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The optimization of medium composition for α-galactosidase production by an Antarctic bacterial 
isolate, Bacillus sp. LX-1 was investigated in flask fermentation. The Central composite design (CCD) 
with 3 variables (galactose, peptone and MnSO4) was employed to derive statistical model (Response 
surface methodology: RSM) for optimizing the medium composition. The results show the optimum 
medium composition of 16.5 g/L galactose, 6.2 g/L peptone and 0.0018 g/L MnSO4 with predicted α-
galactosidase activity, 1.17 U/mL and observed activity from the fermentation with optimized medium 
was 1.06 U/mL. The optimized value was 6.3-fold higher than that (0.168 U/mL) previously obtained 
under basal conditions. Thus, medium optimization using RSM is suggested to play a significant role in 
enhancing the production of α-galactosidase by Bacillus sp. LX-1. 
 
Key words: α-Galactosidase, Bacillus sp. LX-1, medium optimization, central composite design (CCD), 
response surface methodology (RSM). 

 
 
INTRODUCTION 
     
α-Galactosidase (EC 3.2.1.22) is an exoglycosidase that 
initiates the hydrolysis of terminal α-1,6-linked D-
galactose moieties from α-galactooligosaccharides such 
as mellibiose, raffinose and stachyose which primarily 
exist in soybeans and other legumes as well as the poly-
saccharides of galactomannans and galactogluco-
mannans (Gote et al., 2004; Naumoff, 2004; Patil et al., 
2010). α-Galactosidase is of particular interest in view of 
many potentials of their biotechnological and medicinal 
applications. For examples, the removal of raffinose by 
the enzyme helps to increase the yield of sucrose in beet 
sugar industry (Shibuya et al., 1995) and to upgrade the 
nutritional value of legume-based product in food and 
animal feed processing (Guimaraes et al., 2001). Further-

more, in medicinal field, it is also involved in blood-type 
conversion (Goldstein et al., 1982), the treatment of 
Fabray’s disease (Utsumia et al, 2005), and xenotrans-
plantation (Fuller et al., 2004; Olsson et al., 2004). 

Until now, a number of α-galactosidases have been 
derived from  various organisms such as animals (Gitzelmann 
and Auricchio, 1965), plants (Kang and Lee, 2001), and 
microorganisms (Jin et al., 2001) and characterized (Cao 
et al., 2010, Lee et al., 2012, Park et al., 2012). α-Galac-
tosidases produced by a few Bacillus strains were 
reported to have pH (6~7.5) and temperature (30~45°C) 
optimum in the neutral range (Lee et al., 2012, Park et al., 
2012), but  little information about the optimization of this
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enzyme production by submerged fermentation, using 
Bacillus species, is available in the scientific literature 
(Shivam and Mishra, 2010; Anisha et al. 2008a). The 
convenience of Bacillus strains is due to the fact that they 
secrete large amounts of enzyme in very short period of 
time into the fermentation broth (Asif et al., 2012). 

The production and characterization of an enzyme are 
necessary for its industrial application. The first step in 
achieving this goal is the establishment of a suitable 
enzyme production technology (Anisha et al., 2008c). The 
conventional method for optimization of enzyme produc-
tion involves varying one factor at a time and keeping the 
others constant (Adinarayana and Ellaiah, 2002). This 
laborious and time-consuming method often does not 
guarantee determination of optimal conditions, and desig-
ning experiments with every possible factorial combina-
tion of the test variables is impractical because of the 
large number of experiments required (Sen, 1997). Thus, 
response surface methodology (RSM) can investigate 
experimental variables without having to increase the 
number of experiments to the extreme (Montgomery, 
1997). 

RSM is a collection of statistical techniques for design-
ning experiments, building models, evaluating the effects 
of variables and searching for the optimum conditions 
(Shivam and Mishra, 2010). At present, RSM is widely 
used in bioprocess technology for optimization of different 
types of fermentation media (Desai et al., 2008, Sunitha 
et al., 1999).  

In our previous study, galactose, peptone and MnSO4 
were found to be crucial factor in enhancing α-galactosi-
dase formation in submerged fermentation conditions by 
Bacillus sp. LX-1 (Lee et al. 2012), but it did not deal with 
statistical optimization of the process. Thus, the objective 
of this work is to develop an optimal culture medium 
using RSM for the production of α-galactosidase in sub-

merged fermentation conditions by Bacillus sp. LX-1.  
 
 
MATERIALS AND METHODS 

 
Reagents 

 
Unless otherwise stated, the chemicals and medium ingredient 
used in this study were purchased from Sigma Chemical Co. (St. 
Louis, Mo, USA) and BD Bioscience (Le Pont de Claix, France). All 
other chemicals were also of analytical grade. 

 
 
Organism 

 
An Antarctic bacterial isolate, Bacillus sp. LX-1 previously described 

(Lee et al., 2012) was used as an -galactosidase producer for the 
present study. The strain LX-1 was streaked onto tryptic soy plate 
added to Bacto agar (1.5% w/v) to obtain single colonies and the 
plates were maintained at 28°C. 
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Inoculum preparation and culture condition 

 
The isolated single colony on tryptic soy plate was inoculated 

directly into a glass test tube with screw cap (Pyrex brand Corning 
9825, 16 X 150 mm) containing 5 mL of tryptic soy broth (BD, Le 
Pont de Claix, France), then incubated at 28°C for 24 h on the 
rotary shaker (220 rpm). In order to extend inoculum capacity, 50 
mL of tryptic soy broth in 250 mL Erlenmeyer flask was aseptically 
inoculated with 1% of the preculture and aerobically incubated with 
vigorous shaking (220 rpm) at 28°C for 24 h. The cultures were 
used as inoculum for this RSM study, and inoculum size was 1.0% 
(v/v, based on the experimental medium). After inoculation, the 
experimental medium was incubated at 28°C for 24 h on the rotary 
shaker (220 rpm). 
 
 

Experimental medium for RSM study 
 

In order to produce α-galactosidase in experimental medium, 5.0 
g/L yeast extract and 10.0 g/L tryptone were fundamentally fixed in 
all medium composition. On basis of the medium composition, 
experimental medium was compounded with adding various con-
centrations of galactose, peptone and MnSO4. 
 

 
Enzyme extraction 
 

The culture medium containing secreted α-galactosidase was 
centrifuged at 5,000 Χ g at 4°C for 20 min. The resultant superna-
tant was used as the α-galactosidase source throughout this work. 
 

 
Enzyme assay 
 

α-Galactosidase assay was carried out by the modified method of 
Dey and Pridham (1969) and Anisha and Prema (2007). Unless 
otherwise stated, α-galactosidase activity was measured at 40°C for 
15 min by assaying the release of p-nitrophenol from p-nitrophenyl-

-D-galactopyranoside with final concentration of 1 mM in 1 mL of 
50 mM sodium phosphate (pH 7.0). The reactions were then 

stopped by adding 1 mL of 1 M Na2CO3, and color development 
was measured at a wavelength of 405 nm. One unit (U) of enzyme 
activity was defined as the amount of enzyme required to produce 1 
μmol of p-nitrophenol per minute under the given assay conditions. 
 
 

Optimization of enzyme production 
 
Characterization of the different factors for α-galactosidase produc-

tion was optimized by applying RSM. Then statistical model was 
obtained using Central composite design (CCD) with three indepen-
dent variables [galactose concentration (X1), peptone concentration 
(X2) and MnSO4 concentration (X3)]. CCD maximizes the amount of 
information that can be obtained while limiting the number of 
individual experiments (Kunamneni and Singh, 2005). Each factor 
in the design was studied at five different levels (Table 1). A set of 
20 experiments were performed. All variables taken at a central 

coded values was listed in Table 2. Upon completion of experiments, 
the average of α-galactosidase production was taken as the depen-
dent variable or response. 
 
 
Statistical analysis and modeling 
 

The results obtained from RSM on α-galactosidase production were
 

                     (1)
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Table 1. Experimental range and levels of each variable studied using CCD in terms of actual factors for the 
production of α-galactosidase by Bacillus sp. LX-1 
 

Independent variable 
Coded level 

-1.633 -1 0 +1 +1.633 

Galactose (g/L, X1) 3.670000 10.000 20.00 30.000 36.330000 

Peptone (g/L, X2) 1.835000 5.000 10.00 15.000 18.165000 

MnSO4 (g/L, X3) 0.001835 0.005 0.01 0.015 0.018165 

 
 
 

Table 2. Experimental design and results of the CCD. 

 

Run number 
Coded level  α-galactosidase (U/mL) 

X1 X2 X3  Observed Predicted 

1 -1 -1 -1  0.7874 0.7528 

2 1 -1 -1  0.5805 0.5438 

3 -1 1 -1  0.7622 0.7025 

4 1 1 -1  0.4687 0.4244 

5 -1 -1 1  0.3914 0.4300 

6 1 -1 1  0.1164 0.1704 

7 -1 1 1  0.6301 0.6611 

8 1 1 1  0.3034 0.3323 

9 0 0 0  0.6639 0.6068 

10 0 0 0  0.6416 0.6068 

11 0 0 0  0.5215 0.6068 

12 0 0 0  0.5770 0.6068 

13 -1.633 0 0  0.5407 0.5532 

14 1.633 0 0  0.1179 0.1141 

15 0 -1.633 0  0.5632 0.5475 

16 0 1.633 0  0.6143 0.6386 

17 0 0 -1.633  1.0755 1.1803 

18 0 0 1.633  0.9377 0.8416 

19 0 0 0  0.7132 0.7389 

20 0 0 0  0.7906 0.7389 
 

X1, X2 and X3 mean galactose, peptone and MnSO4, respectively. 
 
 
 
used to fit a second-order polynomial equation (Equation 1) as it 
represents the behavior of such a system more appropriately: 
where Y is the dependent or response variable, β0 is intercept, β1, 
β2, and β3 are linear coefficients, β1β1, β2β2, and β3β3 are squared 
coefficients, β1β2, β1β3, and β2β3, are interaction coefficients and X1, 
X2, X3, X1

2
, X2

2
, X3

2
, X1X2, X1X3, and X2X3 are levels of independent 

variables. Statistical significance of the model equation was deter-
mined by P-value. A regression model was made with analysis 

regres-sion coefficients, a variance analysis table (ANOVA), P-
values and F-values. A quality assessment of the polynomial model 
was expressed by coefficient of determination R

2
. The Minitab v.14 

software (State College, PA, USA) was used for statistical design, 
data analysis, and 3D plots. 
 
 
Validation of the model 

 
To verify the predicted results, validation experiment was performed 
in triplicate tests under the optimized condition. 

RESULTS AND DISCUSSION 
 
CCD and analysis 
 
A CCD with 6-star points and 6 replicates at center point 
was used for optimizing α-galactosidase production for 
galactose (X1), peptone (X2), and MnSO4 (X3) factors. 
CCD combines a two-level full or fractional factorial 
design with additional points (star points) and at least one 
point at the center of the experimental region, selected to 
obtain properties such as rotarability or orthogonality, in 
order to fit quadratic polynomials (Ferreira et al., 2004). 
For fitting quadratic response models, CCD is a better 
alternative to full factorial three-level design because its 
performance is comparable at a lower cost (Ferreira et al., 
2007).  Therefore,  it has been the most accepted experi-
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Table 3. Results of regression analysis of the CCD. 
 

Term Coefficient T-value P-value 

Intercept 0.84 3.526 0.006 

X1 0.05 4.663 0.001 

X1X1 -0.00152 -7.301 0.000 

X2 0.03 1.229 0.250 

X2X2 -0.0022 -2.627 0.027 

X3 -125.44 -5.484 0.000 

X3X3 4081.02 4.902 0.001 

X1X2 -0.0003 -0.647 0.534 

X1X3 -0.25 -0.473 0.647 

X2X3 2.81 2.631 0.027 
 

X1, X2 and X3 mean galactose, peptone and MnSO4, respectively and each coefficient was 

calculated with uncoded of variables. 
 
 
 

Table 4. Analysis of variance (ANOVA) for the model regression representing α-
galactosidase production 
 

Source DF SS MS F P 

Model 9 0.94724 0.105249 18.40 <0.0001 

Linear 3 0.39471 0.136697 23.90 <0.0001 

Quadratic 3 0.50927 0.169756 29.67 <0.0001 

Interaction 3 0.04326 0.014419 2.52 0.124 

Residual Error 9 0.05149 0.005721   

Lack-of-Fit 5 0.03599 0.007197 1.86 0.284 

Pure Error 4 0.01550 0.003875   

Total 19 1.08250    
 

R
2
 = 95.2%; DF, degrees of freedom; SS, sum of squares; MS, mean square. 

 
 
 
mental design for optimization of biological process 
(Anisha et al., 2008b). 

The coded values of factors in CCD were shown in 
Table 2. Table 2 showed the design of this experiment 
and experimental results. Regression analysis was con-
ducted to fit the response function with the experimental 
data.  

The regression coefficients and their significance for α-
galactosidase production were shown in Table 3. The 
data in Table 3 and Equation 2 showed positive effects of 

X1, X2, X3
2
, and X2X3, and negative effects of X3, X1

2
, X2

2
, 

X1X2, and X1X3. P values less than 0.05 indicate that the 
model terms are significant, while values greater than 
0.1000 indicate that the model terms are not significant 
(Li et al., 2008). In this study, X1, X3

2
, and X2X3 were very 

significant with a probability of over 97%. By applying 
multiple regression analysis on the experimental data, the 
following 2nd-order polynomial equation (Equation 2) was 
found to explain the α-galactosidase production: 

The statistical significance of the 2nd
 
–order model 

 

             (2) 
 
equation was checked by an F-test (ANOVA) and the 
data were shown in Table 4. Smaller P value and larger 
magnitude of F-value show high significance of the 
corresponding variables (Karthikeyan et al., 1996). 
ANOVA of the model showed high F-value (18.40) and P-
value (<0.0001), which explained that the model itself is 
significant (Tanyildizi et al., 2006). Joglekar and May 

(1987) and Manikandan et al., (2009) have suggested for 
good fit of a model, R

2
 should be at least 80%. The 

determination coefficient (R
2
) implied that the sample 

variation of 95.2% for α-galactosidase production was 
attributed to the independent variables, and only about 
4.8% of the total variation wasn’t able to be explained by 
the model. The ANOVA result showed that this model was
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Figure 1. Interactions among variables. (A) is 3-dimensional plot for the interaction between galactose and 

peptone on α-galactosidase activity with fixed level of MnSO4 at center point (0.01 g/L); (B) and (C) are 
contour plots for the interaction between galactose and MnSO4 and between peptone and MnSO4, 
respectively, with fixed levels of remaining variables (peptone = 10 g/L, galactose = 20 g/L). 

 
 
 
appropriate, because the model showed statistically 
insignificant lack of fit (P=0.284). A non-significant value 
of lack of fit indicates that model is significant (Box et al., 
1978; Li et al., 2007). It was also suggested that the qua-
dratic and linear terms of galactose, peptone, and MnSO4 
of the model primarily determined α-galactosidase pro-
duction by Bacillus sp. LX-1. 

Three-dimensional response surface and contour plots 
of galactose, peptone, and MnSO4 against α-galactosi-

dase can further explain the results of the statistical and 
mathematical analysis, and were shown in Figure 1. Res-
ponse surface was generated by plotting the response (α-
galactosidase production) on the z-axis against any two 
independent variables while keeping the other indepen-
dent variable at zero level. Elliptical contours are obtained 
when there is a perfect interaction between the indepen-
dent variables (Muralidhar et al., 2001). Therefore, three 
response  surfaces  were obtained by considering  all the



 

Lee et al.          3499 
 
 
 

Table 5. Experimental verification of combined effect of optimized medium on the response of α-galactosidase production. 
 

Substrate Concentration of optimization (g/L) Predicted response (U/mL) Observed response (U/mL) 

Galactose (X1) 16.5 

1.17 1.06 Peptone (X2) 6.2 

MnSO4 (X3) 0.0018 
 
 
 

possible combinations. Figure 1A represents a 3-D dia-
gram and a contour plot of calculated response surface 
from the interaction between the concentration of 
galactose and peptone, while keeping the other variable 
(concentration of MnSO4) at ‘0’ level. A linear increase in 
the enzyme production was observed when galactose 
concentration was increased up to 15 g/L and thereafter it 
declined. When the level of pepone concentration was 
increased up to 11 g/L, a linear increase in α-galacto-
sidase production was recorded. At the ‘0’ level of pep-
tone concentration (Figure 1B), the response between 
galactose concentration and MnSO4 concentration indi-
cated that galactose concentration of 15 g/L was maxi-
mum for α-galactosidase production, and MnSO4 concen-
tration was less than 0.002 g/L. The interaction between 
the remaining two parameters (concentration of peptone 
and concentration of MnSO4) was shown in Figure 1C. 
Maximum concentration of peptone for α-galactosidase 
production was from 8 g/L to 10 g/L, and MnSO4 was 
similar to Figure 1B.  
 
 

Validation of the optimized condition 
 

On the basis of medium optimization, the quadratic model 
predicted that the maximum production of α-galacto-
sidase by Bacillus sp. LX-1 was 1.17 U/mL, when the 
concentration of galactose, peptone, and MnSO4 were 
16.5 g/L, 6.2 g/L, and 0.0018 g/L, respectively (Table 5). 
To verify the predicted results, validation experiment was 
performed in triplicate tests. Under the optimized condi-
tion, the observed experimental activity of average α-
galactosidase was 1.06±0.009 U/mL, suggesting that 
experimental and predicted values of α-galactosidase 
production were in good agreement. As the result of the 
optimization of the culture conditions, a 6.3-fold increase 
in α-galactosidase activity was achieved compared to that 
value (0.168 U/mL) previously obtained under basal con-
ditions (Lee et al., 2012). This result therefore corro-
borated the predicted values and the effectiveness of the 
model, indicating that the optimized medium favors the α-
galactosidase production by Bacillus sp. LX-1. 
 
 

CONCLUSION 
 

In order to optimize culture media for maximal α-galacto-
sidase production by Bacillus sp. LX-1 in this study, a 
CCD approach was used. The factorial design approach 
to medium development relies on 2 stages of experi-
mentation: optimization and verification. Optimization ex-

periments are designed to provide in-depth infor-mation 
about a few variables (galactose, peptone and MnSO4) 
identified as having the greatest impact on α-galacto-
sidase production. As verification experiments are used to 
validate the predicted results under experimental condi-
tions for maximum enzyme production, RSM has been 
suggested to play a significant role in enhancing the 
production of α-galactosidase by Bacillus sp. LX-1. 
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