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Abstract 
Microbial Fuel Cell (MFC) represents an innovative bio-electrochemical system that simultaneously 
generates electricity and treats wastewater. This study focused on the screening and molecular 
identification of high-performance electrogenic bacteria isolated from sludge collected within the Federal 
University Dutse wastewater zone. The isolates were subjected to morphological, biochemical, and 
molecular characterization to determine their electrogenic potential. Three bacterial isolates, designated BA, 
NA, and MA, were evaluated in individual MFC setups to assess their electricity-generating efficiency. 
Results revealed that isolate NA exhibited the highest voltage output (88.9 mV), followed by BA (51.7 mV) 
and MA (31.9 mV). Molecular identification confirmed the NA isolate as Brucella intermedia strain 
PV544778, showing 96.31% similarity to B. intermedia strain XS 21-1 based on 16S rRNA gene 
sequencing. The superior performance of B. intermedia suggests its strong biofilm-forming capability and 
efficient extracellular electron transfer (EET) processes. These findings expand the known range of 
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electrogenic bacteria and highlight the potential of environmental isolates for bio-energy generation through 
MFC systems. 
 
 
Keywords: Microbial Fuel Cell, Brucella intermedia, Wastewater Sludge, Electrogenic Bccteria 
and Bioelectricity generation 
 
 
INTRODUCTION 
The global pursuit of sustainable and renewable energy sources has driven extensive research 
into methods for converting waste into usable power (Gumel et al., 2018; Mustapha et al., 2024; 
Nasir and Mohammed, 2025). Among emerging solutions, the Microbial fuel cell (MFC) has 
attracted considerable attention as a bio-electrochemical technology capable of generating 
electricity while simultaneously purifying wastewater. The efficiency of an MFC largely depends 
on the metabolic processes of electrogenic bacteria, microorganisms capable of transferring 
electrons from the breakdown of organic matter directly to the anode surface (Hindatu et al., 2017; 
Yusuf et al., 2019). 
 
Electrogenic bacteria are microorganisms that thrive in anaerobic or microaerobic environments 
and can transfer electrons to external acceptors such as electrodes, metal oxides, or other 
microbes. They use extracellular electron transfer (EET) to obtain energy for growth, 
reproduction, and intercellular signaling, supporting syntrophic interactions within microbial 
communities. Advancing our understanding of EET and its applications could drive the 
development of renewable energy systems and bioelectrosynthesis platforms. Microbial fuel 
cells, which use bacterial EET to generate electricity, are the most common example (Gao et al., 
2019; Logan et al., 2019; Tahernia et al., 2020). 
 
This study focused on identifying and characterizing highly efficient electrogenic bacteria 
obtained from sludge, an environment rich in microbial diversity and known for its active 
electron-transferring species. Through a combination of morphological, biochemical, and 
molecular assessments, the research achieved accurate classification of promising bacterial 
isolates, providing valuable insight into their potential applications in sustainable bioenergy 
generation. 
 
MATERIALS AND METHODS 
Sample Collection and Screening of Bacterial Isolates  
Sludge samples were aseptically collected from the wastewater zone within the premises of 
Federal University Dutse using sterile containers. A dipper was used to obtain the samples from 
a depth of 5–10 cm below the surface to minimize air exposure and avoid external contamination. 
The samples were immediately sealed in sterile containers, properly labelled, and transported to 
the Biotechnology Laboratory under cold conditions for further analysis (Nasir and Mohammed, 
2025). 
 
The sludge sample was subjected to serial dilution and then inoculated onto nutrient agar plate 
using the pour plate method, the plate were incubated at 30oC for 24 hours to allow colony 
development. Three distinct colonies were sub-cultured onto fresh nutrient agar plates using the 
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streak plate method and incubated again at 30oC for 24 hours to obtained pure cultures (Oy et al., 
2021; Salisu et al., 2023; Fernandez et al., 2023). 
 
Identification and Characterization of Bacterial Isolate  
The morphology of the isolates, including their shape, size, and arrangement, as well as their 
classification as Gram-positive or Gram-negative bacteria, was determined. Biochemical 
characterization of the bacterial isolates was performed using various tests, including catalase, 
oxidase, urease, citrate utilization, Voges–Proskauer (VP), methyl red, Motility test and indole 
test, Triple Sugar Iron (TSI) test following the procedures reported by Kannan et al (2018). 
 
Molecular Characterization of Bacterial Isolate 
Genomic DNA was extracted from cultured bacterial cells using the AccuPrep Genomic DNA 
Extraction Kit (Bioneer) following the protocol described by Nasir and Mohammed (2025). The 
16S rRNA gene was amplified by Polymerase Chain Reaction (PCR) using universal primers  
(forward) and Rp1 (reverse) [Fd1: [AGAGTTTGATCCTGG, 16S (RIBOSE-2); Rp1: 
GGACTACAGGGTATCTAAT, 16S (RIBOSE-1)] (Olahan and Ajadi, 2024). For sequencing, PCR 
products were combined with deionized water, DNA template, primers, and the BigDye 
Terminator v3.1 Cycle Sequencing Kit (Nasir and Mohammed, 2025; Olahan and Ajadi, 2024). 
The resulting nucleotide sequences were subsequently submitted to the public database (NCBI). 
Phylogenetic analysis was conducted using MEGA11 software using maximum likelihood 
approach (Nor et al., 2015). 
 
Fuel Cell Set-Up and operation 
A dual chambered MFC was configured using 250 mL Polyvinyl Chloride (PVC) plastic bottles 
that served as anode and cathode chambers. A 1-inch PVC P/T socket (PPS) was used to support 
the proton exchange membrane (PEM), which was attached through a 2.5 cm opening 
approximately 6 cm from the bottom of each bottle. The PPS was inserted into these openings 
and secured with a fast-curing epoxy resin. To ensure a tight seal, a rubber gasket was applied to 
the PPS interface, with the PEM firmly clamped between the base and the gasket using a screw 
mechanism. Openings were made in both bottle caps to allow the copper wire for the electrode 
suspension to pass through, and an additional hole was made in the cathode cap to allow 
ventilation and maintain aerobic conditions. The electrodes were made from stainless steel mesh 
(SSM) with an exposed surface area of 38 cm², with each piece having an attachment point for the 
wiring. The copper wires were soldered to the mesh and passed through the openings of the cap, 
where the caps were then tightened to secure the electrodes. The entry points of the wires into 
the anode chamber were sealed with epoxy to maintain anaerobic conditions. The free ends of 
the copper wires from both chambers were used for connections to Multimeter, as shown 
schematically in Figure 1. Prior to operation, the MFC was subjected to a two-stage sterilization 
procedure: a 30-minute rinse with 3% sodium hypochlorite, followed by a thorough rinse with 
distilled water and a 20-minute exposure to 70% ethanol, after which the device was drained and 
air-dried (Yusuf et al., 2019; Haruna et al., 2024). For operation, the anode chamber was filled with 
180mL of sterile glucose medium inoculated with 23 mL (10% v/v) bacterial isolate and then 
sealed to maintain anaerobic conditions (Hindatu et al., 2017). The cathode chamber was filled 
with aerated phosphate buffered saline (PBS) with a pH 7.4 which served as the catholyte. 
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Plate 1: Laboratory Configuration of the Microbial Fuel Cell during Operation 

 
RESULTS 
Performance Evaluation of three Microbial fuel cell using Bacterial Isolates (BA, NA, and MA) 
The performance of the three microbial isolates (BA, NA and MA) in individual MFC setups 
showed different electrochemical activities. The voltage output over time was used as the primary 
indicator of the performance of each isolate in converting biochemical energy into electrical 
energy (Figure 1). Among the Isolates, NA showed the highest overall performance, reaching a 
peak voltage of 88.9 mV, which significantly exceeded both BA and MA. Isolate BA showed a 
moderate peak voltage of 51.7 mV while MA exhibited the lowest performance, reaching only 
31.9 mV before declined steadily to 7.1 mV by the end of the experiment. Overall, the trend 
indicates that NA had superior electron transfer efficiency and sustained activity as it maintained 
relatively high power levels throughout the 120-hours period, BA showed moderate and stable 
performance, and MA demonstrated weak electrogenic ability. 
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Voltmeter 
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           Figure 1: Performance of BA, NA, and MA isolates during Microbial Fuel Cell operation. 

 
Morphological and biochemical characterization of NA Isolate 
After the highest electrochemical performance of the NA isolate in the MFC setup, the isolate was 
subjected to Gram staining and a series of biochemical tests for preliminary identification. On 
nutrient agar, the NA isolate formed smooth, round, convex colonies with a slightly translucent 
to whitish appearance after 24–48 hours of aerobic incubation. Microscopy revealed that they 
were Gram-negative short rods or coccobacilli appearing singly or in pairs, consistent with 
previously documented observations of B. intermedia colonies (Scholz and Vergnaud, 2013). The 
biochemical profile of NA was positive for catalase, oxidase, and urease and citrate utilization 
and for the Voges–Proskauer (VP) test, but negative for the methyl red and indole tests (Table 1). 
The isolate was immobile and the Triple Sugar Iron result (acid/acid without gas or H₂S 
production) indicates the ability to ferment glucose and either lactose or sucrose without 
producing gas or hydrogen sulphide, which is consistent with the known biochemical 
characteristics of Brucella intermedia (Scholz and Vergnaud, 2013). 
 
Table 1: Morphological and Biochemical Characteristics of the Isolate  
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Molecular Characteristics of NA 
Plate 2 shows the gel electrophoresis of the amplified PCR 16S rRNA gene band of NA at 789 bp 
of the 100 bp plus DNA marker. The BLAST results (Table 2) of the sequences of the 16SrRNA 
gene of the putative Brucella intermedia isolate NA showed a percentage identity or similarity of 
this isolate to the GenBank database of 96.31 %, confirming the identity of this isolate as Brucella 
intermedia. 

                  
Plate 2: Gel Electrophorogram of Amplified PCR 16S rRNA Genes Bands of NA Isolate at 789bp of the 100 Bp Plus 
DNA Marker.  
Key: M = 100bp Marker, NA = presumptive Brucella intermedia, bp = base pair, - Ve = Negative Control. 

 
Table 2: BLAST Characteristics of Presumptive NA Isolate 

Sample 
Code 

Organism Searched 
Gene 

Max 
score 

Total 
score 

Query 
cover (%) 

E 
cover 

per 
ident. 

ACC Accession  

NA Brucella 
intermedia 
strain XS 21-1 

16S rRNA 1203 1203 96% 0.0 96.31% 1383 MT000024.
1 
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Phylogenetic Analysis of NA Isolate 
The accession number, organism and strain name of the NA isolate after it was deposited in the 
database is PV544778 Brucella intermedia strain NDABTG2025. The blast result shows that isolate 
NA (PV544778) had the highest percentage identity to Brucella intermedia, 96.31%. The 
phylogenetic tree shows that the closest strain to isolate PV544778 is Brucella intermedia strain XS 
21-1 with accession number MT000024.1 (Figure 3). 

 
Figure 2: Phylogenetic Tree of NA (PV544778) Isolate with Closely Related Strains Based on 16S rRNA Gene Analyses. 

 
 
DISCUSSION  
The comparative evaluation of the three microbial isolates BA, NA, and MA within microbial fuel 
cells (MFCs) showed significant variation in their ability to generate electrical output. Among the 
tested strains, isolate NA achieved the highest voltage production (88.9 mV), indicating strong 
biofilm formation and highly effective extracellular electron transfer (EET) processes (Haruna et 
al., 2024). Isolate BA exhibited a moderate but stable voltage response (51.7 mV); however, its 
efficiency began to decline after approximately 72 hours, likely due to substrate depletion or 
electrode surface fouling (Haruna et al., 2024; Logan at al., 2006, 2019). In contrast, isolate MA 
produced the lowest voltage output (31.9 mV), suggesting weak biofilm formation and limited 
electron transfer potential (Haruna et al., 2024). Overall, isolate NA was the most capable 
electrogenic organism, followed by BA, while MA contributed the least to current generation 
unless further enhanced. These observations highlight that biofilm structure, EET efficiency, and 
metabolic activity collectively determine the functional performance of MFC systems. 
 
This study also showed that out of the three bacterial isolates analysed, Brucella intermedia (NA) 
was identified as the most promising electrogenic candidate. Phylogenetic analysis revealed that 
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strain PV544778 has 96.31% sequence similarity with B. intermedia strain XS2-1 (accession number 
MT000024.1), indicating a strong genetic relationship. These results are consistent with 
established molecular identification strategies in microbial fuel cell (MFC) research, where 16S 
rRNA sequencing reliably distinguishes closely related bacterial strains (Li et al., 2020; Zhou et al., 
2020: Wang and Li, 2024).  B. intermedia represents an unusual lineage in electrogenic studies, as 
most documented exoelectrogenes originate from the genera Pseudomonas, Shewanella or Geobacter 
(Cao et al., 2019; Logan et al., 2019; Santoro et al., 2021). While Brucella species are generally not 
categorised as exoelectrogenes, B. intermedia exhibits features associated with extracellular 
electron transfer (EET)-active organisms, such as cytochrome c proteins, iron-dependent electron 
transfer systems and metabolic flexibility under oxygen-limited conditions (Huang et al., 2019: 
Nkhalambayausi Chirwa, Garbini et al., 2023; Haruna et al., 2024; M. Huang et al., 2024; Suman 
and Ramanathan, 2024). This finding is consistent with reports of electrogenic potential in non-
model taxa such as Bacillus and Enterobacter spp. (Rahimnejad et al., 2020; Wang and Li, 2024; 
Haruna et al., 2024;), suggesting that facultative anaerobes may harbour unexplored EET 
pathways. In addition, B. intermedia exhibited key properties for MFC performance, biofilm 
formation, adaptability to redox fluctuations and utilisation of multi-electron acceptors (Haruna 
et al., 2024; Huang et al., 2024; Suman and Ramanathan, 2024). Overall, this discovery broadens 
the spectrum of bacteria associated with MFCs, challenges taxonomic assumptions and 
emphasizes the value of studying environmental isolates beyond established model general. 
 
CONCLUSION 
The study successfully demonstrated that bacterial isolates obtained from sludge possessed 
varying electrogenic capacities when used in MFCs. Among the three isolates evaluated, Brucella 
intermedia (NA) showed the highest voltage generation and most efficient electron transfer, 
indicating its strong potential as a novel electrogenic bacterium. The ability of B. intermedia to 
generate electricity suggests that non-model microorganisms can contribute significantly to MFC 
performance through effective biofilm formation and metabolic adaptability. This research 
therefore broadens the spectrum of recognized electrogenic species and supports the exploration 
of environmental microbial diversity as a sustainable avenue for future bio-electricity generation 
and wastewater treatment applications. 
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