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INTRODUCTION 

 

Molybdenum (Mo) comes from Greek word ‘molybdos’ that 

brings the meaning of lead-like [1]. Molybdenite (MoS₂), are 

present abundant in the environment and it is grouped with 

other compounds such as lead, graphite, galena and others [2]. 

Usually, human consumed Mo through food and water. Mo is 

an essential element for human and animal, but at higher 

dosages, it gives a bad effect on health [3]. Food and water that 

contain 100 mg/kg of Mo will show signs of toxicity. 

Contaminated source of food and water with Mo can cause 

diarrhea, anemia, and also a high level of uric acid in the blood. 

Gout is the example of illnesses caused by the high 

concentrations of uric acid in the blood [4-5]. Regulatory bodies 

had set up the maximum levels of Mo in drinking water at 0.07 

mg/L and for areas near to mining sites, the maximum 

concentration of Mo is 0.1 mg/L. Mo effects on human health 

through long exposure at low concentrations of Mo compounds. 

However, ruminants such as cows and sheep are more exposed 

to molybdenum poisoning or molybdenum pollutant than 

human beings. Signs of molybdenum toxicity in animals include 

anemia, anorexia, profound diarrhea, joint abnormalities, 

osteoporosis, hair discoloration, reduced sexual activity and 

death [6].  

 

Bioremediation technology is a biological method that has the 

possibility to break up or overcome the toxicity of various 

contaminants in the environment using microorganisms [7]. 

This technology is not expensive, safe and user-friendly 

compared to chemical and physical techniques [8]. Microbes 

have the capability to resist or eliminate heavy metal from the 

environment via the mechanism of extra and intracellular 

sequestration, biopreciptation, changing redox state through an 

enzymatic reaction, biosorption, transport mechanism and or 

chelation [9]. Since the last hundred years ago, reduction of Mo 

to Mo-blue by bacteria has been reported worldwide. E. coli 

K12 is the first bacterium that reduces Mo to Mo-blue [10]. 

This is followed by T. ferrooxidans in 1988 [11], Enterobacter 

cloacae strain 48 (EC 48) in 2000 [12]. Since then, many Mo-

reducing bacteria have been reported [13-15]. The mechanism 

involves enzymatic reduction that changes the Mo (VI) in the 

presence of phosphate ions to Mo-blue [16]. 

 

Response Surface Methodology or known as RSM is an 

optimization tool that designs an experiment based on principles 

of statistics, identify the effects of several parameters and 

determine optimum conditions for the required responses [17]. 

This method is more effective compared to the traditional 

method; ‘one-factor-at-a time’ approach (OFAT) [18].  The 

traditional method is not suitable for optimizing parameters 
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 ABSTRACT 

The conversion of hexavalent molybdenum (Mo (VI)) to Mo-blue is a bioremediation technique 

which reduces the toxicity of molybdenum to a less toxic form by bacteria. The aim of this study 

is to determine the optimum conditions of significant parameters or variables that affect the 

reduction of Mo (VI) to Mo-blue by the local isolate identified as Serratia sp. strain MIE2. 

Response Surface Methodology (RSM) was used in this study to optimize the reduction process 

using Central Composite Design (CCD) as an optimization matrix. The optimum conditions 

predicted by RSM using the desirability function for the reduction process were 20 mM 

molybdate concentration, 3.95 mM phosphate, 6.25 pH and 25 g/L glucose and Mo-blue 

production occurred at the absorbance value of 20.5 at 865 nm. The validation of the predicted 

optimum points showed the Mo-blue production occurred at the absorbance value of 21.85 with 

a deviation around 6.6 % from the RSM predicted value. 
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because it fails to determine the parameters that give rise to the 

optimum response from several parameters. It is because the 

eventual interaction among the parameter is not taken into 

account in such procedures, and thus consuming more time 

[19]. In examining multiple parameters, statistical methods are 

the best and versatile technique because it makes the process 

easily optimized with fewer experimental. RSM has few 

experimental designs, and the user must understand and choose 

the suitable design that can match with the studies [20].  

 

In a previous work, we have successfully optimized and 

maximized the production molybdenum reduction using OFAT 

approach and Box–Behnken designs as an optimization matrix 

for response surface methodology [18]. In this work, we try to 

investigate the optimization of Mo (VI) reduction by strain 

MIE2 using the central composite design (CCD) as the 

optimization matrix. This study would provide the information 

about the best optimization matrix for optimization of 

molybdenum reduction using response surface methodology. 

 

MATERIALS AND METHODS 

 

Cultivation of the bacterium 

Strain MIE2 was grown in 100 ml of Low Phosphate Media 

which contained sodium molybdate (NaMoO₄.2H₂O) (2.42 

g/L), as a source of Mo (VI) and glucose (10g/L) as a carbon 

source. Other chemicals were (NH₄).₂SO₄ (3g/L), MgSO₄. 

7H₂O (0.5 g/L), yeast extract (0.5 g/L), and Na₂HPO₄ (0.4 g/L) 

using 250 ml conical flasks [16].  The carbon source needs to be 

autoclaved separately. The pH of the media was adjusted to 7 to 

put the media under neutral conditions. Agitation of the cultures 

of the bacteria in LPM was carried out at room temperature and 

on an orbital shaker at 150 rpm, for 24 hours. The production of 

Mo-blue from the LPM was measured using a UV-Visible 

Spectrophotometer at 865 nm [21].  

 

Optimization using central composite design (CCD) 

A standard RSM called CCD was applied to obtain a quadratic 

model. Central Composite Design (CCD) is a second order 

design [22]. This pattern helps to optimize the effective variable 

and analyze the interaction between the variables with a 

minimal number of experiments. 30 different experiments with 

four significant variables resulted from Plackett Burman [18] 

were conducted according to the Central Composite Design 

(CCD) as depicted in Table 1. In this design, four independent 

variables were studied at two different levels and fit into 30 

individual experiments. The reduction of Mo (VI) to Mo-blue 

was taken as the response. The software Design Expert Version 

6.0.8.0 (State Ease Inc.) was used for regression and graphical 

analysis of the response surface contour plots and 3D of the data 

obtained. The values of “Prob> F” less than 0.0500 indicates 

model terms are significant and if the values are greater than 

0.1000 indicate that the model terms are not significant. 

 

The linear quadratic model with four variables were expressed 

as: 

 
 

Where Y is the response to Mo reduction to Mo-blue, βο the 

intercept term, βi represented as the linear effect, βii the squared 

effect, and β�� is the interaction effect. 

 

 

RESULTS AND DISCUSSION 

 

Central Composite Designs (CCD) for optimization of Mo-

blue production 

In CCD, the variation of Mo (VI) reduction to Mo-blue in 30 

individual experiment ranged from 0.15 to 20.0 OD at 865nm 

(Table 1). The empirical relationship between the response and 

input variable (significant variable) was expressed by the 

following quadratic model;  

 
Y (Mo blue production) = +19.26+ 0.14*A+ 0.27*B+ 2.03*C+ 0.70*D-

2.70*A2-1.06*B2-3.73*C2 2.70*D2=0.94*A*B+2.37*A*C-

0.67*A*2.06*B*0.58*B*D 

 

Where Y represents the response (Mo-blue); A, B, C, and D are 

the coded variables which represent molybdate concentration, 

phosphate concentration, pH and sucrose concentration 
 

Table 1. CCD matrix for experimental design and response using RSM. 

 

 
Run 
 
 
 

Factor 1: 
Molybdate 

concentration 
(mmol¯ ¹) 

Factor 2 
:Phosphate 
(mmol¯ ¹) 

 

Factor 3: 
Ph 

 
 

Factor 4: 
Sucrose 

(g/l) 
 

Mo-blue 
 
 

1 30 5 7.5 40 12.88 
2 30 2.9 5 10 1.44 
3 20 3.95 6.25 25 17.37 
4 20 1.85 6.25 25 14.68 
5 20 3.95 3.75 25 0.359 
6 10 2.9 7.5 40 14.65 
7 20 3.95 6.25 25 20 
8 30 2.9 7.5 10 11.34 
9 30 5 5 10 12.43 

10 10 2.9 7.5 10 13.32 
11 10 2.9 5 40 6.51 
12 40 3.95 6.25 25 12.47 
13 10 5 5 40 12.84 
14 20 3.95 6.25 55 13.56 
15 20 3.95 6.25 -5 0.3975 
16 30 5 7.5 10 14.43 
17 20 3.95 6.25 25 19.56 
18 10 2.9 5 10 10.45 
19 30 2.9 7.5 40 15.11 
20 10 5 5 10 13.93 
21 20 3.95 6.25 25 19.336 
22 10 5 7.5 10 5.98 
23 0 3.95 6.25 25 1.42 
24 20 6.05 6.25 25 12.38 
25 20 3.95 8.75 25 5.29 
26 30 5 5 40 1.35 
27 20 3.95 6.25 25 19.655 
28 30 2.9 5 40 0.15 
29 20 3.95 6.25 25 19.62 
30 10 5 7.5 40 10.23 

 

 

 

Table 2. Statistical analysis of CCD. 

 

 
Source Sum Of 

Squares 
Df Mean 

Square  
F 
Value 

Prob > 
F 

Model 952.69 14 68.05 4.11 0.0051 
A 0.46 1 0.46 0.028 0.8699 
B 1.76 1 1.76 0.11 0.7488 
C 98.83 1 98.83 5.97 0.0274 
D 11.66 1 11.66 0.70 0.4145 
A² 200.51 1 200.51 12.12  0.0034 
B² 30.67 1 30.67 1.85 0.1935 
C² 382.40 1 382.40 23.11 0.0002 
D² 199.26 1 199.26 12.04 0.0034 
Ab 14.06 1 14.06 0.85 0.3712 
Ac 89.97 1 89.97 5.44 0.0341 
Ad 7.16 1 7.16 0.43 0.5208 
Bc 67.65 1 67.65 4.09 0.0614 
Bd 5.45 1 5.45 0.33 0.5745 
Cd 39.69 1 39.69 2.40 0.1423 
Residual 248.25 15 16.55   
Lack Of Fit 243.74 10 24.37 27.08 0.0010 
Pure Error 4.50 5 0.90   
Cor Total 1200.93 29    
      

Note: DF:degrees of freedom of variance. 
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From Table 2, the value of Prob >F which was lower than 

0.05 in 95% confidence intervals values denotes that the model 

is significant in Mo-blue production. The p-value for the lack of 

fit is insignificant, so the model is acceptable. Besides that, the 

mean square error of pure error is less than the value of lack of 

fit which is 4.50. Analysis of variance (ANOVA) in Table 3 

shows the results of quadratic models in Mo-blue production. 

The value of R-squared is 0.7933, which is not close to 1.   

 

Meanwhile, the value for the Adjusted R-Squared is 

0.6004 and does not have good relations between the true value 

and expected or predicted values. The function of adjusted R-

Squared value modifies the R-Squared value for the sample size 

and the number of terms in the mod. The adjusted R-Squared 

may be noticeably smaller than the R-Squared. The adjusted R-

Squared value in CCD is lesser than the R-Squared. For Adeq 

Precision, the function measures the signal to noise ratio. The 

ratio which higher than four is classified as desirable. The value 

of Adeq precision in CCD is 6.603 thus indicating an adequate 

signal. 

 
Table 3. Analysis of variance (ANOVA) for CCD result. 

 

 
Sources  Value 

Standard Deviation 
Mean 
C.V. 
R-Squared 
Adj R-Squared 
Pred R-Squared 
Adeq Precision 

4.07 
11.10 
36.63 
0.7933 
0.6004 
0. 1745 
6.603 

 

 

Determination of optimum point using desirability function  

The maximal hexavalent molybdenum reduction was 

determined using the desirability function method. The optimal 

conditions predicted by the desirability function were as 

follows: 20 mM molybdate, 3.95 mM phosphate, pH of 6.25 

and 25 g/L glucose with overall production occurred at the 

absorbance value of 20.5. To validate this optimal condition, an 

experiment was performed according to the predicted values 

obtained. The validation result showed that Mo-blue was 

formed at an absorbance value of 21.85 when measured at 865 

nm compared with the predicted value of only 20.5 with a 

deviation of 6.6 %.  

 

Interaction between various factors on molybdenum (Mo) 

reduction 

The interaction between parameters to produce Mo-blue is 

shown in the form of 3D plots and surface contours. Fig 1(a) 

shows that the increasing of concentration of Molybdate and 

phosphate will reduce the reduction of Mo (VI) to Mo-blue. 

Mo-blue production is inhibited by the higher concentration of 

phosphate. The optimum concentration for both parameters is in 

the middle of the contour with Mo is 20 mM, and phosphate 

concentration is 3.95 mM. From Fig. 1(b) the bacteria cannot 

deal with too acidic and too alkali environments. The optimum 

pH that supported the production of Mo-blue is 6.25. Fig. 1(c) 

shows that carbon source plays an important role in the 

reduction of molybdenum. Higher concentration of glucose and 

Molybdate will inhibit the production of Mo-blue. 

 

 
                         1a                                            1b 

 

                        

 

 

 

 

 

 

 

                                                

                     

                                                         1c 
 
Fig. 1. Response surface curve plot. 

 

CONCLUSION 

 

From the analysis, response surface methodology (RSM) with 

Central Composite Design (CCD) as the optimization matrix 

was successfully applied in the optimization of Mo (VI) 

reduction by Serratia sp. MIE2. The optimal conditions 

predicted by RSM were 20 mM molybdate, 3.95 mM 

phosphate, pH 6.25 and 25 g/L glucose with the absorbance of  

19.53 for Mo-blue production measured at 865 nm. The 

experimental validation of the predicted optimal conditions 

showed that the maximum Mo-blue production occurred at 

absorbance of 21.85, with a 6.6 % deviation from the predicted 

value obtained from RSM.  
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