J. Korean Soc. Appl. Biol. Chem. 49(3), 215-220 (2006)

G tol 9.3, 2opAlobfta Seplets, fobAlotelstar SyAlERYst, ‘ol poleh ARE e

Determination of Optimal Conditions by Response Surface Methodology
and Quality Characteristics of Water Extracts of Phellinus linteus

Sun-Joo Youn', Jun-Gu Cho', Dae-Jun Kwoen?, Ung-Kyu Choi’* and Sun-Chul Kang**

'Biofarmer Co. Ltd, Kyungsan, 712-714, Korea
*Department of Oriental Medicine Resource, Asia University, Kyungsan, 712-220, Korea
*Department of Oriental Medical Food and Nutrition, Asia University, Kyungsan, 712-220, Korea
*Department of Biotechnology, Daegu University, Kyungsan, 712-714, Korea

Received May 3, 2006; Accepted June 27, 2006

Response surface methodology was implemented to determine an optimal extraction condition in
Phellinus linteus water extract. Extraction was performed on 10 experimental conditions including
independent variables such as extraction time (1~5 hrs) and water volume over sample (sample : H,O
=1:40~200, W/V), color browning, reducing and total sugar, that were based on the significant
levels of 10% of central composition design. Color browning, reducing and total sugar contents
were found to be more affected when the water volume was increased rather than extraction time.
Maximum extraction condition was acquired at extraction time of 3.0~4.5 hrs and water volume
of 40~58.2 m/. Being extracted at the optimal extraction condition two of the free sugars, sucrose
(0.126%) and glucose (0.012%), were detected. Total content of the free amino acids was found to
be 503.26 ug%. Among them, essential amino acid contents were revealed as 5.4%. One major

peak from gel permeation chromatography contained polysaccharide(s) with the molecular weights
of 10 KDa.
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Table 1. Levels of experimental conditions for water extraction of Phellinus linteus

Level
X, Boiling condition
-2 0 1 2
X, Extraction time (hr) 1 3 4 5
X, Water volume" (m/) 40 120 160 200

YWater volume (m/) on 1 g of Phellinus linteus.
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Table 2. Experimental conditions on central composite for response surface methodology (RSM)

Exp. No. Extraction time (hr) Wiater volume” (m)  Color browning (OD,,;) Reducing sugar (mg%) Total sugar (mg%)
1 4(1) 160(1) 1.903 243 28.6
2 4(1) 80(-1) 3.084 392 66.4
3 2(-1) 160(1) 2.092 248 284
4 2(-1) 80(-1) 3.182 40.6 58.5
5 3(0) 120(0) 2.209 273 36.7
6 3(0) 120(0) 2.056 25.6 32.5
7 5(2) 120(0) 3.273 43.6 394
8 1(-2) 120(0) 2.636 29.8 31.0
9 3(0) 200(2) 1.506 19.1 20.2
10 3(0) 40(-2) 2.990 62.4 150.3
YWater volume (ml) on 1 g of Phellinus linteus.
Table 3. RSM-based polynomial equation of water extracts of Phellinus linteus
Dependent variable (Y ) The second order polynomial R’ Pro>F
Color browning (Y,) Y, =4.958429 — 0.997482X, ~ 0.011414X, + 0.19133X,* — 0.000569X, X, — 0.000009X,” 0.8995 0.0398
Reducing sugar (Y,) Y, =106.871429 — 14.06369X, — 0.801384X, + 2.588393X? +0.005625X,X, + 0.002251X, 0.9536 0.0089
Total sugar (Y;) Y, =209.741429 + 6.119643X, — 2.459301X,+ 0.288393X  — 0.048125X,X, + 0.008001X,* 0.9497 0.0105

Table 4. Analysis of variance for regression model of water extraction
conditions of Phellinus linteus

F-ratio
Variance
Extraction time (X;)  Water volume” (X,)
Browning color (Y,) 2.65 8.81
Reducing sugar (Y,) 3.20 36.21
Total sugar (Y) 0.14 23.57

DWater volume (m/) on 1 g of Phellinus linteus.
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Table 5. Predicted levels of water extraction conditions for the maximum and minimum responses by the ridge analysis

X X, o
Response l — Response Stationary point
Extraction time (hr) Water volume" (m/)
Brownine color (Y Maximum 4.65 74.71 3.46 Ve
rowning color (Y,) Minimum 2.94 199.96 1.43 :
Maximum 324 40.60 60.40
i 030
Reducing sugar (Y5) Minimum 255 173.03 19.04 19.03
Maximum 315 4023 139.83
893
Total sugar (Ys) Minimum 344 164.73 18.95 18.89

DWater volume (m/) on 1 g of Phellinus linteus.
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Fig. 1. Response surface of pH, browning color, soluble solids, crude protein, °Brix, reducing sugar and total sugar in water extracts of

Phellinus linteus. A: color browning, B: reducing sugar, C: total sugar.

120 160 200 mf

Water velume over sample (1g)
Fig. 2. Superimposed contour map for optimal qualities of

Phellinus linteus extracts. y,: color browning, y,: reducing sugar, y,:
total sugar.

Table 6. Optimum range of Phellinus linteus water extraction by
superimposed contour map

Extraction time (hr)
3.0~4.5

Water volume? (m/)

40.0~58.2

Optimum range

YWater volume (m/) on 1 g of Phellinus linteus.
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Fig. 3. Content of mineral elements in Phellinus linteus water
extracts.

Table 7. Comparative analysis of free sagar contents in Phellinus
linteus water extracts

Peak Retentiontime¢  Peak area Kinds of Corslltgatrs of
No. (min) (%) sugar determined (%)

1 5.733 2.1 NDV NDV

2 6.567 8.7 NDV NDY

3 7.467 6.5 ND" NDVP

4 8.255 3.6 NDV NDV

5 11.443 16.1 Sucrose 0.126

6 13.700 1.4 Glucose 0.012

7 20.698 61.6 NDV ND"

YND means “not determined”.
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Table 8. Content analysis of free amino acids in Phellinus linteus
water extracts

Amino acid Content of amino acid (ug%)
Isoleucine 222
Leucine 2.83
Lysine 2.54
Methionine 777
Threonine 11.96
Phosphoserine 36.82
Taurine 27.86
Phosphoethanolamine 0.34
Urea 16.63
Aspartic acid 55.11
Hydroxy-proline 21.97
Serine 16.31
Glutamic acid 34.12
Proline -
Alanine 0.94
Citrulline 25.90
o-Amino-n-butyric acid 27.20
Cystine 11.21
Tyrosine 54.07
-Aminoisobutyric acid 1.10
Ammonium Chloride 1.40
8-Hydroxylysine 143.0
1-Methylhistidine 1.96
Total 503.26
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Fig. 4. Gel permeation chromatograph of p-glucan from Phellinus
linteus water extracts.
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