
 

 

 
311 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

EDITOR-IN-CHIEF 
Prof. Saeid Eslamian [IRAN] 

INTERNATIONAL JOURNAL – ERT  
VOL. 10 NO.5 DEC-2019 ISSN: 1074-4741 

 

 GENERATION OF 

ELECTRICITY FROM 

MUCK BACTERIAL 

ISOLATES USING 

COPPER WIRE 
 
1ZARAU ATIKU GWANDU AND 1FASIKU 

OLUWAFEMI OMONIYI 

Department of Remedial Studies, Waziri Umaru 

Federal Polytechnic, Birnin-Kebbi, Kebbi State. 

College of Science and Technology, Waziri Umaru 

Federal Polytechnic, Birnin-Kebbi, Kebbi State. 

 

Abstract 

icrobial fuel cell (MFC) represents a new 

method for electricity generation. 

Microbial fuel cells are devices that can use 

bacterial metabolism to produce an electrical current 

from wide range organic substrates. The muck used as 

the substrate for the MFC set up was obtained from 

sewage around Waziri Umaru Federal Polytechnic 

Birnin Kebbi, Kebbi State. The MFC was set-up 

according to the method used by Lee et al. (2008), 

after the set up; the initial voltage recorded from the 

copper wire was 0.08v, which progressively increased 

with time to a peak voltage of 0.49v, before the 

voltage started to decrease. Of all the bacteria 

isolated from the muck, 

only 3 isolates generates 

significant voltage i.e., 

Staphylococcus aureus, 

Escherichia coli and Bacillus 

cereus. The peak voltage 

generated by Escherichia 

coli was 1.62v, 

Staphylococcus aureus 

generated 0.06v and 

Bacillus cereus generated 

0.34v. This further shows 

the fuel cell potentials of 

E.coli to several other 

electigens. This preliminary 

research reveals that 

electrigenic bacteria, 

capable of liberating 

electrons to the anode 

without a mediator can be 

isolated from the muck.   

Introduction 

n the recent years, consumption of energy within the world has had a 

prosperous trend. Energy sources are grouped into three types: fossil fuels, 

renewable sources and nuclear sources, in which non-renewable sources of 
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energy, which include a large portion of energy consumption, could be grouped 

into two major classifications: nuclear and fossil energy. Fossil fuels negatively 

influence the nature owing to the emission of carbon dioxide. It follows logically 

from what has been said that the consumption of fossil fuels has severely 

threatened human life through its drastic aftermaths, such as global warming and 

atmospheric pollution. However, few countries around the world have made 

remarkable efforts to find a piece of cogent solution to energy crisis by turning the 

eyes into renewable energy sources such as solar energy, energy produced from 

wind and water (Du et al., 2007).  

Microbial Fuel Cell (MFC) is a device that uses an active microorganism as a 

biocatalyst in an anaerobic anode compartment for production of bioelectricity. 

Although electrical current produced by bacteria was observed by Potter in 1911, 

limited feasible results were acquired in this area by the next 50 years. However, 

in the early 1990s, Fuel Cells became far more appealing devices; consequently, 

MFCs were considered as promising technology. Furthermore, research domain of 

MFCs turned much vaster in 1999 once it was discovered that mediator was not a 

compulsory component within MFCs (Du et al., 2007). 

Approximately all MFCs consist of anode and cathode chambers, physically 

separated by a proton exchange membrane (PEM). Active biocatalyst in the anode 

oxidizes the organic substrates and produces electrons and protons. The protons 

are conducted to the cathode chamber through the PEM, and the electrons are 

conveyed through the external circuit. Protons and electrons are reacted in the 

cathode chamber along with parallel reduction of oxygen to water. It is worth 

mentioning that active biocatalyst in the anode compartment oxidizes the carbon 

sources or substrates, and generates electrons and protons. Oxygen in the anode 

chamber will inhibit the production of electricity; thus, a pragmatic system must 

be designed to keep the bacteria separated from oxygen (anaerobic chamber for 

anodic reaction) (Pant et al., 2010). 

Based on transfer of produced electron by active microorganisms from media to 

anode electrode, MFCs could be of two different categories: MFCs with mediator 

and mediator-less MFCs (Xing et al., 2008).  

MFCs can generate electricity from nearly all sources of biodegradable organic 

matter in wastewaters, including simple molecules such as acetate, ethanol, and 

glucose, and polymers such as polysaccharides, proteins, and cellulose (Rabaey 

and Verstraete, 2005). 
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The MFC technology has many advantages that make it a promising sustainable 

pattern of wastewater treatment (Pant et al., 2012). Electric current generation in 

a mediator-less microbial fuel cell has been made possible because of the 

ubiquitous electrigenic bacteria used in the MFC set-up. However, isolation and 

identification of these bacteria from the muck in order to discover their individual 

potentials has brought about this research work, which is limited to the 

generation of electricity with a relatively cheap, and non–enhanced microbial fuel. 

 

MATERIALS AND METHODS 

Sample Collection 

Muck was collected from a sewage site close to College of Science and 

Technology, Waziri Umaru Federal Polytechnic Birnin Kebbi, into a sterile 

container. The sample was immediately transported to the Microbiology 

Laboratory of the Department of Science Laboratory Technology. 

 

MFC Set-up  

The set up was done according to the method used by Lee et al., (2008). Two 

chambered MFCs were constructed for batch operation. MFCs were constructed 

using transparent plastic containers as well as PVC pipes. Anode and cathode 

chambers were joined by salt bridge containing 10% NaCl and 2.5% agar. 

Construction of salt bridge i.e., proton exchange membrane was made by 

perforating the two plastic containers close to the base. A connecting pipe 

enclosing the salt bridge was attached to the two containers, fitting into the holes 

and sealed to avoid leakage of the muck. Holes were also made on the lid of the 

two containers to allow for the passage of electrode into the anode and cathode 

chambers and, the holes made were also sealed to prevent any opening on the 

plastic containers. 

Two identical cylindrical graphite rods were used as electrodes. Anodes and 

cathodes were connected to copper wires. The anodic chamber was filled with 

0.5L muck, while the cathode chamber was filled with 0.5L of distilled water 

having Ph 7.  

A control experiment was also carried out with the anodic chamber filled with 0.5L 

muck with the cathode chamber filled with 500ml of 250mM potassium 

ferricyanide prepared in 250mM phosphate buffer having pH 7. According to 

(Deval and Dikshit, 2013), this is a buffered cathode MFC which has always been 
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used to enhance the performance of MFCs. All the experiments were carried out 

at room temperature (27 ± 3°C). 

The anode chamber was sealed to ensure an anaerobic condition, while cathode 

chamber was opened to ensure an aerobic condition. The set up was monitored 

and the electricity generated was measured every 24hours until a decline in 

voltage commenced. 

 

MEDIA PREPARATION 

Preparation of Nutrient Agar 

Nutrient Agar media was prepared according to manufacturer’s instruction. It was 

then sterilized in an autoclave at 1210C for 15 minutes at 15 Pascal.  

 

Isolation of bacterial isolates from the muck 

Isolation of suspected electrigenic bacteria present in the muck used to generate 

electricity was carried out in order to determine the individual bacteria responsible 

for the electricity generation. 

Serial dilution was done and already prepared nutrient agar plates were inoculated 

with 0.2ml of 10-3, 10-4 and 10-5 diluents. Plates were incubated at 37oC for 24hours. 

After incubation, the isolates were subcultured to obtain pure cultures (Fawole 

and Oso, 2007).  

 

Miniature MFC set-up using isolated bacteria 

Distinct colonies obtained from the resubculturing process were standardized 

(1ml of 1.5 × 108 cells; McFarland’s standard 0.5) and used to set up a miniature 

MFC by inoculating each of them into sterile mucks as the anode chamber. Sterile 

distilled water with pH 7 was used in the cathode chamber. The set up was done 

for each distinct bacteria isolate and monitored by measuring the electricity 

generated every 24 hours until a decline in voltage commenced. 

 

Identification of electrigenic bacteria isolates 

Colonies of the 3 electrigenic bacteria isolates from the miniature MFC set-up were 

subjected to Gram staining spore staining and some biochemical tests and 

identification was based on Bergey's Manual of Determinative/Systematic 

Bacteriology (Baird-Parker, 1974; Paul et al., 2009). 
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Fig. 1 shows the result of MFC set-up using muck with cathode chamber 

containing sterile distilled water of pH 7 and the buffered cathode 

Table 1: Morphological and biochemical test result for the electrigenic bacteria 
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Key: pos=position, ct= center, rxn= reaction, Lfc = Lactose Fermenting Colony, (+) 

= 90% Or More Positive, (-) = No Reaction, Mo = Motility, Ca = Catalase, Co = 

Coagulase, In = Indole, Gl = Glucose, La = Lactose, Ma = Manitol, Su = Sucrose, Ci = 

Citrate, Ox = Oxidase, Ur = Urease, Me = Methyl Red, H2s = Hydrogen Sulphide. 

 

 

 
Fig. 2: Result of the miniature MFC setup showing only the electrigenic bacteria 

 

DISCUSSION 

In Fig 1, immediately after the set up, a voltage of 0.08 was generated by the MFC 

with sterile distilled water cathode, while 0.25v was generated by the buffered 

cathode which implies the presence and the early generation of electricity by the 

electrigenic microorganisms in the muck. This finding is in tandem with the work 

of Chaudhuri and Lovely (2003) who reported that microbial fuel cells are capable 

of converting the chemical energy stored in chemical compounds in a biomass to 

electrical energy with the aid of microorganisms. Furthermore, electrons 

generated by the microorganisms released to the anode surface i.e., the current 

generated by the distilled water cathode MFC increased from the initial 0.08v over 

a period of 6days to 0.49v, which happens to be the peak voltage generated in 
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this batch culture system. This voltage is lower to 1.05v generated with buffered 

cathode MFC. This peak voltage of 0.49v is significantly low as it may not be able 

to power electronic devices effectively. This implies that the current source is not 

constant and there may also be resistance build up in the system. Optimal 

resistance in the setup depends on numerous factors which may include the 

substrate used, the inoculums employed, the type of reactor and any potential 

losses within the system. This finding is in agreement with that of Jang et al. (2004) 

who reported that low current production in microbial fuel cell means that some 

electrons are consumed by mechanism, other than the cathode reaction or 

oxygen diffused from cathode compartment or dissolved oxygen present in the 

influent. This finding is also in line with the discovery of Logan (2008) that at lower 

external resistance, the current production is higher and vice versa. In addition, 

the relatively low voltage generated may be due to the microbial fuel cell’s set-up 

columbic efficiency, which is the efficiency with which electrons are transferred in 

a system to carry out an electrochemical reaction. The columbic efficiency is 

dependent on two major factors, first, the microorganisms carrying out the 

electrochemical reaction i.e., without mediator enhancement and second, the 

substrate used by microorganisms to generate current. This is in tune with the 

findings of Lee et al. (2008) who reported that columbic efficiency, which 

measures the microbial fuel cell efficiency, measures the number of coulombs 

recovered as electrical current and it is dependent on the microorganisms and the 

substrate used by the bacteria to generate current. 

Also, a progressive decrease in the voltage generated was observed after 6days 

and on the 10th day, no voltage was generated. This may be due to continuous 

increase in resistance which is inversely proportional to the current production. 

This is in line with the findings of Logan (2008) who observed that even for 

wastewater chemical oxygen demand (COD), the production of current decreases 

due to increase in resistance. 

In Table 1, biochemical examination was carried out on the isolates which 

generated electric current after subculturing to obtain a pure colony. The 

electrigenic bacteria isolated and identified are Escherichia coli (1.62v), Bacillus 

cereus (0.34v), and Staphylococcus aureus (0.06v), as seen in Fig.2. This implies that 

these three bacteria are mediator–less electrigenic microorganisms i.e., they have 

the potential of generating electrons and also transferring the generated 

electrons to the anode without any mediator such as thionine, methyl viologen, 

methyl blue, humic acid, neutral red e.t.c. This discovery is in line with the findings 
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of the first researcher of MFC, Potter (1911) and also Logan (2008) that 

Staphylococcus aureus, Saccharomyces spp, Escherichi coli, and Bacillus cereus have 

electrigenic ability i.e., the ability to generate electricity from substrate in MFC. 

Escherichia coli was found to generate the highest voltage of the 3 electrigenic 

bacteria isolated from the muck, with a peak voltage of 1.62. This further shows 

the fuel cell potentials of E.coli to several other electigens. This is in line with the 

findings of Xi and Sun (2008) who reported the capabilities of E.coli in MFC and 

that it has the potential of better performance when used in mediator fuel cells. 

 

CONCLUSION  

This research work has revealed that electrigenic bacteria, capable of liberating 

electrons to the anode without a mediator can be isolated from the muck. It also 

reveals that the generation of electricity by these electrigens is not dependent on 

the nutrients added to the MFC chambers but can only boost the MFC’s 

performance, as the initial MFC set up with the muck as the anode and the sterile 

distilled water as the cathode still generated some voltage even if it was not too 

significant. 

 

RECOMMENDATION 

Based on the findings from this research, it is recommended that: 

➢ Optimization of various parameters involved in the operation of MFC 

should be carried out, like the pH, aeration, substrate etc. 

➢ Further research should be carried out on how MFC units could be 

connected together such that voltage from each unit can add up to a 

usable amount. 

➢ Research should be intensified on how current generated from MFC can be 

stored up in appreciable quantity before being used to power devices. 

➢ Further work should be carried out on how to operate a singular unit of 

MFC for a longer period of time in a fed-batch or continuous culture system, 

which would in turn result in generation of more stable electric current. 

➢ Government and multinational companies should help finance the research 

of power generation using a renewable source of energy, with no emission 

or adverse effect on the environment. 

➢ Other cheaper catholyte apart from muck can be employed in MFC set up 

so as to maximize the benefits of MFC over a wide range of cheap 

substrates. 
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➢ A compact MFC device can be designed which could easily use any available 

substrate as the MFC anode i.e., domestic effluent, slurry, brewery 

wastewater, septic tank waste e.t.c. This device must be portable for easy 

transfer to these waste sites. It should also be with a storage device so as 

to store electric charges for a later use.  
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