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ABSTRACT 

The interaction between sucrose, yeast extract and 
initial pH was investigated to optimize critical me- 
dium components for mycelium biomass and produc- 
tion of exopolysaccharide (EPS) of Lentinus squarro- 
sulus using Response Surface Methodology (RSM). A 
central composite design (CCD) was applied and a 
polynomial regression model with quadratic term was 
used to analyse the experimental data using analysis 
of variance (ANOVA). ANOVA analysis showed that 
the model was very significant (p < 0.0001) for both 
mycelium biomass and EPS production. The yeast 
extract concentrations and initial pH showed the 
strongest effect (p < 0.001) meanwhile sucrose con- 
centrations showed significant value at p < 0.005 for 
mycelium biomass. For EPS production, only sucrose 
and yeast extract concentrations gave significant 
value with p < 0.001 and p < 0.005 respectively. The 
model was validated by applying the optimized condi- 
tions and 25.8 ± 0.9 g/L of mycelium biomass, and 5.7 
± 0.4 mg/mL EPS concentration was obtained. The 
estimated optimum conditions of the variables for the 
production of mycelium biomass and EPS production 
by Lentinus squarrosulus are as follows: sucrose con- 
centration 114.61 g/L, yeast extract 1.62 g/L and ini- 
tial pH of 5.81; sucrose concentration 115.8 g/L, yeast 
extract of 3.39 g/L and initial pH of 6.44 respectively. 
 
Keywords: Lentinus squarrosulus; Response Surface 
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1. INTRODUCTION 

Lentinus squarrosulus is an edible mushroom commonly 
found in the wild which has recently shown potential me- 
dicinal and pharmaceutical properties. There have been 
several reports on the isolation of bioactive compound 
from the fruiting bodies, mycelium and culture broth of 
Lentinus squarrosulus culture. Sudirman and coworkers 
[1], conducted the isolation of bioactive compound from 
culture broth, resulted in isolation of two antibiotics 
compounds. A water-soluble polysaccharide was also 
isolated from the hot water and alkaline extract of Len- 
tinus squarrosulus fruiting bodies [2,3]. 

The cultivation of mushroom fruiting bodies usually 
takes several months for the first fruiting body to be ap-
peared. Due to the long cultivation time of the conven- 
tional mushroom cultivation, submerged fermentation is 
viewed as a promising alternative cultivation method for 
the efficient growth of mycelium biomass and production 
of EPS. Submerged fermentation provides a faster pro- 
duction of mycelia biomass and polysaccharides in a 
shorter period of time within a reduced space and lesser 
chances of contamination. However, only minor atten- 
tion has been paid to the optimization of media compo- 
nents for the growth of mycelium biomass and polysac- 
charides production in submerged fermentation. 

Response surface methodology (RSM) is one of the 
most useful statistical optimization tools in biological 
and chemical process [4]. RSM has been increasingly 
used for various phases of an optimization process in 
fermentation [5,6]. RSM is a collection of statistical and 
mathematical techniques useful for designing experi- *Corresponding author. 
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ments, developing models and evaluating the effects of 
variables in which a response of interest is influenced by 
several variables and the objective is to optimize this 
response [7]. Basically, RSM consists of central compos- 
ite design (CCD), Box-Behnken design, one factor de- 
sign, D-optimal design, user-defined design and the his- 
torical data design. The most used statistical methods are 
CCD and Box-Behnken design. For one numeric variable, 
CCD has 5 levels (−α, −1, 0, +1, +α) whereas the Box- 
Behnken design only has 3 levels (−1, 0, +1) [8]. RSM 
also provides an experimental model that predicts the 
correlation and interaction between a set of experimental 
variables and observed results, and subsequently pro- 
vides optimized conditions [9]. 

In our preliminary experiments, the one-factor-at-a- 
time method was adopted to investigate the effect of me- 
dium components (i.e. carbon, nitrogen) and environ- 
mental factors (i.e. initial pH) on mycelial growth and 
EPS production. The one-factor-at-a-time results indi- 
cated that the critical medium components affecting the 
performance of culture in terms of mycelium biomass 
and EPS production were the concentration of sucrose, 
yeast extract and the initial pH of the culture medium 
(unpublished). To best of our knowledge, there is no data 
published on the optimization of medium components for 
mycelium biomass and EPS production by Lentinus 
squarrosulus. Thus, in this study, response surface 
methodology (RSM) was used to determine the optimum 
medium components for mycelium biomass and EPS 
production by Lentinus squarrosulus and to better under- 
stand the interaction between the medium components 
(sucrose, yeast extract and initial pH), mycelium biomass 
and EPS production. 

2. MATERIAL AND METHODS 

2.1. Mushroom Mycelium 

Stock cultures were maintained in 50% glycerol stock, 
stored at −20˚C for a long-term used. The mycelium 
from stock culture was placed in the centre of PDA agar 
an incubated for 7 days. A 5 mm plug of Lentinus squar- 
rosulus mycelium was removed with a cork borer from 7 
day-old-culture. The mycelial cut (10 plugs) was trans- 
ferred into liquid medium, incubated for 7 days for my- 
celial growth and EPS production. 

2.2. Optimization of Medium Components Using 
RSM 

The preliminary study indicated that sucrose, yeast ex- 
tract and initial pH were significant variables for myce- 
lium biomass and EPS production (data not shown). The 
concentration of KH2PO4 (1 g/L) and MgSO4·7H2O (0.5 
g/L) was kept constant throughout the investigation be- 
cause they had no significant effect on mycelium bio- 

mass and EPS production. 
A CCD was used in the optimization of mycelium 

biomass and EPS production. It is nonlinear model and 
used to establish the regression model equations and op- 
erating conditions from the suitable experiments [10]. 
Only minimum numbers of experiments are required for 
modelling to fit a second-order model by using CCD [11]. 
The CCD consists of a 2n factorial runs (coded to the 
usual ± notation) with 2n axial runs (±α, 0, 0, , 0), (0, 
±α, 0, 0,  , 0), , (0, 0,  , ±α) and n centre runs 
(six replicates, 0, 0, 0, , 0). The range and the levels 
of the variables investigated in this study are given in 
Table 1. The lowest and the highest levels of variables 
were: sucrose, 60 and 130 g/L; yeast extract, 1 and 4 g/L; 
initial pH 5 and 9. 






Based on the second-order quadratic model for bio- 
mass and EPS production, an empirical model was de- 
veloped in order to analyse the impact of factors interac- 
tions as shown by Eq.1: 

2
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1 1 1 1

n n n n

i i ii i ij i j
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Y b b X b X b X X
   
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where Y is the predicted response, 0  is the constant 
coefficient i  is the linear coefficient, ij  is the inter- 
action coefficient, ii  is the quadratic coefficient, and 

b
b b

b

i jX X  are the coded values. 

2.3. Analytical Methods 

The precipitation of EPS was conducted as followed the 
methodology of [12]. The supernatant was mixed with 4 
times (4:1 v/v) the volume of absolute ethanol, stirred 
vigorously and kept overnight at 4˚C. The precipitated 
extracts were centrifuged at 10,000 rpm for 20 min dis- 
carding the supernatants. The insoluble component was 
suspended in 1 mL distilled water and was assayed by 
phenol-sulfuric acid method [13] using D-glucose as a 
standard. The dry weight of mycelium was measured 
after repeated washing of the mycelial pellet with dis- 
tilled water and drying at 70˚C to a constant weight. 

3. RESULTS AND DISCUSSION 

3.1. Optimization of Mycelium Biomass Growth 

The effect of medium components on the mycelium bio- 
mass and EPS production was investigated. As far as it is 
concern, this was the first time that the medium compo- 
nents have been optimized for mycelium biomass and 
EPS production by Lentinus squarrosulus. Table 2 shows 
the CCD design and the levels of each variables, myce- 
lium biomass and EPS production as the responses. A 
CCD gave a total of 20 experiments which are required 
to evaluate the coefficients of each model using linear 
regression analysis. Quadratic regression analysis using  
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Table 1. Experimental range and levels of the independent variables. 

Range and levels 
Independent variables 

−α −1 0 +1 +α 

Sucrose (g/L) 60 74.17 95 115.81 130 

Yeast extract (g/L) 1 1.6 2.5 3.39 4 

Initial pH 5 5.81 7 8.19 9 

 
Table 2. Experimental design matrix using RSM with CCD and responses for mycelium biomass and EPS production. 

Run No.  Variables   Responses   

 Sucrose Yeast extract Initial pH Mycelium biomass (g/L) EPS (mg/mL) 

 (g/L) (g/L)  Actual value Predicted value Actual value Predicted value 

1 74.19 1.61 5.81 19.92 20.40 1.71 2.06 

2 115.81 1.61 5.81 25.86 26.24 3.69 3.54 

3 74.19 3.39 5.81 19.84 18.86 3.85 3.74 

4 115.81 3.39 5.81 12.56 11.93 5.4 5.69 

5 74.19 1.61 8.19 7.1 7.94 3.14 3.03 

6 115.81 1.61 8.19 20.2 21.39 5.08 5.37 

7 74.19 3.39 8.19 11.06 10.88 2.33 2.66 

8 115.81 3.39 8.19 11.84 11.57 5.64 5.47 

9 60.0 2.50 7.00 14.5 14.51 2.47 2.28 

10 130.0 2.50 7.00 20.3 20.00 5.96 5.89 

11 95.0 1.00 7.00 23.44 21.82 3.48 3.34 

12 95.0 4.00 7.00 10.94 12.26 4.96 4.84 

13 95.0 2.50 5.00 19 19.54 3.48 3.34 

14 95.0 2.50 9.00 9.6 8.76 4.08 3.97 

15 95.0 2.50 7.00 14.9 16.10 4.55 3.95 

16 95.0 2.50 7.00 17.56 16.10 3.67 3.95 

17 95.0 2.50 7.00 17.3 16.10 4.06 3.95 

18 95.0 2.50 7.00 17.48 16.10 3.86 3.95 

19 95.0 2.50 7.00 15.74 16.10 3.66 3.95 

20 95.0 2.50 7.00 13.56 16.10 3.83 3.95 

 
ANOVA was used to estimate the significance of model 
coefficients and the p values indicated the significance of 
each coefficient, which also showed the interaction 
strength between each independent variable. The model 
in terms of actual variables of mycelium dry weight was 
regressed by mainly considering the significant terms 
and was expressed by Eq.2. 

Table 3 shows the analysis of variance (ANOVA) for 
the experiment. The model was highly significant (p < 
0.001) and the coefficient determination (R2) was shown 
as 0.9482, indicating that 94.82% of the variability in the 
response could be explained by the model and only less 
than 6% of the total variations were not explained by the 
model. The adjusted determination coefficient value (Adj. 
R2 = 0.90) was within reasonable agreement with the 
predicted R2 of 0.9482 and it also implied the signifi- 
cance of the model. 

2

2

Biomass

51.55678 0.20863 Sucrose

3.648517 Yeast extract 5.83317 pH

0.000942 Sucrose 0.419466 Yeast extract

0.48655 pH 0.172 Sucrose Yeast extract

0.076873 Sucrose pH

1.058303 Yeast extract pH

  
   

   

    
  
  

2   (2) 
The model reveals that yeast extract (B) and initial pH 

(C) showed the strongest effect (p < 0.001) on mycelium 
biomass meanwhile sucrose concentrations shows sig- 
nificance effect at p < 0.005. Quadratic terms of sucrose 
concentration and yeast extract concentration (AB) also 
had a significance effect p < 0.001 on the yield of myce- 

OPEN ACCESS 



R. Ahmad et al. / Advances in Bioscience and Biotechnology 4 (2013) 1079-1085 1082 

 
Table 3. Analysis of variance (ANOVA) for the experimental results of the CCD quadratic model for mycelium biomass. 

Source Sum of Squares DF Mean Square F Value Prob > F  

Model 419.6331028 9 46.62590031 20.33473 <0.0001 Significant 

A: Sucrose 36.39492607 1 36.39492607 15.87274 0.0026 Significant 

B: Yeast extract 110.2469884 1 110.2469884 48.08149 <0.0001 Significant 

C: Initial pH 140.4030224 1 140.4030224 61.23329 <0.0001 Significant 

A2 2.398129635 1 2.398129635 1.045885 0.3306  

B2 1.60461646 1 1.60461646 0.699814 0.4224  

C2 6.823207795 1 6.823207795 2.975773 0.1152  

AB 81.53645 1 81.53645 35.5601 0.0001 Significant 

AC 28.95605 1 28.95605 12.62846 0.0052  

BC 10.08005 1 10.08005 4.396164 0.0624  

Residual 22.92919719 10 2.292919719    

Lack of Fit 9.432597192 5 1.886519438 0.698887 0.6481 Not Significant

Pure Error 13.4966 5 2.69932    

Cor Total 442.5623 19     

Std. Dev. = 1.51 Mean = 16.14  Adequate precision: 17.098  

R2 = 0.9482 Adj. R2 = 0.90      

 
lium biomass. However, quadratic terms (A2, B2, C2, AC 
and BC) had negative effects. Figure 1 describes the 
three dimensional plots (3D) of the combined effect of 
sucrose concentration, yeast extract concentration and 
initial pH on the mycelium biomass production. In these 
plots, one factor is constant at the optimum level whereas 
the other two factors are varying within their experimen-
tal range. Figure 1(a) showed the effect of varying the 
sucrose and yeast extract concentration on mycelium 
biomass. It was obvious that increasing the sucrose and 
yeast extract concentration leads to increase of mycelium 
biomass. The maximum mycelium biomass obtained was 
at sucrose concentration of 115.81 g/L and yeast extract 
concentration of 1.61 g/L. Figures 1(b) and (c) showed 
the interaction between sucrose (A), yeast extract (B) 
concentration and pH (C) and these 3D plot showed no 
significant interaction between sucrose concentration 
with pH (AC) and yeast extract concentration with pH 
(BC). 

3.2. Optimization of EPS Production 

Table 4 shows the analysis of variance (ANOVA) of 
response surface quadratic model for EPS production. 
The model was also highly significant (p < 0.001) and 
the coefficient determination (R2) was shown as 0.9504, 
indicating that 95% of the variability in the response 
could be explained by the model and only less than 5% 

of the total variations were not explained by the model. 
The adjusted determination coefficient value (Adj. R2 = 
0.91) was within reasonable agreement with the pre- 
dicted R2 of 0.9504 and it also implied the significance 
of the model. The model in terms of actual variables and 
mycelium biomass as the predicted response was based 
on following equation: 

2 2

2

EPS 6.59794 0.0472 Sucrose

2.953029 Yeast extract 1.563321 pH

0.000116 Sucrose 0.065564 Yeast extract

0.07312 pH 0.00633 Sucrose Yeast extract

0.008687 Sucrose pH

0.48319 Yeast extract pH

   
   

   

    
  
  

 (3) 

The models exhibited that sucrose (A) and yeast ex- 
tract (B) concentration had a significant effect (p < 0.001) 
on EPS concentration (mg/mL). Positive coefficient of A 
and B indicated a linear effect to increase the production 
of EPS but initial pH showed negative effect. Results 
indicated that increasing the sucrose and yeast extract 
concentration resulted in the increased of EPS production 
while initial pH did not have significant effect on EPS 
production. However, all quadratic terms A2, B2, C2, AB, 
AC, BC have negative effects that decreases the YEPS. 
Figure 2 represents the three dimensional plots (3D) of 
the combined effect of sucrose concentration, yeast ex- 
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(a)                                                             (b) 

 
(c) 

Figure 1. Response surface curve (3D plot) of mycelium biomass from Lentinus squarrosulus showing the interaction between (a) 
Sucrose and yeast extract concentration, (b) Sucrose concentration and pH, (c) Yeast extract concentration and pH. 
 
Table 4. Analysis of variance (ANOVA) for the experimental results of the CCD quadratic model for EPS production. 

Source Sum of Squares DF Mean Square F Value Prob > F  

Model 21.74159854 9 2.415733171 21.27459 < 0.0001 Significant 

A: Sucrose 15.71420371 1 15.71420371 138.39 < 0.0001 Significant 

B: Yeast Extract 2.714869069 1 2.714869069 23.90899 0.0006 Significant 

C: Initial pH 0.475789431 1 0.475789431 4.190126 0.0679  

A2 0.03658925 1 0.03658925 0.32223 0.5828  

B2 0.039201625 1 0.039201625 0.345236 0.5699  

C2 0.154102825 1 0.154102825 1.357135 0.2711  

AB 0.11045 1 0.11045 0.972698 0.3473  

AC 0.3698 1 0.3698 3.256711 0.1013  

BC 2.10125 1 2.10125 18.50504 0.0016  

Residual 1.135501457 10 0.113550146    

Lack of Fit 0.579218124 5 0.115843625 1.041229 0.4829 Not Significant 

Pure Error 0.556283333 5 0.111256667    

Cor Total 22.8771 19     

Std. Dev. = 0.34 Mean = 3.94  Adequate Precision: 16.085  

R2 = 0.9504 Adj. R2 = 0.91      
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(a)                                                           (b) 

 
(c) 

Figure 2. Response surface curve (3D plot) of EPS production from Lentinus squarrosulus showing the interaction between (a) 
Sucrose and yeast extract concentration, (b) Sucrose concentration and pH, (c) Yeast extract concentration and pH. 
 
tract concentration and initial pH on the EPS production. 
The 3D plots revealed that no significant interaction be- 
tween A, B and C and only independent variables of A 
and B increase the EPS production. Maximum EPS pro- 
duction (5.96 mg/mL) was obtained when 130 g/L of 
sucrose concentration, 2.5 g/L of yeast extract were ap- 
plied as shown in Table 2. 

3.3. Verification of the Optimized Conditions 

The statistical model was verified on mycelium biomass 
and EPS production by applying the optimized compo- 
nents as shown in Table 5. The highest mycelium bio- 
mass obtained was 25.8 g/L. The excellent correlation 
between predicted (25.96 g/L) and measured values jus- 
tifies the validity of the response model (Eq.2) and the 
existence of the optimum point for mycelium biomass. 
Experiments were also carried out to verify the validity 
and accuracy of the model (Eq.3). EPS production under 
the optimized condition was 5.7 mg/mL, which was in 
agreement with the predicted value (5.63 mg/mL) sug- 
gesting that the model (Eq.2) was also valid for EPS 
production. The mycelium biomass and EPS production 
was 8.24 g/L and 3.56 mg/mL respectively from non-  

optimized medium. Under optimized medium, the myce- 
lium biomass had increased up to 25.8 g/L whereas EPS 
increased to 5.7 mg/mL. Kumari and coworkers [14] re- 
ported the maximum production of schizophyllan pro- 
duced under optimized condition was 8.03 g/L, which in 
close agreement with the predicted value of 8.06 g/L. 
Previous research also reported the production of bio- 
mass and EPS under optimized condition achieved high- 
est level of biomass and EPS with 9.85 and 4.92 g/L re- 
spectively [15]. 

4. CONCLUSION 

In conclusion, maximum growth of mycelium biomass 
(25.8 g/L) and EPS concentration (5.7 mg/mL) were ob- 
tained under optimized condition. The optimized condi- 
tion for mycelial growth and EPS production was su- 
crose concentration 114.61 g/L, yeast extract 1.62 g/L 
and initial pH of 5.81; sucrose concentration 115.8 g/L, 
yeast extract of 3.39 g/L and initial pH of 6.44 respec- 
tively. 
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Table 5. Validation of the model with the optimized conditions. 

Variables Response 
Run 

Sucrose (g/L) Yeast extract (g/L) pH Mycelium biomass (g/L) EPS (mg/mL) 

Biomass 114.61 1.62 5.81 25.8 ± 0.9 - 

EPS 115.8 3.39 6.44 - 5.7 ± 0.4 

Biomass + EPS 115.8 1.61 7.85 23.45 ± 0.8 5.25 ± 0.5 

 

grant (MOSTI), Project No: 02-01-02-SF0978. 
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