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Industrialization and technology has lead to the tremendous increase in number of 

industries and their manufacturing processes. Starch based industries in India has 

witnessed rapid growth over last few years concomitant to increase in the 

generation of the wastes from these units. Treatment of starch based waste by a 

unique approach in microbial fuel cell that would help to treat the waste with 

simultaneous generation of electricity has been presented in this paper. The 

thermophilic bacterium identified as Bacillus subtilis was isolated capable of 

producing high amount of extracellular amylase in the fermentation medium using 

starch as a source of carbon and energy. 149.48 ± 6.72 U.ml-1 amylase activity was 

produced at the end of 50 hours of incubation. Bacilllus subtilis was tested in a two 

chambered microbial fuel cell for its ability to degrade starch and generate current. 

Open circuit potential was 310.65 mV. COD removal efficiency was 41.36 % 

while coulombic efficiency of 5.51 % was achieved in a tested fuel cell. The 

treatment of starch based waste using Bacillus subtilis in a microbial fuel cell 

system presents a viable approach for conversion of waste with simultaneous 

generation of energy in an environment friendly way.  
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INTRODUCTION 

Agro-industrial wastes (sugarcane bagasse, wheat 

bran, rice bran, corn cob and wheat straw) are some 

of the cheapest and abundantly available natural 

carbon sources which have been exploited for 

various purposes for their conversion to the value 

added products. (Sadh et al, 2018; Kaur et al, 2015; 

Maiti et al, 2016). Corn starch and tapioca 

manufacturing units and allied industries are also 

one of them. In the recent years the demand of the 

convenience food has increased tremendously due 

to which the production of the starch and starch 

derivatives has been increasing (Fortune Business 

report insights, 101093). Annual production of corn 

starch and tapioca in India is 1,733,750 and 817,600 

metric tons (NREL, 2010). It is estimated that 

Unites States of America itself generates 1.3 million 

tones of the starch containing waste each year from 

potato industry (Steven and Gregory, 1987). For 

instance, a potato starch factory with annual starch 

production of 10 kilotons discharges 720 tones of 

effluents and 192 tones of potato residues per day 

for 100 days every year. Obviously, large amount of 

starch containing waste or effluent is generated 

from these agro-based industries. Current treatment 

of starch effluent includes anaerobic sludge blanket, 

aerated lagoons, and anaerobic lagoons Most of 

carbon is lost as methane or CO2 which are green 

house gases. Another way of disposal involves 

release of effluent in river or receiving bodies that 

may cause pollution (Annachhatre and Amornkaew, 

2001; Sun et al., 2011; Fang et al., 2011).  
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Effluents from industries containing starch possess 

high chemical oxygen demand of more than 30 g/l 

are rich with biodegradable components, such as 

starch, cellulose, and proteins, which can be used as 

nutrition for microorganisms. According to  report 

of Ministry of New and Renewable Energy, 

Government of India, 2010, starch based waste 

forms 10 % i.e. 103 MW potential for recovery of 

energy from industrial waste (NREL, 2010). Starch 

containing effluent thus generated from industries 

presents the potential for conversion to the energy 

by appropriate methods. Microbial fuel cells are 

reactor system, that use bacteria as catalyst to 

oxidize the organic substrate to produce electrons 

and use them generate electric current (Logan et al., 

2006). Microbial fuel cell (MFC) has recently 

gained a remarkable increase in interest and 

attention by scientific community, as evidenced by 

sharp increase in the number of publications in this 

area. MFCs have been operated successfully using 

many types of organic matter to generate electricity. 

Few applications of MFCs include generation of 

electricity by using readily biodegradable 

compounds such as glucose, acetate or butyrate 

(Chaudhuri and Lovley, 2003, Liu et al., 2005), 

complex carbohydrates such as cellulose, cysteine 

(Logan et al., 2005), effluent treatment from 

brewery (Wen et al., 2009), effluent treatment of 

dairy industry (Ren et al., 2007), treatment of 

wastewater from swine farms and related industries 

(Min et al., 2005a, b). 

In the present work, the treatment of a starch 

containing waste with simultaneous generation of 

electricity in a two chambered microbial fuel cell 

using a facultative thermophilic bacterium 

identified as Bacillus subtilis has been carried out. 

 

MATERIALS AND METHODS 

Chemicals and reagents 

All chemicals and reagents used in the experiments 

were procured from SRL Chemicals, India and were 

of analytical reagent grade. 

Isolation of amylase producing bacteria 

Compost samples were collected from local 

farmyards of Ahmednagar. Appropriately diluted 

samples, were streaked on the sterile starch medium 

agar plates with the composition (g.L-1)- 10 g 

peptone, 3 g yeast extract, 5 g sodium chloride, 10 g 

soluble starch, 30 g gellan gum. pH of the medium 

was 7. The plates were incubated at 55oC for 24 

hours. The colonies of the organism showing clear 

zone of hydrolysis after flooding them with Gram’s 

iodine solution indicative of amylase production 

were isolated in pure culture. Pure culture obtained 

was characterized and identified by morphological 

and biochemical methods (Rakaz et al., 2021; 

Thippeswamy et al., 2006). 

Identification of isolate 

Morphological and biochemical characterization to 

identify potential isolate was carried out according 

to Bergey’s manual of determinative bacteriology, 

9th edition (Bergey and Holt, 2000).  

Time course of amylase production 

The time course of amylase production was 

established by inoculating the sterile production 

medium containing - Starch: 0.2 %, Ammonium 

sulphate: 0.3 %, K2HPO4: 0.02 %, KH2PO4: 0.003 

%, MgSO4.7H2O: 0.005 %, CaCl2: 0.003 %, Trace 

element solution: 0.1 ml. The pH of medium was 

adjusted to 7 and inoculum size used was 5 %. The 

medium was incubated on rotary shaker at 120 rpm.  

Determination of enzyme activity 

Amylase activity was determined according to the 

method of Bernfeld, 1951 and Ezeji and Bahl, 2007. 

The enzyme activity was determined at interval of 

10 hours by removing aliquots of production 

medium and centrifuged at 10000 rpm for 15 

minutes. The cell free supernatant was used as the 

source of enzyme. Reaction mixture for 

determination of amylase activity contained 0.5 ml 

of cell free supernatant as the source of amylase, 0.5 

ml of 1 % starch solution. The mixture was 

incubated at room temperature for 5 minutes 

followed by addition of 1ml dinitrosalicyclic acid 

reagent (DNSA). It was kept in boiling water bath 

for 5 minutes and cooled under running water and 

volume was made to 10 ml with distilled water. The 

blank was prepared in the same way without 

addition of amylase. Standard dose response assay 

was constructed using series of maltose 

concentration ranging from 1 – 100 µg maltose. All 

the assays were carried out in triplicate and 

absorbance was read at 540 nm on visible 

spectrophotometer. One unit (U.mL-1) of α-amylase 

activity is defined as: the amount of protein (α-

amylase) required to liberate 1 μmol (0.18 mg 

equivalence) of reducing sugar (D-glucose) from 

starch/min, under the assay conditions. 

Characterization of starch waste 

The starch waste was obtained from the local 

industry at Ranjangaon Industrial area. The waste 

was characterized for various parameters like pH, 

suspended solids, chemical oxygen demand (COD), 

total carbohydrates and conductivity.  
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Suspended solids and COD were determined 

according to standard methods of waste water 

examination, 1998. The total carbohydrates were 

determined by anthrone method according to 

Ludwig and Goldberg, 1956.  

Microbial fuel cell set up 

A two chambered fuel cell fabricated using 500 ml 

borosil glass bottles separated by salt bridge was 

used to study the power generation from starch 

waste by potential isolate. Outlet at the bottom of 

two chambers was connected with glass tube filled 

with 3 % NaCl and 3 % agar was used as salt 

bridge. The chambers were fitted with top plates 

having outlets. The graphite rods as electrodes were 

inserted through these outlets. The starch waste 

appropriately diluted was filled in anodic chamber. 

Nitrogen gas was purged in anodic chamber for 15 

minutes. The culture of potential isolate at 5 % 

inoculum size was inoculated in chamber. Distilled 

water was used as catholyte. Voltage measurements 

were taken on 6 and ½ digital multimeter (Keithley 

2100, Germany). The set-up is depicted in the fig. 1.   

Voltage Measurements 

Ohm’s law, represented in the equation 1 and its 

derived form in equation 2 was used to 

determination the power density. 

V = I/R ……. (1) 

P = I2R ………. (2)  

Coulombic efficiency defined as the total ratio of 

coulomb that transfers to the anode that is available 

from chemical oxygen demand was obtained from 

equation 3. 

CE = CP / CT X 100 % …….. (3) 

Where   

CP is the total coulombs calculated by integrating 

current over time and obtained as   

RESULTS AND DISCUSSION 

Isolation of amylase producing bacteria 

Thermophilic bacterium able to produce amylase on 

starch medium agar plate was isolated in pure 

culture and characterized morphologically and 

biochemically. The observations made are presented 

in table 1 

The isolate, according to Bergey’s manual of 

determinative bacteriology was identified as 

Bacillus subtilis. Bacillus subtilis was a facultative 

thermophilic bacterium that was able to grow from 

20 to 60oC (data not shown). 

Time course of amylase activity: 

Amylase activity increased during the incubation 

period and was highest at 50th hour of incubation 

(149.48 ± 6.72 U.ml-1) followed by sharp decline at 

60th hour. The course of amylase activity is 

presented in figure 2.  

Large number of studies pertaining to production of 

amylase from Bacillus spp has been reported. 

Agyan et al. 2008 reported the thermostable 

amylase from alkaliphilic Bacillus sp.  Morgan and 

Priest, 1981 reported the thermostable amylase from 

Bacillus licheniformis.   

The values of different parameters of starch waste 

water are summarized in table 2.  

Treatment of the starch based waste water using 

Bacillus subtilis in a microbial fuel cell generated 

an open circuit potential of around 310.65 mV after 

66 hours of incubation period (figure 3). The 

effluent COD of the waste water was to found to be 

6348.3 mg.L-1. It shows that, 41.36 % COD removal 

efficiency could be achieved over the incubation 

period of 66 hours indicating the high efficiency of 

the system. Coulombic efficiency of the microbial 

fuel cell system was determined to be 5.51 %. The 

studies have been reported pertaining to the 

generation of the bioelectricity using Bacillus spp in 

microbial fuel cells of various designs. Nimje et al, 

2009 reported the use of Bacillus subtilis in a single 

chambered microbial fuel cells containing minimal 

medium fed with glucose. The open circuit potential 

(OCV) of 370mV was generated over the period of 

three months of operation of MFC which was 

slightly greater than what was obtained in the 

present studies. The nature of the organic matter 

used in the present studies was crude compared to 

above report where pure glucose was used as the 

organic carbon. It has been shown that use of pure 

carbon sources such as glucose, lactate and acetate 

produces higher potential in the MFC 

(Antonopoulou et al, 2010). Ismail and Jaeel, 2013 

used continuous flow type of microbial fuel cell 

using Bacillus subtilis for treatment of the waste 

water. It was shown that 84 % COD removal 

efficiency and 49.6 % coulombic efficiency was 

achieved over the period of 45 days (41.36 % COD 

removal efficiency and 5.51 % coulombic 

efficiency in 66 hours in present study). From the 

present studies though it was shown that starch 

containing effluent could be treated using microbial 

fuel cells, the efficiency of the organism used, use 

of the proton exchange membranes and number of 

other parameters could critically affect the COD 

removal and power generation. 
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Figure 1: Two chambered microbial fuel set up. 

 

 

 

 

Table 1. Morphological and biochemical characters of the potential isolate. 

 

No Characteristics Observation 

01 Gram staining Gram positive rods 

02 Filamentous growth - 

03 Endospore formation + 

04 Cocci in tetrads - 

05 Motility + 

06 Rod shaped in young cultures + 

07 Requirement of oxygen Facultative 

08 Catalase + 

09 Oxidase - 

10 Marked acidity from glucose + 

11 Nitrate reduced to nitrite + 

12 Growth at 3 % to 12 % NaCl concentration + till 5 % 
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Figure 2. Time course of amylase activity over the incubation period 

 

Parameters Unit Concentration 

pH -- 6.69 

Suspended solids mg/L 196.32 

COD mg/L 15347.7 

Total carbohydrates mg/L 2108.63  

Conductivity µS/cm 1374.35 

 

Table 2. Characteristics of starch waste water 
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