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ABSTRACT 
Solid-state cultivation of vetiver grass using Bipolaris oryzae was performed. L-asparagine 
concentration, initial pH and raw material-to-moisture were optimized in culture flasks using 
response surface methodology with respect to specific activity of β-glucosidase in the culture. L-
asparagine concentration at 2.70 g l-1, pH of 6.3, and raw material-to-moisture 1: 3.35 (w/v) were 
found to be the most optimum. Optimized parameters were used for laboratory scale-up in static 
tray fermenter. The maximum specific activity of β-glucosidase at 1259.72 U mg-protein-1 was 
obtained after 7 day incubation in static tray fermenter. 
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INTRODUCTION 

β-glucosidase (E.C. 3.2.1.21, BGL) constitutes a 
heterogenous group of enzymes that occurs in 
several organisms, performing a variety of func-
tions. The principle reaction catalyzed by this 
class of enzymes is the hydrolytic cleavages of β-
glycosidic linkages in low-molecular-mass glyc-
osides. BGL has been used in a variety of biotec-
hnological applications. In the enzymatic saccha-
rification of cellulose, BGL produces glucose by 
cleaving cellobiose.1 Since cellobiose inhibits the 
action of exo- and endoglucanases. The BGL co-
ntributes to the efficiency of this process.1 Large 
amount of vetiver grass residue are generated ev-
ery year from soil and water conservation active-
ties, increasing the biotechnological interest on 
the utilization of vetiver grass as raw material in 
biotechnological process. A simple nutrient me-
dium is favoured to produce enzymes to increase 
the specific  activity, and some  biochemical  and  

physiological parameters can increase enzyme 
production in solid-state cultivation system. A 
central composite design of experiments using 
variables that most influence enzyme production 
and analysis by Response Surface Methodology 
(RSM) constitutes a preferable procedure for en-
hancing enzyme production as it evaluates the 
interaction between the selected cultivation para-
meters.2   

AIMS AND OBJECTIVES 
This work describes the production of BGL from 
Bipolaris oryzae using vetiver grass as raw-
material. The solid state cultivation condition and 
the medium composition are optimized using the 
RSM. 

MATERIAL  AND  METHODS 
Bipolaris oryzae fungal strain was obtained from 
Kasetsart Agricultural and Agro-Industrial Prod-
uct Improvement Institute (KAPI), Kasetsart 
University, Bangkok.  Thailand    Stock   culture    *Author for correspondence 
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was   maintained  on Potato Dextrose Agar 
(PDA) at 4°C until use. Enzyme production on 
solid-state was conducted by cultivating B. 
oryzae (10 agar plugs (Ø 0.75 cm) cut out from a 
colony grown on PDA) in 250mL Erlenmeyer 
flask containing 3g of  vetiver grass with 
minimal mushroom medium (gl-1 : K2HPO4 1; 
MgSO4.7H2O 0.5; KCl 0.5; FeSO4. 7H2O 0.1, 
trace elements 1 ml and pH 5.5) to attain the final 
substrate-to-moisture ratio of 1:3. Incubation was 
carried out at room temperature (25 -30°C) under 
solid-state condition. Crude enzyme was 
obtained by adding 30 ml of cold acetate buffer 
20mM pH 4.5 to the content of each flask, 
stirring for 30 min at room temperature (25-30 
°C), filtrating and centrifugation. The supernatant 
was stored at 4°C until assay. The BGL 
production by the B. oryzae was optimized 
following central composite design (CCD). The 
three factors as shown in Table 1 selected were 
L-asparagine (X1 gl-1), initial pH (X2), raw 
material to moisture ratio (X3).The response was 
specific activity (Umg-1). The design matrix 
shown in Table 2 was obtained by               
means  Design-Expert 8.0 soft-ware. A quadratic  

polynomial model was obtainned by multiple 
regression analysis of the experimental data in 
Table 1 using Design-Expert 8.0 software.The 
BGL and protein assays was followed 
Vaithanomsat et al.3 One unit of BGL activity 
was defined as the amount of enzyme catalyzing 
the formation of 1 µmol of p-nitrophenol per 
minute under certain condition. Protein 
concentrations in the enzyme were determined 
by the method of a standard calibration curve 
with bovine serum albumin (BSA). 

RESULTS  AND DISCUSSION 
In preliminary experiments using the one at a 
time method, the highest BGL specific activity 
was obtained from 3.75 gl-1 L-asparagine, pH 6.0 
and raw material-to-moisture ratio 1:3. Thus, a 
central composite design was applied to derive a 
statistical model for the effect of L-asparagine, 
initial pH and raw material-to-moisture ratio on 
BGL production by B. oryzae and to identify the 
combination of factors that would lead to 
optimum specific activity of BGL. They were 
carried out to the parameter range for three 
independent variables (Table 1). 

Table 1 : Parameter range encoded values for the independent variables (α=1.68) 

Variable Encoded values 
Code -α -1 0 1 α 

L-asparagine (gl-1) N 0.60 1.88 3.75 5.63 6.90 
Initial pH P 1 3 6 9 11 
Raw material-to-
moisture ratio R 0.48 1.50 3.00 4.50 5.53 

Multiple regression analysis of all experimental 
data shown in Table 2 resulted in the following 
quadratic polynomial model: S = -2422. 00630 + 
491.58252 N + 331.73705 P + 1186. 86753 R + 
4.19378 NP - 75.17156 NR - 7.493-33 PR - 
50.9261N2 -24.54029 P2 - 141.48264 R2 where 
S is specific activity of BGL (Umg-1), N is L-
asparagine concentration (gl-1), P is initial pH and 
R is the raw material-to-moist-ure ratio. Analysis 
of variance indicated that the regression model 
was adequate to represent the relationships 
between specific activity of BGL and solid-state 
cultivation with an accept-able coefficient of 
determination (R2=0.83). The parameter combi-
nation  resulting  in  an  optimal  specific activity 
of BGL was obtained  by  solving  the  system  of  

partial derivatives for the different independent 
variables. This resulted in the following optimal 
values for respectively, the L-asparagine 
concentration, initial pH, raw material to 
moisture ratio : Nopt = 2.70 gl-1; Popt = 6.3, Ropt 
= 3.35. The contour plots and 3D surface plots 
(Fig. 1) graphically confirmed the optimum 
values for three independent variables (L-
asparagine concentration, initial pH, raw 
material-to-moisture ratio) and the circular shape 
of the contour line (Fig. 1a, Fig. 1c and Fig. 1e) 
showed interaction between the parameters under 
study. A raw material-to-moisture ratio 1:3 (w/v), 
1.88 gl-1 L-asparagine and initial pH beyond 4.5 
resulted in increased BGL specific activity 
reaching  maximum  at  1,261.03  Umg-1 (Fig. 1a  



                                                                                                                           J. Environ. Res. Develop. 
Journal of Environmental Research And Development                      Vol. 7 No. 4, April-June 2013 

1342 
 

and Fig. 1b). At fixed pH of 6.0, by increasing L-
asparagine concentration and raw material-to-
moisture ratio, BGL specific activity increased 
and achieved maximum at 1,264.83 Umg-1     
(Fig. 1c and Fig. 1d). At fixed L-asparagine 
concentration of 3.75 gl-1, BGL specific activity 
increased with increasing raw material-to-
moisture ratio and showed maximum activity 
(1,222.68 Umg-1) near 1:3.33 raw material-to-
moisture ratio (Fig. 1e and Fig. 1f). From the 
interaction graph of all factors, the most 
optimized point for BGL production was 2.70 
g.l-1 L-asparagine, pH of 6.3 and raw material-
to-moisture 1: 3.35 (w/v), resulting in BGL at 
1,259.72 Umg.protein-1. The earlier studies 
conducted on RSM optimization.4 using wheat 
bran employing Aspergillus sydowii BTMFS 55 
reported a combination of 68.6% moisture, 
19.93% inoculum and 9.94 gl-1 peptone at 28°C 
as optimal condition, for maximum enzyme 
production at 1,335.61 Ug-ds-1. Brijwani et al.5 
produced BGL from soybean hulls supplemented 

with wheat bran using a co-culture of T. reesei 
and Aspergillus oryzae. Three parameters (initial 
moisture content, incubation temperature and  
initial   pH)   were  optimized  in  culture  flasks 
using RSM. Parameter optimization was carried 
out with respect to BGL activity in the culture. 
Temperature  of  30°C,  pH  of  5  and  moisture 
content of 70% were found to be optimum. 
Optimized parameters were used for laboratory 
scale-up in static tray fermenter. The maximum 
BGL activity of 10.7 IU g-ds-1 was obtained after 
96-h incubation period in static tray fermenter in 
agreement with optimized activities at shake 
flask level. Zimbardi et al. 6 optimized the prod-
uction of BGL from Colletotrichum graminicola 
using RSM.  Maximum BGL after  optimization 
reached 159.3 Ug-1 at pH 5.0 and 65 °C. The 
combination of this BGL with Trichoderma 
reesei cellulases hydrolyzed raw sugarcane trash 
yielding glucose at 33.1% after 48h, demonstr-
ating good potential to compose efficient 
cocktails for lignocellulosic materials hydrolysis. 

Table 2 : Central composite design and experimental data for five-level three-factor 
response surface analysis 

Treatment 

Experimental values 
Specific activity  

(U mg-1) L-asparagine  
(g l-1) Initial pH 

Raw material-
to-moisture 

ratio 
1 -1 -1 -1 697.83 
2 -1 -1- +1 549.51 
3 -1 +1 -1 621.47 
4 -1 +1 +1 667.54 
5 +1 -1 -1 1088.72 
6 +1 -1 +1 194.75 
7 +1 +1 -1 977.51 
8 +1 +1 +1 77.87 
9 -1.68 0 0 672.2 
10 1.68 0 0 418.27 
11 0 -1.68 0 0 
12 0 1.68 0 853.87 
13 0 0 -1.68 24.8075 
14 0 0 1.68 277.67 
15 0 0 0 1230.931 
16 0 0 0 1203.039 
17 0 0 0 1221.703 
18 0 0 0 1220.349 
19 0 0 0 1210.664 
20 0 0 0 1248.655 
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Fig. 1 : Contour plots and 3D surface plots of Specific activity of BGL (Umg-1) respectively : 
(a,b) effect of L-asparagine and pH and their interaction on specific activity of BGL (R= 3.00), 
(c,d) effect of L-asparagine and raw material-to-moisture and their interaction on specific activity 
of BGL (P= 6.00) and effect of pH and raw material-to-moisture and their interaction on specific 
activity of BGL (N= 3.75) 

CONCLUSION 
This study indicated good potential of B. oryzae 
in producing BGL from vetiver grass. The 
changes about culture condition are an important 
design tool for process development of the solid  

state cultivation, and RSM is proved to be such a 
powerful technique for optimization of enzyme 
production. Characterization of crude BGL has 
been also carried out to evaluate the application 
in industry. 
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