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Abstract: The enormous environmental problems that arise from organic waste have increased due
to the significant population increase worldwide. Microbial fuel cells provide a novel solution for
the use of waste as fuel for electricity generation. In this investigation, onion waste was used, and
managed to generate maximum peaks of 4.459 £ 0.0608 mA and 0.991 + 0.02 V of current and voltage,
respectively. The conductivity values increased rapidly to 179,987 + 2859 mS/cm, while the optimal
pH in which the most significant current was generated was 6968 + 0.286, and the ° Brix values
decreased rapidly due to the degradation of organic matter. The microbial fuel cells showed a low
internal resistance (154,389 + 5228 (), with a power density of 595.69 & 15.05 mW/ cm? at a current
density of 6.02 A/cm?; these values are higher than those reported by other authors in the literature.
The diffractogram spectra of the onion debris from FTIR show a decrease in the most intense peaks,
compared to the initial ones with the final ones. It was possible to identify the species Pseudomona
eruginosa, Acinetobacter bereziniae, Stenotrophomonas maltophilia, and Yarrowia lipolytica adhered to the
anode electrode at the end of the monitoring using the molecular technique.

Keywords: organic waste; generation; electricity; onion; microbial fuel cells

1. Introduction

In recent decades, the rapid growth of human society has brought with it an increase in
pollution, in which organic waste due to the lack of solid waste collection centers is dumped
around supply centers [1,2]. This situation causes discomfort to homes near these markets
due to bad smells, as well as birds and rodents originating from the extensive duration of
accumulation [3]. According to the World Bank, people will produce 2.2 trillion tons of
solid waste in 2025 [4], of which approximately 33% will be waste that will not be managed
safely [5]. According to Szulc et al. (2021), each person produces an average of 0.74 kg per
day, but it can vary from 0.11 to 4.54 kg due to people’s diet [6]. Considering that some
regions are developing rapidly, this will double or triple their waste production [7]. Due to
the large amounts of waste, many researchers have looked for innovative ways to use it;
for example, waste has been used in fertilizers [8], biopolymers [9], biogas generation [10],
and bioelectricity [11]. In this sense, the use of organic waste to generate electricity through
microbial fuel cells is being intensively investigated, because it can be used as a fuel to
generate electricity and, once depleted, it can further be used for sowing, since the waste
is still rich in minerals [12]. Microbial fuel cells (MFCs) are bioelectrochemical devices
in which the chemical energy of the substrates is converted into electrical energy. There
are many cell types, although in general the cell is connected to an external circuit; the
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composition of the cell consists of an anodic and cathodic chamber separated by a proton
exchange membrane. The anodic chamber is customarily in anaerobiosis, and the cathodic
chamber is in contact with oxygen [13-15]. In this sense, Cecconet et al. (2018) used agro-
industrial waste in their cells, which were made with graphite electrodes, and managed
to generate voltage peaks of 637 mV with an external resistance of 20.4 (2 on day 51. The
excellent production of electricity obtained was attributed to colonization of the species of
electroactive bacteria on the anode electrode [16]. In the same way, Asefi et al. (2019) used
food waste as substrate and carbon felt as electrodes, and managed to generate voltage
peaks of approximately 775 & 2 mV and 422 mW/m?, with the decline in values being
attributed to the lack of nutrients in the last days of monitoring [17]. Although vegetable
residues are difficult to use for the generation of electrical currents, Fogg et al. (2015) were
one of the first to report the use of plants in MFCs for electricity generation, pointing out
their great potential for use as a substrate in a cell due to their possessing many active
redox mediators [18]. In the same sense, Shrestha et al. (2016) managed to generate peak
voltages of approximately 0.78 V and current densities of 1.504 A /cm? in their MFCs [19].
These results were attributed to the high concentration of carbohydrates, amino acids, and
species with redox activity [20]. Due to this, vegetable residues with high redox species
and carbohydrate content are potentially excellent candidates for generating electrical
current in MFCs when used as substrates. One of the most important agricultural products
in the world is onion (Allium cepa L.), with 392,536 tons being produced in 2018, and its
production continues to grow [21]. This product is a rich source of polyphenol dietary fibres
and antioxidants, and onion skin is a waste that contains a high concentration of flavonoids
compared to the edible part [22]. Flavanols have a higher concentration (280-400 mg/kg)
in onions than in other vegetables; for example, broccoli has a concentration of 100 mg/kg
and apple 50 mg/kg; thus, the onion contains active antimicrobial agents [23]. Due to the
incredible popularity of this vegetable, large amounts of waste are being generated, which
is used to flavour food products, especially dairy products such as flavoured cheese, sour
cream, or meat products such as processed hams, cold cuts, and meat cans [24,25].

Worldwide, approximately 66 million tons of onions are produced each year. It is
expected that in 2025, an increase of 88.6-92.8% of waste generated by this vegetable will
occur, with the implementation of strategies to minimize contamination due to this product
being of vital importance [26]. The accelerated increase in waste affects the environment,
emphasising the need to design adequate strategies to minimize the social and environ-
mental impacts on future generations [27]. In general, a 70% increase in the generation of
urban solid waste is expected by 2050, which will occur if there are no changes in consumer
habits in the process of disposing waste. The linear economy model follows a step-by-step
purchase, manufacturing, and disposal scheme; this means raw materials are collected
and used until they are finally discarded. This creates a domino effect where it results
in a shortage of raw materials and increases in cost due to the handling and disposal of
waste [28,29]. The circular economy and its acceptance have a direct effect on the fight
against waste, since it uses waste as a product, contributing to the minimization of pollu-
tion [30]. To achieve positive changes with respect to the conservation of the environment,
the use of innovative technologies for solid waste management must be counted on, taking
the circular economy as the main focus, since it is framed around the valorisation of waste
as a resource [31]. Countries and their citizens have the responsibility of producing struc-
tural changes in policies and plans related to the sustainable development of solid waste,
achieving adequate treatment, management, utility, and final disposal through the circular
economic model [32].

The main objective of this research is to generate electricity using onion waste (mon-
itoring the physical-chemical parameters) and to identify the main microorganisms in
anodic electrodes that generate such energy. In order to provide a clear picture, the voltage,
current, pH, brix degrees, and conductivity were monitored for 35 days. The internal
resistance, power density, current density, and the initial and final transmittance spectrum
of the substrates were characterized by Fourier transform infrared spectroscopy (FTIR).
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Molecular techniques identified electrogenic bacteria attached to the anode. This research
provides a solution by which the waste originating from this vegetable can be used as
fuel and the eco-friendly generation of electricity, to the benefit of farmers and export and
import companies.

2. Materials and Methods
2.1. Construction of Single-Chamber Microbial Fuel Cells

Microbial fuel cells (three in total) were created using copper (Cu) at the anode and
zinc (Zn) at the cathode in the absence of a proton exchange membrane, as shown in
the prototype in Figure 1. A 600 mL polymethylmethacrylate tube was used as the MFC
chamber, in which a 5 cm hole was drilled at one end so that the cathode had contact with
the environment (O5). The electrodes were 78.50 cm? in area; both electrodes were joined
by an external resistance connected with copper wire (0.2 cm in diameter).

Zn

Figure 1. Scheme of the MFC prototype.

2.2. Onion Waste Collection and Preparation

An amount of 3 kg of decomposed onion was collected from the La Hermelinda
Trujillo market, Peru, in sealed airtight bags and stored in a cooler. The debris was placed
in plastic trays to remove any plastic, paper, or other foreign material. The samples were
then washed with distilled water three times to remove dust, insects, or other impurities.
Next, the samples were left to dry in an oven (Labtron, LDO-B10) for 24 h 30 + 1.5 °C.
Finally, the onion residues were placed in an extractor (Maqorito-400 rpm) to obtain 800 mL
(150 mL for each MFC) of waste onion juice.

2.3. Characterization of Microbial Fuel Cells

The voltage and current values generated were monitored using a multimeter (Prasek
Premium PR-85-USA) for a period of 35 days with an external resistance of 1000 () at
22 £ 2 °C. Current density (CD) and power density (PD) were calculated using the equa-
tions of CD = chell/ Rext. A and PD = V1 /Rext. A, where A (area) of the cathode has an
approximate value of 78.50 cm? [33]. With external resistances (Rext.) of 0.3 (£0.1), 0.6
(£0.18), 1 (£0.3), 1.5 (£0.31), 3 (£0.6), 10 (£1.3), 20 (£6.5), 50 (£8.7), 60 (£8.2), 100 (£9.3),
120 (£9.8), 220 (+13), 240 (£15.6), 330 (£20.3), 390 (+24.5), 460 (£23.1), 531 (£26.8), 700
(£40.5) and 1000 (£50.6) (2 [16]. Changes in conductivity (CD-4301 conductivity meter),
pH (110Series Oakton pH meter) and Brix degrees (RHB-32 Brix refractometer) were also
measured. Transmittance values were measured by FTIR (Thermo Scientific IS50) and MFC
resistance values were measured using an energy sensor (Vernier- 30 V and 1000 mA).
The data points of the voltage, current, pH, conductivity, © Brix, Current density (CD) and
power density (PD) figures represent the average values from three replicates and the error
bars represent the corresponding standard deviations.
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2.4. Isolation of Electrogenic Microorganisms in Anodic Chamber

For isolation, a swab of the anode plate was made; then, it was seeded by the stria
technique in culture media such as Brain Heart Infusion Agar, Nutritive Agar, Mac Con-
key Agar, and Sabouraud Agar. They were incubated at 36 °C to isolate Gram-negative
bacteria and 30 °C for fungi and yeasts. The isolation of microorganisms was carried out
in duplicate.

2.5. Molecular Identification of Bacteria and Fungi

The Laboratory’s Analysis and Research Center of “Biodes Laboratorios” carried out
the molecular identification. From axenic cultures, they carried out DNA extraction using
the CTAB technique. The MACROGEN Laboratory sequenced the PCR products, then
analysed them by the MEGA X bioinformatics software (Molecular Evolutionary Genetics
Analysis); finally, they were aligned and compared with the BLAST bioinformatics program
(Basic Local Alignment Search Tool) to obtain the percentage of identity in identifying fungi
and bacteria.

3. Results and Analysis

In Figure 2a, the voltage values observed during the 35 days of monitoring of the
MEFCs are shown, in which the successive increase of the values can be seen from the first
(0.9033 £ 0.016 V) to the sixth day (0.991 £ 0.02), and then slowly decay until the last day
(0.5463 £ 0.0345 V). The rapid generation of voltage in the first days is mainly due to the
metallic electrode used. According to Hindatu et al. (2017), the use of an anodic electrode
of this type has lower resistance and higher conductivity of the electrons generated to the
cathode electrode [34]. The use of Zn and Cu as electrodes has already been studied; rapid
generation of voltage on the first day was observed due to the current chemical present in
the substrate, and because there was not enough time to adhere the microorganisms on
the electrode [35,36]. However, as the days go by, the microorganisms exhibit increasing
anodic behaviour due to the decomposition of the substrate [37]. At the same time, the
voltage variations are generated by the substrate used, which contains components that
affect the growth of microorganisms at the time of degradation [38]. Figure 2b shows the
generated values of electric current during the 35 days of monitoring. It can be seen that,
after the first day (3.006 £ 0.0837 mA), the current values increase to their maximum peak
on the seventh day (4459 £ 0.0608 mA), following which a decrease is observed until the
last day (10806 £ 0.0540 mA). The work carried out by Din et al. (2020), in which they used
potato waste, mentions that the decrease in current values is due to the rapid hydrolysis of
organic matter (substrate) due to the variation of the appropriate pH values [39].

On the other hand, glucose consumption by microorganisms under anaerobic con-
ditions produces carbon dioxide, protons, and electrons in the anode chamber, which
contributes to the increase in current values [40]. Likewise, the possible low resistance of
the system (substrate, electrodes, and external circuit) contributes to making the flow of
electrons more feasible, and the high current values during the monitoring period confirms
the presence of an exoelectrogenic biofilm (community bacterially or electrochemically
active) on the anode electrode [41,42]. These preliminary results on the use of onion waste
for the generation of bioelectricity show the way for more research due to the excellent
current and voltage results obtained, although as mentioned by Rahman et al. (2021), one
of the essential points is the study of the availability of glucose by the substrates, which is
what limits the release of electrons and leads to a decrease in electrical current [43].
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Figure 2. Monitoring of the values of (a) voltage and (b) current of the microbial fuel cells.

The maximum value of conductivity is obtained on the fifth day (179,987 +£ 2859 mS/cm),
as can be seen in Figure 3a, and conductivity then decreases continuously until the last
day (28,667 & 6110 mS/cm). The variations in conductivity are due to the creation and
formation of sediments from the waste used during the electricity generation process [44].
While the increase in conductivity is mainly due to the reduction of the resistance of
organic waste used as fuel, these values can be improved by adding inorganic salts to
the substrate of the anode chamber [45,46]. In Figure 3b, it can be observed that the pH
values vary from slightly acidic (3.77 & 0.036) to neutral (6.968 £ 0.286), with the optimum
pH for the generation of voltage and current being 4.35 4= 0.201. According to Geng et al.
(2020), an MFC operating at neutral pH decreases the electrical parameters due to the
competition between methanogens and electrigens contained in the substrate [47]. However,
the optimal operation for each substrate and cell type varies due to the different operating
parameters in electricity production [48]. For example, Ren et al. (2018) investigated the
performance of their cells by adjusting the pH, managing to obtain the optimal pH for a
value of 9, because the microorganisms present in their substrate obtained the appropriate
conditions for their growth [49]. Figure 3c shows the ° Brix values exhibited by the cells
during monitoring, which in the first days have a value of 4 and then drop to zero by
the twelfth day, a value which is maintained until the last day of operation of the cells.
Clark et al. 2018 [50] determined the presence of soluble solids (0.997, 0.1 ° Brix), pyruvate
(0.825, 0.8 umol g-1 FW), fructan (0.98, 1.9 mg g-1 FW), glucose (0.941, 1.1 mg g-1 FW),
fructose (0.967, 1.0 mg g-1 FW) and sucrose (0.919, 1.7 mg g-1 FW) in onion crops by FTIR,
as they are carbon sources for the growth of microorganisms.

Figure 4a shows the internal resistance values (Rint.) The resistance values of the
microbial fuel cells during the 35 days (50,400 min) of monitoring did not show major
fluctuations at 22 & 2 °C, and the average value of Rint. Was 154,389 + 5228 (). Previous
studies show that low internal resistance is mainly due to good biofilm formation on the
anode electrode due to electrogenic microorganisms present in the substrate [51,52]. In
the same way, by containing a low Rint., electron transfer will occur more efficiently from
anode to cathode; thus, microorganisms may prefer more direct ways of electron transfer
due to their genetics [37]. Figure 4b shows the values of power density (PD) and voltage as a
function of current density (CD), managing to generate a PDmayx. of 595.69 £ 15.05 mW/ cm?
ina CD 6.02 A/cm? and with a maximum voltage of 871.92 + 7.9 mV. The PD and CD
values obtained in this investigation were higher compared to those obtained with other
substrates (H. undatus, M. citrifolia and R. ulmifolius) [53], using the same design and
materials, which may be due to greater ease of degradation of the grape substrate [54]. In
the same sense, in the work carried out by Yang et al. (2019), the values of CD and PD
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using sediments as substrate are lower than those obtained by us, thus demonstrating
the great potential of fruit residues for the generation of electricity [55]. Although the CD
and PD values can still be increased using a proton exchange membrane (MIP) between
the anodic and cathode chamber, as demonstrated by Asensio et al. (2018) in his work, in
which he used wastewater and different types of IPM as a substrate (Nafion-117 HRT3.16,
Nafion-117 HRT 6.32d, Neosepta CMX, and Neosepta AMX), achieving a higher current
density (~850 mA /m?) using the NAFION-117 HRT 3.16 as MIP [56].
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Figure 3. Values of (a) conductivity, (b) pH, and (c) ° Brix of the microbial fuel cells.

Figure 5 shows the values of the transmittance spectrum by FTIR of the onion waste at
the initial and final time of operation in the microbial fuel cells. The 3291 cm~! peak belongs
to the hydroxyl group (range 3200-3300 cm 1), the stretches close to 2929 cm ™! belong
to the methylene-CH, the 1630 cm ™! peak belongs to the quinone or conjugated ketone
(C=C, stretch), the peaks between 1300~1400 cm ! belong to OH bonds and the 1027 cm !
peak to -CC-stretch, ethers [57-59]. The decrease in the intensity of the transmittance peaks

is mainly due to the degradation of the compounds in the electrical energy generation
process [60].
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Figure 5. FTIR spectrophotometry of the initial and final onion residues.

The Analysis and Research Center of the “Biodes Laboratorios” laboratory carried out
the molecular identification. The genetic material (DNA) was extracted from pure or axenic
cultures of bacteria and fungi, isolated from anode plates with onion substrate, using the
CTAB extraction method [61]. The PCR products for the 165 rDNA gene (bacteria) and the
ITF region (yeast) of each isolate were sequenced in the Macrogen laboratory (USA) [62].
Then the relationship of the sequences was evaluated in the bioinformatics Software MEGA
X (Molecular Evolutionary Genetics Analysis) to be later aligned and compared with other
sequences in the bioinformatics program BLAST (Basic Local Alignment Search Tool),
through which the percentage of identity was obtained for the identification of bacteria
and fungi.

A BLAST characterization of the rDNA sequence of the bacteria and yeast isolated
from the anode plate of the onion microbial fuel cells was performed, where a 100% identity
percentage was obtained corresponding to the Pseudomona eruginosa species, 99.93% to
the Acinetobacter bereziniae species, 100%, to the Stenotrophomonas maltophilia species
(see Table 1), and 100% to the Yarrowia lipolytica species (see Table 2).

The phylogenetic tree was constructed using the Maximum Likelihood method with
Bootstrap phylogeny test with 100 replicates to show differences in general phylogenetic
distances. A BLAST characterization of the rDNA sequence of the bacteria isolated from the
anode plate of the fuel cells was performed (Figure 6). Onion microbial bacteria, identified
as Pseudomonas aeruginosa species, is a Gram-negative, facultative aerobic bacterium [62],
which can use carbon and nitrogen sources, obtaining energy from the oxidation of sugars;
this species is persistent in the environment [63]. Likewise, it is worth mentioning that
this species possesses electron mediators such as phenazine-1-carboxylic acid, pyocyanin,
pyoverdine, among others, which allows it to survive in anaerobic conditions [64,65].
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Table 1. BLAST characterization of the rDNA sequence of bacteria isolated from the MFC anode plate

with onion substrate.

BLAST Sequence Length % Accession Phylogen
Characterization 1 () 8 Maximum Identity Number ylogeny
Cellular organisms; Bacteria;
Pseudomona Proteobacteria; Gammaproteobacteria;
. 1442 100.00% MT633047.1 Pseudomonadales;
aeruginosa ) )
Pseudomonadaceae; Pseudomonas;
Pseudomonas aeruginosa group
Cellular organisms; Bacteria;
Acmetqchter 1468 99.93 % CP018259.1 Proteobacteria; Gammaproteobacteria;
bereziniae Pseudomonadales; Moraxellaceae;
Acinetobacter
Cellular organisms; Bacteria;
Proteobacteria; Gammaproteobacteria;
S tenotropho'm'onas 1477 100.00% NR_041577.1 Xanthomonadales;
maltophilia Xanthomonadaceae;
Stenotrophomonas;
Stenotrophomonas maltophilia group
Table 2. BLAST characterization of the yeast rDNA sequence isolated from the MFC anode plate
with onion substrate.
Caracterizacion Se i(::lsczn]f:j th % Maximum Accession Phvlogen
BLAST 4 () 8 Identity Number ylogeny
Cellular organisms; Eukaryota;
Opisthokonta; Fungi; Dikarya;
Yarrowia lipolytica 369 100.00% MN124085.1 Ascomycota; saccharomyceta;
Saccharomycotina; Saccharomyecetes;
Saccharomycetales;
Dipodascaceae; Yarrowia
M02 16S ARN
100 0.00
0.08
Acinetobacter bereziniae NR 117625.1
9% 0.00
0.04
M06 16S ARN
100 0.00
0.06
Pseudomonas aeruginosa NR 026078.1
0.03 0.01
M10 16S ARN
100 0.00
0.08
Stenotrophomonas maltophilia NR 040804.1
0.00
Bacillus marisflavi NR 025240.1
0.15

Figure 6. Dendrogram of groups of bacteria isolated from the MFC anode plate with onion substrate.

A study by Ali et al. exposed the efficiency of using the species Pseudomonas erug-
inosa, which generated 136 + 87 mW /m? from the use of glucose, followed by fructose
and sucrose. This study observed that the cell fed with glucose presented higher bacterial
adhesion [66]. On the other hand, Acinetobacter bereziniae was identified as a Gram-negative,
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aerobic, non-fermentative, oxidase-negative, and immobile organism [67]. This microorgan-
ism has been detected as a contaminant in human and animal milk and the environment.
This bacterium is characterised by surface hydrophobicity, which contributes to its ad-
herence to surfaces [68]. Likewise, this genus was proposed as a model microorganism
for environmental microbiological studies, pathogenicity tests, and industrial chemical
production [69].

It is worth mentioning that the species Stenotrophomonas maltophilia was also identi-
fied, a cosmopolitan and ubiquitous bacterium found in a series of environmental habitats,
mainly associated with plants [70]. This bacterium can form biofilms on various sur-
faces [71]. These bacteria transfer electrons directly to the anode through outer membrane
carrier proteins, such as cytochrome ¢, or membrane appendages called nanowires [72].
Romo et al. 2019 investigated the composition of the microbial community of the cathode of
a Microbial Fuel Cell for the reduction of Cr (VI) in tannery effluents, finding four bacterial
phyla (Proteobacteria, Actinobacteria, Fimicutes and Bacteroides) by pyrosequencing 454
of the 165 rRNA gene, with the genus Pseudomonas being the most abundant. On the
other hand, they stressed the importance of the biofilms formed in the electrodes and the
generation of electricity through microbial combustion cells with a salt bridge. In this way,
the system’s potential is demonstrated together with the microbial communities in the
bioremediation processes of contaminated effluents [73]. The phylogenetic tree for yeast
was built with the Maximum Likelihood method without Bootstrap phylogeny test, for
which ribosomal DNA sequences based on the ITS regions of the Yarrowia lipolytica species
were used (Figure 7). It is an ascomycete yeast with a high lipolytic and proteolytic capacity.
This species has been isolated from meat, fermented dairy, sewage, and water contaminated
by hydrocarbons [74]. In Santiago et al. 2020, a Sacharomyces cereviceae culture was used
as fuel, generating a voltage of 0.761 volts and a PDpyax and CDmax of 8196 mW/ cm? and
8383 mA/cm?, respectively, in the Zn-Cu cell, while in the Zn-Zn cell, 5684 mW / cm? and
0.238 mA /cm? of PDpax and CDpax were generated, respectively.

0.01
M19ITS

028

0.00

Yarrowia lipolytica NR 111212.1

Candida boidinii NR 164406.1

0.30

Figure 7. Dendrogram based on the ITS regions of the rDNA regions of a Yarrowia lipolytica culture
isolated from the anode plate of the MFC with onion substrate.

4. Conclusions and Future Development

Bioelectricity was successfully generated using onion waste using low-cost microbial
fuel cells manufactured with zinc and copper electrodes. The maximum voltage and
current obtained during the monitoring were 0.991 + 0.02 V and 4.459 £ 0.0608 mA,
respectively, values which, compared to other reports in the literature, are higher and
show suitable electrical parameters that did not decrease in their entirety by the end of the
monitoring. The optimal pH in the cells was 6.968 £ 0.286, and its conductivity values
increased to 179.987 £ 2.859 mS/cm, while the ° Brix rapidly dropped to zero on day 12.
The internal resistance of the cells was 154.389 £ 5.228 (), which explains why, of its
high electrical values, this low resistance value is mainly due to the compounds of onion
residues, which decrease due to degradation in the bioelectricity generation process, as



Molecules 2022, 27, 625 11 of 14

shown by the transmittance spectrum of the FTIR. The maximum power density was
595.69 & 15.05 mW /cm? at a current density of 6.02 A/cm? with a maximum voltage of
871.92 £ 7.9 mV. Finally, a microbial consortium adhered to the anode was identified by
molecular techniques, which obtained a percentage of identity of 100% to the Pseudomona
eruginosa species, 99.93% to the Acinetobacter bereziniae species, 100% to the Stenotrophomonas
maltophilia species, and 100% to the species Yarrowia lipolytica.

In the near future, researchers will face new challenges transitioning from the labo-
ratory to real social environments such as installations of CFMs in houses, industries and
food supply centres, the passivation of electrode materials by electromechanical deposition
to improve the effects of corrosion of the material, and the connection of the electrodes
in the MFCs. Likewise, the effects that can be given by using different nanomaterials for
coating the electrodes should be investigated.

Author Contributions: Conceptualization, R.-ES.; methodology S.M.B.; software, R.N.-N.; validation,
N.M.O. formal analysis, R.-E.S. and M.D.L.C.-N.; investigation R.-E.S. data curation, M.D.L.C.-N.;
writing—original draft preparation, M.E.; writing—review and editing, R.-ES. and M.E.; project
administration, R.-ES. and R.N.-N. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by Consejo Nacional de Ciencia, Tecnologia e Innovacion
Tecnol6gica—CONCYTEC /PROCIENCIA according to Project agreement 370-2019.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors thank Juan Pastrana, for the help provided in the grammar of the
English language.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Lott, B.E.; Okusanya, B.O.; Anderson, E.J.; Kram, N.A.; Rodriguez, M.; Thomson, C.A.; Rosales, C.; Ehiri, J.E. Interventions to
increase uptake of Human Papillomavirus (HPV) vaccination in minority populations: A systematic review. Prev. Med. Rep. 2020,
19,101163. [CrossRef] [PubMed]

Yaqoob, A.A.; Khatoon, A.; Mohd Setapar, S.H.; Umar, K.; Parveen, T.; Mohamad Ibrahim, M.N.; Ahmad, A.; Rafatullah, M.
Outlook on the role of microbial fuel cells in remediation of environmental pollutants with electricity generation. Catalysts 2020,
10, 819. [CrossRef]

Ludlow, J.; Jalil-Vega, F.; Rivera, X.S.; Garrido, R.; Hawkes, A.; Staffell, I.; Balcombe, P. Organic waste to energy: Resource
potential and barriers to uptake in Chile. Sustain. Prod. Consum. 2021, 28, 1522-1537. [CrossRef]

Nazario-Naveda, R.; Benites, S.M. Sugar Industry Waste for Bioelectricity Generation. Environ. Res. Eng. Manag. 2021, 77, 15-22.
Kaza, S.; Yao, L.; Bhada-Tata, P.; Van Woerden, F. What a Waste 2.0: A Global Snapshot of Solid Waste Management to 2050; World
Bank Publications; World Bank: Washington, DC, USA, 2018.

Szulc, W.; Rutkowska, B.; Gawrorniski, S.; Wszelaczynska, E. Possibilities of using organic waste after biological and physical
processing—An overview. Processes 2021, 9, 1501. [CrossRef]

Moya, D.; Aldas, C.; Lopez, G.; Kaparaju, P. Municipal solid waste as a valuable renewable energy resource: A worldwide
opportunity of energy recovery by using Waste-To-Energy Technologies. Energy Procedia 2017, 134, 286-295. [CrossRef]
Pellejero, G.; Miglierina, A.; Aschkar, G.; Turcato, M.; Jiménez-Ballesta, R. Effects of the onion residue compost as an organic
fertilizer in a vegetable culture in the Lower Valley of the Rio Negro. Int. |. Recycl. Org. Waste Agric. 2017, 6, 159-166. [CrossRef]
Pagliano, G.; Ventorino, V.; Panico, A.; Pepe, O. Integrated systems for biopolymers and bioenergy production from organic waste
and by-products: A review of microbial processes. Biotechnol. Biofuels 2017, 10, 1-24. [CrossRef]

Aravindhan, A.; Lingeshwaran, N.; Goutami, K. Bio-Gas production from different organic wastes. Mater. Today Proc. 2021, 47,
5457-5461.

Segundo, R.F,; Renny, N.N.; Moises, G.C.; Daniel, D.N.; Natalia, D.D.; Karen, V.R. Generation of Bioelectricity from Organic Fruit
Waste. Environ. Res. Eng. Manag. 2021, 77, 6-14.

Saba, B.; Christy, A.D. Bioelectricity Generation in Algal Microbial Fuel Cells. In Handbook of Algal Science, Technology and Medicine;
Academic Press: Cambridge, MA, USA, 2020; pp. 377-384.

Jatoi, A.S.; Akhter, F.; Mazari, S.A.; Sabzoi, N.; Aziz, S.; Soomro, S.A.; Mubarak, N.M.; Baloch, H.; Memon, A.Q.; Ahmed, S.
Advanced microbial fuel cell for wastewater treatment—A review. Environ. Sci. Pollut. Res. 2021, 28, 5005-5019. [CrossRef]


http://doi.org/10.1016/j.pmedr.2020.101163
http://www.ncbi.nlm.nih.gov/pubmed/32714778
http://doi.org/10.3390/catal10080819
http://doi.org/10.1016/j.spc.2021.08.017
http://doi.org/10.3390/pr9091501
http://doi.org/10.1016/j.egypro.2017.09.618
http://doi.org/10.1007/s40093-017-0164-8
http://doi.org/10.1186/s13068-017-0802-4
http://doi.org/10.1007/s11356-020-11691-2

Molecules 2022, 27, 625 12 of 14

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Leung, D.H.L,; Lim, Y.S.; Uma, K,; Pan, G.T;; Lin, ].H.; Chong, S.; Yang, T.C.K. Engineering S. oneidensis for performance
improvement of microbial fuel cell—A mini-review. Appl. Biochem. Biotechnol. 2021, 193, 1170-1186. [CrossRef]

Raychaudhuri, A.; Behera, M. Review of the process optimization in microbial fuel cells using design of experiment methodology.
J. Hazard. Toxic Radioact. Waste 2020, 24, 04020013. [CrossRef]

Cecconet, D.; Molognoni, D.; Callegari, A.; Capodaglio, A.G. Agro-food industry wastewater treatment with microbial fuel cells:
Energetic recovery issues. Int. J. Hydrogen Energy 2018, 43, 500-511. [CrossRef]

de Asefi, B.; Li, S.L.; Moreno, H.A.; Sanchez-Torres, V.; Hu, A; Li, J.; Yu, C.P. Characterization of electricity production and
microbial community of food waste-fed microbial fuel cells. Process Saf. Environ. Prot. 2019, 125, 83-91. [CrossRef]

Fogg, A.; Gadhamshetty, V.; Franco, D.; Wilder, ].; Agapi, S.; Komisar, S. Can a microbial fuel cell resist the oxidation of Tomato
pomace? J. Power Sources 2015, 279, 781-790. [CrossRef]

Shrestha, N.; Fogg, A.; Wilder, ].; Franco, D.; Komisar, S.; Gadhamshetty, V. Electricity generation from defective tomatoes.
Bioelectrochemistry 2016, 112, 67-76. [CrossRef]

Yaqoob, A.A.; Ibrahim, M.N.M.; Umar, K. Biomass-derived composite anode electrode: Synthesis, characterizations, and
application in microbial fuel cells (MFCs). J. Environ. Chem. Eng. 2021, 9, 106111. [CrossRef]

Prokopov, T.; Chonova, V.; Slavov, A.; Dessev, T.; Dimitrov, N.; Petkova, N. Effects on the quality and health-enhancing properties
of industrial onion waste powder on bread. J. Food Sci. Technol. 2018, 55, 5091-5097. [CrossRef]

Sagar, N.A.; Pareek, S.; Gonzalez-Aguilar, G.A. Quantification of flavonoids, total phenols and antioxidant properties of onion
skin: A comparative study of fifteen Indian cultivars. J. Food Sci. Technol. 2020, 57, 2423-2432. [CrossRef]

Liguori, L.; Califano, R.; Albanese, D.; Raimo, E,; Crescitelli, A.; Di Matteo, M. Chemical composition and antioxidant properties
of five white onion (Allium cepa L.) landraces. J. Food Qual. 2017, 2017, 6873651. [CrossRef]

Bedrnicek, J.; Laknerova, I.; Linhartova, Z.; Kadlec, J.; Samkov3, E.; Barta, J.; Bartova, V.; Mraz, J.; PeSek, M.; Winterova, R.; et al.
Onion waste as a rich source of antioxidants for meat products. Czech J. Food Sci. 2019, 37, 268-275. [CrossRef]

Celano, R.; Docimo, T.; Piccinelli, A.L.; Gazzerro, P.; Tucci, M.; Di Sanzo, R.; Carabetta, S.; Campone, L.; Russo, M.; Rastrelli, L.
Onion peel: Turning a food waste into a resource. Antioxidants 2021, 10, 304. [CrossRef]

Velenturf, A.P.; Purnell, P. Principles for a sustainable circular economy. Sustain. Prod. Consum. 2021, 27, 1437-1457. [CrossRef]
Chorolque, A.; Pellejero, G.; Sosa, M.C.; Palacios, J.; Aschkar, G.; Garcia-Delgado, C.; Jiménez-Ballesta, R. Biological control of
soil-borne phytopathogenic fungi through onion waste composting: Implications for circular economy perspective. Int. J. Environ.
Sci. Technol. 2021, 1-10. [CrossRef]

Kumar, M.; Barbhai, M.D.; Hasan, M.; Punia, S.; Dhumal, S.; Rais, N.; Chandran, D.; Pandiselvam, R.; Kothakota, A.; Tomar,
M.; et al. Onion (Allium cepa L.) peels: A review on bioactive compounds and biomedical activities. Biomed. Pharmacother. 2022,
146, 112498. [CrossRef]

Mihai, EC.; Giindogdu, S.; Markley, L.A.; Olivelli, A.; Khan, ER.; Gwinnett, C.; Gutberlet, J.; Reyna-Bensusan, N.; Llanquileo-
Melgarejo, P.; Meidiana, C.; et al. Plastic pollution, waste management issues, and circular economy opportunities in rural
communities. Sustainability 2022, 14, 20. [CrossRef]

Provin, A.P; de Aguiar Dutra, A.R. Circular economy for fashion industry: Use of waste from the food industry for the production
of biotextiles. Technol. Forecast. Soc. Change 2021, 169, 120858. [CrossRef]

Stillitano, T.; Spada, E.; Iofrida, N.; Falcone, G.; De Luca, A.I Sustainable agri-food processes and circular economy pathways in a
life cycle perspective: State of the art of applicative research. Sustainability 2021, 13, 2472. [CrossRef]

Sinha, S.; Tripathi, P. Trends and challenges in valorisation of food waste in developing economies: A case study of India. Case
Stud. Chem. Environ. Eng. 2021, 4, 100162. [CrossRef]

Rojas-Flores, S.; Noriega, M.D.L.C.; Benites, S.M.; Gonzales, G.A.; Salinas, A.S.; Palacios, F.S. Generation of bioelectricity from
fruit waste. Energy Rep. 2020, 6, 37-42. [CrossRef]

Hindatu, Y.; Annuar, M.S.M.; Gumel, A.M. Mini review: Anode modification for improved performance of microbial fuel cell.
Renew. Sustain. Energy Rev. 2017, 73, 236-248. [CrossRef]

Santiago, B.; Rojas-Flores, S.; De La Cruz Noriega, M.; Cabanillas-Chirinos, L.; Otiniano, N.M.; Silva-Palacios, E; Luis, A.S.
Bioelectricity from Saccharomyces cerevisiae yeast through low-cost microbial fuel cells. In Proceedings of the 18th LACCEI
International Multi-Conference for Engineering, Education, and Technology: Engineering, Integration, and Alliances for a
Sustainable Development, Virtual, 27-31 July 2020.

Rojas-Flores, S.].; Benites, S.M.; Agiiero Quifiones, R.; Enriquez-Ledn, R.; Angelats Silva, L. Bioelectricity through microbial fuel
cells from decomposed fruits using lead and copper electrodes (Bioelectricidad mediante Celdas de Combustible Microbiana a
partir de frutas descompuestas usando electrodos de plomo y cobre). In Proceedings of the 18th LACCEI International Multi-
Conference for Engineering, Education, and Technology: Engineering, Integration, and Alliances for a Sustainable Development,
Virtual, 27-31 July 2020.

Rojas Flores, S.; Naveda, R.N.; Paredes, E.A.; Orbegoso, ].A.; Céspedes, T.C.; Salvatierra, A.R.; Rodriguez, M.S. Agricultural
Wastes for Electricity Generation Using Microbial Fuel Cells. Open Biotechnol. |. 2020, 14, 52-58. [CrossRef]

Flores, S.J.R.; Benites, S.M.; Rosa, A.L.R.A.L.; Zoilita, A.L.Z.A.L.; Luis, A.S.L. The Using Lime (Citrus x aurantiifolia), Orange
(Citrusx sinensis), and Tangerine (Citrus reticulata) Waste as a Substrate for Generating Bioelectricity: Using lime (Citrus x
aurantiifolia), orange (Citrus x sinensis), and tangerine (Citrus reticulata) waste as a substrate for generating bioelectricity. Environ.
Res. Eng. Manag. 2020, 76, 24-34.


http://doi.org/10.1007/s12010-020-03469-6
http://doi.org/10.1061/(ASCE)HZ.2153-5515.0000503
http://doi.org/10.1016/j.ijhydene.2017.07.231
http://doi.org/10.1016/j.psep.2019.03.016
http://doi.org/10.1016/j.jpowsour.2015.01.031
http://doi.org/10.1016/j.bioelechem.2016.07.005
http://doi.org/10.1016/j.jece.2021.106111
http://doi.org/10.1007/s13197-018-3448-8
http://doi.org/10.1007/s13197-020-04277-w
http://doi.org/10.1155/2017/6873651
http://doi.org/10.17221/68/2018-CJFS
http://doi.org/10.3390/antiox10020304
http://doi.org/10.1016/j.spc.2021.02.018
http://doi.org/10.1007/s13762-021-03561-2
http://doi.org/10.1016/j.biopha.2021.112498
http://doi.org/10.3390/su14010020
http://doi.org/10.1016/j.techfore.2021.120858
http://doi.org/10.3390/su13052472
http://doi.org/10.1016/j.cscee.2021.100162
http://doi.org/10.1016/j.egyr.2020.10.025
http://doi.org/10.1016/j.rser.2017.01.138
http://doi.org/10.2174/1874070702014010052

Molecules 2022, 27, 625 13 of 14

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

Din, M.I; Igbal, M.; Hussain, Z.; Khalid, R. Bioelectricity generation from waste potatoes using single chambered microbial fuel
cell. Energy Sources Pt. A Recovery Util. Environ. Eff. 2020, 1-11. [CrossRef]

Mogsud, M.A.; Omine, K.; Yasufuku, N.; Hyodo, M.; Nakata, Y. Microbial fuel cell (MFC) for bioelectricity generation from
organic wastes. Waste Manag. 2013, 33, 2465-2469. [CrossRef]

Subha, C.; Kavitha, S.; Abisheka, S.; Tamilarasan, K.; Arulazhagan, P.; Banu, J.R. Bioelectricity generation and effect studies from
organic rich chocolaterie wastewater using continuous upflow anaerobic microbial fuel cell. Fuel 2019, 251, 224-232. [CrossRef]
Moharir, P.V.; Tembhurkar, A.R. Effect of recirculation on bioelectricity generation using microbial fuel cell with food waste
leachate as substrate. Int. J. Hydrogen Energy 2018, 43, 10061-10069. [CrossRef]

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

Rossi, R.; Cario, B.P; Santoro, C.; Yang, W.; Saikaly, P.E.; Logan, B.E. Evaluation of electrode and solution area-based resistances
enables quantitative comparisons of factors impacting microbial fuel cell performance. Environ. Sci. Technol. 2019, 53, 3977-3986.
[CrossRef]

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 wastewater. In Annals of the Constantin Brancusi University of Targu Jiu; Letters and
Social Science Series; University Constantin Brancusi of Targu Jiu: Targu Jiu, Romania, 2018.

Gandu, B.; Rozenfeld, S.; Hirsch, L.O.; Schechter, A.; Cahan, R. Enhancement of Electrochemical Activity in Bioelectrochemical
Systems by Using Bacterial Anodes: An Overview. Bioelectrochem. Syst. 2020, 1, 211-238.

Geng, YK,; Yuan, L.; Liu, T,; Li, Z.H.; Zheng, X.; Sheng, G.P. Thermal/alkaline pretreatment of waste activated sludge combined
with a microbial fuel cell operated at alkaline pH for efficient energy recovery. Appl. Energy 2020, 275, 115291. [CrossRef]

Ren, Y,; Chen, J.; Li, X.; Yang, N.; Wang, X. Enhanced bioelectricity generation of air-cathode buffer-free microbial fuel cells
through short-term anolyte pH adjustment. Bioelectrochemistry 2018, 120, 145-149. [CrossRef]

Clark, C.J.; Shaw, M.L.; Wright, K.M.; McCallum, J.A. Quantification of free sugars, fructan, pungency and sweetness indices in
onion populations by FT-MIR spectroscopy. J. Sci. Food Agric. 2018, 98, 5525-5533. [CrossRef]

Lawson, K.; Rossi, R.; Regan, ].M.; Logan, B.E. Impact of cathodic electron acceptor on microbial fuel cell internal resistance.
Bioresour. Technol. 2020, 316, 123919. [CrossRef]

Arkatkar, A.; Mungray, A K.; Sharma, P. Effect of microbial growth on internal resistances in MFC: A case study. In Innovations in
Infrastructure; Springer: Singapore, 2019; pp. 469—479.

Rossi, R.; Logan, B.E. Impact of external resistance acclimation on charge transfer and diffusion resistance in bench-scale microbial
fuel cells. Bioresour. Technol. 2020, 318, 123921. [CrossRef]

Echeverria, M. Bioelectricity production with organic substrates, nitrates and lead using high Andean soils. Innov. Res. A Driv.
Force Socio-Econo-Technol. Dev. 2020, 1277, 198.

Yang, Y.; Lin, E.; Sun, S.; Chen, H.; Chow, A.T. Direct electricity production from subaqueous wetland sediments and banana
peels using membrane-less microbial fuel cells. Ind. Crops Prod. 2019, 128, 70-79. [CrossRef]

Asensio, Y.; Fernandez-Marchante, C.M.; Lobato, J.; Cafiizares, P.; Rodrigo, M. A. Influence of the ion-exchange membrane on the
performance of double-compartment microbial fuel cells. J. Electroanal. Chem. 2018, 808, 427-432. [CrossRef]

Verma, M.; Singh, S.S.].; Rose, N.M. Phytochemical screening of onion skin (Allium cepa) dye extract. |. Pharmacogn. Phytochem.
2018, 7, 1414-1417.

Zzeyani, S.; Mikou, M.; Naja, J.; Bouyazza, L.; Fekkar, G.; Aiboudi, M. Assessment of the waste lubricating oils management
with antioxidants vegetables extracts based resources using EPR and FTIR spectroscopy techniques. Energy 2019, 180, 206-215.
[CrossRef]

Liu, D.; Wu, E. Biosynthesis of Pd nanoparticle using onion extract for electrochemical determination of carbendazim. Int. J.
Electrochem. Sci 2017, 12, 2125-2134. [CrossRef]

Luo, H; Liu, G.; Zhang, R ; Jin, S. Phenol degradation in microbial fuel cells. Chem. Eng. J. 2009, 147, 259-264. [CrossRef]
Gustincich, S.; Manfioletti, G.; Del Sal, G.; Schneider, C.; Carninci, P. A fast method for high-quality genomic DNA extraction
from whole human blood. Biotechniques 1991, 11, 298-300.

Valenzuela-Gonzalez, F,; Casillas-Hernandez, R.; Villalpando, E.; Vargas-Albores, F. El gen ARNr 165 en el estudio de comunidades
microbianas marinas (The 16S rRNA gene in the study of marine microbial communities). Cienc. Mar. 2015, 41, 297-313. [CrossRef]
Paz-Zarza, V.M.; Mangwani-Mordani, S.; Martinez-Maldonado, A.; Alvarez-Hernandez, D.; Solano-Gélvez, S.G.; Vazquez-Lopez,
R. Pseudomonas aeruginosa: Patogenicidad y resistencia antimicrobiana en la infeccién urinaria (Pseudomonas aeruginosa:
Pathogenicity and antimicrobial resistance in urinary tract infection). Rev. Chilena Infectol. 2019, 36, 180-189. [CrossRef]
Strateva, T.; Yordanov, D. Pseudomonas aeruginosa—A phenomenon of bacterial resistance. . Med. Microbiol. 2009, 58, 1133-1148.
[CrossRef]

Yousaf, S.; Anam, M.; Ali, N. Evaluating the production and bio-stimulating effect of 5-methyl 1, hydroxy phenazine on microbial
fuel cell performance. Int. J. Environ. Sci. Technol. 2017, 14, 1439-1450. [CrossRef]

Raghavuluy, S.V.; Modestra, J.A.; Amulya, K.; Reddy, C.N.; Venkata Mohan, S. Relative effect of bioaugmentation withelec-
trochemically active and nonactive bacteria on bioelec-trogenesis in microbial fuel cell. Bioresour. Technol. 2013, 146, 696703.
[CrossRef]


http://doi.org/10.1080/15567036.2020.1797944
http://doi.org/10.1016/j.wasman.2013.07.026
http://doi.org/10.1016/j.fuel.2019.04.052
http://doi.org/10.1016/j.ijhydene.2018.04.072
http://doi.org/10.1063/5.0043556
http://doi.org/10.1021/acs.est.8b06004
http://doi.org/10.1016/j.apenergy.2020.115291
http://doi.org/10.1016/j.bioelechem.2017.12.007
http://doi.org/10.1002/jsfa.9099
http://doi.org/10.1016/j.biortech.2020.123919
http://doi.org/10.1016/j.biortech.2020.123921
http://doi.org/10.1016/j.indcrop.2018.10.070
http://doi.org/10.1016/j.jelechem.2017.06.018
http://doi.org/10.1016/j.energy.2019.05.007
http://doi.org/10.20964/2017.03.70
http://doi.org/10.1016/j.cej.2008.07.011
http://doi.org/10.7773/cm.v41i4.2492
http://doi.org/10.4067/S0716-10182019000200180
http://doi.org/10.1099/jmm.0.009142-0
http://doi.org/10.1007/s13762-016-1241-7
http://doi.org/10.1016/j.biortech.2013.07.097

Molecules 2022, 27, 625 14 of 14

66.

67.
68.

69.

70.

71.

72.

73.

74.

Ali, N.; Anam, M.; Yousaf, S.; Maleeha, S.; Bangash, Z. Characterization of the Electric Current Generation Potential of the
Pseudomonas aeruginosa Using Glucose, Fructose, and Sucrose in Double Chamber Microbial Fuel Cell. Iran. J. Biotechnol. 2017,
15,216-223. [CrossRef]

Brady, M.E; Jamal, Z.; Pervin, N. Acinetobacter. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2021.

Reyes, S.M.; Bolettieri, E.; Allen, D.; Hay, A.G. Genome Sequences of Four Strains of Acinetobacter bereziniae Isolated from
Human Milk Pumped with a Personal Breast Pump and Hand-Washed Milk Collection Supplies. Microbiol. Resour. Announc.
2020, 9, e00770-20. [CrossRef] [PubMed]

An, S,; Berg, G. Stenotrophomonas maltophilia. Trends Microbiol. 2018, 26, 637-638. [CrossRef] [PubMed]

Flores-Trevifio, H.; Bocanegra-Ibarias, P.; Camacho-Ortiz, A.; Morfin-Otero, R.; Salazar-Sesatty, H.A.; Garza-Gonzalez, E.
Stenotrophomonas maltophilia biofilm: Its role in infectious diseases. Expert Rev. Anti-Infect. Ther. 2019, 17, 877-893. [CrossRef]
Toding, O.S.L.; Virginia, C.; Suhartini, S. Conversion banana and orange peel waste into electricity using microbial fuel cell. In
IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2018; Volume 209, p. 12049.

Romo, D.M.; Gutiérrez, N.H.; Pazos, ].O.; Figueroa, L.V.; Orddnez, L.A. Bacterial diversity in the Cr(VI) reducing biocathode of a
Microbial Fuel Cell with salt bridge. Rev. Argentina Microbiol. 2019, 51, 110-118. [CrossRef] [PubMed]

Groenewald, M.; Boekhout, T.; Neuvéglise, C.; Gaillardin, C.; van Dijck, PW.; Wyss, M. Yarrowia lipolytica: Safety assessment of
an oleaginous yeast with a great industrial potential. Crit. Rev. Microbiol. 2014, 40, 187-206. [CrossRef] [PubMed]
Frohlich-Wyder, M.T.; Arias-Roth, E.; Jakob, E. Cheese yeasts. Yeast 2019, 36, 129-141. [CrossRef] [PubMed]


http://doi.org/10.15171/ijb.1608
http://doi.org/10.1128/MRA.00770-20
http://www.ncbi.nlm.nih.gov/pubmed/33122407
http://doi.org/10.1016/j.tim.2018.04.006
http://www.ncbi.nlm.nih.gov/pubmed/29754971
http://doi.org/10.1080/14787210.2019.1685875
http://doi.org/10.1016/j.ram.2018.04.005
http://www.ncbi.nlm.nih.gov/pubmed/30144991
http://doi.org/10.3109/1040841X.2013.770386
http://www.ncbi.nlm.nih.gov/pubmed/23488872
http://doi.org/10.1002/yea.3368
http://www.ncbi.nlm.nih.gov/pubmed/30512214

	Introduction 
	Materials and Methods 
	Construction of Single-Chamber Microbial Fuel Cells 
	Onion Waste Collection and Preparation 
	Characterization of Microbial Fuel Cells 
	Isolation of Electrogenic Microorganisms in Anodic Chamber 
	Molecular Identification of Bacteria and Fungi 

	Results and Analysis 
	Conclusions and Future Development 
	References

