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Optimization of Extraction Conditions from
Hericium erinaceus by Response Surface Methodology
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Response surface methodology (RSM) was used to monitor the characteristics of ethanol extracts from Hericium
erinaceus. A central composite design was applied to investigate the effects of independent variables, ethanol
concentration (X;), and sample ratio (X,) on dependent variables, soluble solid (Y,), total phenols (Y,), crude

protein (Y;), electron donating ability (Y,), and browning color (Y,) of the extracts.

As the sample ratio

increased, the soluble solid content increased. Ethanol concentration played a minor role. Total phenols and
crude protein increased with sample ratio. Sample ratio had a greater effect than alcohol concentration in the
extraction of soluble solid, total phenols, crude protein, and browning color, with an exception of electron
donating ability. The optimum ranges at 2 hr extraction was 3.9~5.0 g/100 mL in sample ratio and 36~52% in
ethanol concentration. Predicted values at the optimized conditions were acceptable when compared to

experimental values.
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Table 1. Properties of ethanol extracts from Hericium erinaceus
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Extraction condition”
- Soluble solids ~ Total phenols ~ Crude protein  Electron donating Browning color
Exp. No. E“ng,g)""m- S@’i‘éﬁ o (%) (mg/mL) (mg%) ability (unit) (OD)
1 70(1) 4(1) 1.07 45.26 260 40.7 0.490
2 70(1) 2(-1) 0.53 18.53 135 228 0.232
3 30(-D) 4(1) 2.18 38.09 313 13.3 1.400
4 30(-1) 2(-1) 0.77 23.86 186 3.20 0.708
5 50(0) 30) 1.12 40.17 250 40.7 0.758
6 50(0) 30 0.94 4146 2175 389 0.845
7 90(2) 30 0.19 16.68 118 13.7 0.114
8 10(-2) 3(0) 1.52 36.55 296 0.10 1.586
9 50(0) 52) 2.58 67.56 397 434 1410
10 50(0) 1(-2) 0.49 15.14 112 15.8 0.262

YThe number of experimental conditions by central composite design.
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Table 2. Polynomial equation calculated by RSM program for extraction of Hericium erinaceus

Dependent variable (Y,) The second order polynomial” R? Pro>F
Soluble solids (Y ) Y,=-0.4484 + 0.0273X, + 0.3077X,— 0.0001X 2~ 0.0108X X, + 0.1244X? 0.9960 0.0001
Total phenols (Y,) Y,=17.8029 + 0.1543X, + 0.9791X,— 0.0078X12+ 0.1562X X, + 0.5597)(22 0.9229 0.0241
Crude protein (Y,) Y,=0.5634 + 0.0121X, + 0.7183X, - 0.0003X, >~ 0.00025X,X, - 0.0034X,? 0.9670 0.0046
Electron donating ability (Y,) Y,=-51.5159 + 1.9117X, + 13.4907X,— 0.0189X, >+ 0.0975X X, — 1.9053X,? 0.8471 0.0871
Browning color (Y,) Y= 02911 — 0.0068X, + 0.4408X, + 0.00005X, 2~ 0.0054X, X, + 0.0168X,* 0.9937 0.0002

VX ,: Ethanol concentration (%); X,: Sample ratio (g/100 mL).

Table 3. Analysis of variance for regression model of extraction
conditions of Hericium erinaceus

F-Ratio
Ethanol conc. Sample ratio
Soluble solids (Y ) 99.46%#* 227 .57%%*
Total phenols (Y,) 2.34 13.26**
Crude protein (Y,) 10.20%#* 28.56%%#*
Electron donating ability (Y,) 5.09% 233
Browning color (Y5) 51.75%** 20,77 7F%*

*Significant at 10% level (p<0.10)
**Significant at 5% level (p<0.05)
***Significant at 1% level (p<0.01).
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Table 4. Predicted levels of extraction conditions for the maximum responses by the ridge analysis

Responses Ethanol conc. Sample ratio Response Morphology
Soluble solids (Y,) 30.87 4.75 2.96 Saddle point
Total phenols (Y,) 5441 498 64.29 Saddle point
Crude protein (Y,) 36.94 4.89 397.97 Maximum
Electron donating ability (Y,) 63.74 5.17 44.29 Maximum
Brown color (Y) 19.54 4.29 1.92 Saddle point
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Fig. 1. Contour maps of soluble solid (top) and total phenol
(bottom) in ethanol extracts from Hericium erinaceus.
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Fig. 2. Contour maps of crude protein (top) and DPPH
(bottom) in ethanol extracts from Hericium erinaceus.
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Fig. 3. Contour map of browning color in ethanol extracts from
Hericium erinaceus.
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Fig. 4. Superimposed contour map for optimization of soluble
solids (A), total phenols (B), crude protein (C), DPPH (D) and
browning color (E) of ethanol extracts from Hericium
erinaceus.

Table 5. The optimum range of ethanol extraction conditions
for response variables by superimposing of contour maps for
Hericium erinaceus

Ethanol conc. Sample ratio
(%) (g/100 mL)
Optimum ranges 36~52 3.9~5.0

Table 6. Predicted and experimental values of response
variables for Hericium erinaceus at a given condition within the
range of optimum ethanol extraction conditions

Response variables” Predicted Experimental
values values
Soluble solids (Y ) 2.32 2.17
Total phenols (Y ) 56.16 65.90
Crude protein (Y5) 3.62 3.82
Electron donating ability (Y,) 3744 39.00
Brown color (Y,) 1.34 1.21

USoluble solid (%), total phenols (mg/mL), crude protein (%), electron
donating ability (DPPH, unit) and brown color (O.D.).
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