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Abstract: This work demonstrates that microbial fuel cells (MFCs), optimized for energy recovery, can be used 
as an effective tool to detect antibiotics in water-based environments. In MFCs electroactive biofilms works as 
biocatalysts converting the chemical energy of organic matter, working as the fuel, in electrical energy. The 
efficiency of the conversion process can be significantly affected by the presence of contaminants acting as 
toxicants for the biofilm. In the present work, we demonstrate that MFCs can successfully detect residues of 
antibiotics in water and water-based electrolytes associated to the food industry, especially testing 
contamination in honey that can be used as a fuel. The effectiveness of MFCs to sense antibiotics is here 
demonstrated for tetracycline that was added to both water and water/honey electrolytes with a minimum 
concentration close to 3.5 µg⁄kg. MFCs not only efficiently detect the presence of tetracycline in both the 
electrolytes, but also recover the same performance after each cycle of exposure, showing to a be very robust 
and reliable technology for both biosensing and energy recovery. 

Keywords: microbial fuel cells; energy recovery; biosensors; bio-electrochemical sensors; Antibiotic 
contamination 
 

1. Introduction 

Foods of animal source, as eggs, milk, honey and meat plays an important role in our ordinary 
diets and during the last years a rapid increase of their consumption was registered, having been 
demonstrated to be so useful for human health and well-being [1-3]. In this scenario an ever-
increasing importance must be paid to the presence of veterinary medicines in foods, as denounced 
by the European Food Safety Authority (EFSA) [3]. Substances as hormones, antibiotics and growth 
promoters are extensively employed to prevent and treat diseases in animals, to boost their growth 
and improve feeding [1-3]. Unfortunately, several of them can be transferred as contaminants in food 
products [3]. One of the greatest concerns is regulating and controlling food safety, especially 
monitoring the presence of veterinary medicines in animal-source foods [1-3]. In this scenario, the 
World Health Organization (WHO) has identified antibiotic resistance as one of the three biggest 
threats to human health. Clear evidence has been provided of the adverse consequences for human 
health of the resistance to antimicrobials developed by the organisms because of the continuous 
exposure to antibiotics for non-human use [4-6]. Antibiotic resistance is a global sanitary emergence: 
the largest the amount of antibiotics used, the highest the probability for bacteria to develop 
resistance mechanisms to them. The result of this mechanism is that antibiotics become ineffective, 
causing substantial failure of antimicrobial treatments. For these reasons, awareness is increasing on 
the need and urgency to actively protect antibiotics against over-use [7,8]. To account all these issues, 
the development and employment of methods able to detect animal-drugs residues in animal-sources 
foods, helping to determine if their quantity is lower to the maximum residues limits (MRL), 
represent the great challenges in many countries to ensure a certain level of food safety [9,10]. 
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Moreover, methods are needed that are capable to accurately reveal the presence of antibiotics 
continuously and on-site even in complex matrices, such as food and biological samples [11-16]. In 
this regard, in the literature several and different analytical methods are proposed, such as High-
Performance liquid chromatography (HPLC) coupled with Mass Spectrometry (MS) and Liquid 
Chromatography combined with tandem mass spectrometry (LC-MS/MS), to detect antibiotics 
accurately and simultaneously in different environmental media [12,13]. Other determination 
techniques such as capillary electrophoresis (CE) [14], Raman Spectroscopy [15], and enzyme linked 
immunosorbent assays [16] were exploited to monitor drugs residues in food products. Even very 
innovative, many of the bioassay and conventional methods cannot be implemented for on-site 
routine use, since they need pretreatments, are expensive and not enough sensitive. With the main 
target to overcome all these limits, biosensors received great interest as effective methods for 
screening antibiotics residues. Biosensors not only offer high sensitivity and selectivity, but also 
ensure high degree of automation, combined to cost-effectiveness, real-time measurements and high 
throughput [17-19]. Basically, in the general scheme of biosensors, a biological recognition element 
interacts with the target compound inducing a biological response that the physical transducer 
transforms in a detectable signal proportional to the content of analytes [20-23]. Several biological 
recognition elements, including cofactors, enzymes, antibodies, organelles, tissues, cells, and whole 
microorganisms have been used in the design of biosensors [24]. Among these biological elements, 
microorganisms (e.g. algae, bacteria and yeast) offer a valid alternative to fabricate biosensors thanks 
to their easiness of manipulation, better viability and stability in vitro and ability to enhance 
performance of biosensors [25]. Nonetheless, further improvements are necessary to develop more 
effective biosensors, which can be promising tools for the detection and quantification of antibiotics 
in food products [11]. One of the most promising type of bio-electrochemical sensors, based on whole 
microorganisms as recognition elements, is represented by Microbial Fuel Cells (MFCs), which 
converts the chemical energy, contained in organic compounds, known as fuels, into electrical energy 
thanks to the metabolic activity of so called exo-electrogenic bacteria [26,27]. Since the power output 
is strictly correlated with the metabolic activity of these microorganisms, the presence of a toxicant 
can directly affect the overall performance of the device in terms of the output electrical parameters 
[28-32]. Therefore, in MFC-based biosensors, microbial metabolism enables the conversion of a 
chemical signal, associated to the energy trapped in the fuel, into an electrical signal, i.e. the output 
electrical energy of MFCs. Thus, the energy conversion and the signal transduction steps are 
intimately coupled, avoiding the need of any external transducer and additional power unit. MFC-
based biosensors can be successfully used ad fast response early low maintenance detectors, being 
also cost effective, as they can be built on low-cost carbon-based materials [33,34]. 

In this work, air-cathode Single Chamber Microbial Fuel Cells (a-SCMFCs) are proposed as 
effective bio-electrochemical devices for the detection of a particular kind of antibiotic, tetracycline, 
added to a water-based electrolyte and to the honey, previously investigated as effective more 
complex electron donor [35]. Based on the results of our past article [35], optimal proliferation of 
microorganisms at the anode has been ensured using nanostructured anodes, based of carbon paper 
decorated by nanofibers made of polyethylene oxide (CP/PEO-NFs). This approach allowed to 
enhance not only the overall a-SCMFCs performance but also to improve their capability to monitor 
the presence of antibiotic into the electrolytes. We investigated a-SCMFCs as bio-electrochemical 
sensors for antibiotic detection by employing and comparing two different electrolytes. The first is a 
water-based electrolyte used as SCMFCs’ behaviors benchmark when antibiotics are added in traces 
to water. We selected a very low concentration value of tetracycline, which is close to (3.53 ±0.13) 
µg⁄kg and refereed to the amount of honey. This value was selected since it results to be one order of 
magnitude lower than the MRL defined for honey as food matrix, which is close to 10 µg⁄kg. 
Proven/Demonstrated/Confirmed thus the effectiveness of SCMFCs as bio-electrochemical sensor for 
tetracycline detection when water-based electrolyte was employed, we investigated, in the present 
work, the possibility to add the antibiotic traces directly into honey-based electrolyte. Indeed, to this 
purpose, the second electrolyte was prepared dissolving honey to deionized water in quantities equal 
to those used for sodium acetate-based electrolyte. Finally, we demonstrated the SCMFCs’ capability 
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to detect the presence of drugs directly into the food-matrix without the necessity to extract the 
antibiotics before their detection. It was possible to achieve a decreasing of current density values, 
close to 50%, when tetracycline was added to the water-based electrolyte. Moreover, 96% of 
decreasing of current density reached when (3.53 ±0.13) µg⁄kg of tetracycline was added to the 
electrolytes based on honey, demonstrating thus the possibility to apply SCMFCs as sensor for the 
tetracycline detection, directly using honey as carbon sources for microorganisms. Finally, we 
evaluated and confirmed the capability of SCMFCs to recover the same current density value when 
fresh electrolyte, based on only sodium acetate and honey, is employed. Finally, the behavior of all 
devices is also analyzed evaluating the amount of energy recovered (Erec) by a unit volume of the 
electrolyte [36-38]. Erec obtained for both electrolytes, based onto honey and sodium acetate with and 
without the presence of antibiotics, was compared, demonstrating the microorganisms’ capability to 
accurately detect the presence of antibiotics, guaranteeing also their recovery when the antibiotic is 
not present into electrolytes. 

2. Materials and Methods 

2.1. Materials and Nanofibers Synthesis 

With the aim to improve biofilm growth, we fabricated composite nanostructured anodes 
following our previous work [35]. Carbon Paper (CP, from Fuel Cell Earth, Woburn, Massachusetts, 
USA) was decorated with nanofibers (NFs) made of polyethylene oxide (PEO, Sigma Aldrich) with a 
molecular weight of 600 kDa. Composite anodes were obtained by directly electrospinning PEO-NFs 
on carbon paper, used as conductive support during the whole electrospinning process (NANON 
01A equipment, from MECC Co. Ltd.). As demonstrated in our work [32], we obtained a distribution 
of ordered PEO-NFs on the CP surface, preferentially aligned along the conducting structures 
protruding from the CP surface. The protrusions act as electric field enhancers during the 
electrospinning process, forcing NFs to preferentially deposit on them. Moreover, CP/PEO-NFs are 
effective to increase the surface area to volume ratio of the electrode with respect to standard CP. All 
these features can enhance and facilitate proliferation of microorganisms on the surface of the 
composite anodes, where PEO-NFs in contact to the water base electrolyte, act as an ideal biomass 
carrier to promote biofilm adhesion.  

2.2. MFC Architecture and Configuration 

In the present work, SCMFCs were fabricated by micro milling (Al.Tip srl, Object 3D), with a 
squared single-chamber architecture and with an open-air cathode [35]. Membrane-less a-SCMFCs 
were selected, having the anodic and cathodic compartments separated by an intermediate one. In 
this kind of devoice, the electrolyte is in common with the anodic and cathodic compartments. The 
inner volume of the SCMFCs was 12.5 mL, and both anodes and cathodes showed a geometrical 
surface area close to 5.76 cm2. CP/PEO-NFs were employed as composite anodes and cathode was 
based on CP, which had a polytetrafluoroethylene (PTFE) layer to ensure oxygen diffusion as the 
outer side, and an inner side where Pt/C-based catalyst was deposited, as described in our previous 
work [35]. Electrons were collected with titanium wires (Goodfellow Cambridge Limited), connected 
by a carbon cement (Leit-C) to the electrodes. With the aim to investigate the effect of tetracycline 
when dissolved in different electrolytes, the present work proposes the use of electrolytes that we 
analyzed and optimized in our previous work [35]. The first electrolyte is a conventional water-based 
electrolyte containing 2 g/L of sodium acetate, and it is named Sodium acetate; to simulate antibiotics 
residues in food, we selected honey in water as the second electrolyte. We named the second 
electrolyte Honey. To facilitate analysis and comparison, we prepared the two electrolytes adding to 
deionized water a concentration of honey equal to that of sodium acetate, to regulate pH to a neutral 
value Phosphate Buffered Saline (PBS) was also added.  

Each electrolyte under analysis was tested in duplicate. A mixed consortium from seawater 
natural sediment, were employed. All the devices were run in fed-batch mode, i.e. the electrolyte was 
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replaced when the voltage output reached a minimal value close to 0V. A data acquisition unit 
(Agilent 34972A) was used to monitor the a-SCMFCs performance. 

In order to investigate the effecacy of SCMFCs as bio-electrochemical sensors to detect 
antibiotics, a small quantity of tetracycline was added to both of electrolytes, sodium acetate and 
honey. A concentration of tetracycline of ሺ3.53 േ 0.13ሻ μg/kg, referred to the amount of honey, was 
added. This value of tetracycline amount resulted to be lower than the MRL defined for honey as 
food matrix, which is close to 10 μg/kg, defined by WHO. The experiments were run with an external 
load of 1 kΩ applied to each a-SCMFCs. We decided to investigate whether the a-SCMFCs were able 
to recover their performance after exposure to toxic antibiotic. To this purpose we analyzed the 
energy recovery (Erec) factor [36-38], calculating it for all the electrolytes (sodium acetate and honey 
with and without tetracycline) according to the following formula: 𝐸௥௘௖ ൌ ሺ׬𝑃𝑑𝑡ሻ 𝑉𝑖𝑛⁄ . The Erec is 
indeed an energy density (J m− 3) calculated as the ratio of the overall energy output estimated 
byሺ׬ 𝑃𝑑𝑡ሻ and the inner volume of the reactor 𝑉௜௡. Electrochemical Impedance Spectroscopy (EIS) 
was then carried out to define internal resistance of all a-SCMFCs. A sinusoidal wave with amplitude 
of 25 mV was used as the signal, with the frequency ranging between 150 and 200 mHz. 

3. Results and Discussion 

3.1. a-SCMFCs for tetracycline detection in solium acetate-based electrolyte 

In MFC-based biosensors, the microbial metabolism is directly responsible for the conversion of 
the chemical signal, associated to the energy trapped in the fuel, into the output electrical signal, 
which is associated to the output electrical energy of MFCs. Thus, the energy conversion and signal 
transduction steps are intimately coupled. Methods useful to promote energy conversion as thus 
expected to be successful to optimize biosensing as well. For this reason, we decided to employ 
composed nanostructured anodes, based on CP/PEO-NFs, to improve bacterial proliferation and 
consequently the rapidity and accuracy of SCMFCs response as biosensors. In all experiments, a load 
of 1 kΩ was used to analyze and define the performance of a-SMCFCs both when electrolyte contains 
only sodium and honey respectively is used, and when inside the electrolyte there is a certain 
antibiotic content. In this way the trends of current density referring to all the tests performed in a-
SMCFCs, were calculated by dividing current values for anode geometric area of 5.76 cm2. Moreover, 
in order to demonstrate the possibility to employ a-SCMFCs as bio-electrochemical sensors for 
tetracycline detection, during the first experiment, we used a water-based electrolyte in which 
sodium acetate was the carbon energy source, and subsequently a low amount of antibiotic, equal to 
(3.53 ±0.13) µg⁄kg, was added. As shown in Figure 1, a decrease of current density of about 4 times 
can be observed when antibiotic traces were added to the electrolyte, demonstrating the impact of 
the tetracycline on the metabolic activity of microorganisms.  
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Figure 1. Current density is produced when sodium acetate is used as electrolyte. In the yellow box 
the current density trend obtained when tetracycline was added to the sodium acetate electrolyte is 

highlighted. 

Indeed, analyzing Figure 1, the values of current density obtained during the experiment are 
reported, and the first peak refers to the current density produced when only sodium acetate was 
present in the electrolyte. The following peaks highlight the values obtained for current density when 
tetracycline was added to the electrolyte. Since the intensity of current density id so reduced by the 
exposure to the toxicant, the peaks referring to the evet are also highlight in the yellow box. When 
only sodium acetate is dissolved in water-based electrolyte the maximum value of the current density 
was ሺ24.8 േ 0.1ሻ mA/m2 [35], which is 4 times higher than the maximum value of current density of ሺ5.87േ 0.13ሻ mA/m2, obtained during the exposure to tetracycline. Moreover, it is possible to 
appreciate how the presence of tetracycline inside the electrolyte affects also the duration of the 
peaks, resulting thus shorter than when only sodium acetate was used.  

3.2. a-SCMFCs for tetracycline detection in honey-based matrix  

We extended the analysis investigating a-SCMFCs as bio-electrochemical sensors for tetracycline 
when dissolved in honey-based electrolyte. Results from these tests are fundamental to explore the 
possibility to use these devices for direct detection of drugs residues in food-matrices, without the 
necessity to extract antibiotics before their detection, thus overcoming several limitations correlated 
to analytical methods reported in the literature [8-16]. Figure 2 shows overall a-SCMFCs 
performance, in terms of current density trends, reached when honey-based electrolyte was used and 
when the tetracycline was subsequently added directly in this food-matrix. Maximum current density 
values reached with only honey-based electrolyte, was equal to ሺ16.29 േ 1.02ሻ mA/m2, which is 
higher one order of magnitude higher than ሺ0.65 േ 0.16ሻ mA/m2, that is the current density peak 
referring to the presence of tetracycline into the electrolyte, as reported in Figure 2. An overall 95% 
of decrease is thus obtained for current density after exposure to tetracycline, with a reduction of the 
duration of the peaks. These results show a strong similarity between the behavior of the cells 
running on sodium acetate and those fed with honey. Thus, the comparison of Figure 1 and Figure 2 
immediately clarifies that reduction of the duration of the current density peaks is independent from 
the specific carbon source, but is only related the presence of tetracycline that interfere with the 
metabolic activity of microorganisms.  

 

Figure 2. Current density produced when honey is used as electrolyte. In the red box the current 
density trend obtained when tetracycline was added to the honey-based electrolyte is highlighted. 

These latter results allowed demonstrate the ability of electroactive biofilms based on mixed 
consortia to adapt their metabolism to use complex substrates as honey not only to produce electricity 
in MFC devices, but, to sense the presence of small quantities of tetracycline dissolved inside due the 
string impact it has of their metabolic activity.   
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Finally, the comparison of Figure 1 and Figure 2 allows to confirm another important result, 
which is the capability of a-SCMFCS to recover the output current density after exposure to 
antibiotics for both sodium acetate-based and honey-based electrolytes. This result clearly 
demonstrates the robustness of the electroactive mixed consortia to survive toxic events. Indeed, the 
electroactive biofilm was not only able to detect a very low amount of tetracycline dissolved in water 
but, simultaneously, to preserve the metabolic activity despite for the contact with residues of drugs. 
This result shows by the stability of the maximum value of the current density associated to sodium 
acetate. 

3.2. Energy Recovery analysis and Electrochemical Impedance Spectroscopy Results 

The impact of tetracycline on the duration of current peaks can be better analysed and discussed 
introducing the recovered energy factor. Erec is obtained by calculating the output energy produced 
by the MFC during an operational phase, i.e. the time between two refills of the electrolyte. This time 
frame is the same one during which the current density peak is observed. The values of Erec calculated 
for the experiments previously discussed are shown in Figure 3 for both the two electrolytes with 
and without tetracycline.  

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2023                   doi:10.20944/preprints202310.0457.v1

https://doi.org/10.20944/preprints202310.0457.v1


 7 

 

Figure 3. (a) Recovered energy (Erec) determined for SCMFCs using two different sodium acetate-
based fuels. Fuel 1 represents the water-based electrolyte containing only sodium acetate as carbon 

energy source; Fuel 2 contains sodium acetate and a certain amount of tetracycline, representing 
thus the toxicant event for metabolic activity of microorganisms. b) Recovered energy (Erec) 

determined for SCMFCs using two different honey- based fuels. Fuel 1 represents the honey-based 
electrolyte containing only honey as electrons donor; Fuel 2 contains sodium acetate and a certain 

amount of tetracycline, representing thus the toxicant event for metabolic activity of 
microorganisms. 

Figure 3a) refers to the results obtained for sodium acetate-based electrolyte. It is possible to 
appreciate that the starting value of Erec equal to (252.4 ± 10.3) mJ/m3 was completely recovered after 
toxicant events, demonstrating once more the capability of microorganisms to recover their metabolic 
activity producing the same electrical energy output. At the same time, Figure 3a) confirm the 
decrease of the electrical performance of the devices when exposed to tetracycline, which is reflected 
to low value of Erec, close to (134.7 ± 8.5) mJ/m3.  

A similar trend can be observed analyzing Figure 3b) that shows the Erec values calculated honey 
is used as the carbon source. In this case the maximum value of Erec is (326.2 ± 8.7) mJ/m3, and refers 
to the output energy produced before exposure to tetracycline. Exposure to tetracycline dissolved in 
the food derived-matrix, cause a significant drop of the Erec down to a value of (34.2 ± 4.3) mJ/m3. Erec 
is thus reduced of almost an order of magnitude when honey-based electrolyte contains the antibiotic, 
demonstrating also in this case the capability of microorganisms to act as an efficient sensitive 
element. Even during this experiment, the electrical energy output is recovered after the toxicant 
events up to a value of (262±9.8) mJ/m3. Iyt is anyway important to observe that the recovery is not 
complete. Indeed, the efficiency of the catabolic activity of the biofilm to transform honey is partially 
reduced by the exposure to tetracycline, as demonstrated by the reduction of Erec. Nevertheless, the 
minimum value of Erec is still higher than the one reached during exposure to tetracycline of more 
than 6 times, and pretty close to the values obtained for devices fed with sodium acetate. These latter 
results confirm that a-SCMFCs can be used as bio-electrochemical sensors for the detection of 
antibiotics from food-derived matrices without extraction and pretreatment. 

Impedance behavior was investigated by performing EIS characterizations, that allowed to 
provide an evaluation of internal resistance trough the analysis of the charge transfer resistance [39]. 
Results are proposed in Figure 4.  
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Figure 4. a) Impedance spectra of SCMFCs when sodium acetate with and without tetracycline was 
used as the electrolyte. Only sodium acetate (blue dots and line) and sodium acetate with 

tetracycline (pink dots and line). b) Impedance spectra of SCMFCs when honey with and without 
tetracycline was used as electrolyte. Only honey (dark red dots and line) and honey with 

tetracycline (dark cyan dots and line). 

In particular, EIS measurements were carried on all a-SCMFCs both before and after exposure 
to the toxicant events. By this approach it has been possible to investigate whether the exposure to 
tetracycline could affect the internal resistance of a-SCMFCs after the sensing event. Figure 4a) 
represents the Nyquist plots for a-SMCFCs running on sodium acetate-based electrolyte, before and 
after the toxicant event. It is possible to appreciate that the total impedance values reached after the 
tetracycline’s detection results to be close to the one obtained with only sodium acetate-based 
electrolyte (996 Ω and 1027 Ω, respectively). In Figure 4b, it can be observed that SCMFCs, initially 
fed with honey-based electrolyte, after exposure to the toxicant event, was characterized by total 
internal impedance values fully comparable with the one achieved when only honey is used as the 
fuel (991 Ω and 972 Ω, respectively). 

These results are in line with all the other findings reported up to now and demonstrate that 
exposure to antibiotics has no detrimental effect on the interface between the biofilm and the 
electrode. Indeed, EIS measurements show that, for both the electrolytes, the charge transfer 
resistance at the interface is not changed by the exposure to tetracycline. 

4. Conclusions 

In the present work, we demonstrated that a-SCMFCs can be proposed as an effective tool for 
the detection of very low amount of tetracycline, close to (3.53±0.13) µg/kg, resulting to be 
significantly lower than the MRL defined for honey as food matrix (i.e., 10 µg/kg). Moreover, we 
confirmed the capability of these bio-electrochemical devices to detect antibiotic traces without the 
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need to perform and purification and extraction process of the drug from the matrix before the 
analytical analysis. All obtained results allowed confirming the pivotal role of electroactive biofilms 
made of microorganisms from mixed consortia, that are able not only to convert complex food matrix, 
such as honey, into electrical energy, but, at the same time to sense very low amount of tetracycline 
dissolved in the fuel, made of honey. Indeed, a current density decrease of 95% was achieved when 
tetracycline residues were added directly into the food-derived matrix. On the contrary, when 
sodium acetate was employed as fuel, the current density which is reduced of only the 25% by 
exposure to antibiotics, demonstrating even a higher detection ability of the a-SCMFC when detection 
occurs with honey used as carbon energy sources. Moreover, we evidenced that the recovered energy 
values in the recovery phase, i.e., after the toxicant event, achieved with sodium acetate as the carbon 
energy source after the close to (254±10.3) mJ/m3 resulted to be similar to the one reached when honey 
is the fuel (262±9.8) mJ/m3. At the same time, it is very important to stress that during the exposure 
to tetracycline an Erec as low as (34.2±4.3) mJ/m3 was obtained for devices operated with honey-based 
electrolyte, and this value is of one order of magnitude lower than the one reached when 
uncontaminated honey was employed. Finally, we proved that the electrical power output was 
recovered after toxicant events with both of sodium acetate and honey based electrolytes.  

Author Contributions: M.Q. and G.M. conceived the work. G. M. and G.S. worked on experimental part of 
SCMFCs and carried out the electrochemical characterizations. M.Q and G.M. worked on the design and 
preparation of MFCs. C.F.P. and M.Q. organized the research activity. All authors contributed to the final 
manuscript. All authors have read and agreed to the published version of the manuscript. 

Funding: This publication is part of the project NODES- which has received funding from the MUR – M4C2 1.5 
of PNRR funded by the European Union – Next Generation EU (Grant agreement no. ECS00000036). . 

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

References 

1. Wu, D.; Du, D.; Lin, Y. Recent progress on nanomaterial-based biosensors for veterinary drug residues in 
animal-derived food. Trends in Analytical Chemistry 2016, 83, 95-101;  

2. Karp, H.; Ekholm, P.; Kemi, V.; Hivonen, T.; Lamberg-Allardt, C. Differences among total and in vitro 
digestible phosphorus content of meat and milk products. J. Renal Nutr. 2012, 12, 344–349 

3. Veterinary drug residues in animal and food: compliance with safety levels still high. 
https://www.efsa.europa.eu/en/news/veterinary-drug-residues-animals-and-food-compliance-safety-
levels-still-high (accessed on 26 September 2023) 

4. N. Al-Waili, K. Salom, A. Al-Ghamdi, and M. J. Ansari, “Antibiotic, pesticide, and microbial contaminants 
of honey: Human health hazards,” Sci. World J. 2012, 2012, no. Table 1. 

5. Chen, J.; Ying, G.-G.; Deng, W.-J. Antibiotic Residues in Food: Extraction, Analysis, and Human Health 
Concerns. J. Agric. Food Chem. 2019, 67, 7569–7586.  

6. Phillips, I. Does the Use of Antibiotics in Food Animals Pose a Risk to Human Health? A Critical Review 
of Published Data. J. Antimicrob. Chemother. 2003, 53, 28–52 

7. Carlet, J. Antibiotic resistance: Protecting antibiotics - the declaration of the world alliance against antibiotic 
resistance Indian J Crit Care Med. 2014, 18, 643–645. doi: 10.4103/0972-5229.142171 

8. Chandler, C.I.R. Current Accounts of Antimicrobial Resistance: Stabilisation, Individualisation and 
Antibiotics as Infrastructure. Palgrave Commun. 2019, 5, 53 

9. Kneebone, J.; Tsang, P.C.W.; Towson, D.H. Rapid Antibiotic Screening Tests Detect Antibiotic Residues in 
Powdered Milk Products. J. Dairy Sci. 2010, 93, 3961–3964.  

10. Jammoul, A.; El Darra, N. Evaluation of Antibiotics Residues in Chicken Meat Samples in Lebanon. 
Antibiotics 2019, 8, 69 

11. Dawadi, S.; Thapa, R.; Modi, B.; Bhandari, S.; Timilsina, A.P.; Yadav, R.P.; Aryal, B.; Gautam, S.; Sharma, 
P.; Thapa, B.B.; Aryal, N.; Aryal, S.; Regmi, B.P.; Parajuli, N. Technological Advancements for the Detection 
of Antibiotics in Food Products Processes 2021, 9, 1500; https://doi.org/10.3390/pr9091500 

12. Farouk, F.; Azzazy, H.M.E.; Niessen, W.M.A. Challenges in the Determination of Aminoglycoside 
Antibiotics, a Review. Anal. Chim. Acta 2015, 890, 21–43. 

13. Zhi, S.; Zhou, J.; Liu, H.; Wu, H.; Zhang, Z.; Ding, Y.; Zhang, K. Simultaneous Extraction and Determination 
of 45 Veterinary Antibiotics in Swine Manure by Liquid Chromatography-Tandem Mass Spectrometry. J. 
Chromatogr. B 2020, 1154, 122286 

14. Lorenzetti, A.S.; Lista, A.G.; Domini, C.E. Reverse Ultrasound-Assisted Emulsification-Microextraction of 
Macrolides from Chicken Fat Followed by Electrophoretic Determination. LWT 2019, 113, 108334 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2023                   doi:10.20944/preprints202310.0457.v1

https://doi.org/10.20944/preprints202310.0457.v1


 10 

 

15. Zhao, J.; Liu, P.; Yuan, H.; Peng, Y.; Hong, Q.; Liu, M. Rapid Detection of Tetracycline Residues in Duck 
Meat Using Surface Enhanced Raman Spectroscopy. J. Spectrosc. 2016, 2016, 1–6 

16. Baghani, A.; Mesdaghinia, A.; Rafieiyan, M.; Soltan Dallal, M.M.; Douraghi, M. Tetracycline and 
Ciprofloxacin Multiresidues in Beef and Chicken Meat Samples Using Indirect Competitive ELISA. J. 

Immunoass. Immunochem. 2019, 40, 328–342 
17. Lu, N.; Chen, J.; Rao, Z.; Guo, B.; Xu, Y. Recent Advances of Biosensors for Detection of Multiple Antibiotics 

Biosensors 2023, 13, 850. https://doi.org/10.3390/bios13090850 
18. Singh, H.; Thakur, B.; Bhardwaj, S.K.; Khatri, M.; Kim K-H.; Bhardwaj, N. Nanomaterial-based fluorescent 

biosensors for the detection of antibiotics in foodstuffs: A review. Food Chemistry 2023, 426, 136657. 
https://doi.org/10.1016/j.foodchem.2023.136657 

19. Gaudin, V. Advances in Biosensor Development for the Screening of Antibiotic Residues in Food Products 
of Animal Origin-A Comprehensive Review. Biosens. Bioelectron. 2017, 90, 363–377.  

20. Mungroo, N.; Neethirajan, S. Biosensors for the Detection of Antibiotics in Poultry Industry—A Review. 
Biosensors 2014, 4, 472–493 

21. Naresh V., Lee N. A Review on Biosensors and Recent Development of Nanostructured Materials-Enabled 
Biosensors. Sensors 2021, 21, 1109. DOI: 10.3390/s21041109 

22. Mehrotra P. Biosensors and their applications – A review. Journal of Oral Biology and Craniofacial Research 
2016, 6, 153-159 

23. Su L., Jia W., Hou C., Lei Y. Microbial biosensors: A review. Biosens. Bioelectron. 2011, 26, 1788-1799 
24. Lei, Y.; Chen, W.; Mulchandani, A. Microbial biosensors. Analytica Chimica Acta 2006, 568, 200-210 
25. Moraskie, M.; Or Roshid, M.H.; O'Connor, G.; Dikici, E.; Zingg, J-M.; Deo, S.; Daunert, S. Microbial whole-

cell biosensors: Current applications, challenges, and future perspectives. Biosens. Bioelectron. 2021, 191, 
113359 

26. Sharma, A.; Chhabra, M. The versatility of microbial fuel cells as tools for organic matter monitoring. 
Bioresour. Technol. 2023, 377, 128949 

27. Gonzalez Oliasab, L.; Di Lorenzo, M. Microbial fuel cells for in-field water quality monitoring RSC Adv. 
2021, 11, 16307 

28. Chang, I.S.; Jang, J.K.; Gil, G.C.; Kim, M.; Kim, H.J.; Cho, B.W.; Kim, B.H. Continuous determination of 
biochemical oxygen demand using microbial fuel cell type biosensor. Biosens. Bioelectron. 2004, 19, 607–613.  

29. Ivars-Barceló, F.; Zuliani, A.; Fallah, M.; Mashkour, M.; Rahimnejad, M.; Luque, R. Novel Applications of 
Microbial Fuel Cells in Sensors and Biosensors. Appl. Sci. 2018, 8, 1184; doi:10.3390/app8071184 

30. Christwardana, M.; Yoshi, L.A.; Setyonadi, I.; Maulana, M.R.; Fudholi, A. A novel application of simple 
submersible yeast-based microbial fuel cells as dissolved oxygen sensors in environmental waters. Enzyme 

Microb. Technol. 2021, 149, 109831. https://doi.org/10.1016/j.enzmictec.2021.109831 
31. Klevinskas, A.; Kantminiene, K.; Žmuidzinaviciene, N.; Jonuškiene, I.; Griškonis, E. Microbial Fuel Cell as 

a Bioelectrochemical Sensor of Nitrite Ions. Processes 2021, 9, 1330. https://doi.org/10.3390/pr9081330 
32. Zhu, T-J.; Lin, C-W.; Liu, S-H. Sensitivity and reusability of a simple microbial fuel cell-based sensor for 

detecting bisphenol A in wastewater. Chemosphere 2023, 320, 138082. 
https://doi.org/10.1016/j.chemosphere.2023.138082 

33. Chouler, J.; Di Lorenzo, M. Water Quality Monitoring in Developing Countries; Can Microbial Fuel Cells 
be the Answer? Biosensors 2015, 5, 450–70. doi:10.3390/bios5030450 

34. Agostino v., Massaglia G., Gerosa M., Sacco A., Saracco G., Margaria V., Quaglio M. Environmental 
electroactive consortia as reusable biosensing element for freshwater toxicity monitoring. New Biotechnology 
2020, 55, 36-45 

35. Massaglia G., Frascella F., Chiadò A., Sacco A., Marasso S.L., Cocuzza M., Pirri C.F., Quaglio M. 
Electrospun Nanofibers: from Food to Energy by Engineered Electrodes in Microbial Fuel Cells. 
Nanomaterials 2020, 10, 523. DOI: 10.3390/nano10030523 

36. Penteado, E.D.; Fernandez-Marchante, C.M.; Zaiat, M.; Canizares, P.; Gonzales, E.R.; Rodrigo, M.A.R. 
Energy recovery from winery wastewater using a dual chamber microbial fuel cell. J Chem. Technol. 

Biotechnol. 2016, 91, 1802–1808;  
37. Yang, G.; Wang, J.; Zhang, H.; Jia, H.; Zhang, Y.; Cui, Z.; Gao, F. Maximizing energy recovery from 

homeostasis in microbial fuel cell by synergistic conversion of short-chain volatile fatty acid. Bioresour. 

Technol. Rep. 2019, 7 ,100200; 37.  
38. Capodaglio, A.G.; Molognoni, D.; Dallago, E.; Liberale, A.; Cella, R.; Longoni, P.; Pantaleoni, L. Microbial 

Fuel Cells for Direct Electrical Energy Recovery from Urban Wastewaters. Sci. World J. 2013, 2013, 634738 
39. Hidalgo, D.; Sacco, A.; Hernàndez, S.; Tommasi, T. Electrochemical and impedance characterization of 

Microbial Fuel Cells based on 2D and 3D anodic electrodes working with seawater microorganisms under 
continuous operation. Bioresour. Technol. 2015, 195, 139–146 

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) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2023                   doi:10.20944/preprints202310.0457.v1

https://doi.org/10.20944/preprints202310.0457.v1


 11 

 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2023                   doi:10.20944/preprints202310.0457.v1

https://doi.org/10.20944/preprints202310.0457.v1

