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Abstract: The increase in the population and its need to produce food has caused the level of
contamination by organic waste to increase exponentially in recent years. Innovative methods have
been proposed for the use of this waste and thus to mitigate its impact. One of these is to use it
as fuel in microbial fuel cells to generate electricity. This research aims to generate bioelectricity
using coriander waste in microbial fuel cells. The maximum voltage and current observed were
0.882 ± 0.154 V and 2.287 ± 0.072 mA on the seventh and tenth day, respectively, these values were
obtained working at an optimum operating pH of 3.9 ± 0.16 and with an electrical conductivity of
160.42 ± 4.54 mS/cm. The internal resistance observed in the cells was 75.581 ± 5.892 Ω, with a
power density of 304.325 ± 16.51 mW/cm2 at 5.06 A/cm2 current density. While the intensity of
the final FTIR (Fourier transform infrared spectroscopy) spectrum peaks decreased compared to the
initial one, likewise, with a percentage of identity, it was possible to attribute 98.97, 99.39, and 100%
to the species Alcaligenes faecalis, Alcaligenes faecali, and Pseudomonas aeruginosa. Finally, the cells were
connected in series, managing to turn on an LED light (red) with the 2.61 V generated. This research
provides an innovative and environmentally friendly way that companies and farmers can use to
reuse their waste.

Keywords: microbial fuel cell; bacteria; generation; bioelectricity; coriander waste

1. Introduction

The increase in the population worldwide has generated great changes in the ecosys-
tem; in 1960, there were less than 3100 million people and in 2020, there were more than
7800 million. This large increase has generated an exponential increase in different types
of organic waste [1,2]. In addition, it has been reported that in the year 2020, the organic
waste generated by people was approximately 54 to 64% of the total waste in developed
countries, and approximately 715 million cubic meters of organic waste are generated daily
worldwide [3,4]. On the other hand, the use of fuel from fossil sources has damaged the
environment, but currently it continues to be one of the main sources of energy to keep
society active, making the use of new technologies friendly to the environment a necessity
to appease global warming [5,6].

Many countries are making efforts to stimulate the use of different types of waste,
generating a circular economy in the process of reusing them, making the process sus-
tainable [7,8]. In the search to reuse waste, creating benefit for society, microbial fuel cells
(MFCs) technology has begun to be used because this technology is sufficiently capable of
using different types of waste in the degradation process and generating bioelectricity at
the same time [9–11]. There are different types of MFCs, among which it has been reported
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that single-chamber MFCs are the most versatile and economically viable for the future to
be taken to larger scales. These types of cells are made up of two types of chambers (anodic
and cathodic), Generally separated by a proton exchange membrane and an external circuit
that joins the electrodes on the outside [12,13]. On the other hand, coriander (C. sativum L.)
has increased its production and export, due to the fact that importing countries of this
vegetable, such as the United States, Canada, Japan, and the European Union, have mainly
increased the consumption of vegetables in general, and increased consumption of cilantro
in the daily diet is mainly due to the fact that it has components that help alleviate inflam-
mation problems and has been used for more than 2000 years because it is rich in minerals,
vitamins, and iron but low in cholesterol; furthermore, not only is it used as food but also as
traditional medicine to treat some diseases, for example, diabetes, insomnia, rheumatism,
and intestinal gastroenteritis [14–16]. The increase in the consumption of this vegetable has
generated an increase in waste, causing a problem for farmers and companies dedicated to
the export and import of the fruit [17].

In this sense, works have been reported on the use of other wastes used as fuel for
the generation of electrical energy in a MFC, for example, Rincón et al. (2022) fabricated
single-chamber MFCs with graphite electrodes and anaerobic plantain debris as a substrate,
managing to generate peaks of 0.35 V on the first day of operation and with a power density
of 41.3 mW/m2 and 0.287 mA/m2 of current density [18]. Tomato waste has also been
used as a substrate for the generation of electrical energy in single-chamber MFCs (with
zinc and copper electrodes), managing to generate peaks of 1.1 V and 0.67 mA on day 15
of monitoring with a density of power and current of 224.77 mW/m2 and 4.43 mA/cm2,
respectively; the high electrical parameters found are mainly due to the use of metallic
electrodes, which facilitates the transport of electrodes [19–21]. The use of vegetable waste
as a substrate has also been reported, managing to generate peaks of 0.804 V and 2.37 mA
with an optimal power of 134 W whose registered power density was 211 mW/m2 [22].

In this sense, the main objective of the research is the manufacture of single-chamber
microbial fuel cells using zinc and copper as electrodes, and coriander waste as a substrate
to observe their power for the generation of bioelectricity. For this, the parameters of
electric current, voltage, pH, and conductivity were monitored for a period of 30 days;
thus, the internal resistance, power density, and current density of the MFCs were also
found. Finally, the microorganisms adhered to the anodic biofilm that generate electric
current were molecularly identified. In this way, an innovative way of taking advantage
of coriander residues will be given, generating bioelectricity and processing the waste of
farmers and businessmen.

2. Materials and Methods
2.1. Fabrication of Microbial Fuel Cells

The anodic (copper, Cu) and cathodic (zinc, Zn) electrodes were fabricated both with
an area of 200 cm2; the rectangular-shaped anode electrode was placed inside the reactor
and the rectangular-shaped cathode electrode was placed at the end of the MFC with one
side of the electrode in contact with the environment; the separation distance between
electrodes was 15 cm (see Figure 1). Both electrodes were joined by 8 mm copper wire
on the outside, managing to form an external circuit with a resistance of 100 ± 2 Ω, the
MFCs were performed in triplicate. The proton exchange membrane (PEM) was in contact
with the cathode electrode and the substrate, whose membrane contained 10 mL of the
concentration of 6 g of KCl plus 14 g of agar and 400 mL of H2O.

2.2. Obtaining Coriander Waste

Coriander wastes correspond to the specimens not sold on the day by La Hermelinda
market traders, located in Trujillo, Peru, who managed to collect a total of 4 kg. The
collected residues were taken to the university laboratories in airtight bags and washed
5 times with distilled water to remove any type of impurities (for example, dirt obtained
from the market) acquired from the environment, and then left to dry in an oven at room
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temperature, room at 35 ± 2 ◦C for 24 h. The coriander wastes were passed through an
extractor (Labtron, LDO-B10-Camberley, Camberley, UK) to obtain juice from the waste.
One liter of juice was obtained, which was placed in a beaker and stored until use.
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Figure 1. Schematic of the MFC.

2.3. Characterization of Microbial Fuel Cells

The values of electric current and voltage were obtained from a multimeter (Prasek Pre-
mium PR-85), whose monitoring was carried out for 30 days. The values of power density
and current density were based on what was done by Segundo et al. (2022) [23]. The values
of electrical conductivity (CD-4301 conductivity meter), pH (pH meter 110 Series Oakton),
and degrees Brix (RHB-32 brix refractometer) were also monitored for 30 days, while for the
resistance values of the MFCs, an energy sensor (Vernier-±30 V and ±1000 mA) was used.

2.4. Isolation of Microorganisms from the Anode

Anode plates were swabbed and inoculated in culture media such as Nutritive Agar,
McConkey Agar for the isolation of bacteria, and Sabouraud Agar for the isolation of fungi
and yeasts. The incubation time for the bacterial isolation media was 24 h at 35 ◦C, while
the isolation of fungi and yeasts was 24 h at 30 ◦C.

2.5. Molecular Identification

Once isolated in the media, Gram staining was performed to identify the microscopic
morphological characteristics. Finally, axenic cultures were carried out, which were sent to
the BIODES laboratory (Laboratory of Integral Solutions Limited Liability Company, Royal
Oak, MI, USA) for molecular identification.

3. Results and Analysis

Figure 2a shows the voltage values monitored at the MFCs for 30 days, from the first
day the values increased from 0.731 ± 0.01 V to 0.882 ± 0.154 V on the seventh day and
then decreased until the last day, Monitoring (0.321 ± 0.315 V). According to Torlaema et al.
(2022), the high voltage values obtained in an initial state are mainly due to the formation
of a mobile electron solution which initiates the transfer of electrons to the cathode [24],
which is reaffirmed by Nosel et al. (2020) who also mentions that the fluctuations of the
voltage values are due to the substrates used since some are more difficult to degrade than
others, which also intervenes in the growth capacity of the microorganisms [25,26]. In
Figure 2b, the values of the electrical current obtained from the monitoring carried out
are observed. The current values increased from the first day, with its peak value being
2.287 ± 0.072 mA on the tenth day and then slowly decaying up to 1.337 ± 0.0828 mA
on the last day of monitoring. The increase in the values of electric current is due to the
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process of adhesion of the microorganisms to the anode electrode in which the biofilm
is formed, while the decrease in these values observed in the final stage of monitoring
would be due to the fact that a large part of the substrate used as fuel begins to sediment
(due to degradation) in microbial fuel cells [27–30]. These values found were higher than
those shown by other authors. For example, Torlaema et al. (2022) using a single-chamber
MFC managed to generate peaks of 18 mV on day 30, in which he used rice waste as
a substrate [24]. Likewise, Parkash A. (2018) managed to generate 300 mV peaks in his
single-chamber MFCs, using wastewater from the sugar process as a substrate [31].
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Figure 2. Monitoring values of (a) voltage and (b) electric current of microbial fuel cells. 
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Figure 2. Monitoring values of (a) voltage and (b) electric current of microbial fuel cells.

Figure 3a shows the pH values obtained from the monitoring carried out, where it is
observed that the values remain in the acidic and slightly neutral regime, with its optimum
operating pH of 3.9 ± 0.16 on the seventh day. The pH values directly influence the genera-
tion of electrical energy, because microorganisms need environments at adequate pH for
their growth and proliferation and the increase in microorganisms that generate electrical
current these values will increase [32,33]. For example, Prasidha et al. (2020) in their
research standardized their pH to 7.1 to the substrate used (food waste leachate) in their
MFCs, managing to generate 410 mV voltage peaks in an anaerobic system, arguing that
the values can be increased in aerated systems because oxygen is an electron acceptor [34].
Likewise, it has been reported that the optimal pH values for the performance of MFCs
vary almost always depending on the substrate used [35]. For example, Li et al. (2021)
demonstrated in their research the effect of pH on bacterial distribution in MFCs in which
they used pH of 8.5, 9.5, and 10.5 for 700 h, managing to demonstrate that the pH of 10.5
was the one that obtained the best results compared to the other two, achieving peaks of
1221 ± 96 mW/m2 of power density [36]. Figure 3b shows the values of electrical conduc-
tivity during the monitoring period, managing to observe that the values increase from the
first day (130.98 ± 1.73 mS/cm) to the seventh day (160.42 ± 4.54 mS/ cm) to later decrease
until the last day (76.740 ± 7.95 mS/cm). The research carried out by Stefanova et al. (2018)
demonstrated that the values of electrical conductivity increase due to the decrease in
the internal resistance of the substrate used, which could be due in the first days to the
oxidation and reduction process that would occur without any problem, while the decrease
in the values are due to sedimentation of substrate components over time [37,38].

In Figure 4a, the internal resistance (Rint.) of the fuel cells is shown, for which Ohm’s
Law (V = IR) was used where the voltage values were placed on the “Y” axis and those of
electric current on the “X” axis. In this way, the slope of the linear adjustment is the internal
resistance of the MFCs. The calculated internal resistance value was 75.581 ± 5.892 Ω,
this value was calculated at the maximum peak of voltage and electric current generation
(seventh day). According to Choudhury et al. (2021), the decrease in voltage values is due
to the increase in the resistance of the MFCs, due to the energy requirement in chemical
reactions (oxidation/reduction) [39]. Although it has been shown that any electronic device
will better conduct electric current by having a low resistance, it has been reported that in
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the case of MFCs, low resistance values are due to a homogeneous formation of the biofilm
on the anode electrode, while the formation of a porous biofilm with voids larger than the
nanometer scale causes resistance values to increase due to leakage currents also increasing
in the electrical system [40–42]. In Figure 4b, the power density (PD) values are shown as
a function of the current density (CD), the DPmax found was 304.325 ± 16.51 mW/cm2

at 5.06 A/cm2 with a peak voltage of 689.48 ± 11.87 mV. These high PD values found are
due to the content of carbon compounds, which are used as sources for the metabolism
of the microorganism. For example, Adebule et al. (2018) used kitchen waste as fuel in
their MFCs, managing to generate peaks of 803.71 mW/m2 [43]. In contrast, if substances
such as carvings or leaves of any kind of fruit or vegetable are used as fuel, the power
densities are really low; for example, Rokhim et al. (2022) used banana plant stems as
fuel and managed to generate a power density of 63.84 mW/cm2 with voltage peaks of
approximately 500 mV [44]. One of the works found with really high potential densities
was the one carried out by Akatah et al. (2019) in which he took the MFCs to a large scale,
managing to generate PD peaks of 10,009 mW/m2 with a peak voltage of 1673 mV, which
was enough to light a red LED light [45].
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The initial and final FTIR transmittance spectra of the used substrate are shown in
Figure 5; making it possible to observe the most intense peak at 3331 cm−1 belonging to
the O-H bonds, while the peak at 2969 and 2805 cm−1 belongs to the alkanes (C-H) bonds;
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similarly, the 1686 cm−1 peak shows the presence of alkene compounds (C=C), and the
1496 and 968 cm−1 peaks show the presence of NO2 and C-H bonds [46–48]. The decrease
in the intensities of the peaks in the initial and final FTIR spectra is due to the fermentation
of the substrate and the consumption of the components used as power sources for the
microorganisms in the process of generating electrical energy of the MFCs. The same
has been reported in other investigations [49,50]. Table 1 shows the bacteria that were
identified by molecular biology techniques using the 16S rDNA gene, because it has a
highly conserved sequence [51]. For the identification of the microorganisms present in
the biofilm, they were analyzed by the BLAST program, which obtained a percentage of
identity of 98.97% to the species Alcaligenes faecalis, 99.39% to the species Alcaligenes faecalis,
and 100% to the species Pseudomonas aeruginosa. Bioelectrochemical systems such as MFCs
use microbes as catalysts for the production of electrical current. In relation to this it has
been investigated that only certain microbes are capable of carrying out an extracellular
transfer of electrons both outward and inward (bidirectional electron transfer).
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Figure 5. Initial and final transmittance spectrum of cilantro debris by FTIR. Figure 5. Initial and final transmittance spectrum of cilantro debris by FTIR.

Table 1. BLAST characterization of the rDNA sequence of bacteria isolated from the MFCs anode
plate with coriander substrate.

BLAST Characterization Length of Consensus
Sequence (nt)

% Maximum
Identidad

Accession
Number

Alcaligenes faecalis 1390 98.97% NR_113606.1

Alcaligenes faecalis 1348 99.52% NR_113606.1

Pseudomonas aeruginosa 1384 100% NR_117678.1

Thus, a study reported the catalyzation of an extracellular transfer of electrons by
the action of the bacterium Alcaligenes faecalis, generating electricity with a potential of
0.3 V. Said result was attributed to the proteins of the pili and the outer membrane of the
bacterium [52,53]. In this context, it is worth mentioning that the species Alcaligenes faecalis
is a Gram-negative, facultative anaerobic bacterium with a bacillary shape and flagellar
motility, which is commonly found in the environment in habitats such as soil and water,
as well as in hospital settings [54]. While Pseudomonas aeruginosa is an environmentally
persistent facultative aerobic bacterium [55], this species has been found to have the pigment
pyocyanin responsible for its electrochemical activity along with cell permeability, increased
electricity generation [56,57]. On the other hand, a study showed that P. aeruginosa produces
a type IV conductive pili (PaT4P), which can function as a conductive nanomaterial [58].
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Similarly, Rojas et al. (2022) reported strains of Pseudomonas aeruginosa, Paenalcaligenes
suwonensis, Klebisella oxytoca, and Raoultella terrigena which obtained maximum voltages
and currents of 1.01 ± 0.017 V and 3.71667 ± 0.05304 mA in the sixth and fourth day,
respectively, which were studied in MFCs with banana residues [59]. In Figure 6, you can
see the cycle of bioelectricity generation from the waste to its operation of the MFCs, as it
can be seen that the MFCs were connected on the seventh day managing to generate 2.61 V.
This value is much higher than those found in the literature, which is enough to turn on a
red LED light.
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4. Conclusions

This research successfully generated bioelectricity through laboratory-scale single-
chamber microbial fuel cells using zinc and copper electrodes for 30 days. The values of
electrical current and maximum voltage were 2.287 ± 0.072 mA and 0.882 ± 0.154 V on the
tenth and seventh day, respectively. These values were obtained working at an optimum
operating pH of 3.9 ± 0.16 on the seventh day, although the MFCs showed acid values
in the first days. In addition, it was possible to observe that the electrical conductivity
on the seventh day was 160.42 ± 4.54 mS/cm, the internal resistance of the MFCs was
75.581 ± 5.892 Ω, with a power density of 304.325 ± 16.51 mW/cm2 in a density current of
5.06 A/cm2 and a peak voltage of 689.48 ± 11.87 mV. The FTIR spectrum showed that the
most intense peak belongs to the O-H and C-H bonds, whose intensities decreased on the
last day of monitoring, mainly due to the fermentation and sedimentation of the substrate
used. It was possible to molecularly identify the species Alcaligenes faecalis, Alcaligenes
faecali, and Pseudomonas aeruginosa with an identity of 98.97, 99.39, and 100% respectively.
The cells were connected in series, managing to generate 2.61 V, which was enough to turn
on a red bulb, successfully generating electricity in an environmentally friendly way. This
research provides a new and promising alternative to companies and farmers because they
can use their own waste to generate electricity if this technology is taken to larger scales.
For future investigations, it is recommended to investigate with stable pH values and to
coat the electrodes with non-toxic components so that microorganisms are not affected and
thus increase the efficiency of microbial fuel cells.
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coriander (Coşkuner & Karababa) with anti-inflammatory activity. J. Funct. Foods 2020, 73, 104145. [CrossRef]

15. Abbassi, A.; Mahmoudi, H.; Zaouali, W.; M’Rabet, Y.; Casabianca, H.; Hosni, K. Enzyme-aided release of bioactive compounds
from coriander (Coriandrum sativum L.) seeds and their residue by-products and evaluation of their antioxidant activity. J. Food
Sci. Technol. 2018, 55, 3065–3076. [CrossRef] [PubMed]

16. Kaur, G.; Kaur, P.; Kaur, A. Physico-chemical properties, bioactive compounds and color parameters of coriander puree: Effect of
pretreatments and freezing. J. Food Sci. Technol. 2018, 55, 3473–3484. [CrossRef]

17. Tremlett, C.J.; Peh, K.S.-H.; Zamora-Gutierrez, V.; Schaafsma, M. Value and benefit distribution of pollination services provided
by bats in the production of cactus fruits in central Mexico. Ecosyst. Serv. 2020, 47, 101197. [CrossRef]

18. Rojas-Flores, S.; De La Cruz-Noriega, M.; Nazario-Naveda, R.; Benites, S.M.; Delfín-Narciso, D.; Rojas-Villacorta, W.; Romero, C.V.
Bioelectricity through microbial fuel cells using avocado waste. Energy Rep. 2022, 8, 376–382. [CrossRef]

http://doi.org/10.1002/gch2.202100141
http://www.ncbi.nlm.nih.gov/pubmed/35602407
http://doi.org/10.3390/en13164217
http://doi.org/10.1016/j.jclepro.2019.118086
http://doi.org/10.1016/j.nbt.2020.11.005
http://www.ncbi.nlm.nih.gov/pubmed/33202308
http://doi.org/10.1016/j.wasman.2021.10.013
http://www.ncbi.nlm.nih.gov/pubmed/34700286
http://doi.org/10.1016/j.nanoso.2020.100663
http://doi.org/10.1007/s12649-021-01549-0
http://doi.org/10.1016/j.sbsr.2022.100484
http://doi.org/10.1080/26895293.2021.1934123
http://doi.org/10.1016/j.jsamd.2019.07.001
http://doi.org/10.1016/j.cej.2015.02.076
http://doi.org/10.1016/j.ceja.2022.100283
http://doi.org/10.1016/j.mset.2019.11.001
http://doi.org/10.1016/j.jff.2020.104145
http://doi.org/10.1007/s13197-018-3229-4
http://www.ncbi.nlm.nih.gov/pubmed/30065416
http://doi.org/10.1007/s13197-018-3272-1
http://doi.org/10.1016/j.ecoser.2020.101197
http://doi.org/10.1016/j.egyr.2022.06.100


Sustainability 2023, 15, 896 9 of 10

19. Rincón-Catalán, N.I.; Cruz-Salomón, A.; Sebastian, P.; Pérez-Fabiel, S.; Hernández-Cruz, M.D.C.; Sánchez-Albores, R.M.;
Hernández-Méndez, J.M.E.; Domínguez-Espinosa, M.E.; Esquinca-Avilés, H.A.; Ríos-Valdovinos, E.I.; et al. Banana Waste-to-
Energy Valorization by Microbial Fuel Cell Coupled with Anaerobic Digestion. Processes 2022, 10, 1552. [CrossRef]

20. Segundo, R.-F.; Magaly, D.L.C.-N.; Benites, S.M.; Daniel, D.-N.; Angelats-Silva, L.; Díaz, F.; Luis, C.-C.; Fernanda, S.-P. Increase in
Electrical Parameters Using Sucrose in Tomato Waste. Fermentation 2022, 8, 335. [CrossRef]

21. Huang, X.; Duan, C.; Duan, W.; Sun, F.; Cui, H.; Zhang, S.; Chen, X. Role of electrode materials on performance and microbial
characteristics in the constructed wetland coupled microbial fuel cell (CW-MFC): A review. J. Clean. Prod. 2021, 301, 126951.
[CrossRef]

22. Rojas-Flores, S.; Nazario-Naveda, R.; Benites, S.M.; Gallozzo-Cardenas, M.; Delfín-Narciso, D.; Díaz, F. Use of Pineapple Waste as
Fuel in Microbial Fuel Cell for the Generation of Bioelectricity. Molecules 2022, 27, 7389. [CrossRef] [PubMed]

23. Mulyono, T.; Misto; Cahyono, B.E.; Fahmidia, N.H. The impact of adding vegetable waste on the functioning of microbial fuel
cell. AIP Conf. Proc. 2022, 2663, 020008. [CrossRef]

24. Segundo, R.-F.; De La Cruz-Noriega, M.; Milly Otiniano, N.; Benites, S.M.; Esparza, M.; Nazario-Naveda, R. Use of Onion Waste
as Fuel for the Generation of Bioelectricity. Molecules 2022, 27, 625. [CrossRef] [PubMed]

25. Torlaema, T.A.M.; Ibrahim, M.N.M.; Ahmad, A.; Guerrero-Barajas, C.; Alshammari, M.B.; Oh, S.-E.; Hussain, F. Degradation
of Hydroquinone Coupled with Energy Generation through Microbial Fuel Cells Energized by Organic Waste. Processes 2022,
10, 2099. [CrossRef]

26. Nosek, D.; Cydzik-Kwiatkowska, A. Microbial Structure and Energy Generation in Microbial Fuel Cells Powered with Waste
Anaerobic Digestate. Energies 2020, 13, 4712. [CrossRef]

27. Thenmozhi, M.; Hooreen, D.; Sowmiya, V.; Dhasarathan, P. Comparative study of bioelectricity generation by microbial
degradation of organic wastes using microbial fuel cell. World J. Adv. Res. Rev. 2020, 6, 035–042. [CrossRef]

28. Parkash, A. An Bio-electricity generation from sugar mill waste water using MFC. MOJ Curr. Res. Rev. 2017, 1, 30–31. [CrossRef]
29. Vishnevskaya, M.; Gazizova, D.; Victorenko, A.; Konova, I. Membraneless microbial biofuel cell for municipal waste water

treatment. IOP Conf. Series Earth Environ. Sci. 2019, 337, 012002. [CrossRef]
30. Ganesh, S.; Brinda, M.; Devibala, A.; Jayabharathi, S.; Shivarekka, M. Microbial Fuel Cell for Electrical Power Generation from

Waste Water. Int. J. Innov. Technol. Explor. Eng. 2020, 9, 143–147. [CrossRef]
31. Rojas-Flores, S.; De La Cruz–Noriega, M.; Benites, S.M.; Delfín-Narciso, D.; Angelats-Silva, L.; Díaz, F.; Cabanillas-Chirinos, L.

Generation of Electricity Through Papaya Waste at Different pH. Environ. Res. Eng. Manag. 2022, 78, 137–146. [CrossRef]
32. Rojas-Flores, S.; De La Cruz-Noriega, M.; Benites, S.M.; Delfín-Narciso, D.; Luis, A.-S.; Díaz, F.; Luis, C.-C.; Moises, G.C. Electric

Current Generation by Increasing Sucrose in Papaya Waste in Microbial Fuel Cells. Molecules 2022, 27, 5198. [CrossRef] [PubMed]
33. Rojas-Flores, S.; Nazario-Naveda, R.; De La Cruz Noriega, M.; Benites, S.M.; Otiniano, N.M.; Rodriguez-Yupanqui, M.; Valdiviezo-

Dominguez, F.; Rojas-Villacorta, W. Generación De Bioelectricidad Mediante Desechos De Uvas. LACCEI Inc. 2021, 19. [CrossRef]
34. Prasidha, W. Electricity Production from Food Waste Leachate (Fruit and Vegetable Waste) using Double Chamber Microbial Fuel

Cell: Comparison between Non-aerated and Aerated Configuration. ROTASI 2020, 22, 162–168.
35. Flores, S.R.; Nazario-Naveda, R.; Betines, S.M.; De La Cruz–Noriega, M.; Cabanillas-Chirinos, L.; Valdiviezo-Dominguez, F. Sugar

Industry Waste for Bioelectricity Generation. Environ. Res. Eng. Manag. 2021, 77, 15–22. [CrossRef]
36. Li, X.; Lu, Y.; Luo, H.; Liu, G.; Torres, C.I.; Zhang, R. Effect of pH on bacterial distributions within cathodic biofilm of the microbial

fuel cell with maltodextrin as the substrate. Chemosphere 2020, 265, 129088. [CrossRef]
37. Stefanova, A.; Angelov, A.; Bratkova, S.; Genova, P.; Nikolova, K. Influence of Electrical Conductivity and Temperature in a

Microbial Fuel Cell for Treatment of Mining Waste Water. Annals of the Constantin Brâncus, i University of Târgu Jiu, Letters
and Social Science Series, 2018; Volume 3, pp. 1–7. Available online: https://www.utgjiu.ro/rev_ing/pdf/2018-3/02_A.
STEFANOVA%20-INFLUENCE%20OF%20ELECTRICAL%20CONDUCTIVITY%20AND%20TEMPERATURE%20IN%20A%
20MICROBIAL%20FUEL%20CELL%20FOR%20TREATMENT%20OF%20MINING%20WASTE%20WATER.pdf (accessed on
29 November 2022).

38. De La Cruz-Noriega, M.; Rojas-Flores, S.; Benites, S.M.; Álvarez, M.Q.; García, N.M.O.; Yupanqui, M.R. Use of Leuconostoc
Mesenteroides to Produce a Dextran Bioflocculant. Environ. Res. Eng. Manag. 2022, 78, 38–45. [CrossRef]

39. Choudhury, P.; Ray, R.N.; Bandyopadhyay, T.K.; Basak, B.; Muthuraj, M.; Bhunia, B. Process engineering for stable power recovery
from dairy wastewater using microbial fuel cell. Int. J. Hydrogen Energy 2020, 46, 3171–3182. [CrossRef]

40. Pasternak, G.; Greenman, J.; Ieropoulos, I. Dynamic evolution of anodic biofilm when maturing under different external resistive
loads in microbial fuel cells. Electrochemical perspective. J. Power Sources 2018, 400, 392–401. [CrossRef]

41. Ghasemi, M.; Sedighi, M.; Tan, Y. Carbon Nanotube/Pt Cathode Nanocomposite Electrode in Microbial Fuel Cells for Wastewater
Treatment and Bioenergy Production. Sustainability 2021, 13, 8057. [CrossRef]

42. Oon, Y.-S.; Ong, S.-A.; Ho, L.-N.; Wong, Y.-S.; Oon, Y.L.; Lehl, H.K.; Thung, W.-E.; Nordin, N. Disclosing the synergistic
mechanisms of azo dye degradation and bioelectricity generation in a microbial fuel cell. Chem. Eng. J. 2018, 344, 236–245.
[CrossRef]

43. Adebule, A.P.; Aderiye, B.I.; Adebayo, A.A. Improving bioelectricity generation of microbial fuel cell (MFC) with mediators using
kitchen waste as substrate. Ann. Appl. Microbiol. Biotechnol. J. 2018, 2, 1008.

44. Rokhim, D.A.; Adid, A.W.; Tyas, F.K.; Ciptawati, E.; Asrori, M.R. Utilization of Banana Stem Waste Extracts Assisted by Electrode
of Cu/Mg as an Environmentally Friendly Electricity Producer. Orbital Electron. J. Chem. 2022, 14, 40–44. [CrossRef]

http://doi.org/10.3390/pr10081552
http://doi.org/10.3390/fermentation8070335
http://doi.org/10.1016/j.jclepro.2021.126951
http://doi.org/10.3390/molecules27217389
http://www.ncbi.nlm.nih.gov/pubmed/36364216
http://doi.org/10.1063/5.0108950
http://doi.org/10.3390/molecules27030625
http://www.ncbi.nlm.nih.gov/pubmed/35163889
http://doi.org/10.3390/pr10102099
http://doi.org/10.3390/en13184712
http://doi.org/10.30574/wjarr.2020.6.3.0178
http://doi.org/10.15406/mojcrr.2018.01.00006
http://doi.org/10.1088/1755-1315/337/1/012002
http://doi.org/10.35940/ijitee.F3460.049620
http://doi.org/10.5755/j01.erem.78.4.31912
http://doi.org/10.3390/molecules27165198
http://www.ncbi.nlm.nih.gov/pubmed/36014437
http://doi.org/10.18687/laccei2021.1.1.135
http://doi.org/10.5755/j01.erem.77.3.29355
http://doi.org/10.1016/j.chemosphere.2020.129088
https://www.utgjiu.ro/rev_ing/pdf/2018-3/02_A.STEFANOVA%20-INFLUENCE%20OF%20ELECTRICAL%20CONDUCTIVITY%20AND%20TEMPERATURE%20IN%20A%20MICROBIAL%20FUEL%20CELL%20FOR%20TREATMENT%20OF%20MINING%20WASTE%20WATER.pdf
https://www.utgjiu.ro/rev_ing/pdf/2018-3/02_A.STEFANOVA%20-INFLUENCE%20OF%20ELECTRICAL%20CONDUCTIVITY%20AND%20TEMPERATURE%20IN%20A%20MICROBIAL%20FUEL%20CELL%20FOR%20TREATMENT%20OF%20MINING%20WASTE%20WATER.pdf
https://www.utgjiu.ro/rev_ing/pdf/2018-3/02_A.STEFANOVA%20-INFLUENCE%20OF%20ELECTRICAL%20CONDUCTIVITY%20AND%20TEMPERATURE%20IN%20A%20MICROBIAL%20FUEL%20CELL%20FOR%20TREATMENT%20OF%20MINING%20WASTE%20WATER.pdf
http://doi.org/10.5755/j01.erem.78.1.29591
http://doi.org/10.1016/j.ijhydene.2020.06.152
http://doi.org/10.1016/j.jpowsour.2018.08.031
http://doi.org/10.3390/su13148057
http://doi.org/10.1016/j.cej.2018.03.060
http://doi.org/10.17807/orbital.v14i1.1677


Sustainability 2023, 15, 896 10 of 10

45. Akatah, B.M.; Kalagbor, I.A.; Gwarah, L.S. Electricity generation from septic waste water using septic tank as microbial fuel cell.
Sustain. Energy 2019, 7, 1–5.

46. AlJindan, R.; AlEraky, D.M. Silver Nanoparticles: A Promising Antifungal Agent against the Growth and Biofilm Formation of
the Emergent Candida auris. J. Fungi 2022, 8, 744. [CrossRef]

47. Bhat, S.; Thangarasu, S.; Uthappa, U.T.; Altalhi, T.; Han, S.S.; Kurkuri, M. Agricultural Waste Derived High Surface Area Activated
Carbon (Ac) for Superior Adsorption Performances of Cationic/Anionic Dyes and Supercapacitor Application. SSRN 2022, 7,
20–28. [CrossRef]

48. Carucci, C.; Sechi, G.; Piludu, M.; Monduzzi, M.; Salis, A. A drug delivery system based on poly-L-lysine grafted mesoporous
silica nanoparticles for quercetin release. Colloids Surfaces A Physicochem. Eng. Asp. 2022, 648, 129343. [CrossRef]

49. Midyurova, B. Bioelectricity production and waste water treatment using air cathode microbial fuel cell. In Proceedings of
the 2019 16th Conference on Electrical Machines, Drives and Power Systems (ELMA), Varna, Bulgaria, 6–8 June 2019; pp. 1–4.
[CrossRef]

50. Rahman, W.; Yusup, S.; Mohammad, S.N.A.A. Screening of fruit waste as substrate for microbial fuel cell (MFC). AIP Conf. Proc.
2021, 2332, 020003. [CrossRef]

51. Johnson, J.S.; Spakowicz, D.J.; Hong, B.-Y.; Petersen, L.M.; Demkowicz, P.; Chen, L.; Leopold, S.R.; Hanson, B.M.; Agresta, H.O.;
Gerstein, M.; et al. Evaluation of 16S rRNA gene sequencing for species and strain-level microbiome analysis. Nat. Commun. 2019,
10, 5029. [CrossRef]

52. Santoro, C.; Arbizzani, C.; Erable, B.; Ieropoulos, I. Microbial fuel cells: From fundamentals to applications. A review. J. Power
Sources 2017, 356, 225–244. [CrossRef]

53. Yu, L.; Yuan, Y.; Rensing, C.; Zhou, S. Combined spectroelectrochemical and proteomic characterizations of bidirectional
Alcaligenes faecalis-electrode electron transfer. Biosens. Bioelectron. 2018, 106, 21–28. [CrossRef] [PubMed]

54. Huang, C. Extensively drug-resistant Alcaligenes faecalis infection. BMC Infect. Dis. 2020, 20, 833. [CrossRef] [PubMed]
55. Paz-Zarza, V.M.; Mangwani-Mordani, S.; Martínez-Maldonado, A.; Álvarez-Hernández, D.; Solano-Gálvez, S.G.; VázquezLópez,

R. Pseudomonas aeruginosa: Pathogenicity and Antimicrobial Resistance in Urinary Tract Infection. Rev. Chil. Infectol. 2019, 36,
180–189. [CrossRef] [PubMed]

56. Angelaalincy, M.J.; Krishnaraj, R.N.; Shakambari, G.; AshokKumar, B.; Kathiresan, S.; Varalakshmi, P. Biofilm Engineering
Approaches for Improving the Performance of Microbial Fuel Cells and Bioelectrochemical Systems. Front. Energy Res. 2018, 6.
[CrossRef]

57. Shen, H.-B.; Yong, X.-Y.; Chen, Y.-L.; Liao, Z.-H.; Si, R.-W.; Zhou, J.; Wang, S.-Y.; Yong, Y.-C.; OuYang, P.-K.; Zheng, T. Enhanced
bioelectricity generation by improving pyocyanin production and membrane permeability through sophorolipid addition in
Pseudomonas aeruginosa-inoculated microbial fuel cells. Bioresour. Technol. 2014, 167, 490–494. [CrossRef]

58. Liu, X.; Wang, S.; Xu, A.; Zhang, L.; Liu, H.; Ma, L.Z. Biological synthesis of high-conductive pili in aerobic bacterium
Pseudomonas aeruginosa. Appl. Microbiol. Biotechnol. 2018, 103, 1535–1544. [CrossRef]

59. Rojas-Flores, S.; De La Cruz-Noriega, M.; Nazario-Naveda, R.; Benites, S.M.; Delfín-Narciso, D.; Angelats-Silva, L.; Murga-Torres,
E. Use of Banana Waste as a Source for Bioelectricity Generation. Processes 2022, 10, 942. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/jof8070744
http://doi.org/10.2139/ssrn.4269879
http://doi.org/10.1016/j.colsurfa.2022.129343
http://doi.org/10.1109/elma.2019.8771505
http://doi.org/10.1063/5.0043556
http://doi.org/10.1038/s41467-019-13036-1
http://doi.org/10.1016/j.jpowsour.2017.03.109
http://doi.org/10.1016/j.bios.2018.01.032
http://www.ncbi.nlm.nih.gov/pubmed/29414084
http://doi.org/10.1186/s12879-020-05557-8
http://www.ncbi.nlm.nih.gov/pubmed/33176714
http://doi.org/10.4067/S0716-10182019000200180
http://www.ncbi.nlm.nih.gov/pubmed/31344154
http://doi.org/10.3389/fenrg.2018.00063
http://doi.org/10.1016/j.biortech.2014.05.093
http://doi.org/10.1007/s00253-018-9484-5
http://doi.org/10.3390/pr10050942

	Introduction 
	Materials and Methods 
	Fabrication of Microbial Fuel Cells 
	Obtaining Coriander Waste 
	Characterization of Microbial Fuel Cells 
	Isolation of Microorganisms from the Anode 
	Molecular Identification 

	Results and Analysis 
	Conclusions 
	References

