Jurnal ILMU DASAR, Vol. 25 No. 1, Januari 2024 : 27-32 27

The Application of Cows Rumen for Electricity Generation Through The
Implementation of A Ceramic-Based Microbial Fuel Cell System

Tri Mulyono, Diah Meirendi Hutamia?, Imam Rofi’i?, Misto?, Agung Tjahjo Nugroho?,
Yuda Cahyoargo Hariadi?
!Department of Chemistry, Faculty Mathematics and Natural Sciences, University of Jember
2Department of Physics, Faculty Mathematics and Natural Sciences, University of Jember
*E-mail: trimulyono.fmipa@unej.ac.id

ABSTRACT

The growth in population is not adequately matched by the corresponding increase in energy
demand. The imperative for prioritizing the exploration of alternative energy sources that possess
attributes of safety, affordability, and ample access to raw materials cannot be overstated. An energy
source with significant potential is a microbial fuel cell (MFC)-based energy source. This study aims
to investigate the utilization of cow rumen as a substrate and source of nutrition in the bioenergy
system of microbial fuel cells (MFCs). The present study aims to investigate the impact of substrate
concentration and bacterial incubation duration derived from bovine rumen bacteria on the
attainment of optimal power density. The research employed a Dual Chamber Microbial Fuel Cell
(MFC) device using a Proton Exchange Membrane (PEM) constructed from ceramic materials.
Daily observations were conducted over a period of 30 days. The performance of MFC was assessed
utilizing the polarization technique. The findings indicated that altering the proportion of bovine
rumen bacterial substrates and the duration of bacterial incubation had an impact on the power
density seen in the Microbial Fuel Cell (MFC) system. The optimal conditions were attained when
the substrate concentration reached 3640 ppm and after 7 days, resulting in a maximum power

density of 864 mwW/m2.
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INTRODUCTION

Finding appropriate and sustainable sources of
organic matter to feed electricity-producing
microorganisms is a fascinating problem in the
development of microbial fuel cells (MFCs)
(Liu et al., 2022), (Logan, 2009). The plant
matter that is partially digested in a cow's
stomach, known as bovine rumen, is a plentiful
and renewable waste that can be utilized as a
substrate for MFC (Thulasinathan et al., 2022).
Numerous proteins, carbohydrates, and lipids
can be broken down by different bacteria and
archaea in the cow rumen (Mizrahi et al., 2021),
(Li et al.,, 2020). These microbes' metabolic
processes can result in the production of
electrons, which can then be transmitted to
electrodes and converted into electric current
(Logan et al., 2019). In this approach, cow
rumen can be utilized as a great resource for the
creation of eco-friendly electricity.

More than 200 huge animals are murdered in
a large slaughterhouse every single day, and
around 40,000 animals are slaughtered every
single year (Jothinathan et al., 2018). This
results in a waste production of between 6 and 7
tonnes per day. Microbial fuel cells are an
option that can be utilised in order to transform
this waste into energy in an effective manner.

The cow's rumen possesses a distinct
advantage as a substrate in microbial fuel cells
due to its capacity to generate electrical energy
via an anaerobic fermentation process facilitated
by microorganisms (Besharati et al., 2022). This
characteristic sets it apart from alternative
substrates. Furthermore, it should be noted that
the rumen of cows harbors a diverse array of
microorganisms which have the potential to
convert organic compounds into more compact
sensing materials (Nagaraja, 2016; Newbold &
Ramos-Morales, 2020). This process has the
ability to enhance the efficiency of energy
generation in microbial fuel cells.

Besharati states that the production power of
COW rumen microorganisms was assessed at
different times. These microorganisms can be
used as a bacterial population in the anode
section of a microbial fuel cell with graphite
anode to create power (Besharati et al., 2023).
The performance of the microbial fuel cell and
in vitro gas production were also contrasted in
the study. As the incubation time progressed, the
alfalfa hay produced the least amount of gas in
comparison to the other treatments, according to
the results. Alfalfa exhibited a higher power
output voltage during 2—-24 hours of incubation
than the other treatments. However, in
comparison to other treatments, soybean meal
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demonstrated higher levels in the subsequent
incubation hours (24 to 120 hours).

The utilization of cow rumen as a substrate
for microbial fuel cells (MFCs) is not the sole
option available (Bretschger et al., 2010),
(Thulasinathan et al., 2022). Microbial fuel cells
(MFCs) are electrochemical devices that
harness the metabolic activities of microbes to
facilitate the conversion of organic materials
into electrical energy (Mahmoud et al., 2022).
Additional potential substrates encompass food
waste, sewage sludge, animal manure, and
agricultural wastes. The aforementioned wastes
possess a substantial quantity of organic
components that are  susceptible to
decomposition by various strains of bacteria and
archaea (Soni & Devi, 2022). The release of
electrons by microorganisms is a consequence
of their metabolic processes, and these electrons
can be harnessed by an electrode to generate
electrical current (Zhao et al., 2021). By
utilizing these waste materials as substrates,
microbial fuel cells (MFCs) have the potential
to generate sustainable and environmentally
friendly electricity while simultaneously
mitigating the adverse effects of pollution on the
environment (Slate et al., 2019).

The rumen is an essential component for the
successful implementation of microbial fuel
cells. Because of its one-of-a-kind microbial
community and fermentation processes, it is
able to convert organic materials into electrical
energy in an effective manner. In addition, the
capacity of the rumen to support a wide variety
of  microorganisms  contributes to an
improvement in the overall efficiency and
stability of microbial fuel cells. The researchers
are encouraged by how far they have gone in the
past two years, and they are continuing their
efforts to enhance the amount of power that
these microbial fuel cells are capable of
producing. Despite the fact that the technology
is still in its infancy, the researchers have made
significant progress. The researchers believe
that microbial fuel cells have the potential to
transform renewable energy sources in the
future if additional breakthroughs are made in
the technology (Logan et al., 2006). They are
also investigating a variety of various tactics
with the goal of increasing the commercial
viability of these cells and improving their
overall efficiency.

The results of this study provide an overview
of the energy generation that is carried out by
earthenware  ceramic-based MFC rumen

(Mulyono, et al)

microorganisms. The parameters of rumen
concentration, which serve as a supply of
substrate and bacteria, as well as the length of
incubation, were investigated for their influence
on power density.

METHODS

Preparation of Dual Chamber Microbial Fuel Cell
The design of the Dual Chamber Microbial Fuel Cell
used consists of anode and cathode chambers
separated by an earthenware membrane as shown in
Figure 1. In the cathode chamber with a Carbon Veil
thickness of 1 cm which has been divided into 2 sides
and placed on the inside of the earthenware
membrane wall. One side of the cathode Carbon Veil
sheath is smeared with a mixture of 80 grams of
activated carbon powder and 60 grams of PTFE,
while the other side is only coated with PTFE. The
activated carbon layer is positioned attached to the
earthenware membrane wall. The earthenware
membrane used has a thickness of 0.5 cm and an outer
diameter of 8 cm which functions as a separator for
the anode and cathode spaces. The anode chamber
will contain active paddy sludge from rice plants and
substrate solution according to the specified
variation. The chamber is composed of a Carbon Veil
sized to fit the outer wall of the earthenware
membrane and NiChrome wire stuck to the inside of
the anode electrode. The NiChrome wire has a
function as a connecting medium for electrodes
between spaces (anode and cathode) with a digital
multimeter so that the voltage and electric current
values are known and the optimum power density
value can be calculated.

Wire

NiChrome Plastic jar

Earthware

Cathode membrane

Anode

The rumen waste of
cows.

Glass sealant

Figure 1. Design of a Dual Chamber Microbial Fuel
Cell

Preparation of Substrates from Sediment and
Cow Rumen Waste

The primary components of the Microbial Fuel Cell
(MFC) system consist of substrate and sediment. The
research utilised cow rumen waste as the substrate,
and rice field mud obtained from the researcher's
hamlet of Sumber Ketempa, Kalisat, served as the
sediment. The research sample comprised of one
control sample and six experimental samples, each
with a volume of 200 mL and varying concentrations.
Each of these concentration variations consists of
three samples. Subsequently, the Total Dissolved
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Solids (TDS) are quantified in every sample as a
means of ascertaining the concentration of solid
substances present in the sample under examination.

Acquisition and polarization methods

A Sanwa PC5000a data acquisition unit is used to
monitor the voltage output in relation to the passing
of time. Every minute, a record is made of the
measurements. The software version Microsoft Excel
2019 was used to do processing and analysis on the
recorded raw data. The polarization scanning was
done by hand, and the values of the resistive load
varied from 2,000 ohms all the way down to 10 ohms
(Mulyono, 2020). The connection between each
resistor is maintained for a period of five minutes.

RESULTS AND DISCUSSION

The rumen, the first chamber of the ruminant
stomach, contains a rich microbial community
that can degrade plant biomass and produce
volatile fatty acids. These acids can be used as a
catolyte or substrate for microbial fuel cells,
which convert chemical energy into electrical
energy. Several studies have investigated the
power density that can be achieved using rumen
fluid as a catolyte in different types of microbial
fuel cells. Yashiro et al have studied the
erformance of MFC using rumen with a power
density of 600 mW/m? (Yashiro et al., 2023).
Followed by Call et al, the power density
produced by MFC is 24 W/m? (Call et al., 2009).
Rismani et al produced a power density of 55
mW/m? (Rismani-Yazdi et al., 2007). The three
researchers used MFC and did not use ceramic
membranes. So the resulting MFC performance
is less than optimal.

The power density value produced in the
microbial fuel cell (MFC) is influenced by
various factors, such as the type and
concentration of substrate, the pH and
temperature of the anode chamber, and the
incubation time of the inoculum. In this study,
we investigated the influence of incubation time
for cow rumen bacteria as the inoculum on the

power density value of the MFC. We used a
dual-chamber MFC with a graphite electrode
and a cation exchange membrane. We incubated
the cow rumen bacteria for different periods of
time (0, 1, 2, 4, and 4 weeks) in a medium
containing glucose as the carbon source. We
measured the power density value of the MFC
every week using a polarization method. The
results showed that the power density value
increased with the incubation time of the
inoculum, reaching a maximum of 910 mW/mz2
at 1 weeks of incubation. This indicates that the
longer incubation time enhanced the growth and
activity of the electrogenic bacteria in the cow
rumen inoculum, which improved the electron
transfer and power generation in the MFC. The
results suggest that incubation time is an
important factor to consider when using cow
rumen bacteria as the inoculum for MFCs.

Figure 2. Depicts a graph illustrating the
relationship between power density and time
(day), where the data points represent the
average measurements recorded during a given
day. The power density value exhibits temporal
variability as the duration of time (measured in
days) increases. The association between
control (0 ppm) and rumen content, as measured
in total dissolved solids (TDS), is shown
graphically in the following graph. The power
density generated by MFC in the presence of a
substrate, such as rumen, is, on average,
significantly more than that generated by MFC
in the absence of a substrate. This leads one to
believe that the contents of the rumen provide
the MFC with a useful supply of energy, which
in turn considerably improves its capacity to
generate power. Because of the large variation
in power density, it is essential for MFC systems
to make use of substrates in order to make the
most of their efficiency and the number of
applications to which they are potentially
applicable.
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Figure 2. Time profile of bacterial incubation in the ceramic microbial fuel cell
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Figure 3. Difference in performance of MFC with concentrated cow rumen and diluted cow rumen

The aforementioned profile provides
insights into the most favorable duration for
bacterial incubation in ceramic microbial fuel
cells, specifically on the seventh day. In
contrast, the microbial fuel cell designated as
the ‘control' did not exhibit a discernible
augmentation. This observation implies that the
ceramic microbial fuel cells offer a conducive
setting for bacterial proliferation and the
generation of energy. Additional investigation
may be warranted to explore the precise
elements within the ceramic material that
facilitate bacterial activity, hence enhancing the
efficacy of microbial fuel cells.

Furthermore, the collection of power
density data for each specific substrate
concentration variation also exhibits distinct
characteristics. According to the data presented
in Figure 1, the graph illustrates the relationship
between dilution variations and total dissolved
solids (TDS) values. The orange line represents
a dilution factor of 0 (no dilution), resulting in a
TDS value of 3640 ppm. Meanwhile, the blue
line shows the control media, which has a TDS
value of 0 ppm because there is no addition of
rumen solution.

The effect that the concentration of the
substrate has on the power density produced by
microbial fuel cells. When it comes to microbial
fuel cells, the concentration of the substrate
plays an essential part in the calculation of the
power density. When there is a higher
concentration of the substrate, there is also an
increase in the activity and metabolic rates of the
microbes, which results in a greater amount of
electron transfer and power generation.
However, after a certain threshold, an excessive

concentration of substrate can cause substrate
inhibition, which in turn results in a decreased
power density. Therefore, determining the
appropriate concentration of the substrate is
vital if one wishes to achieve maximum power
output from microbial fuel cells.

Performance measurement of ceramic
microbial fuel cells

The utilization of the polarization approach
proves to be highly advantageous in the
determination of power density within microbial
fuel cells. The procedure entails the
quantification of voltage and current produced
by the microbial fuel cells, which are
subsequently utilized to determine the power
production (Mulyono et al., 2022). Furthermore,
the utilization of polarization analysis enables
researchers to get insights into the constraints on
performance and enhance the configuration of
these cells to achieve optimal efficiency.

The Figure 3. Generated through the use of
the polarization technique demonstrates a
significant correlation between the introduction
of cow rumen and the power density observed
in microbial fuel cells. This finding implies that
the presence of cow rumen greatly improves the
efficacy of microbial fuel cells in electricity
generation. Moreover, the graph illustrates a
favorable link between the quantity of cow
rumen administered and the corresponding rise
in power density, hence emphasizing the
potential to enhance this approach for enhanced
energy generation.

CONCLUSIONS

The power density value is influenced by
fluctuations in substrate concentration. As the
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concentration of the substrate increases, there is
a corresponding increase in the power value,
leading to a greater density. The research
findings indicate that the highest power density
value was achieved when utilizing a substrate
concentration of 3640 ppm of cow rumen waste
bacteria. The duration of incubation period for
bacteria has a direct impact on the outcomes of
the power density value. The power density
value exhibits temporal variability as the
duration of time (measured in days) increases.
This phenomenon occurs due to the fact that
bacteria undergo four distinct growth phases
within a specific timeframe. The maximum
power density value attained on the seventh day
was recorded as 864 mwW/m2,

ACKNOWLEDGEMENTS

The present study was financially supported by
an Internal Research Grant awarded by the
University of Jember in 2023, under contract
number 7575/UN25/KP/2023.

REFERENCES

Besharati M, Palangi V & Taghizadeh A. 2022.
Generating  Electricity ~of  Rumen
Microorganisms Using Microbial Fuel Cell
And Comparison With In Vitro Gas
Production. Biomass Conversion and
Biorefinery. 13: 16855-16863

Besharati M, Palangi V, & Taghizadeh A. 2023.
Generating Electricity  of Rumen
Microorganisms Using Microbial Fuel Cell
and Comparison With in Vitro Gas
Production. Biomass Conversion and
Biorefinery. 13(18): 16855-16863.

Bretschger O, Osterstock JB, Pinchak WE, Ishii,
S & Nelson KE. 2010. Microbial Fuel Cells
and Microbial Ecology: Applications in
Ruminant Health and Production Research.
Microbial Ecology. 59(3): 415-427.

Call D, Wagner R & Logan B. 2009. Hydrogen
Production by Geobacter Species and a

Mixed Consortium in a Microbial
Electrolysis Cell. Applied and
Environmental Microbiology. 75: 7579-
7587.

Jothinathan D, Mylsamy P & Benedict BL.

2018. Rumen Fluid  Microbes for
Bioelectricity ~ Production: A Novel
Approach BT - Microbial Fuel Cell

Technology  for  Bioelectricity (V.
Sivasankar P, Mylsamy & Omine K. (eds.);
pp. 187-209). Springer International

Publishing.

Li J, Zhong H, Ramayo-Caldas Y, Terrapon N,
Lombard V, Potocki-Veronese G, Estellé J,
Popova M, Yang Z, Zhang H, Li F, Tang S,
Yang F, Chen W, Chen B, Li J, Guo J,
Martin C, Maguin E & Morgavi DP. 2020.
A Catalog of Microbial Genes From The
Bovine Rumen Unveils A Specialized and
Diverse Biomass-Degrading Environment.
GigaScience. 9(6): giaa057.

Liu X, Ueki T, Gao H, Woodard TL, Nevin KP,
FuT, Fus, Sun L, Lovley DR & Yao J.
2022. Microbial Biofilms for Electricity
Generation From Water Evaporation And
Power to Wearables. Nature
Communications. 13(1): 4369.

Logan, B. E. (2009). Exoelectrogenic Bacteria
That Power Microbial Fuel Cells. Nature
Reviews Microbiology. 7(5): 375-381.

Logan BE, Hamelers B, Rozendal R, Schroder
U, Keller J, Freguia S, Aelterman P,
Verstraete W & Rabaey K. 2006. Microbial
Fuel Cells: Methodology and Technology.
Environmental Science & Technology.
40(17): 5181-5192.

Logan BE, Rossi R, Ragab A & Saikaly PE.
2019. Electroactive Microorganisms In
Bioelectrochemical Systems. Nature
Reviews Microbiology. 17(5): 307-319.

Mahmoud RH, Gomaa OM & Hassan RYA.
2022. Bio-electrochemical  frameworks
governing microbial fuel cell performance:
technical  bottlenecks and  proposed
solutions. RSC Advances. 12(10): 5749-
5764.

Mizrahi I, Wallace RJ & Morais S. 2021. The
rumen microbiome: balancing food security
and environmental impacts. Nature Reviews
Microbiology. 19(9): 553-566.

Mulyono T. 2020. Bioelectricity Generation
From Single-Chamber Microbial Fuel Cells
With Various Local Soil Media and Green
Bean Sprouts as Nutrient. International
Journal of Renewable Energy Development.
9(3): 423-429.

Mulyono T, Misto, Cahyono BE & Fahmidia
NH. 2022. The Impact of Adding Vegetable
Waste on The Functioning of Microbial Fuel
Cell. AIP Conference Proceedings. 2663(1):
20008.

Nagaraja TG. 2016. Microbiology of the Rumen
BT - Rumenology (D. D. Millen, M. De
Beni Arrigoni, & R. D. Lauritano Pacheco
(eds.); pp. 39-61). Springer International
Publishing.

Journal homepage: https://jurnal.unej.ac.id/index.php/JID



32 The Application of Cows ...

Newbold CJ & Ramos-Morales E. 2020.
Review:  Ruminal  Microbiome and
Microbial Metabolome: Effects of Diet and
Ruminant Host. Animal : An International
Journal of Animal Bioscience: 14(S1): s78-
s86.

Rismani-Yazdi H, Christy AD, Dehority BA,
Morrison M, Yu Z & Tuovinen OH. 2007.
Electricity generation from cellulose by
rumen microorganisms in microbial fuel
cells. Biotechnology and Bioengineering.
97(6): 1398-1407.

Slate AJ, Whitehead KA, Brownson DAC &
Banks CE. 2019. Microbial Ffuel Cells: An
Overview of  Current  Technology.
Renewable and  Sustainable  Energy
Reviews. 101: 60-81.

Soni R & Devi S. 2022. Chapter 12 -
Composting process: Fundamental and
molecular aspects (J. Samuel, A. Kumar, &

(Mulyono, et al)

J.B.T.-R.B. M. and the E. for S. E. S. Singh
Volume 1 (eds.); pp. 239-265). Elsevier.
Thulasinathan B, Jayabalan T, Arumugam N,
Rasu Kulanthaisamy M, Kim W, Kumar P,
Govarthanan M & Alagarsamy A. 2022.
Wastewater Substrates In Microbial Fuel
Cell  Systems  For  Carbon-Neutral
Bioelectricity Generation: An overview.

Fuel. 317: 123369.

Yashiro Y, Yamamoto M, Muneta Y, Sawada
H, Nishiura R, Arai S, Takamatsu S & Itoh
T. 2023. Comparative Studies on Electrodes
for Rumen Bacteria Microbial Fuel Cells.
Sensors. 23(8).

Zhao J, Li F, Cao Y, Zhang X, Chen T, Song H
& Wang Z. 2021. Microbial Extracellular
Electron Transfer and Strategies For
Engineering Electroactive Microorganisms.
Biotechnology Advances. 53: 107682.



