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Introduction

Electricity can be produced in different types of power plants systems batteries (Higgins and Hills, 1985; Oldham 

and Myland, 1994) or fuel cells (Appleby and Foukes, 1989). A biofuel cell is a device that directly converts 

microbial metabolic or enzyme catalystic energy into electricity by using conventional electrochemical technology 

(Allen and Bennetto, 1993; Roller et al., 1984). Chemical energy can be converted to electric energy by coupling the 

biocatalytic oxidation of organic or inorganic compounds to the chemical reduction of an oxidant at the interface 

between the anode and cathode (Willner et al., 1998). It has been shown that direct electron transfer from microbial 

cells to electrodes occurs only at very low efficiency (Allen, 1972). In microbial fuel cells, two redox couples are 

required, one for coupling reduction of an electron mediator to bacterial oxidative metabolism and the other for 

coupling oxidation of the electron mediator to the reduction of the electron acceptor on the cathode surface (where 

the electron acceptor is generated with atmosphere oxygen) (Ardeleanu et al., 1983; Dealney et al., 1984).

Microbial fuel cells are not new, the concept of using micro-organisms as catalysts in fuel cells wall 

explored from the 1970's (Suzuki, 1976; Roller et al., 1984) and microbial fuel cells treating domestic wastewater 

were presented in 1991 (Habermann and Pommer, 1991). A microbial fuel cell (MFC) is a device that uses bacteria to 

catalyze the conversion of organic matter into electricity (Suzuki et al., 1978; Wingard et al., 2003; Liu et al., 2003: 

Liu et al., 2004; Liu and Logan, 2004; Oh et al., 2004). Bacteria electronics and protons at the anode by oxidizing 

substrate, electrons are transferred through an external circuit while the protons diffuse through the solution to the 

cathode, where electrons combine with protons and oxygen to form water (Delaney et al., 1984; Lithgow, 1986).

 Many previous investigators have reported that metabolic reducing power produced by Proteus vulgaris or 

Escherichia coli (Thurston et al., 1985), Clostridium acetobutylium, C. thermohydrosulfurium (Mathuriya and 

Sharma, 2009), Shewanella putrefaciens (Rabaey et al., 2003) and Anabeana variabilis (Tanaka et al., 1988; 1985).

The aim of present study is to investigate the possibility of better treatment of urban waste water for 

microbial electricity generation and evaluation of different bacterial species to know their efficacy in generation of 

high current. A prototype reactor (MFC –graphite electrode without any coating) was built and tested using waste 

water obtained from local waste water treatment plant. We report here our preliminary findings using this reactor that 

demonstrate for the first time electricity generation accompanied by waste water treatment demonstrated by the 

removal of organic matter in the form of chemical oxygen demand (COD) and biochemical oxygen demand (BOD). 

We used different species of bacteria such as Escherichia coli, Agrobacterium tumafaciens, Pseudomonas 

fluorescens and Pseudomonas syringae pv. syringae (brown spot in beans) in order to check efficiency in electricity 

generation in individually as well as in combination of all. 
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Materials and Methods

Pseudomonas fluorescens BTSIET03, Escherichia coli ABUOM01, Agrobactrium tumafaciens BTSIET04 and 

Pseudomonas syringae pv. syringae BTSIET05 were isolated from campus soil, Sira Road, Tumkur, stock culture, 

Department of Applied Botany and Biotechnology, University of Mysore, Mysore, Pongamia crown gall and brown 

spot disease of bean respectively. All of these cultures were mass multiplied anaerobically in nutrient broth () for 24 

hrs at 36+20C in a 100 conical flask. Five different microbial fuel cell devices were made and each bacterial species 

were added (30ml) to the 100 ml MFC device individually for four bacteria and same set up was done but all 

connections was given to one mltimeter. After inoculation, curret readings were aken sequentially and data were 

tabulated. The data reported below are means based in values that were obtained in triplicate experiments and were 

within standard deviation each other.

Charecteristics of bacterial species

Pseudomonas fluorescens is a common Gram-negative, rod-shaped bacterium. It belongs to the Pseudomonas 

genus; 16S rRNA analysis has placed P. fluorescens in the P. fluorescens group within the genus, to which it lends its 

name.

P. fluorescens has multiple flagella and an extremely versatile metabolism and can be found in the soil and in water. It 

is an obligate aerobe but certain strains are capable of using nitrate instead of oxygen as a final electron acceptor 

during cellular respiration. Optimal temperatures for growth of Pseudomonas fluorescens are 25-30 degrees Celsius. 

It tests positive for the oxidase test. Pseudomonas fluorescens is also a nonsaccharolytic bacteria.

Agrobacterium tumefaciens is the causal agent of crown gall disease (the formation of tumours) in over 140 species 

of dicot. It is a rod shaped, Gram negative soil bacterium (Smith et al., 1907). Symptoms are caused by the insertion 

of a small segment of DNA (known as the T-DNA, for 'transfer DNA') into the plant cell, which is incorporated at a 

semi-random location into the plant genome. Agrobacterium tumefaciens (or A. tumefaciens) is an 

alphaproteobacterium of the family Rhizobiaceae, which includes the nitrogen fixing legume symbionts. 

Economically, A. tumefaciens is a serious pathogen of walnuts, grape vines, stone fruits, nut trees, sugar beets, horse 

radish and rhubarb.

Escherichia coli (abbreviated E. coli and named after its discoverer), is a Gram negative bacterium that is commonly 

found in the lower intestine of warm-blooded organisms (endotherms). Most E. coli strains are harmless, but some, 

such as serotype O157:H7, can cause serious food poisoning in humans, and are occasionally responsible for product 

recalls. E. coli was discovered is now classified as part of the Enterobacteriaceae family of gamma-proteobacteria. 

Pseudomonas syringae is a rod shaped, Gram-negative bacterium with polar flagella. It is a member of the 

Pseudomonas genus, and based on 16S rRNA analysis, P. syringae has been placed in the P. syringae group. It is a 

plant pathogen which can infect a wide range of plant species, and exists as over 50 different pathovars, all of which 

are available to legitimate research via international culture collections such as the NCPPB, ICMP, and others. Many 

of these pathovars were once considered to be individual species within the Pseudomonas genus, but molecular 

biology techniques such as DNA hybridization have shown these to in fact all be part of the P. syringae species. It is 

named after the lilac tree (Syringa vulgaris), from which it was first isolated. P. syringae tests negative for arginine 

dihydrolase and oxidase activity, and forms the polymer levan on sucrose nutrient agar. It is known to secrete the 

lipodepsinonapeptide plant toxin syringomycin, and it owes its yellow fluorescent appearance when cultured in vitro 

on King's B medium to production of the siderophore pyoverdin. 
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Collection and chemical analysis of wastewater

Domestic wastewater samples of 10 l were collected from domestic wastewater treatment plant, Tumkur, Karnataka, 

India.

MFC Construction

The four dual chambered MFC was designed and fabricated in the laboratory in aspiratory bottles (Borosil®; 100ml 

capacity). The bottles were joined a glass bridge contaning a salt bridge with KCl (7.58/ml) between the flattened 

ends of two glass tubes filled with rubber gaskets. The total volume of both provided with sample point, wire point 

inputs (top) inlet and outlet points. Both anode and cathode electrodes were made of graphite plates and kept each 

compratments at a distance of 8 cm. The anode chamber was filled with domestic waste with 30 ml of four different 

bacterial species individually and maintained anaerobic conditions. Cathode chamber (aerobic chamber, where 

oxygen was used as the electron acceptor for the electrode) filled with KCl buffer, pH to 7 by 0.5 N NaOH. The 

cathode chamber was provided with air that was passed through a 0.45 m pore size filters. All the experiments were 

carried out at a temperature 35+20 C, the current and voltage was measured with digital multimeter (VAA Tech, 

M3900, Country Name).

Analytical method

Current and voltage measurements were recorded every 2h using digital multimeter (   company) by converting 

external … as external circuit. Curent and voltage were calculated by dividing the obtained power and current with 

the surface area of the anode. The power field (w/kg) of COD and BOD removed) was obtained by dividing current 

with the amount of COD and BOD removed. Volumetric current and voltage was calculated based on the anode 

liquid volume. pH, COD, BOD and voltage were monitored in the anode compartment of MFC during operation and 

after operation according to standard methods (APHA, 1998).

Results and Discussion

After the inoculation with adapoted Escherichia coli, Agrobacterium tumafaciens, Pseudomonas fluorescens and 

Pseudomonas syringae pv. syringae, to the anode chamber of MFC, the fuel cells were operated with wastewater as 

feed to support the formation of biomass and subsequent generation of electricity. The microbial fuel cells were 

continuously monitored during experiment and readings were taken after each 2 hrs, inoculation time was 

considered as time 0. Fuel cells were operated for 48 hrs and reading were taken up to 36hrs (Fig 1).

In individual MFCs of Agrobacterium tumafaciens and Pseudomonas syringae pv. syringae were showed maximum 

current output up to 22 hrs and due to substrate exhaustation in medium and also the bacterial growth may reached 

stationery or death phase due to shortage of food and space. Even in combination with all these bacterial species has 

showed highest current output 22 hrs and the current decreased after 22 hrs. Our results are correlated with previous 

investigations (Allen and Bennetto, 1993; Thurston et al., 1985) have reported that in microbial fuel cells in which 

the level of current decrease when the resting cells are depleted of glucose. We used here same substrate for all 

bacteria and more electricity generation observed in Agrobactrium tumafaciens and Pseudomons syringae pv. 

syringae followed by Pseudomonas fluorescens and E. coli respectively (Fig 2-8). Fig 1 and 2 clearly indicating the 

electricity generation in combination of all bacteria and differenciation among them. Using mixed microbial culture 

could be considered as a practical, cost-effective and promising approach to achive bioelectricity generation at large 

scale (Logan and Rega, 2006; Bond and Lovely, 2003; Kim et al., 2004). The mixed different bacterial species 
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inoculum not only produced electricity in association with COD and BOD reduction, but also facilitated transfer of 

lectrons to the anode without an exogenous mediator. Usage of mixed or individual bacterial cultures for production 

of electricity is a more useful phenomenon and has practical advantages. MFC also treating the water which can use 

for agricultural field by reducing COD and BOD. 

During operation, the anode chamber was monitored for substrate (COD and BOD)  (Table 1) removal of efficacy 

from bacterial species before and after electricity generation. It is evident that the substrate loading rate documented 

its marked influence on power yield and substrate degradation. Maximum COD and removal efficacy (….) was 

observed in MFC operation with ……… bacteria and lower COD and BOD removal observed in ….. bacterial 

species. Similar results were reported by many scientists using different bacteria (Mohan, 2007; Liu et al., 2004; 

Mathuriya and Sharma, 2009; Park and Zeikus, 2000). 
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