 W microwave power, 18.67%
ethanolic concentration, and 7.06 min extraction time. The maximum extraction electron-donating ability was 22.14%
under conditions of 31.09 W, 45.76%, and 4.32 min. The maximum extraction total polyphenol content was 30.54
mg tannic acid equivalent/g at 122.54 W, 48.05%, and 8.36 min. The maximum extraction SOD-like activity was
33.44% at 121.17 W, 47.42%, and 8.41 min. Based on superimposition of four dimensional RSM with respect to
extraction yield, electron-donating ability, total polyphenol content, and SOD-like activity obtained under various ex-
traction conditions, optimum ranges of extraction conditions were found to be microwave power of 78 ~88 W, ethanol
concentration of 39~57%, and extraction time of 3.5~9 min.

Key words: Sarcodon aspratus, response surface methodology (RSM), electron donating ability, total polyphenol content
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Table 1. Experimental data on yield, electron donating ability, SOD-like activity, polyphenol contents

Experlment Microwave Ethanol Time Yield Electron donating  Polyphenol content SOD-like
Number” power (W)  concentration (%) (min) (%) ability (%) (mgTAE/g) activity (%)
1 60 (-1) 25 (-1) 3(-1) 46.20 17.26 17.03 30.30
2 60 (-1) 25 (-1) 7(1) 45.83 14.47 16.18 27.35
3 60 (-1) 75 (1) 3(-1) 34.48 14.13 13.45 25.05
4 60 (-1) 75 (1) 7(1) 36.88 16.57 15.86 20.24
5 120 (1) 25 (-1) 3(-1) 47.83 11.92 12.02 24.47
6 120 (1) 25 (-1) 7(1) 49.32 12.92 17.69 31.95
7 120 (1) 75 (1) 3(-1) 36.48 13.32 14.90 21.70
8 120 (1) 75 (1) 7(1) 40.53 14.42 18.95 30.99
9 90 (0) 50 (0) 5(0) 42.43 16.08 11.54 30.24
10 90 (0) 50 (0) 5(0) 43.83 14.98 10.98 28.76
11 30 (-2) 50 (0) 5(0) 39.15 22.32 22.84 20.92
12 150 (2) 50 (0) 5(0) 44.13 16.59 18.15 19.72
13 90 (0) 0(-2) 5(0) 49.82 10.90 9.97 21.84
14 90 (0) 100 (2) 5(0) 22.58 7.20 10.23 16.21
15 90 (0) 50 (0) 1(-2) 39.40 12.20 13.85 22.35
16 90 (0) 50 (0) 9(2) 45.85 11.93 18.07 28.35

"The number of experimental conditions by central composite design.
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Fig. 1. Response surface for yield in Sarcodon aspratus extract
_ o _ at constant values (yield: 140-150-160%) according to ethanol
™ FEZZ2| & concentration, extraction time, and microwave power.

Yv1i=44.55125+ 0.076708X,-0.0356X2—0.369062X3—

o) st
contour map superimposing 0} S U TEI= FE9 0.000414X:%+ 0.000088333X1X2—0.002772X 5%+

Wl HA FZx7 WS oS3 0.007312X; X5+ 0.013325X,X5—0.031563X5%0] 3 0.1,
RPZHS 0.97% ABAA7 91 FEx7104 /X0.001

Zap 4 jE oA Freldo] AT 78 B E dEFe] - o

Zg AL okg o g molg R ol H oyx] 125.10

182 neE ke HEt W, oletE % 18.67%, FEAIZF 7.06%9 ZAA

167-3e] &7 FoluAl Y 50.28%¢] HAWgtS B tHTable 3). ©]5 =4 gk 4214
3} 34.48~49.82%= Table vk B Ay Fig. 13 Zo] Yelgon, =89

13} Zo] YEbstth. Table 2014 Hi= upe} o] 3]7] 42 77 vlol A RS0l B oA 9] IS 7MY wol W As

Table 2. Polynomial equations calculated by RSM program for extraction conditions for Sarcodon aspratus

Response Second order polynomial equationsl) R’ Significance
. Yy1=44.55125+0.076708X; — 0.0356 X, — 0.369062X5 — 0.000414X,*+0.000088333X,X>
Yield 5 ) 0.97 0.0007
—0.002772X,>+0.0073 12X, X5+0.013325X>X; — 0.031563X5
Electron donating  Yppy=27.935— 0.298917X;+0.1298X,+0.015312X5+0.00109X,%+0.000322X, X, — 0.90 .
ability 0.002592X,7+0.009271X,X5+0.018325X,X; — 0.185312X5° : ‘
Polyphenol Ype=15.3950312+0.214417X,+0.1318X,+0.000938 X5 — 0.002272X,*+0.001272X, X5 — 0.80 0.6312
contents 0.00319X,°+0.032354X,X5+0.002375X,X; — 0.259375X5 ‘ ‘
. . Ys0p=22.231562+0.139417X,+0.2218X, — 1.342812X5— 0.00255X,°+0.001438X, X, —
D-like activit 0.8 0.040

SOD-like activity 0.00419X,>+0.051 104X, X3 — 0.000125X,X; — 0.259375X5” 7 7

UX,: microwave power (W), X»: ethanol concentration (%), Xs: extraction time (min).

Table 3. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis in Sarcodon aspratus

Response X" X" X;” Maximum (%) Morphology
Yield 125.10 18.67 7.06 50.28 Saddle point
Electron donating ability 31.09 45.76 4.32 22.14 Saddle point
Polyphenol contents 122.54 48.05 8.36 30.54 Maximum
SOD-like activity 121.17 47.42 8.41 33.44 Saddle point

YMicrowave power (W). ?Ethanol concentration (%). YExtraction time (min).



ol
o
z
>
e
e
il

o 4 9leh. Kang 52609 FolM3l 45 F38e) 319
B Y 57 A3 19% 4R SolmAs 2 Aolg nyic
ol 2 Aol FEPHel mE AoE wuH

HAIZ o=l Mt

7t FE2E9] A28 5A A= Table 190 YE}
Witk Table 2014 3941 Yepa=27.935—0.298917X,+
0.1298X2+ 0.015312X3+ 0.00109X,%+ 0.000322X X5 —
0.002592X5%+0.009271X, X3+ 0.018325X2X 35—
0.185312Xs*0] Q1 oM, R*%t2 0.90L.2 7X0.05 S0l A
Foldo] AFHAT WS HHEA S E5) o SH AN
o orgrge] FE vhol A go] 1 o Uix] 31.09 W, o &
L % 45.76%, FEAZF 4.328A w) Hdigke] 22.14%
d| =5 tH(Table 3). Table 404 Bi= nle} o] A}
ojzhg-o] ¢ olee Fro] JaFs A wokal, 439

of

Table 4. Regression analysis for regression model of physi-
ochemical properties in extraction condition of Sarcodon aspra-
tus

F-ratio
Extraction Electron .
conditions Yield donating Polyphenol - SOD-like
ability content activity
Microwave 0.88™  0.15 0.18 0.22
power
Ethanol 0.09 0.07" 0.26 0.41°
concentration
Extraction 0.01 0.06 0.11 0.25
time

*Signiﬁcant at 5% level, **signiﬁcant at 1% level, ***signiﬁcant
at 0.1% level.
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Fig. 2. Response surface for electron donating ability in Sarco-
don aspratus extract at constant values (electron donating abil-
ity: 150-160-170%) according to ethanol concentration, extraction
time, and microwave power.
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Fig. 3. Response surface for total polyphenol content in Sarco-
don aspratus extract at constant values (total polyphenol con-
tent: 70-78-86%) according to ethanol concentration, extraction
time, and microwave power.
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162 182

Extraction time (min)

Fig. 4. Response surface for superoxide anion radical scavenging
activity in Sarcodon aspratus extract at constant values (super-
oxide anion radical scavenging activity: 162-182-202%) accord-
ing to ethanol concentration, extraction time, and microwave
power.

2ol vebtth Fig. 4914 Bz vkl 2o] SOD fAF 24 <)
Ashs wlol A2 gol B U} ¥ &FF, e w7}
SEFE o] w2 AS & UK SOD fAF 249
371249 AASF R*2 0.879] thh 52 4AaAE 1Y

o, 5% ool A fedo] A =HATHTable 2). Table
3o A solM Aol SOD fAF &4 2] A9 wlo]a =g olH
o] 121.17 W, o€t 5= 47.42%, FEA 7 8.41%F
A o] 33.44%9) AR BJaL, oju) JFH AAHLE
or4 o2 Jeltl Table 4= SOD FAF 849 5%
9] JFgFE e Ao deky w59 TS 7MY Wol
= Ao s o 550 tH(/X0.05).

=
=
superimposing 3] TEH Y= HYS HF FEF19

92 o =359 tHFig. 5). 2 2%} Table 594 B npe}

Table 5. Optimum extraction condition for maximum responses
of yield, electron donating ability, polyphenol content, and SOD-
like activity of Sarcodon aspratus by superimposing their con-
tour maps

Extraction condition Range of optimum

condition
Microwave power (W) 78 ~88
Ethanol concentration (%) 39~57
Extraction time (min) 3.5~9

Extraction time (min)

o,
' (.,/a) 10g

Fig. 5. Superimposed response surface for optimization of yield
(140%), electron donating ability (170%), total polyphenol con-
tent (70%), and superoxide anion radical scavenging activity
(162%) of extract from Sarcodon aspratus.
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