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Abstract 

Exopolysaccharide (EPS) biopolymers produced by microorganisms play a crucial role in the field of environment 

viz., health and bio-nanotechnology sectors, gelling agents in food and cosmetic industries in addition to bio-

flocculants in the environmental sector as they are degradable, nontoxic. In this paper we studied, the optimization 

of  EPS production using a statistical approach. In the first step, the one factor-at-a-time method was used to 

investigate the effect of medium constituents such as carbon and nitrogen sources; subsequently, the intuitive 

analysis based on statistical calculations carried out using the L16-orthogonal array method. The design for the L16-

orthogonal array was developed and analyzed using MINITAB 15.00 software. All the fermentation runs were 

carried out on a rotary orbital shaker at 180 rpm for 72 h. Optimum EPs production obtain by using glucose as 

carbon source ,yeast extract as nitrogen source, pH=7, and 37⁰C temperature. 
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I. INTRODUCTION 

Bacterial extracellular polymeric substances, which are basically bacterial metabolites, have currently 

become a subject of great concern of modern day microbiologists and biotechnologists. Among these 

metabolites, bacterial exopolysaccharides or EPS, in particular, have gained a significant 

importance[1].  Diverse structural, functional and valuable polysaccharides are synthesized by 

bacterial taxa and secreted into the external environment. Due to unique properties, it uses as 

anticoagulant, antithrombotic, immunomodulation and anticancer. Bacterial exopolysaccharide 

applications in various area include, the industry (textile, dairy, cosmetics, etc.), health (medicine and 

pharmaceuticals) and environment (remediation, flocculation etc.)[2].  In recent years, there has been 

an increasing demand for the isolation and identification of new microbial polysaccharides that can 

compete with traditional polymers because of their improved chemical and physical properties, higher 

flocculating and emulsifying activities, biological activity and resistance to solvents (Kumar et al., 

2007). (Arena et al., 2006; De Vuyst and Degeest, 1999). Ding et al., (2015) and Shi et al., (2017) 

showed the role of extracellular polymeric substances (EPS) in bioaggregation. Bioaggregation is 

ubiquitous in natural environment and is of great importance in biological wastewater treatment 

processes. Beside this, EPSs have many predominant advantages, such as easy production, less side 

effect, cost effectiveness and supply .[3] 

Optimization of different fermentation conditions can be carried out either by means of conventional 

and/or statistical techniques. The conventional approach follows the ‘one by one technique’ in which 

one variable is modified even as all others are kept constant. This approach is time-consuming and 

provides no information on interaction influences on overall productivity, in addition to incomplete 

understanding of the system’s, ensuing in confusion and a loss of predictive capability.[4]  Whereas, 

statistical methods are rapid and dependable, short lists significant nutrients, allows apprehend the 

interactions some of the nutrients at various concentrations .  

In this study, statistical experimental design was used for optimization of different culture condition 

for exopolysaccharide production by Klebsiella alba  isolated Cooling tower water sample. In the 

first step, the one-factor-at-a-time method was used to investigate the effects of medium components 

such as Carbon and nitrogen sources, pH, temperature and incubation time. subsequently, 

concentration of each medium component was optimized using an orthogonal matrix method. 
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II. MATERIALS AND METHODS 

A) Bacterial strain  
 Klebsiella alba was isolated from cooling tower water sample  of industrial area near GIDC navsari. 

Bacterial 16S rdna was amplified from the extracted genomic DNA using the following universal 

eubacterial 16S rrna primers: forward primer 5’ AGAGTTTGATCCTGGCTCAG 3’ and reverse 

primer 5’ ACGGCTACCTTGTTACGACTT 3’. The PCR product was purified, sequenced and 

blasted against the known sequences of Genetic sequence database at the National Center for 

Biotechnical Information (NCBI). The results identified the strain as Klebsiella alba . 

 

B)Optimization of fermentation medium using one factor-at-a time method 

 

a) Effects of different carbon sources : In the medium selected, glucose was substituted with four 

different carbon sources, viz., fructose, sucrose ,Lactose, Mannitol. 

 

b) Effects of different nitrogen sources : To study the effects of different nitrogen sources EPS 

production, yeast extract was replaced with other organic nitrogen sources, such as 

peptone,Yeast extract and inorganic nitrogen sources, such as ammonium Chloride and urea. 

 

c) Effect of pH: To study the effect of pH on EPS production, fermentation runs were carried out 

at initial ph varying between 5–8. 

 

d) Effect of  Temperature: To check optimum EPS production, fermentation carried out at Room 

temperature, 37⁰C ,55 ⁰C. 

 

e) Effect of Incubation time : To study the effect of incubation time  on EPS production, 

fermentation run between 0-72 hr . 

 

C) Biomass determination  
The fermentation broth was centrifuged  at 5000 rpm for 15 min to precipitate the cells. The 

supernatant was taken for EPS analysis. Cell pellets were then washed with sterile water and 

centrifuged again under the same conditions. After the second centrifugation cycle, the supernatant 

was discarded and the cells were dried at 65°C in an oven for 48 h. 

 

D) Extraction of EPS 

The cell-free clear supernatant was used for EPS determination. Add equal volume of ethanol into it 

and kept at 4˚C for overnight. On the next day, precipitated material was collected by centrifugation 

at 10,000 rpm for 15 minutes. Supernatant was discarded and the pellets were dried in hot air oven [5] 

[6].  

 

E) Optimization  of the selected medium components using the L16-orthogonal array : 

The design for the L16-orthogonal array was developed and analyzed using MINITAB 15.00 

software.. All experiments were performed in three sets.  

 
III. RESULT AND DISCSSION 

During microbial fermentation, the carbon source not only acts as a major constituent for the building 

of cellular materials, but is also used in the synthesis of polysaccharides, and act as an energy source. 

Various laboratory carbon source were utilized as carbon source for EPS production .Maximum EPS 

production 2.5 g l–1 was obtained by using gluose as carbon source (Figure 1).. It is observed that the 

carbon source supporting the maximum production of DCW results in the maximum EPS production 

and vice versa.  
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Figure. 1  Effect of different carbon sources on EPS production by  Klebsiella alba . 

 

 

                                 
 

Figure. 2 Effect of different Nitrogen sources on EPS production by  Klebsiella alba . 

 

In present investigation among the different nitrogen sources, Maximum EPS production 1.34 g l–1 

was obtained  using yeast extract (Figure 2). It was found that organic nitrogen and  inorganic 

nitrogen sources gave a increase biomass but lower  yield of EPS. As organic nitrogen sources are 

complex containing amino acids and vitamins, it could be assumed that these constituents in the 

nitrogen source could be responsible for improving the yield of EPS. Various reports suggest that the 

utilization of a carbon source depends on the type and concentration of a nitrogen source used in the 

medium . The maximum secretion of exopolysaccharides is obtained when bacterial cells are supplied 

with an abundant carbon source and a minimal nitrogen source [8]. 

 

                                         
 

Figure. 3. Effect of different pH on EPS production by  Klebsiella alba . 

The EPS production was greatly influenced by initial pH of medium. In the present investigation it 

was observed that pH 7.0 was optimum and resulted  with  2.0 g l–1  EPS production(Figure 3). 
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Figure. 4. Effect of different Temprature on EPS production by  Klebsiella alba . 

 

A constant tempreture is essential  to inhibit the negative impact on EPS production. Hence 

temperature optimization study was carried out to reveal the optimum condition. Maximum EPS  

production 2.7 g l–1  obtain at 37⁰C (Figure.4). Deviation in temperature at lower and higher side 

from optimum resulted  decrease EPS production.  

 

                                        

Figure. 5 .Effect of inubation time on EPS production by  Klebsiella alba. 

The  effect of incubation time on EPS production was checked at different incubation time (0-72 

hr).Maximum EPS production was observed 2.7 g l–1   at  72 h (Figure 5).  This may be due to 

utilization of EPS as carbon source by bacteria. 

 

Optimization using L16-orthogonal array : Once the best carbon and nitrogen sources were 

selected, the medium was subjected to final optimization using the L16-orthogonal array. The 

variable optimized were the Glucose, yeast extract, KH2PO4 and magnesium sulphate. Medium 

optimization by the one-factor-at-time method involved changing one variable (e.g., nutrients, pH, 

and temperature) while fixing the others at a certain arbitrary level [9]. Because most industrial 

experiments usually involve a significant number of factors, a full factorial design entails a large 

number of experiments. To reduce the number of experiments to a practical level, only a small set 

from all the possibilities is selected. Taguchi constructed a special set of general design guidelines for 

factorial experiments that cover many applications In this method, a special set of arrays called 

orthogonal arrays is used which stipulates the way of conducting the minimal number of experiments, 

and provide the complete information of all the factors that affect a performance parameter. While 

there are many 

standard orthogonal arrays available, each of the arrays is meant for a specific number of independent 

design variables and levels. The additive assumption of the Taguchi design implies that the individual 

or main effects of independent variables on a performance parameter are separable. Under this 

assumption, the effect of each factor can be linear, quadratic or may have a higher order, but the 

model assumes the absence of any cross product effects (interactions) among the individual factors. 
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Table .1 Response table for means and S/N ratio 

Level Glucose Yeast extract KH2PO4 Mgso4 

 

Mean S/N Mean S/N Mean S/N Mean S/N 

1 1.883 18.57 2.188 16.63 2.300 21.88 2.400 18.70 

2 2.138 17.80 1.867 18.20 1.955 17.14 1.967 16.04 

3 2.500 18.90 2.467 20.44 2.267 16.25 2.155 20.52 

Delta 0.617 1.10 0.600 3.81 0.345 5.63 0.433 4.48 

Rank 1  2  3  4  

 

Table.1 shows the response table for means (larger is better) and for signal-to-noise ratio obtained 

using the L16-orthogonal array. The last two rows in the tables show delta values and ranks for the 

system. Rank and delta values help in assesing which factors have the greatest effect on the response 

characteristic of interest. Delta measures the size of the effect by taking the difference between the 

highest and lowest characteristic average for a factor. A higher delta value indicates a greater effect of 

that component. Rank orders the factors from the greatest effect (on the basis of the delta values) to 

the least effect on the response characteristic.The order in which the individual components selected 

in the present study affected the fermentation process were  Glucose > yeast extract > KH2PO4> 

MgSO4 suggesting that soluble starch has a major effect and magnesium sulphate has least effect on 

EPS production by  Klebsiella alba. 

         

Figure 6 . Main effect plot for mean for different concentrations of Glucose , Yeast extract , KH2PO4 , and MgSO4 . 

Figures 6 show the main correlation plots for the system, in which effect of  each chemical with ratio 

can be determine. Correlation can established when different concentration of each chemical  shows 

optimum product formation. MINITAB generates the main plot, with mean ratio of SN  during which 

when the line is horizontal (parallel to the x-axis), then there is no main effect present. Each level of 

the factor affects the characteristic similarly and the characteristic average is the same across all 

factor levels. When the line is not horizontal (parallel to the x-axis), then there is a main effect 

present,  The greater the difference in the vertical position of the plotted points (the more the line is 

not parallel to the x-axis), the greater the magnitude of the main effect. During the study, it has been 

justify that among all chemical variables, each of chemical level increased the correlated with other 

chemical concentration effect, viz., effect of  Glucose at level 1, yeast extract at level 2, KH2HPO4 at 

level 4, magnesium sulphate at level 3 which indicates optimal concentrations of the individual 

chemicals in the medium. Response tables can also be used to predict the optimal concentration of 

each component used in the study. 

 

IV. CONCLUSION 

Statistical optimization strategy offers a good and fast screening procedure and identifies the 

influence of more than one factor in single experiment. In present work optimization of EPS 

production carried out by using the one-factor-at-a-time method and the orthogonal matrix method. 

With the statistical model preparation optimization studies can be correlated with more than two 

chemicals or parameter. Here in our study, the outcome of statistical approach, glucose as a carbon 

source, is the more preferable chemical with KH2PO4  for Optimum EPS production. This approach 
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can be used for industrial level for scaleup of high production, substrate level screening and cost 

effective. Orthogonal matrix method  preferable for optimization planning at industrial level such as 

viz., food, pharmaceutical, and other industries. 
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