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Abstract: Listeria monocytogenes (L.M.) is a gram-positive bacillus with wide distribution in the en-

vironment. This bacterium contaminates water sources and food products and can be transmitted 

to the human population. The infection caused by L.M. is called listeriosis and is common in preg-

nant women, immune-deficient patients, and older adults. Based on the released statistics, listeriosis 

has a high rate of hospitalization and mortality; thus, rapid and timely detection of food contami-

nation and listeriosis cases is necessary. During the last few decades, biosensors have been used for 

the detection and monitoring of varied bacteria species. These devices are detection platforms with 

great sensitivity and low detection limits. Among different types of biosensors, electrochemical bi-

osensors have a high capability to circumvent several drawbacks associated with the application of 

conventional laboratory techniques. In this review article, different electrochemical biosensor types 

used for the detection of listeriosis were discussed in terms of actuators, bioreceptors, specific work-

ing electrodes, and signal amplification. We hope that this review will facilitate researchers to access 

a complete and comprehensive template for pathogen detection based on the different formats of 

electrochemical biosensors. 

Keywords: Listeria monocytogenes; electrochemical biosensors; bacteriosensors; infection;  
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1. Introduction 

Bacteria are responsible for 40% of the annual mortality rate [1,2]. It has been indi-

cated that both bacteria and their toxins can contaminate food sources and water [3]. It 

has been estimated that nearly 48 million people are diagnosed with different forms of 

foodborne diseases each year, leading to 128,000 hospitalizations and a mortality rate of 

3000 cases in the United States [4]. Along with these comments, rapid and precise identi-

fication of the causal agent plays a crucial role in the prevention of bacterial infections [5]. 

Since the number of bacterial particles in contaminated foods is limited, successful iden-

tification and detection is more challenging in bio-fluids, foods, and other aqueous sub-

stances [6,7]. 

Listeria monocytogenes (L.M.) is a gram-positive bacterium with a wide distribution in 

water, soil, and crude or prepared foods [8,9]. L.M. particles can be transmitted by ready-

to-eat foods due to their high shelf life and direct consumption [7,10]. Microbiological 

Citation: Mehrannia, L.;  

Khalilzadeh, B.; Rahbarghazi, R.; 

Milani, M.; Saydan Kanberoglu, G.; 

Yousefi, H.; Erk, N. Electrochemical 

Biosensors as a Novel Platform in 

the Identification of Listeriosis  

Infection. Biosensors 2023, 13, 216. 

https://doi.org/10.3390/bios13020216 

Received: 30 November 2022 

Revised: 17 January 2023 

Accepted: 29 January 2023 

Published: 1 February 2023 

 

Copyright: © 2023 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 

https://www.merriam-webster.com/thesaurus/crude
https://www.merriam-webster.com/thesaurus/prepared


Biosensors 2023, 13, 216 2 of 22 
 

analyses have revealed that L.M. can grow easily in a wide range of temperatures (3 to 45 

°C) and pH values (5.4–9.6) with high levels of salt [11]. Listeriosis is caused by L.M. after 

the ingestion of contaminated foods and byproducts. Infection with L.M. contributes to 

the promotion of several pathological conditions and the involvement of different organ 

types, resulting in a mortality rate of 20–30%.  Common clinical findings in patients with 

listeriosis are septicemia, meningoencephalitis, preterm newborns, and abortion [7,12,13]. 

Although the incidence of listeriosis is high in immunocompromised cases, older adults, 

and pregnant females, this bacterial agent can affect individuals with normal immune 

system function [7,9]. 

Culturing it in microbiology media is thought of as a commonly available method for 

the expansion and detection of L.M. Culturing is precise and helps with the differential 

diagnosis, but the procedure is very laborious and time-consuming (up to 5–7 days) 

[6,8,14,15]. Polymerase chain reaction (PCR) and enzyme-linked immunosorbent assay 

are other available approaches used for the diagnosis of L.M. Despite the relatively ap-

propriate sensitivity and specificity, these methods are expensive, and their use depends 

on experienced technicians and sample preparation [9,16].  Therefore, a rapid and reliable 

strategy should be developed for monitoring listeriosis. In recent decades, we have wit-

nessed the emergence of numerous strategies for rapid L.M. identification using specific 

detection methods [7]. Biosensors are a powerful diagnostic strategy for the detection of 

various analytes [17,18]. Some challenges in the development of electrochemical biosen-

sors include stability; the balance between sensitivity and response time; loss of true ac-

tivity in real samples; and integration turbulence, which are problematic in the application 

of electrochemical sensors from the lab to the clinical setting [19]. Finding solutions to 

these problems could turn electrochemical biosensors into in situ detection devices. This 

review aimed to highlight the potency of electrochemical and biosensors in the detection 

of L.M. Herein, the eligibility of electrochemical biosensors is highlighted in terms of L.M. 

particles, genomics, and proteomics in different environments. 

2. Electrochemical Biosensors and L.M. Diagnosis 

Biosensors are analytical devices with the potential to sense biological [20–25] and 

chemical [26,27] analytes via the production of signals [7]. These sophisticated platforms 

are made of several parts, as follows: sensing elements, converters, signal processors, and 

detectors [7]. Notably, biosensors can expedite the analytical process using small sample 

sizes, making them powerful and highly sensitive devices [28]. To date, various types of 

biosensors have been developed according to the modes of analytes such as thermometric 

biosensors, electrochemical biosensors, optical biosensors, and gravimetric biosensors [9]. 

One of the challenges in thermometric biosensors is assay specificity. This feature causes 

several difficulties in the differentiation of specific responses from nonspecific responses 

[29]. Optical biosensors, such as fluorescence-based biosensors, rely on the presence of 

expensive fluorescent-sensitive equipment [30]. 

Compared to different biosensor types, electrochemical biosensors with greater sen-

sitivity are more efficient, time-consuming, and user-friendly, and have portable features 

[31–33]. These types of biosensors can be used for the in situ detection of microorganisms 

in muddy samples due to a lack of preparation steps and a need for external reagents 

[1,9,28,34,35].  The process of detection is based on measuring changes in current or volt-

age in the presence of a specific analyte [35]. Recent progress in the field has led to the 

advent of different electrochemical techniques for evaluating L.M., such as amperometric, 

potentiometric, voltammetric, and impedimetric methods [35]. 

  

https://www.sciencedirect.com/topics/engineering/electrochemical-biosensors
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2.1. Amperometric Biosensor 

In the amperometric actuator model, the current is produced through an oxidation–

reduction reaction with the simultaneous transfer of electrons between chemical species 

[9]. Previously, Zhou and co-workers designed an amperometric method for analyzing 

L.M. particles (Figure 1). They applied permeable anodic (aluminum oxide) film conju-

gated with a specific aptamer for the evaluation of bacterial particles. They reported a 

significant reduction in current based on the penetration of the probe from the film that 

was blocked with L.M. bacilli onto the detection layer. This study exhibited a sensitivity 

detection limit of 102 CFU/mL during a 10-minute period [36]. 

 
Figure 1. A schematic illustration of an electrochemical amperometric biosensor developed for Lis-

teria detection. Copyright (2022) American Chemical [36]. 

2.2. Potentiometric Biosensors 

In this type of biosensor, the current is measured according to the potential created 

in the working electrode [37].  Enguang Lv et al. developed a potentiometric technique for 

L.M. detection. In this study, a biotinylated recognition peptide was conjugated with mag-

netic connectors and an enzymatic detection indicator for the purpose of sensing L.M. in 

the sandwich route (Figure 2). In the enzymatic detector, a detection probe similar to 

horseradish peroxidase (HRP) was used. The developed system had the potential to sense 

bacilli with a limit of detection of 10 CFU/mL and 1.0 × 102 to 1.0 × 106 CFU/mL in a linear 

range [38]. 

https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Chemical_species
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Figure 2. A potentiometric electrochemical biosensor composed of the biotinylated anti-bacterial 

peptide as a recognition element, magnetic beads as a concentrator of the bacterial cell, and enzy-

matic detection indicator. Copyright (2022) ACS publications [38]. 

2.3. Impedimetric Biosensors 

This technique records changes in conductivity and resistance between the working 

electrode and the electrolyte [9]. In an experiment conducted by Kashish and co-workers, 

they detected L.M. particles via a genosensor based on an impedimetric technique. To this 

end, N, N’-(3-dimethyl aminopropyl-ethylcarbodiimidehydrochloride) (EDC), and N (hy-

droxysuccinimide) (NHS) were used to immobilize single-strand DNA bioreceptors on a 

conductive polymer (poly(5-carboxy indole)) [39]. When complementary target DNA ex-

isted in the samples, a hybridization reaction was promoted, leading to changes in the 

impedance. These authors claimed that the developed system was able to measure bacte-

rial particles using a label-free approach with a linearity range of 1 × 10−4 to 1 × 10−12 M 

[39]. 

3. Type of Bioreceptor 

Antibodies, aptamers, DNAs/RNAs, and enzymes were common materials used for 

bioreceptor applications [34,40]. 

3.1. Antibody-Based Bioreceptor (Immunosensors) 

It is believed that immunological biosensors can sense the targeting of analytes using 

different strategies. For example, some of the immunological biosensor types are sensitive 

to mass changes, whereas other types can sense the changes in optical properties or elec-

trochemical changes in applied transducers [7]. In this scenario, the electrochemical im-

munosensors receive considerable attention due to their exceptional sensitivity  and fast 

detection rate [7,41]. The common technique used for the electrochemical immunosensors 

platform is the sandwich method. In this approach, primary antibodies are fixed on the 

electrode surface, and secondary antibodies are attached to specific reporters with the 

ability to calculate the number of analytes [41]. Previous experiments have used both pol-

yclonal and monoclonal antibodies for the detection of L.M. Notably, polyclonal antibod-

ies are reasonably priced, with higher sensitivity and less specificity compared to mono-

clonal antibodies [9].  Chen et al. prepared an immunosensing device that incorporates a 
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monoclonal anti-Listeria-magnetic isolation process, as well as urease activity, using an 

impedance technique. They detected L.M. in different samples containing different ranges 

of bacterial colonies (3.0 × 101 to 3.0 × 104 CFU/mL). Based on the data, the lower limit of 

the detection system was 300 CFU/mL. Considering the application of bare electrodes, the 

sensor represented impressive recyclability [42]. 

3.2. Cytosensor 

Agni et al. designed a cell-based immunosensor (cytosensor) for the detection of L.M. 

using engineered monkey cells harboring anti-LM p60 antibodies on their outer mem-

brane surfaces [43]. The potentiometry technique revealed a minimum detection range of 

2 log CFU/mL, with an accuracy of 88%. This system can differentiate the presence of L.M. 

from that of other pathogenic bacteria such as Escherichia coli and other Listeria species 

[43]. Despite the existence of limitations to the application of T cell-based biosensors com-

pared to molecular sensors, the applied system was able to measure target analytes in an 

environment similar to in vivo conditions [44]. In a study conducted by Silva et al., an 

electrochemical immunosensor was applied to monitor L.M. particles in food products 

using spiked milk [45]. For this purpose, an anti-p60 antibody was stabilized on carbon 

screen-printed electrodes, and an alkaline phosphatase-conjugated secondary antibody (a 

signal amplifier) was used in a sandwich pattern. Data indicated a detection limit of 1.5 

ng/mL for the target protein in a detection period of <3 h [45]. Since environmental pa-

rameters such as pH and temperature can change the affinity of antibodies and antigens, 

the bulk application of bioreceptors in the laboratory setting and further translation into 

the clinical setting is challenging [1]. Some antibody-based biosensors for detection of Lis-

teria are demonstrated in Table 1. 

Table 1. Previously developed electrochemical immunosensors for Listeria monocytogenes detection. 

Capture Technique Plan of Action Sample 
Interfering 

Agent 
LOD DT * Ref 

Gold 

nanoparticle

—polyclonal 

antibody 

Impedometry Free-microelectrode Listeria cells 
Other 

bacteria 

300 

CFU/

mL 

NR [42] 

HRP-tagged 

anti-Listeria 

monocytogene

s antibody 

Amperometry 
Functionalized multi-

walled carbon nanotube 
Milk 

Other 

bacteria 

1.07 × 

102 

CFU/

mL 

NR [46] 

Antibody 

against 

Listeria 

monocytoge

nes 

Amperometry 

Antibody-conjugated 

polypyrrole on platinum 

electrode 

Listeria cells 

(alcohol-

killed cells) 

E. coli and 

salmonella 

105 

cells/

mL 

30 

min 
[47] 

Antibody 

against 

Listeria 

monocytoge

nes 

Impedometry 

Modified screen-printed 

gold electrode with 

SAMs 

Listeria-

containing 

solution 

mouse IgG 

Not 

repor

ted 

NR [48] 

Gold 

nanoparticle 

–polyclonal 

antibody 

Impedometry 

Screen-printed circle-

shaped 

interdigitated gold 

electrodes (three-finger) 

Spiked 

sample 

(lettuce) 

E. coli 

O157:H7 

1.6 × 

103 

CFU/

mL 

NR [49] 
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Gold NPs-

polyclonal 

anti-Listeria 

monocytoge

nes antibody 

conjugate 

Impedometry 

Microfluidic chip 

containing interdigitated 

gold microelectrodes 

Lettuce, 

milk, 

ground beef 

NR 

104 

and 

105 

CFU/

mL 

3h [50] 

Anti-Listeria 

monocytoge

nes P60 

monoclonal 

antibody 

Amperometry 

Modified screen-printed 

carbon electrodes with 

anti-P60 protein 

Spiked milk NR 

1.5 

ng/m

L 

<3 h [45] 

Anti-Listeria 

monocytoge

nes p60 

antibody 

Potentiometry 

Eight gold screen-printed 

electrodes modified by 

membrane-modified 

African monkey cells 

with AntiP60 

Cultured 

Listeria 

bacteria 

NR 

102 

CFU/

mL 

3 

min 
[51] 

Anti-Listeria 

monoclonal 

antibody 

Chronoampero

metry 

Functionalized gold 

electrode 

with mercaptopropionic 

acid thiol-SAM 

Spiked milk NR 

103 to 

106 

CFU/

mL, 

NR [52] 

Biotinylated 

anti-

internalin B 

polyclonal 

antibody 

Impedometry 

Electrical polymerized 

neutravidin-polyaniline 

on planar screen-printed 

carbon electrodes 

The 

recombinant 

internalin F3 

fragment 

anti-IgG 

antibody 

4.1 

pg/m

L 

NR [53] 

Anti-Listeria 

monocytoge

nes 

monoclonal 

antibody 

Impedometry 

Modified gold 

microelectrode with TiO2-

nanowires 

Cultured 

bacteria 
NR 

102 

CFU/

mL 

1 h [54] 

Anti-Listeria 

monocytoge

nes 

monoclonal 

antibody 

Impedometry 

Modified Au electrode 

with 11-

mercaptoundecanoic acid 

as a SAM 

Filtered 

tomato 

extract 

NR 

4 

CFU/

mL 

NR [55] 

Anti-

listeriolysin 

O antibody 

Impedometry 

Magnetosomes-Anti-LLO 

modified screen-printing 

carbon electrode 

Contaminate

d milk and 

water 

NR 

101 

Cfu/

ml 

30-

min 
[56] 

Anti-Listeria 

monocytoge

nes antibody 

Amperometry 

Functionalized screen-

printed carbon electrode 

(SPCE) with gold 

nanoparticles 

Blueberry 

samples 

E coli 

O157:H7 

and 

Salmonella 

Typhimuriu

m 

2 log 

CFU/

g 

NR [57] 

* Abbreviations: detection time (DT), self-assembled monolayer (SAM), not reported (NR). 

3.3. Enzymatic Biosensors 

Enzymes are biocatalysts that facilitate the conversion of specific substrates to prod-

ucts [28]. An oxide/reduction reaction causes electrochemical changes that can be detected 

by biosensors [28]. Because of their intrinsic high catalytic function and precise ligand 

interaction, enzymes can be used in biosensors. Despite these advantages, enzymes are 
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rather unstable and influence the structure of biosensors [1].  In addition, enzymes possess 

limited reusability with simultaneous strong alternative interaction properties that neces-

sitate the pre-concentration of L.M. [7]. Tolba and colleagues developed an impedance-

based electrochemical biosensor using L.M-specific bacteriophage peptidoglycan hydro-

lases (endolysins)-modified screen-printed gold electrodes to pre-concentrate and recog-

nize bacterial particles. This enzyme has an exhibited high-rate specific binding capacity 

to target bacteria and promote their lysis. The data indicated an enrichment efficiency of 

86–99%. Bacterial lysis caused impedance changes. The developed biosensor showed a 

detection limit of 1.1 × 104 and 105 CFU/mL in the culture medium and milk sample, re-

spectively [58]. 

3.4. Nucleic Acid-Based Bioreceptor 

Deoxyribonucleic acid (DNA) is commonly used in the development and design of 

several electrochemical biosensor types using different synthesis approaches. To this end, 

DNA is synthesized in a laboratory with a known sequence, which is called an aptamer 

[59]. By comparing data from different experiments with varied limits on detection rates, 

methods relying on nucleic acid can be found to be more precise compared to approaches 

that target immunological reactions [9]. 

3.4.1. Aptasensors 

Antibodies are important components of immunological experiments for the fabrica-

tion of biosensors. Unfortunately, antibodies possess short half-lives and their function is 

affected by environmental parameters such as temperatures and pH values, leading to 

denaturation and misfolding [7]. Along with these comments, the production, purifica-

tion, and preservation of antibodies face some challenges. For example, it is difficult to 

produce stable and similar anti-serums due to the need for animal immunization and the 

development of hybridoma cell lines. The process of immunization in animals is long, and 

maintenance of hybridoma cell lines is difficult [6,7]. Aptamers or “chemical antibodies” 

are a special class of single-strand oligonucleotides or synthetic peptides that are capable 

of specifically interacting with a target antigen due to their exceptional three-dimensional 

structures [9,34]. The structural properties of aptamers and chemical construction meth-

ods have made aptamers a great alternative for circumventing antibody limitations 

[60,61]. In comparison with antibodies, aptamers have several benefits, as follows. The 

modification of aptamers is easy, and their synthesis is achieved using artificial ap-

proaches [7,62]. The selection of an interest aptamer was carried out via an in vitro method 

by using the systematic evolution of ligands with an exponential enrichment method, 

which takes less time than the favored method of antibody selection (several weeks vs. a 

few months) [7,63]. Furthermore, mass production of aptamers is affordable and these 

elements can bind to a variety of substrates, from biomolecules to cells, while antibodies 

target immunology-associated components [9]. Due to the structural stability and bioac-

tivity of aptamers after being exposed to thermal shock, aptamers have superiority to an-

tibodies in the fabrication of biosensors. In contrast to antibodies, the structural changes 

of aptamers are reversible. The duplicability of the aptamer is excellent. They have long 

half-lives at room temperature without any change in their function; therefore, diagnosis 

using aptasensors is cost-effective [7,9,34,59]. Regarding these features, researchers have 

used aptamers as biomarkers in many studies. Ding et al. designed a potentiometric bio-

sensor using an aptamer against internalin A to detect virulent L.M. (Figure 3). In this 

work, protamine was used to interact with a free aptamer that had not been bound to 

internalin A. A protamine-aptamer complex was detected with an electrode of the poly-

cation-responsive membrane. Using this biosensor, L.M. could be sensed down to 10 

CFU/mL [11]. Daniela A. Oliveira and colleagues designed an aptasensor to detect Listeria. 

They used a co-deposition technique to modify the electrode surface with nanoplatinum 

and alginate thiomers. This structure (ALG-thiomer/Pt nanobrush) formed a pH-sensitive 

and electroactive surface. In this work, aptamer acts as a bioreceptor to capture internalin 

https://www.nature.com/articles/s41598-022-25753-7#auth-Daniela_A_-Oliveira
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A protein. The calculated detection limit reached 5 CFU mL−1 and the assay time was 

about 17 min. The biosensor showed great selectivity with other gram-positive bacteria 

[64]. Chen et al. used a 3D graphene composite doped with zinc nitrogen (ZnO-3DNGH) 

to modify the platinum electrode. They immobilized the amino-terminated aptamer on 

the modified electrode. Their designed biosensor utilized the electrochemical lumines-

cence method to detect Listeria in pork and milk samples. The detection limit in this 

method was 5 CFU/mL [65]. 

 
Figure 3. An example of an aptasensor binding with a Listeria surface protein (Internalin A). Prota-

mine is a positive-charge substance that reacts with aptamer alone and with a bacteria–aptamer 

complex. Each of these reactions causes specific potential changes. The polymeric polycation-sensi-

tive membrane can detect the presence of this composition. (A) Mechanism of biosensor, (B) Scan-

ning electron microscope (SEM) illustration of bacteria and (C) Image of the cultured bacteria. Cop-

yright (2022) from ACS publications [11]. 

3.4.2. Genosensors 

Biosensors with natural DNA molecules as recognition elements are called genosen-

sors [59]. Genosensors provide a rapid method for the recognition of various analytes, 

such as pathogens [66]. This technique relies on the reaction of DNA with complementary 

nucleic acid sequences. In these biosensors, a probe of single-stranded DNA acts as a 

recognition element that forms a double strand with target DNA with exceptional perfor-

mance and specificity. Genosensors can be used as probes for the determination of viru-

lence factor genes, such as the hemolysin A (hlyA) gene, in L.M. Upon attachment of sta-

bilized DNA to the target sequence, a converter converts the reaction to the measurable 

signal [66,67]. In electrochemical genosensors, identification of the hybridization reaction 

is conducted either by a direct method, by utilizing intercalating compounds that bond to 

double-strand DNA, or by using a reporter probe [68]. Kashish et al. applied impedance 

spectroscopy with a glassy carbon electrode modified with platinum nanoparticles. They 

used 24-mer single-strand DNA to recognize the L.M. hlyA gene in milk samples, with a 

sensing range of 1 × 10−12M to 1 × 10−4 M [69]. In another experiment, Jiang and co-workers 

designed a potentiometric genosensor for L.M. detection in milk samples (Figure 4). They 

performed an assay using CdTe QDs/MWCNTs nanostructure-modified carbon ink in a 
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solid wax matrix screen-printing electrode [70]. To amplify electrical signals, a double lin-

ear hybridization chain reaction (DL-HCR) was used. Authors used 8.74 fM with the syn-

thetic target DNA, 0.039 ng/μL with the digested Listeria genome, 1.64 × 104 CFU/mL in 

the milk samples, and 11 CFU/mL in the milk samples followed by PCR as detection limits 

[70]. Ebana et al. designed an amperometry-based electrochemical genosensor, with silica 

and magnetic particles as the platform. They immobilized biotinylated-long DNA strands 

(PCR product) of the prfA (transcriptional activator of the virulence factor) gene on a plat-

form as a capture. They used streptavidin–horseradish peroxidase to detect the presence 

of a PCR amplicon instead of electrophoresis [71]. Recently published genosensors for the 

evaluation of Listeria are presented in Table 2. 

 
Figure 4. A schematic illustration of a genosensor with integrated electrodes that sense target DNA 

using a double linear hybridization chain reaction (DL-HCR) technique and short signal DNA probe 

pairs. (A) Graphical presentation of the developed chip and (B) Preparation steps of the genosensor. 

Copyright (2022) from ACS publications [70]. 
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Table 2. Genosensors have been used for the detection of Listeria monocytogenes. 

Capture Technique Plan of Action Sample 
Interfering 

Agent 
LOD 

Detecti

on 

Time 

Ref 

Antibodies 

(polyclonal IgG) 

and a DNA 

aptamer (47-mer) 

Impedometry 

Chitosan 

nanobrushes on 

graphene/nanoplatin

um 

electrodes 

Foods 

Other 

Gram-

positive 

bacteria 

Immunosenso

r (15.6 CFU 

mL−1) 

Aptasensor 

(9.1 CFU mL−1 

17 min [8] 

47-mer aptamer 

against internalin 

A 

Potentiometry 

The polycation-

responsive 

membrane 

Spiked 

coastal 

seawater 

High 

concentratio

n of Listeria 

(2000 CFU 

mL−1) 

10 CFU mL−1 0.67 h [11] 

24 

oligonucleotides 

of hlyA gene 

ssDNA 

Impedometry 

Electropolymerized 

5-carboxyindole on 

gold electrode 

Gene 

extraction 

product 

from Listeria 

NR 2.34 × 10−13 M NR [39] 

24-mer single-

strand DNA 

probe 

complementary to 

hlyA gene 

Impedometry 

Platinum 

nanoparticles 

dispersed in the 

chitosan field 

Milk 

samples 
NR 

1 × 10−12 M to 1 

× 10−4 M 
NR [69] 

59-base inlA gene 

probe 
Potentiometry 

Screen-printed gold 

electrodes decorated 

with a mercaptan-

activated self-

assembled 

monolayer 

Culture of 

Listeria 

monocytoge

nes 

Non-

pathogenic 

Listeria 

species 

DNA 

NR 
50–60 

min 
[72] 

30-mer 

carboxylated 

probe 

Amperometry 

Silanization 

aluminum 

interdigitated 

electrode 

Target DNA NR 1 fM to 1 µM 1 h [16] 

Thiolated 49-mer  

Listeria hlyA gene 

probe 

Impedometry 

Gold 

electrodes activated 

by mercaptan, N-

hydroxysulfosuccini

mide (NHS), and N-

(3-

dimethylamion)prop

yl-N’-ethyl 

carbodiimide 

hydrochloride 

(EDC) 

PCR product 

(Hly gene 

fragments) 

NR Not reported NR [73] 

18 thiol-treated 

oligonucleotides 

inlA Listeria toxin 

probe 

Potentiometry 

Screen-printed 

electrode using 

carbon and gold-

based ink modified 

with the thiolated 

probe 

Listeria inlA 

amplicon 

Non-specific 

gene 

fragments 

1.5 to 3.6 µM 

Less 

than 1 

h 

[74] 

Amino-treated 

Listeria hly ssDNA 

probe 

Potentiometry 

Carbon ionic liquid 

electrode decorated 

by reduced graphene 

and gold 

nanostructures 

PCR product 

of fish-

isolated 

Listeria gene 

Mismatch 

sequences 

2.9 × 10−13 

mol/L 
NR [75] 
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Amino- 5′- end 

ssDNA 
Potentiometry 

Carbon ionic liquid 

electrode modified 

by Au nanoparticles 

and partially-

reduced graphene 

oxide (p-RGO) 

Synthetic 

DNA 

oligonucleoti

de 

Mismatch 

sequences 

3.17 × 10–14 

mol/L 
NR [76] 

Listeria actA gene 

ssDNA 
Potentiometry 

Modified gold 

electrode with 

mercaptoacetic acid 

PCR product 
Not 

reported 
NR NR [77] 

Aminated Hly 

gene sequences as 

ssDNA probe 

Potentiometry 

Self-assembled 

mercaptoacetic acid 

(MAA) monolayer 

on  carbon ionic 

liquid electrode 

functionalized with 

three-dimensional 

graphene rods 

(3DGR) and gold 

(Au) nanostructures 

PCR product 

of hly Listeria 

gene 

amplification 

Mismatched 

sequences 

3.3 × 10−15 

mol/L 
NR [78] 

217-mer-

biotinated-PCR 

amplicon of prfA 

gene 

Amperometry 
Silica magnetic 

particles 

Streptavidin

– 

horseradish 

peroxidase 

NR 0.13 ng/mL 3 h [71] 

Aminated 20-mer 

plcA gene 

sequence 

Impedometry 

Carbon nanofiber 

modified gold 

nanoparticles 

Raw milk 

Other food-

borne 

bacteria 

82 fg/6 µL 30 min [79] 

Aminated ssDNA 

(ssrA gene) 
Amperometry 

Decorated gold 

electrode with 

cysteamine as a self-

assembled 

monolayer and 

(osmium-based) 

redox polymer 

Biotinylated  

ssDNA 
NR 1.4 fmol 1 h [80] 

Tetrahedral 

structure of DNA 

probe 

Amperometry Bare gold electrode 

Listeria 

monocytoge

nes 

extraction 

genome 

NR 0.2 fM ~2 h [81] 

3.4.3. CRISPR/Cas-Based Electrochemical Biosensor 

The clustered, regularly interspaced, short, and palindromic repeats/CRISPR-associ-

ated nuclease 9 (CRISPR/Cas 9) is a type of adaptive immune system that is seen in bacte-

ria and archaea. It is a fragment of the genome of an invasive organism (bacteriophage, 

etc.) that integrates with microbial genomes. Transcripts of these inserted fragments 

(RNA-guided) can recognize inactive related targets by endonuclease activity [82,83]. Fan 

Li et al. developed an electrochemical biosensor that used the CRISPR/Cas12a system. The 

designed platform used the cleavage ability of guide CRISPR RNA (crRNA) to recognize 

single-strand DNA and cut methylene blue-tagged ssDNA. They reported 0.68 aM of ex-

tracted genomic DNA and 26 CFU/mL of L.M in culture media as the limits of detection 

[30]. 
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3.5. Bacteriophages as Bioreceptors 

Bacteriophages are a group of viruses that attack and kill bacteria [84,85]. They can 

also distinguish between live bacteria and dead cells [86]. Zolti and co-workers developed 

a bacteriophage-based biosensor. They modified carbon nanotubes with quaternized pol-

yethyleneimine and used it as a matrix to immobilize the P100 bacteriophage. Their plat-

form showed 8.4 CFU/mL as the detection limit [86]. 

4. Category of Working Electrodes 

4.1. Interdigitated Electrode  

Due to the high capacity of the interdigitated electrodes, biosensors based on these 

electrode types showed great sensitivity [87]. Sidhu et al. developed an impedance bio-

sensor for the detection of Listeria monocytogenes. They used platinum interdigitated mi-

croelectrodes (Pt-IDEs) decorated with L.M. aptamers (thiolated aptamer of internalin A 

gene) as working electrodes. The results were obtained using the EIS method at a range 

of 10 to 106 CFU/mL. This biosensor exhibited a detection limit of 5.39 ± 0.21 CFU/mL for 

17 min [88]. 

4.2. Screen-Printed Electrodes 

These electrodes are promising platforms with a great capacity for use in electrical 

biosensors as transducers. Their main advantages include availability, portability, and 

low-volume sample loading, making them appropriate for on-site detection [89]. Bifulco 

and co-workers used screen-printed gold electrodes that copped with the mercaptan-ac-

tivated self-assembled monolayer (SAM) to detect the internalin A gene. Their designed 

platforms showed significant spasticity for L.M. versus other Listeria species (p = 0.0016), 

and the concentration of applied probe and DNA was 100 ppm [72]. 

4.3. Glassy Carbon Electrode (GCE) 

GCE is one of the most utilized working electrodes. This electrode is functionalized 

with a variety of materials, including chitosan-dispersed platinum nanoparticles [69]. 

4.4. Gold Electrode (AuE) 

AuE can be applied as electrodes in biosensors at bulk films and thin films by a vari-

ety of methods. Because of their great electron kinetics and stability, as well as their simple 

capability to functionalize, AuEs have received more attention in the era of biosensors 

[90]. It has been suggested that gold can preserve its natural solid structure during a broad 

range of potential changes with varied pH indices. Various techniques can be applied to 

modify the electrode surface of gold [90]. Wu et al. performed impedimetric assays for the 

detection of L.M. using mercaptan, NHS, and EDC-activated AuE coated by the listeriol-

ysin O gene [73]. Routinely applied working electrodes for the quantification of Listeria 

are summarized in Table 3. 
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Table 3. Common working electrodes have been used for the detection of L.M. 

Working Electrode Modified Method LOD Detection Time Ref 

Aluminum interdigitated with 1 

µm gap-width (Al IDE) 

Silanization of the electrode 

by APTES and 

immobilization of ssDNA 

with gold nanomaterials 

10 fM to 10 µM NR [87] 

4 and 8 screen-printed electrodes 

using carbon and gold-based ink 
NR 1.5 to 3.6 µM Less than 1 h [74] 

Carbon ionic liquid electrode NR 
2.9 × 10−13 

mol/L 
NR [75] 

Gold electrode 
Use of conducting polymer 

(5-carboxyindole) 
2.34 × 10−13 M NR [39] 

Gold electrode 
methylene blue tagged 

ssDNA 
0.68 aM 45 min [30] 

Screen-printed gold electrodes 

Thioctic acid, 

mercaptopropionic acid, 

and  mercaptoundecanoic 

acid self-assembled 

monolayers 

Not reported NR [48] 

Gold electrode NR NR NR [77] 

Microfluidic/microelectrode 

conjugated 

system 

Magnetic 

nanoparticle,monoclonal 

anti-Listeria 

1.6 × 102 

CFU/mL 
~1 h [91] 

Screen-printed carbon electrode 

(SPCE) strips 

Anti-Listeria conjugated 

gold nanoparticle 
2 log CFU/g NR [57] 

Screen-printed interdigitated gold 

electrode 

Polyclonal antibody and 

urease 

1.6 × 10 3 

CFU/mL 
NR [49] 

Screen-printed interdigitated gold 

electrode 

Anti-P60 Listeria protein, 

engineered membrane cells 
102 CFU/ mL 3 min [51] 

Planar screen-printed carbon 

electrodes 

Electrical polymerized 

neutravidin–polyaniline 
4.1 pg/ml NR [53] 

Screen-printed carbon electrode 

Conjugation of 

Magnetosomes and anti-

LLO  

101 CFU/ml 30 min [56] 

Screen-printed gold electrode 
Endolysine, self assembled 

monolayer 

1.1 × 104 

and 105 

CFU/mL 

NR [58] 

5. Method of Signal Amplification 

One way to increase the sensitivity of biosensors is to amplify the signal resulting 

from the reaction between the target material and the bioreceptor [92]. Different methods 

were applied to functionalize the surfaces, such as lasers [93]. 

5.1. Enhancement of Sensitivity Using Labeling or Capturing Methods  

5.1.1. Enzymes as a Label 

Electrochemical-based signal amplification strategies rely on enzymes and oxidore-

duction methods [94]. Hajdukiewicz et al. utilized glucose oxidase to amplify the detec-

tion signal in biosensors with a graphite electrode. This amperometry technique was ap-

plied to recognize the biotinylated L.M. ssrA gene with a 20-mer aminated ssDNA. The 

detection process was based on the interaction of the DNA probe with a biotinylated tar-

get sequence. This reaction was reported by glucose oxidase–avidin D in the presence of 
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glucose in a ferrocene methanol-based medium with a detection limit of 0.2 nM [95]. Re-

cently, researchers have paid expansive attention to nanozymes, as well as organic nano-

particles with metal nanoparticles, to amplify detection signals [96–99]. In comparison 

with other metal nanomaterials, Au- and Pt-based nanomaterials possess great stability 

and exceptional catalytic potency [100]. Interestingly, the Au–Pt(core-shell)-based 

nanozyme (the nanostructure consisting of a composition of Au and Pt that catalyze a 

reaction) has been introduced as a capable alternative bioenzyme for signal amplification 

[100]. 

5.1.2. Electroactive Agents as a Label 

The electrochemically labeled probes (DNA probes) have been widely applied in de-

tection approaches. These materials are inorganic or organic forms, and they present a 

strong redox response associated with a hybridization reaction. Inorganic forms, such as 

metals (for example, gold nanoparticles, as discussed below), and organic forms, such as 

methylene blue and ferrocene (Fc), have been commonly utilized [101]. A summary of 

electroactive labels for the detection of Listeria is presented in Table 4. 

Table 4. Various labels have been utilized in sensors for the detection of L.M. 

Capture  Technique Sample Reporter LOD Ref 

20-mer aminated 

ssDNA(ssrA 

gene) of Listeria 

Amperometry Solution of target DNA Glucose oxidase 0.2 nmol [95] 

Amino-treated 

Listeria hly 

ssDNA  probe 

Potentiometry 

PCR product of 

deteriorated fish-isolated 

Listeria gene 

Methylene blue 2.9 × 10−13 mol/L [75] 

Amino- 5′-end 

ssDNA 
Potentiometry 

Synthetic DNA 

oligonucleotides 
Methylene blue 3.17 × 10−14 mol/L [76] 

Synthetic probe of 

Listeria actA gene 
Potentiometry PCR product of actA gene 

Toluidine blue 

(TB) 
NR [77] 

Amino-treated 

Listeria hly 

ssDNA  probe 

Potentiometry 
PCR product of hly Listeria 

gene amplification 
Methylene blue 3.3 × 10−15 mol/L [78] 

Gold 

nanoparticle—

polyclonal 

antibody 

Impedometry Listeria cells Urease 300 CFU/mL [42] 

Amino-treated 

Listeria ssrA gene-

probe 

Amperometry Biotinylated DNA strand Glucose oxidase 1.4 fmol [80] 

Tetrahedral 

structure of DNA 

probe 

Potentiometry 
Listeria monocytogenes 

extraction genome 
Ferrocene (Fc) 0.2 fM [81] 

Anti-Listeria 

antibody 
Amperometry Blueberry samples 

Horseradish 

peroxidase 
2 log CFU/g [57] 

Anti-Listeria 

antibody 
Amperometry Listeria cells 

Toluidine blue 

(TB) 
105 cells/mL [47] 

Anti-p60 

antibody 
Amperometry Spiked milk 

Alkaline 

phosphatase 
1.5 ng mL−1 [45] 

ssDNA Amperometry Extracted genome Methylene blue 0.68 aM [30] 
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5.1.3. Nanomaterials as a Label 

Bare electrodes suffer from some drawbacks, including, for example, loss of sufficient 

electrical activity and unpredictable surface structures [102]. The modification of bare 

electrodes plays a fundamental role in the reproducibility, sensitivity, and specificity of 

biosensors [103]. Thus, a variety of functionalized compounds, such as nanomaterials, was 

utilized to design efficient electrochemical biosensors [102,104]. For this aim, carbon-

based nanomaterials, such as graphene and metal nanostructures, were applied [105]. 

A combination of nanomaterials and electrochemical biosensors has been used for 

signal amplification strategies. Nanoparticles provide an excellent opportunity for devel-

oping point-of-care and scale-down tools for medical applications [28]. Nanomaterials are 

extracted from natural sources or produced via synthetic protocols. These particles exist 

in an unbound state or as aggregates, ranging from 1 nm to 100 nm [106]. The nano-sized 

nanoparticles allow more current to flow through their cross-section. This feature in-

creases the affectability of the biosensor in comparison with conditions without the appli-

cation of nanoparticles [28]. Because of the large specific surface area, nanoparticles can 

detect ultra-low samples. Hence, the affectability and selectivity of molecular diagnosis 

can be increased by using nanotechnology in clinical assays, as well as its integration with 

other sciences [28]. Nanomaterials can be used as enzymes, markers, and signal detectors 

[41]. Among several nanoparticle types, three popular nanoparticles (reduced graphene 

oxide (RGO), gold nanoparticles (AuNPs), and carbon nanotubes (CNTs)) have been used 

for electrode surface modification [59]. Nanoparticles have received special attention in 

the development of electrochemical biosensors for the enrichment of specimens (e.g., mag-

netic nanoparticle); for their high diagnostic capacity; and as the driver of chemical reac-

tions, the booster of the electrode’s conductance capacity, and the enhancer of biomaterial 

attachment to the electrode [59]. 

Conjugation  of Biomaterials with Au 

Gold-based nanostructures for electrical sensing methods were set up in 2001 [107]. 

One of the most popular nanoparticles that have been widely utilized in biosensors is the 

AuNP, owing to its unique properties, such as its small-size, catalytic activity, prominent 

stability, and biocompatibility [59,108]. The surfaces of AuNPs are also rich in negative 

charges that make them good candidates for tagging a variety of biomolecules [41]. Due 

to the ease of the immobilization process of nucleic acid on gold electrodes, they have 

been widely used in the development of biosensors [34]. The conjugation of functionalized 

groups is performed in different ways, including direct linkage by hydrophobic or elec-

trostatic strength. For example, the direct interaction of proteins and gold, or the indirect 

linkage achieved by inserting active groups into the structure of molecules such as –SH, 

is common [35]. The interaction of Au-DNA is controlled by a variety of forces, including 

non-covalent interactions such as electrostatic or hydrophobic strength, and covalent in-

teractions such as the reaction of functional groups with the bases of nucleotides and gold 

[35]. These functional groups can be chemical linkers for instance sulfur combinations, 

such as –SH groups [35]. Davis et al. reported an electrochemical biosensor for fast screen-

ing of L.M. using AuNPs and biotinylated capture antibodies. The target analyte can be 

determined using a urease-labeled detection antibody with a detection limit of 2 log 

CFU/g [57]. 

Carbon-Based Nanomaterial 

Due to their great chemical stability; excellent electrical conduction; biofitness; ex-

traordinary mechanical rigidity; and ability to conform sp, sp2, and sp3 structures with 

low gaps between the 2s and 2p electron layers of carbon-based nanoparticles, carbon-

based nanomaterials are used for the sensitive detection of biocomponents [109]. 
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Graphene Oxide 

Graphene is a carbon-based material. In 1985, Robert Curl et al. introduced it to the 

scientific society [110]. It showed considerable properties, such as electrical flexibility, 

electrical conductivity, and high plasticity [111]. Therefore, researchers developed 2D 

structures with different and novel properties [111]. D.C. Vanegas et al. developed an ap-

tasensing method using graphene oxide, nanoplatinum, and Pt/Ir electrodes as a recogni-

tion layer for better electrochemical results. They used an aptamer for the detection of 

internalin A, a Listeria surface protein. This biosensor exhibited 100 CFU/mL as the limit 

of detection. The detection procedure lasted 3 h [112]. 

Carbon Nanotube 

These nanoparticles were first discovered in 1991. Because of their attractive proper-

ties, such as exceptional flexibility, high potency for electron transmission, and thermal 

conduction, carbon nanotubes have earned widespread consideration in the development 

of biosensors [59]. Lu et al. designed an amperometric biosensor using multi-walled car-

bon-nanotube fibers (MWCNT) on the functionalized electrode surface. They used an 

anti-L.M. antibody as a bioreceptor and HRP as a reporter. In this study, different methods 

of modification were used to optimize the experiment condition. According to the ob-

tained data, the chemical modification method yielded the best sensing outcomes. A de-

tection limit of 1.07 × 102 CFU/mL was achieved in a linear range of 102 to 105 CFU/mL (R2 

= 0.993). The developed biosensor was eligible to discriminate L.M. from the rest of the 

bacterial population in milk samples [46]. In an experiment conducted by Viswanath et 

al., they applied an electrochemical immunosensor for probing L.M. and Enterobacter clo-

acae in food samples. They used a multi-walled carbon-nanotube-modified Au nano-

material (AuNPs–MWCNT) nanostructure as the detection platform (Figure 5). The re-

ported linear range of this biosensor was 101–1011 for L.M. and 101–1012 CFU/mL for Enter-

obacter cloacae. This sensing method showed 3.98 and 5.39 CFU/mL as the limits of detec-

tion for L.M. and Enterobacter cloacae, respectively [113]. Most types of nanoparticles that 

were applied for the evaluation of Listeria are shown in Table 5. 

 
Figure 5. An example of a biosensor that used Au nanomaterials composed of multi-walled carbon 

nanotubes to increase detection sensitivity [113]. 
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Table 5. Some of the nanoparticles that were used for the development of L.M.-detecting biosen-

sors. 

Capture Technique Applied Nanomaterial LOD 

Detecti

on 

Time 

Ref 

InlA aptamer Impedimetry 
Graphene/nanoplatinum 

on Pt/Ir electrodes 
100 CFU/ml 3 h [112] 

Amino-treated Listeria 

hly ssDNA probe 
Potentiometry 

Reduced graphene/nanogold 

on carbon ionic liquid 

electrode 

2.9 × 10−13 mol/L NR [75] 

Amino- 5′- end ssDNA Potentiometry 

Gold nanoparticle/partially 

reduced graphene oxide on 

carbon ionic liquid electrode 

3.17 × 10−14 mol/L NR [76] 

HRP-tagged anti-

Listeria antibody 
Amperometry 

Multi-walled carbon 

nanotube 
1.07 × 102 cfu/mL NR [46] 

Anti-Listeria 

antibody(monoclonal) 
Impdometry TiO2-Nanowires 102 CFU/mL 1 h [54] 

P100 bacteriophage Impdometry 

Modified carbon nanotubes 

with quarternized 

polyethyleneimine 

8.4 CFU/mL [86]  

InlA aptamer Impdometry 
PH-sensitive–electroactive 

ALG-thiomer/Pt nanobrush 
(5 CFU mL−1) 17 min [64] 

47-mer aminated 

aptamer 
Impdometry WS2 nanoparticles 10 CFU/mL NR [114] 

5.2. DNA-Based Signal Amplification Method 

In nucleotide-based sensors, DNA is usually used for signal amplification [92]. The 

conventional real-time PCR assay, as a nucleic acid-based signal amplification technique, 

is a powerful method, but it has some limitations. For instance, this technique requires an 

advanced facility, such as a thermal cycler; thus, the loop-mediated isothermal amplifica-

tion (LAMP) method is an alternative technique. In the LAMP method, the amplification 

reaction is initiated at an isothermal temperature without the need for a thermocycler. 

This technique uses the ability of certain DNA polymerases to replace strand activity 

[115,116]. A summary of the analytical features of a signal amplification method for the 

detection of Listeria is presented in Table 6. 

Table 6. Summarized data of DNA- based signal amplification method for Listeria detection. 

Capture Technique Signal Amplification Method LOD Ref 

Amino-treated ssDNA Amperometry 
Double linear hybridization chain 

reaction (DL-HCR) 

1.64 × 104 CFU/mL 

and 11 CFU/mL 
[70] 

6. Conclusions 

L.M., as a food-borne bacterium, can grow and survive in environments with varying 

temperatures and pH values. Despite splendid achievements in the therapeutic regimes 

associated with listeriosis, L.M. detection remains a significant challenge in the clinical 

setting. Biosensors play a vital role in the precise and rapid detection of contaminated 

foods and infected persons. Different types of electrochemical biosensors have been used 

in the past for analyzing L.M., with significant outcomes. Compared to conventional la-

boratory analyses, electrochemical biosensors can be used for the in situ detection of L.M. 

in unprocessed samples with appropriate sensitivity and specificity. In the near future, 

https://www.mdpi.com/search?q=WS2+nanoparticles
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we will witness the advent and progression of the application of electrochemical biosen-

sors for detecting bacterial particles in clinical settings and industries. In the future, merg-

ing electrochemical biosensors with a microfluidic approach will be more applicable to 

on-desk devices for online monitoring of L.M. It should not be forgotten that some chal-

lenges exist in the development of electrochemical biosensors, including their stability and 

the balance between sensitivity, response time, loss of true activity in real samples, and 

integration turbulence, which are problematic factors in coordinating electrochemical sen-

sors both at the lab scale and in industry settings. Finding solutions to resolve these prob-

lems could allow electrochemical biosensors to be used as in situ detection devices. 
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27. Nasrollahpour, H.; Khalilzadeh, B.; Naseri, A.; Sillanpää, M.; Chia, C.H. Homogeneous Electrochemiluminescence in the 

Sensors Game: What Have We Learned from Past Experiments? Anal. Chem. 2021, 94, 349–365. 

28. Balayan, S.; Chauhan, N.; Chandra, R.; Kuchhal, N.K.; Jain, U. Recent advances in developing biosensing based platforms for 

neonatal sepsis. Biosens. Bioelectron. 2020, 169, 112552. 

29. Yakovleva, M.; Bhand, S.; Danielsson, B. The enzyme thermistor—A realistic biosensor concept. A critical review. Anal. Chim. 

Acta 2013, 766, 1–12. 

30. Li, F.; Ye, Q.; Chen, M.; Zhou, B.; Zhang, J.; Pang, R.; Xue, L.; Wang, J.; Zeng, H.; Wu, S. An ultrasensitive CRISPR/Cas12a based 

electrochemical biosensor for Listeria monocytogenes detection. Biosens. Bioelectron. 2021, 179, 113073. 

31. Manzoori, J.L.; Amjadi, M.; Soleymani, J.; Tamizi, E.; Rezamand, A.; Jouyban, A. Determination of deferiprone in urine and 

serum using a terbium-sensitized luminescence method. Luminescence 2012, 27, 268–273. 

32. Shafaei, S.; Akbari Nakhjavani, S.; Kanberoglu, G.S.; Khalilzadeh, B.; Mohammad-Rezaei, R. Electrodeposition of Cerium Oxide 

Nanoparticles on the Graphenized Carbon Ceramic Electrode (GCCE) for the Sensitive Determination of Isoprenaline in Human 

Serum by Differential Pulse Voltammetry (DPV). Anal. Lett. 2022, 55, 2418–2435. 

33. Soleymani, J.; Hasanzadeh, M.; Somi, M.H.; Jouyban, A. The role of nanomaterials on the cancer cells sensing based on folate 

receptor: Analytical approach. TrAC Trends Anal. Chem. 2020, 125, 115834. 

34. Rozenblum, G.T.; Pollitzer, I.G.; Radrizzani, M. Challenges in Electrochemical Aptasensors and Current Sensing Architectures 

Using Flat Gold Surfaces. Chemosensors 2019, 7, 57. 

35. Radhakrishnan, R.; Poltronieri, P. Label Free Biosensor Methods in Detection of Food Pathogens and Listeria monocytogenes. 

Preprints 2017, 2017100094.  

36. Zhou, C.-X.; Mo, R.-J.; Chen, Z.-M.; Wang, J.; Shen, G.-Z.; Li, Y.-P.; Quan, Q.-G.; Liu, Y.; Li, C. Quantitative Label-Free Listeria 

Analysis Based On Aptamer Modified Nanoporous Sensor. ACS Sens. 2016, 1, 965–969. 

37. Scholz, F. Voltammetric techniques of analysis: The essentials. ChemTexts 2015, 1, 17. 

38. Lv, E.; Ding, J.; Qin, W. Potentiometric Detection of Listeria monocytogenes via a Short Antimicrobial Peptide Pair-Based 

Sandwich Assay. Anal. Chem. 2018, 90, 13600–13606. 

39. Kashish; Soni, D.K.; Mishra, S.K.; Prakash, R.; Dubey, S.K. Label-free impedimetric detection of Listeria monocytogenes based on 

poly-5-carboxy indole modified ssDNA probe. J. Biotechnol. 2015, 200, 70–76. 

40. Zihni Onur, U.; Hilmiye Deniz Ertuğrul, U.; Ferhan Girgin, S. Nucleic Acids for Electrochemical Biosensor Technology. In 

Biosensors, Luis Jesús, V.-G., Ana Leticia, I., Eds.; IntechOpen: Rijeka, Croatia, 2020. 

41. Zhao, Q.; Lu, D.; Zhang, G.; Zhang, D.; Shi, X. Recent improvements in enzyme-linked immunosorbent assays based on 

nanomaterials. Talanta 2021, 223, 121722. 



Biosensors 2023, 13, 216 20 of 22 
 

42. Chen, Q.; Lin, J.; Gan, C.; Wang, Y.; Wang, D.; Xiong, Y.; Lai, W.; Li, Y.; Wang, M. A sensitive impedance biosensor based on 

immunomagnetic separation and urease catalysis for rapid detection of Listeria monocytogenes using an immobilization-free 

interdigitated array microelectrode. Biosens. Bioelectron. 2015, 74, 504–511. 

43. Hadjilouka, A.; Loizou, K.; Apostolou, T.; Dougiakis, L.; Inglezakis, A.; Tsaltas, D. A Cell-Based Biosensor System for Listeria 

monocytogenes Detection in Food. Proceedings 2020, 60, 49. 

44. Chen, P.-H.; Lin, C.; Guo, K.-H.; Yeh, Y.-C. Development of a pigment-based whole-cell biosensor for the analysis of 

environmental copper. RSC Adv. 2017, 7, 29302–29305. 

45. Silva, N.F.D.; Neves, M.M.P.S.; Magalhães, J.M.C.S.; Freire, C.; Delerue-Matos, C. Electrochemical immunosensor towards 

invasion-associated protein p60: An alternative strategy for Listeria monocytogenes screening in food. Talanta 2020, 216, 120976. 

46. Lu, Y.; Liu, Y.; Zhao, Y.; Li, W.; Qiu, L.; Li, L. A Novel and Disposable Enzyme-Labeled Amperometric Immunosensor Based 

on MWCNT Fibers for Listeria monocytogenes Detection. J. Nanomater. 2016, 2016, 3895920. 

47. Minett, A.I.; Barisci, J.N.; Wallace, G.G. Coupling conducting polymers and mediated electrochemical responses for the 

detection of Listeria. Anal. Chim. Acta 2003, 475, 37–45. 

48. Susmel, S.; Guilbault, G.; O’Sullivan, C. Demonstration of labeless detection of food pathogens using electrochemical redox 

probe and screen printed gold electrodes. Biosens. Bioelectron. 2003, 18, 881–889. 

49. Wang, D.; Chen, Q.; Huo, H.; Bai, S.; Cai, G.; Lai, W.; Lin, J. Efficient separation and quantitative detection of Listeria 

monocytogenes based on screen-printed interdigitated electrode, urease and magnetic nanoparticles. Food Control 2017, 73, 555–

561. 

50. Kanayeva, D.A.; Wang, R.; Rhoads, D.; Erf, G.F.; Slavik, M.F.; Tung, S.; Li, Y. Efficient separation and sensitive detection of 

Listeria monocytogenes using an impedance immunosensor based on magnetic nanoparticles, a microfluidic chip, and an 

interdigitated microelectrode. J. Food Prot. 2012, 75, 1951–1959. 

51. Hadjilouka, A.; Loizou, K.; Apostolou, T.; Dougiakis, L.; Inglezakis, A.; Tsaltas, D. Newly developed system for the robust 

detection of Listeria monocytogenes based on a bioelectric cell biosensor. Biosensors 2020, 10, 178. 

52. Cheng, C.; Peng, Y.; Bai, J.; Zhang, X.; Liu, Y.; Fan, X.; Ning, B.; Gao, Z. Rapid detection of Listeria monocytogenes in milk by self-

assembled electrochemical immunosensor. Sens. Actuators B Chem. 2014, 190, 900–906. 

53. Tully, E.; Higson, S.P.; O’Kennedy, R. The development of a ‘labeless’ immunosensor for the detection of Listeria monocytogenes 

cell surface protein, Internalin B. Biosens. Bioelectron. 2008, 23, 906–912. 

54. Wang, R.; Ruan, C.; Kanayeva, D.; Lassiter, K.; Li, Y. TiO2 nanowire bundle microelectrode based impedance immunosensor 

for rapid and sensitive detection of Listeria monocytogenes. Nano Lett. 2008, 8, 2625–2631. 

55. Radhakrishnan, R.; Jahne, M.; Rogers, S.; Suni, I.I. Detection of Listeria monocytogenes by electrochemical impedance 

spectroscopy. Electroanalysis 2013, 25, 2231–2237. 

56. Sannigrahi, S.; Arumugasamy, S.K.; Mathiyarasu, J.; Suthindhiran, K. Development of magnetosomes-based biosensor for the 

detection of Listeria monocytogenes from food sample. IET Nanobiotechnology 2020, 14, 839–850. 

57. Davis, D.; Guo, X.; Musavi, L.; Lin, C.-S.; Chen, S.-H.; Wu, V.C.H. Gold Nanoparticle-Modified Carbon Electrode Biosensor for 

the Detection of Listeria monocytogenes. Ind. Biotechnol. 2013, 9, 31–36. 

58. Tolba, M.; Ahmed, M.U.; Tlili, C.; Eichenseher, F.; Loessner, M.J.; Zourob, M. A bacteriophage endolysin-based electrochemical 

impedance biosensor for the rapid detection of Listeria cells. Analyst 2012, 137, 5749–5756. 

59. Wu, Q.; Zhang, Y.; Yang, Q.; Yuan, N.; Zhang, W. Review of Electrochemical DNA Biosensors for Detecting Food Borne 

Pathogens. Sensors 2019, 19, 4916. 

60. Lung Khung, Y.; Narducci, D. Synergizing nucleic acid aptamers with 1-dimensional nanostructures as label-free field-effect 

transistor biosensors. Biosens. Bioelectron. 2013, 50, 278–293. 

61. Arshavsky-Graham, S.; Heuer, C.; Jiang, X.; Segal, E. Aptasensors versus immunosensors—Which will prevail? Eng. Life Sci. 

2022, 22, 319–333. 

62. Xue, Y.-Q.; Yang, X.; Sun, X.-L.; Han, Z.-Y.; Sun, J.; He, H. Reversible Structural Transformation of CuI–TbIII Heterometallic 

MOFs with Highly Efficient Detection Capability toward Penicillin. Inorg. Chem. 2021, 60, 11081–11089. 

63. Tasbasi, B.B.; Guner, B.C.; Sudagidan, M.; Ucak, S.; Kavruk, M.; Ozalp, V.C. Label-free lateral flow assay for Listeria 

monocytogenes by aptamer-gated release of signal molecules. Anal. Biochem. 2019, 587, 113449. 

64. Oliveira, D.A.; McLamore, E.S.; Gomes, C.L. Rapid and label-free Listeria monocytogenes detection based on stimuli-responsive 

alginate-platinum thiomer nanobrushes. Sci. Rep. 2022, 12, 21413. 

65. Chen, W.; Cui, L.; Li, C.; Su, Y.; Tang, Y.; Xu, W. A novel aptamer biosensor using ZnO-3DNGH for sensitive and selective 

detection of Listeria monocytogenes. Microchem. J. 2022, 179, 107414. 

66. Kharrati-koopaee, H.; Vahideh, R.; Esmailizadeh, A.; Sabahi, F. DNA Biosensors Techniques and Their Applications in Food 

Safety, Environmental Protection and Biomedical Research: A mini-review. J. Cell Dev. Biol. 2020, 3, 28–35. 

67. El Goumi, Y. Electrochemical Genosensors: Definition and Fields of Application. Int. J. Biosens. Bioelectron. 2017, 3, 353–355. 

68. Tichoniuk, M.; Ligaj, M.; Filipiak, M. Application of DNA Hybridization Biosensor as a Screening Method for the Detection of 

Genetically Modified Food Components. Sensors 2008, 8, 2118–2135. 

69. Kashish; Gupta, S.; Dubey, S.K.; Prakash, R. Genosensor based on a nanostructured, platinum-modified glassy carbon electrode 

for Listeria detection. Anal. Methods 2015, 7, 2616–2622. 

70. Jiang, J.; Wu, H.; Su, Y.; Liang, Y.; Shu, B.; Zhang, C. Electrochemical Cloth-Based DNA Sensors (ECDSs): A New Class of 

Electrochemical Gene Sensors. Anal. Chem. 2020, 92, 7708–7716. 



Biosensors 2023, 13, 216 21 of 22 
 

71. Liébana, S.; Brandão, D.; Cortés, P.; Campoy, S.; Alegret, S.; Pividori, M.I. Electrochemical genosensing of Salmonella, Listeria 

and Escherichia coli on silica magnetic particles. Anal. Chim. Acta 2016, 904, 1–9. 

72. Bifulco, L.; Ingianni, A.; Pompei, R. An internalin a probe-based genosensor for Listeria monocytogenes detection and 

differentiation. BioMed Res. Int. 2013, 2013, 640163. 

73. Wu, L.; Liu, Q.; Wu, Z.; Lu, Z. Detection of hlyA Gene of Listeria monocytogenes with Electrochemical DNA Biosensor. In 

Proceedings of the 2008 2nd International Conference on Bioinformatics and Biomedical Engineering, Shanghai, China, 16–18 

May 2008; pp. 375–378. 

74. Laschi, S.; Palchetti, I.; Marrazza, G.; Mascini, M. Development of disposable low density screen-printed electrode arrays for 

simultaneous electrochemical measurements of the hybridisation reaction. J. Electroanal. Chem. 2006, 593, 211–218. 

75. Sun, W.; Qi, X.; Zhang, Y.; Yang, H.; Gao, H.; Chen, Y.; Sun, Z. Electrochemical DNA biosensor for the detection of Listeria 

monocytogenes with dendritic nanogold and electrochemical reduced graphene modified carbon ionic liquid electrode. 

Electrochim. Acta 2012, 85, 145–151. 

76. Niu, X.; Zheng, W.; Yin, C.; Weng, W.; Li, G.; Sun, W.; Men, Y. Electrochemical DNA biosensor based on gold nanoparticles and 

partially reduced graphene oxide modified electrode for the detection of Listeria monocytogenes hly gene sequence. J. Electroanal. 

Chem. 2017, 806, 116–122. 

77. Gao, H.W.; Qin, P.; Lin, C.; Shang, Z.M.; Sun, W. Electrochemical DNA biosensor for the detection of Listeria monocytogenes 

using toluidine blue as a hybridization indicator. J. Iran. Chem. Soc. 2010, 7, 119–127. 

78. Yan, L.; Zhao, W.; Wen, Z.; Li, X.; Niu, X.; Huang, Y.; Sun, W. Electrochemical DNA Sensor for hly gene of Listeria monocytogenes 

by three-dimensional graphene and gold nanocomposite modified electrode. Int. J. Electrochem 2017, 12, 4086–4095. 

79. Saini, K.; Kaushal, A.; Gupta, S.; Kumar, D. PlcA-based nanofabricated electrochemical DNA biosensor for the detection of 

Listeria monocytogenes in raw milk samples. 3 Biotech 2020, 10, 327. 

80. Kavanagh, P.; Leech, D. Redox polymer and probe DNA tethered to gold electrodes for enzyme-amplified amperometric 

detection of DNA hybridization. Anal. Chem. 2006, 78, 2710–2716. 

81. Wang, X.; Niu, S.; Wei, M.; Liu, S.; Liu, R.; Shi, C.; Ma, C. Ultrasensitive electrochemical DNA biosensor based on a tetrahedral 

structure and proximity-dependent surface hybridization. Analyst 2020, 145, 150–156. 

82. Koonin, E.V.; Makarova, K.S. Origins and evolution of CRISPR-Cas systems. Philos. Trans. R. Soc. B 2019, 374, 20180087. 

83. Manghwar, H.; Lindsey, K.; Zhang, X.; Jin, S. CRISPR/Cas system: Recent advances and future prospects for genome editing. 

Trends Plant Sci. 2019, 24, 1102–1125. 

84. Principi, N.; Silvestri, E.; Esposito, S. Advantages and limitations of bacteriophages for the treatment of bacterial infections. 

Front. Pharmacol. 2019, 10, 513. 

85. Pourakbari, R.; Yousefi, M.; Khalilzadeh, B.; Irani-nezhad, M.H.; Khataee, A.; Aghebati-Maleki, L.; Soleimanian, A.; Kamrani, 

A.; Chakari-Khiavi, F.; Abolhasan, R. Early stage evaluation of colon cancer using tungsten disulfide quantum dots and 

bacteriophage nano-biocomposite as an efficient electrochemical platform. Cancer Nanotechnol. 2022, 13, 7. 

86. Zolti, O.; Suganthan, B.; Maynard, R.; Asadi, H.; Locklin, J.; Ramasamy, R.P. Electrochemical Biosensor for Rapid Detection of 

Listeria monocytogenes. J. Electrochem. Soc. 2022, 169, 067510. 

87. Rajapaksha, A.; Hashim, U.; Natasha, N.Z.; Uda, M.N.; Vijayakumaran, T.; Fernando, C.A. Gold nano-particle based Al 

interdigitated electrode electrical biosensor for specific ssDNA target detection, Batu Ferringhi, Malaysia, 23–25 August 2017; 

pp. 191–194. https://doi.org/10.1109/RSM.2017.8069167. 

88. Sidhu, R.; Rong, Y.; Vanegas, D.C.; Claussen, J.; McLamore, E.S.; Gomes, C. Impedance biosensor for the rapid detection of 

Listeria spp. based on aptamer functionalized Pt-interdigitated microelectrodes array. SPIE 2016, 9863, 77–84. 

89. Wang, X.; Zhang, Z.; Wu, G.; Xu, C.; Wu, J.; Zhang, X.; Liu, J. Applications of electrochemical biosensors based on functional 

antibody-modified screen-printed electrodes: A review. Anal. Methods 2022, 14, 7–16. 

90. Poltronieri, P.; Primiceri, E.; Radhakrishnan, R. EIS-Based Biosensors in Foodborne Pathogen Detection with a Special Focus on 

Listeria monocytogenes. In Foodborne Bacterial Pathogens: Methods and Protocols; Bridier, A., Ed.; Springer: New York, NY, USA, 

2019; pp. 87–101. https://doi.org/10.1007/978-1-4939-9000-9_7. 

91. Chen, Q.; Wang, D.; Cai, G.; Xiong, Y.; Li, Y.; Wang, M.; Huo, H.; Lin, J. Fast and sensitive detection of foodborne pathogen 

using electrochemical impedance analysis, urease catalysis and microfluidics. Biosens. Bioelectron. 2016, 86, 770–776. 

92. Wang, Q.; Wang, J.; Huang, Y.; Du, Y.; Zhang, Y.; Cui, Y.; Kong, D.-M. Development of the DNA-based biosensors for high 

performance in detection of molecular biomarkers: More rapid, sensitive, and universal. Biosens. Bioelectron. 2022, 197, 113739. 

93. Lettieri, S.; Avitabile, A.; Della Ventura, B.; Funari, R.; Ambrosio, A.; Maddalena, P.; Valadan, M.; Velotta, R.; Altucci, C. Nano-

and femtosecond UV laser pulses to immobilize biomolecules onto surfaces with preferential orientation. Appl. Phys. A 2014, 

117, 185–190. 

94. Radhakrishnan, R.; Poltronieri, P. Fluorescence-Free Biosensor Methods in Detection of Food Pathogens with a Special Focus 

on Listeria monocytogenes. Biosensors 2017, 7, 63. 

95. Hajdukiewicz, J.; Boland, S.; Kavanagh, P.; Leech, D. An enzyme-amplified amperometric DNA hybridisation assay using DNA 

immobilised in a carboxymethylated dextran film anchored to a graphite surface. Biosens. Bioelectron. 2010, 25, 1037–1042. 

96. Aliakbarinodehi, N.; Stradolini, F.; Nakhjavani, S.A.; Tzouvadaki, I.; Taurino, I.; De Micheli, G.; Carrara, S. Performance of 

carbon nano-scale allotropes in detecting midazolam and paracetamol in undiluted human serum. IEEE Sens. J. 2018, 18, 5073–

5081. 



Biosensors 2023, 13, 216 22 of 22 
 

97. Rasouliyan, F.; Eskandani, M.; Jaymand, M.; Nakhjavani, S.A.; Farahzadi, R.; Vandghanooni, S.; Eskandani, M. Preparation, 

physicochemical characterization, and anti-proliferative properties of Lawsone-loaded solid lipid nanoparticles. Chem. Phys. 

Lipids 2021, 239, 105123. 

98. Same, S.; Nakhjavani, S.A.; Samee, G.; Davaran, S. Halloysite clay nanotube in regenerative medicine for tissue and wound 

healing. Ceram. Int. 2022, 48, 31065–31079. 

99. Vandghanooni, S.; Rasoulian, F.; Eskandani, M.; Akbari Nakhjavani, S.; Eskandani, M. Acriflavine-loaded solid lipid 

nanoparticles: Preparation, physicochemical characterization, and anti-proliferative properties. Pharm. Dev. Technol. 2021, 26, 

934–942. 

100. Wu, Z.; Huang, C.; Dong, Y.; Zhao, B.; Chen, Y. Gold core @ platinum shell nanozyme-mediated magnetic relaxation switching 

DNA sensor for the detection of Listeria monocytogenes in chicken samples. Food Control 2022, 137, 108916. 

101. El Aamri, M.; Yammouri, G.; Mohammadi, H.; Amine, A.; Korri-Youssoufi, H. Electrochemical biosensors for detection of 

microRNA as a cancer biomarker: Pros and cons. Biosensors 2020, 10, 186. 

102. Zhang, T.; Chen, Y.; Huang, W.; Wang, Y.; Hu, X. A novel AuNPs-doped COFs composite as electrochemical probe for 

chlorogenic acid detection with enhanced sensitivity and stability. Sens. Actuators B Chem. 2018, 276, 362–369. 

103. Xu, M.; Wang, L.; Xie, Y.; Song, Y.; Wang, L. Ratiometric electrochemical sensing and biosensing based on multiple redox-active 

state COFDHTA-TTA. Sens. Actuators B Chem. 2019, 281, 1009–1015. 

104. Li, H.-K.; Ye, H.-L.; Zhao, X.-X.; Sun, X.-L.; Zhu, Q.-Q.; Han, Z.-Y.; Yuan, R.; He, H. Artful union of a zirconium-porphyrin 

MOF/GO composite for fabricating an aptamer-based electrochemical sensor with superb detecting performance. Chin. Chem. 

Lett. 2021, 32, 2851–2855. 

105. Zhang, H.-W.; Zhu, Q.-Q.; Yuan, R.; He, H. Crystal engineering of MOF@ COF core-shell composites for ultra-sensitively 

electrochemical detection. Sens. Actuators B Chem. 2021, 329, 129144. 

106. Sheikhzadeh, E.; Beni, V.; Zourob, M. Nanomaterial application in bio/sensors for the detection of infectious diseases. Talanta 

2021, 230, 122026. 

107. Pumera, M.; Sanchez, S.; Ichinose, I.; Tang, J. Electrochemical nanobiosensors. Sens. Actuators B Chem. 2007, 123, 1195–1205. 

108. Anik, U.; Timur, S.; Dursun, Z. Metal organic frameworks in electrochemical and optical sensing platforms: A review. 

Microchim. Acta 2019, 186, 196. 

109. Muniandy, S.; Teh, S.J.; Thong, K.L.; Thiha, A.; Dinshaw, I.J.; Lai, C.W.; Ibrahim, F.; Leo, B.F. Carbon nanomaterial-based 

electrochemical biosensors for foodborne bacterial detection. Crit. Rev. Anal. Chem. 2019, 49, 510–533. 

110. Yu, W.; Sisi, L.; Haiyan, Y.; Jie, L. Progress in the functional modification of graphene/graphene oxide: A review. RSC Adv. 2020, 

10, 15328–15345. 

111. Kaur, J.; Vergara, A.; Rossi, M.; Gravagnuolo, A.M.; Valadan, M.; Corrado, F.; Conte, M.; Gesuele, F.; Giardina, P.; Altucci, C. 

Electrostatically driven scalable synthesis of mos 2–graphene hybrid films assisted by hydrophobins. Rsc Adv. 2017, 7, 50166–

50175. 

112. Vanegas, D.C.; Rong, Y.; Schwalb, N.; Hills, K.D.; Gomes, C.; McLamore, E.S. Rapid detection of Listeria spp. using an internalin 

A aptasensor based on carbon-metal nanohybrid structures. SPIE 2015, 9487, 14–20. 

113. Balaji Viswanath, K.; Suganya, K.; Krishnamoorthy, G.; Marudhamuthu, M.; Tamil Selvan, S.; Vasantha, V.S. Enzyme-Free 

Multiplex Detection of Foodborne Pathogens Using Au Nanoparticles-Decorated Multiwalled Carbon Nanotubes. ACS Food 

Sci. Technol. 2021, 1, 1236–1246. 

114. Mishra, A.; Pilloton, R.; Jain, S.; Roy, S.; Khanuja, M.; Mathur, A.; Narang, J. paper Based Electrodes Conjugated with Tungsten 

Disulfide Nanostructure and Aptamer for Impedimetric Detection of Listeria monocytogenes. Biosensors 2022, 12, 88. 

115. Santovito, E.; Greco, D.; D’Ascanio, V.; Sanzani, S.; Avantaggiato, G. Development of a DNA-based biosensor for the fast and 

sensitive detection of ochratoxin A in urine. Anal. Chim. Acta 2020, 1133, 20–29. 

116. Goodarzi, M.; Shahhosseiny, M.H.; Bayat, M.; Hashemi, S.J.; Ghahri, M. Comparison between molecular methods 

(PCR vs LAMP) to detect Candida albicans in bronchoalveolar lavage samples of suspected tuberculosis patients. 

Microbiol. Res. 2018, 8, 7306. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(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. 


