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h i g h l i g h t s

" Methanogenesis was active in cellulose-fed MFCs but declined on prolonged operation.
" Coulombic efficiencies increased as methanogenesis became undetectable.
" Acetic acid was the main metabolite of cellulose degradation in MFCs.
" Bacterial and archaeal diversities decreased over the 90 day operation.
" Firmicutes, Methanoculleus, and Methanobrevibacter were the most dominant.
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a b s t r a c t

The objective of this work was to evaluate methanogenesis in relation to the changes in performance and
microbial diversity of cellulose-fed microbial fuel cells (MFCs). Replicate MFCs were inoculated with a
ruminal microbial consortium and operated under 20 (R20X) or 100 X (R100X) external resistances. During
the first week of operation, 0.31 and 0.44 mmol l�1of methane were produced in the R20X and R100X

MFCs, respectively. Methanogenesis was, however, suppressed to undetectable levels within 90 days of
operation, accompanied with increased current production and improved coulombic efficiency. Sup-
pressed methanogenesis coincided with changes in the concentrations of short chain fatty acids and a
decrease in the microbial diversity. The results demonstrated that methanogenesis was active during
the early stage of cellulose-fed MFCs but this activity declined over prolonged operation.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Microbial fuel cells (MFCs) represent a sustainable technology
for treating wastes and generating renewable electricity. Efforts
have been made in recent years to improve the power output of
MFCs by optimizing reactor design, electrode composition, and
other engineering aspects in both the anode and cathode chambers

(Qiao et al., 2010). Relatively less effort has been devoted to
improving substrate oxidation efficiency, electron donation to the
closed circuit, and preventing undesirable side reactions (He
et al., 2005; Kim et al., 2005). MFCs inoculated with mixed micro-
bial populations inevitably have concurrent metabolic pathways
that may lead to undesirable side reactions that drain electrons
away from the circuit.

The ideal biochemical premise for electricity generation in
MFCs is the transfer of electrons to the anode through microbial
electron transport systems. Some microorganisms have been
shown to transfer electrons to the anode via electrically conductive
pili and biofilm formation but these interactions are poorly under-
stood (Logan, 2009). Other mechanisms may include direct transfer
of electrons via microbial cytochromes or excreted mediators (Lo-
gan, 2009). In MFCs fed with wastewater or biomass polymers,
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