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Abstract: This investigation demonstrates an electrochemical method for directly identifying un-
labeled Gram-negative bacteria without other additives or labeling agents. After incubation, the
bacterial cell surface is linked to the interdigitated electrode through electroadsorption. Next, these
cells are exposed to a potential difference between the two electrodes. The design geometry of an elec-
trode has a significant effect on the electrochemical detection of Gram-negative bacteria. Therefore,
electrode design geometry is a crucial factor that needs to be considered when designing electrodes
for electrochemical sensing. They provide the area for the reaction and are responsible for transferring
electrons from one electrode to another. This work aims to study the available design in the commer-
cial market to determine the most suitable electrode geometry with a high detection sensitivity that
can be used to identify and quantify bacterial cells in normal saline solutions. To work on detecting
bacterial cells without the biorecognition element, we have to consider the microelectrode’s design,
which makes it very susceptible to bacteria size. The concentration–dilution technique measures the
effect of the concentration on label-free Gram-negative bacteria in a normal saline solution without
needing bio-recognized elements for a fast screening evaluation. This method’s limit of detection
(LOD) cannot measure concentrations less than 102 CFU/mL and cannot distinguish between live
and dead cells. Nevertheless, this approach exhibited excellent detection performance under optimal
experimental conditions and took only a few hours.

Keywords: electrochemical biosensors; bioreceptor-free; biorecognition-element-free; concentric
interdigitated electrodes; label-free; Gram-negative bacteria; Escherichia coli

1. Introduction

Pathogens are organisms that cause disease in humans. They threaten human health,
and the number of these pathogens is expanding [1]. The main types of pathogens are
bacteria, viruses, and parasites. Bacteria and viruses are present on all surfaces and in the
air. Therefore, they can easily be transferred to the hands of an individual who touches
an infected surface or object. In that case, they have a good chance of contracting the
infection themselves—one of the most typical pathogens is Escherichia coli (E. coli) [2–4].
Therefore, rapid and sensitive detection of bacterial pathogens is a strong demand and is
needed for today’s global food market and healthy communities. Furthermore, the required
technology can be adjusted for various target organisms.

The traditional techniques used to quantify pathogens in cell culture are time-consuming
and require skilled operators to perform the sample preparations. In addition, the operator
must be well-trained, experienced, and knowledgeable [5–7]. Pathogens can be recognized
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through yielded antibodies that can naturally occur in an organism, which may usually be
present during and after infection and help fight against the disease. When biorecognition
elements (e.g., antibodies) are functional for the pathogen, they can immediately detect
it. The sensitivity of DNA-based assays is greater than that of antibody-based techniques
because it does not rely on capturing a specific protein from the cell surface, which is given
for more accurate outcomes [8–11].

A real-time polymerase chain reaction (real-time PCR) is a technique for replicating
DNA molecules using the enzyme DNA polymerase and a set of short oligonucleotide
primers. It is used in molecular biology to replicate segments of DNA as templates for
further use, such as sequencing, cloning, or producing large amounts of a specific gene
product. This technique can detect DNA sequences from multiple organisms simultane-
ously but does not measure viability or other parameters such as colony-forming units
(CFUs). Furthermore, Loop-Mediated Isothermal Amplification (LAMP) is a rapid, sensi-
tive, and specific assay for detecting DNA or RNA from infectious agents. LAMP does not
require a thermal cycler and can be performed at room temperature. It is a probationary
acute nucleotides-permeable polymerase chain reaction (PCR) that does not need a thermal
cycle [12].

The following two methods are used in detecting pathogens. (1) Antibodies are
proteins created by the body to help fight off foreign invaders such as bacteria and viruses.
They are created in the immune system and react with specific antigens, and they can
be used to identify a pathogen. (2) Pathogens can be caught depending on their genes,
which are the parts of the pathogen that allow it to survive and reproduce. The genes of a
pathogen can be detected using PCR, which copies DNA sequences of a given gene and
then amplifies them so they can be identified [13].

Biorecognition elements can be classified into three categories: antibodies, aptamers,
and imprinted polymers. However, biorecognition elements can bind with other molecules
or cells to detect specific biological features [10,14]. However, biosensors are a new and
promising technology in the field of science that deals with diagnosing, identifying, and
studying any pathogen. They complement other technologies, including PCR and enzyme-
linked immunosorbent assay (ELISA) [15]. The biosensor is composed of two parts: (1) a
sensing probe that binds to the target molecule (e.g., a pathogen) and (2) a surface that
recognizes the binding event (e.g., an electrode). Furthermore, the biorecognition elements
can be immobilized on the biosensor’s surface [16–20]. The current research on label-free
biosensors can detect pathogens without labels or tags, making it a promising technology
for a diagnostic test performed at the point-of-care.

Pathogen detection methods have limitations; for example, some ways can only see
some pathogens or take a long time to produce results. Other methods require expensive
equipment or trained personnel. However, it is worth noting that biosensors are compatible
with label-free protocols. This means there is no need to label the samples or use fluorescent
probes. In addition, label-free biosensors have many advantages over traditional label-
based sensors. For example, they are more sensitive, do not require an external energy
source, and can detect multiple targets simultaneously. In addition, label-free sensors
are considered more accurate than label-based ones because they do not require labels.
The former is more commonly used in research, while the latter is often used for clinical
applications [21]. The use of a transducer for pathogen biosensing has been investigated
for many years. Different transducers, including mechanical and optical, have been used
as cantilever biosensors to detect and measure biomolecules, such as nucleic acids (DNA or
RNA) and proteins [22]. The device consists of a tiny cantilever usually made from silicon
or quartz. When an analyte binds to the surface plasmon resonance (SPR) sensor chip at
the end of the cantilever, it causes a change in its physical properties [23].

Furthermore, electrochemical biosensors are devices that use electricity to measure the
concentration of a chemical substance in a liquid. They employ conducting materials as
transducers, typically platinum or gold electrodes. Additionally, a bio-recognition element
can be secured to an electrode so it can be detected electrically. This means that when a
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pathogen binds to an electrode, there is a measurable change in the current generated by
that electrode. This change in current can be used as a signal for an alarm or a trigger for
other types of response mechanisms [9,24,25].

Generally, a biosensor detects performance by calculating the linear range (LR), sensi-
tivity, response time, limit of detection (LOD), selectivity, stability, and repeatability. The
linear range is the range of concentrations that the sensor can detect. Sensitivity is how
much signal is generated per unit of analyte concentration. Response time is the time it
takes for the sensor to respond to an analyte concentration change. LOD is the minimum
concentration detected with a given signal-to-noise ratio. Selectivity is how well a sensor
responds to one analyte over another. Finally, stability refers to how stable a sensor’s
response would be in terms of time and temperature changes. Ultimately, repeatability is
determined by calculating correlations between repeated measurements taken on different
days or times [26].

The demand for innovative biorecognition elements that improve detection sensitivity,
which makes it possible to detect low concentrations of a substance in complex samples,
is still high. However, aptamers are an example of an innovative biorecognition element
that has shown improved selectivity and affinity. Aptamers are artificially created nucleic
acids that can be used as biosensors. They can be designed to bind to specific molecules,
such as proteins or nucleic acids, with high specificity. One advantage of using aptamers
as biosensors is that they do not need to be modified chemically to bind their target
molecules [27]. One of the various classes of electrodes, screen-printed electrodes (SPEs) is
an electrode created by printing an electrically conductive ink on a substrate such as paper
or plastic film using an inkjet printer; they are commonly used in biosensors because they
allow for ease of fabrication, low cost, and good sensing properties [28]. The patterned
electrodes act as an electrochemical sensor that detects changes in a molecule’s oxidation
state or reduction state at its surface by measuring changes in its current–voltage response.
The screen-printed electrode can be made with various materials, including gold, platinum,
palladium, nickel, carbon nanotubes, and others. The current study addresses the possibility
of detecting and evaluating bacterial activity without the required biorecognition element
through a concentration dilution approach [29–32].

One of the optimistic areas of study has been developing label-free biosensor technol-
ogy expected to revolutionize how we detect pathogens. These authors were working on a
new type of biosensor called a microcavity resonator. This device can detect the presence of
pathogens in less than 10 s. The device is about one centimeter long and can be placed on a
surface to detect pathogens. The device can also detect multiple pathogens simultaneously,
unlike current devices, which only work with one type of pathogen at a time [33]. In a
recent study, a biorecognition element-free interdigitated microelectrode showed that the
parallel electrode design could determine E. coli with a 30 µm gap employing an impedance
analyzer, and the detection limit was 103.2 CFU/mL [34]. In a different investigation, ma-
chine learning was proposed to improve the implementation of bioreceptor-free biosensors,
substituting the bioreceptor with modeling to gain specificity [35]. All these studies have
encouraged interest in learning more to theoretically and experimentally pave the way for
biosensors without biorecognition elements.

Gold electrodes in sensors are a well-known method that has been used for decades.
It relies on the fact that gold is a noble metal, which means it does not react with any of
the analytes in the solution. The electrodes are interdigitated, meaning they are both in
contact with the solution, and this allows for an efficient charge transfer from one electrode
to the other. The Interdigitated Electrode (IDE) is a novel electrode design introduced
in the early 1990s by Metrohm. In this work, we will look at how these electrodes work
and how the change in electrode design leads to the difference in susceptibility of the
signal coming from the label-free Gram-negative bacteria. However, the Gram stain is
a differential staining technique used in microbiology to classify bacterial cells as either
Gram-positive or Gram-negative. Therefore, Gram-negative bacteria appear blue or purple
because of the counterstain crystal violet, while Gram-positive bacteria appear red or pink
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because of the counterstain safranin. The colorimetric test can distinguish between the
two types of bacteria regarding their ability to react with an acidified alcohol solution
or a dilute carbolic acid solution [36]. The sensors employed in this work are label-free
because they do not require additional chemicals or labels to be added to the sample
solution. These sensors have increased steadily over recent years because they offer many
benefits over other technologies, such as immunoassays or ELISA tests [37]. Furthermore,
this design of IDEs has some advantages that make it more effective than other types of
biosensors: (1) smaller size—the interdigitated electrode is much smaller than different
designs, which means it can be used on smaller objects such as bacteria in food and water
samples; (2) lower cost—the cost of producing an interdigitated electrode is lower than
that of other designs because it does not require as much material; (3) more accuracy and
sensitivity—the interdigitated electrode can detect a better range of bacteria.

2. Materials and Methods
2.1. Preparation and Growth of Bacterial Cultures

The Gram-negative Escherichia coli (ATCC 11775) was obtained from the American
Type Culture Collection. The bacteria is a member of the Enterobacteriaceae family, and
this organism is used as a model for Gram-negative bacteria. It is a rod-shaped, facultative
anaerobe found in the environment and human and animal feces. It was cultured for 24 h
at 37 °C in a nutrient broth—REF: M002-500G (HiMedia Laboratories Private Limited,
Mumbai, India). The nutrient broth is a type of liquid that contains all the necessary
nutrients for the growth of the Escherichia coli bacterium. The bacteria were then transferred
to a Petri dish with agar, and the resultant bacterial colony was observed. One CFU is one
bacterial cell that can form colonies on agar plates.

Escherichia coli cells are serially diluted in 0.9% w/v normal saline solution. Detection
is conducted by taking a sample of the solution and measuring it with Interdigitated
Electrodes (IDEs), which were used to observe the effects of different concentrations of the
Escherichia coli cells. First, viable cells were enumerated by the plate count method. The
enumeration method used to count cells using a plate count technique can be either viable
or non-viable, depending on the type of cells being measured. The Quebec colony counter
counts the number of colonies in a Petri dish. The counter consists of a counting chamber
and a counting grid. The counting chamber is filled with a suspension of bacteria, and the
grid is placed on top of it. A single colony will form one spot on the grid, which can be
counted by looking at the grid through an eyepiece. Serial dilutions were then made at the
desired cell densities (10−1 to 10−7) starting from 126 × 107 CFU/ml. Finally, 10 µL of each
dilution was pipetted and spread on the biosensor’s sensing area (i.e., the Interdigitated
Electrodes). The bacterial concentrations were confirmed before the measurement and
modified to 107, 106, 105, 104, 103, 102, and 101 CFU/mL.

2.2. Electrochemical Technique

Cyclic voltammetry (CV) is employed to study how electrochemical reactions occur
in analyte solution (bacterial cells—Escherichia coli—suspended in normal saline). It uses
an electrochemical detector to measure the potential difference between two electrodes
and the analyte at different concentrations. CV measurements were used to study the
electrochemical properties of Gram-negative bacteria at different scan rates in normal saline
solution with inoculating E. coli.

The saline solution acts as a buffer, protecting the bacteria from sudden changes in
pH or temperature that can cause damage or death. However, normal saline contains
a substance whose oxidation and reduction (redox) potential are measured, and other
substances, such as bacterial cells, that may affect its redox properties. Next, a voltage is
applied across the electrodes by connecting them through an electric power supply, and
this causes a current to flow between them. This electric potential difference produces an
electric field across the solution that can be detected by measuring its change in current flow
during a time interval. The measurements were performed with an Autolab PGSTAT302N
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potentiostat/galvanostat (Metrohm AG, Switzerland) connected to a personal computer.
The Nova ver. 2.1.5 electrochemical software was used to collect and analyze data in
this experiment.

2.3. Microelectrode Sensors

The three types of sensors in this work were purchased from Metrohm DropSens
(Oviedo, Spain). Their electrode design is based on well-known and widely used electro-
chemical biosensors, which use microelectrodes with different geometries to study their
effect on biomolecules. The electrodes are fabricated using conventional photolithographic
techniques, which allows for high throughput fabrication at a low cost. The shape and size
of an electrode can affect its ability to generate current and how quickly it will corrode.
Electrodes with sharp edges typically corrode more rapidly than those with smooth edges.
These specific electrode designs are often used for detecting and quantifying bacteria be-
cause they provide a large surface area with good electrical properties. For instance, the
narrow gap between two electrode surfaces was more effective at generating current than
one with a wide gap.

2.3.1. G-MEAB222

The first design was G-MEAB222, a microarray-electrode comprising three electrodes—a
counter electrode, a reference electrode, and a working electrode—all made of gold on
a glass substrate. It can determine the electric potential difference (voltage) across a
membrane, ion channel, or molecule of interest. The working electrode is the one that
generates the current that is coupled to the counter and reference electrodes. This design of
microarray-electrode can be used for the electrochemical properties of individual molecules
or bacterial cells. For example, it has been used to measure the electron transfer rates
between individual molecules in contact with one another. The G-MEAB222 is still being
studied for its usefulness in measuring cell membrane potentials and ionic currents in cells.
The electrode surface has been micro-perforated in 21 bands of 10 µm width and distance
between bands of 100 µm to achieve steady-state currents with redox systems.

2.3.2. G-IDECONAU10

The second design was G-IDECONAU10 InterDigitated Concentric Gold Electrodes,
composed of two interdigitated electrodes (IDEs) with two connection tracks, all made
of gold, on a glass substrate. The interdigitated electrodes’ arrangement in concentric
circles design enhances sensitivity and detection limits. Therefore, decentralized assays
are suitable for developing specific (bio)sensors and other electrochemical studies. This
electrode’s dimension of bands/gaps is 10 µm. A novel and creative design are used to
measure solution conductivity and produce high-quality results. The electric field lines in
concentric electrodes are curved, and their shape allows for higher voltages to be applied.
As the voltage increases, the electric field lines will be close to each other, and the charge
density will increase.

2.3.3. G-IDEAU10

The final design G-IDEAU10 electrode comprises two interdigitated electrodes with
two connection tracks of a capacitor array made of gold on a glass substrate. 10 µm
separates the electrodes. This can measure the voltage change between the two electrodes
due to changes in bacterial membrane potentials caused by ionic currents flowing through
bacterial cells. Figure 1 shows the electrodes used and their designs. The electric field lines
in a parallel electrode are straight.
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Figure 1. The three different electrodes were used for biosensing applications. From left to right:
(a) G-MEAB222, the top photo shows the optical microscopy image of the design of the microarray
electrode, and the bottom one shows the whole picture of the sensor [38]. (b) G-IDECONAU10, the
top photo shows the scanning electron microscopy (SEM) image of the design of the concentric circles,
and the bottom one shows the whole picture of the sensor [39]. (c) G-IDEAU10, the top photo shows
the optical microscopy image of the capacitor array design, and the bottom one shows the whole
sensor picture [40].

A 10 µL capacity sample is sufficiently restricted by foam insulation. This foam
insulation has a high thermal resistance and can withstand high pressures. The electrodes
were used for holding the bacterial culture. Every sensor was rinsed with 70% isopropyl
alcohol and sterile deionized (DI) water and allowed to dry for one day, and then the test
solution was applied. The sensors were often disposed of after one use. Before taking any
CV measurements, the bacteria were incubated for several minutes on the biosensor, and it
was found that they did not grow well on it.

3. Results and Discussion

This work found that using gold concentric electrodes without biorecognition ele-
ments effectively identified Gram-negative bacteria. Furthermore, the results showed that
the electrochemical method was accurate and could be used as a practical solution for
identifying Gram-negative bacteria.

The sensitivity and specificity of biosensors are essential properties and the main
challenges in designing a biosensor. However, sensitivity refers to how well the biosensor
electrode detects an analyte without interference, while specificity refers to how well the
biosensor electrode detects an analyte without any false positives. While it is simple to fabri-
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cate and miniaturize biosensors, different study results show that biosensors fabricated with
a biopolymer have lower specificity than those manufactured with a semiconductor [41].
Additionally, these sensors applied to the surface of biomolecular recognition elements can
significantly damage their binding ability. Therefore the ideal biosensor would have to be
accurate, sensitive, and label-free, with the capability of direct pathogen detection.

However, a fundamental concern in biosensing is finding ways to measure biomolecules
without interference from other molecules or cells. This is challenging because they are
often present at low concentrations, making it difficult to measure them using conventional
methods. Typical biosensors need to be more accurate to provide a high-quality reading.
They also require more modification to work with the platform. The accuracy is nontrivial,
and the elements necessary for recognition are not trivial either [42,43].

The study was performed on three different electrode designs to evaluate the possibil-
ity of identifying Gram-negative bacteria without incorporating biorecognition elements
by measuring a solution’s cyclic voltammetry (CV). It is an innovative way to detect these
bacteria with a high degree of accuracy, making it easier for scientists and clinicians to
identify them.

The bacterial cells are surrounded by a multilayered, complicated structure that
protects the organisms from aggressive conditions. The Gram-negative bacteria are covered
by a cell wall composed of peptidoglycan and lipopolysaccharides. The outer membrane is
made of lipopolysaccharides, which are in contact with the extracellular space [44].

Low-voltage electricity applied to the bacterial cell for minutes will build up negative
charges on the cell surface and disrupt the integrity of cell membranes leading to a practical
way to kill bacteria. This is due to the leaky membranes of these cells. Therefore, a low
voltage is applied to the cell membrane of E. coli can create holes in the cell membrane
and cause leakage of ions and proteins, which may lead to the death of bacteria [45–48].
Therefore, detecting these compounds can be a key to developing fast and rapid label-free
biosensors without the complex steps of incorporating a biorecognition element.

Figure 2 demonstrates the cyclic voltammogram (CV) conducted on three different
gold electrodes using an analyte consisting of normal saline (as cell suspension) solution
and the whole bacterial culture with the change in cathodic and anodic current in the
voltage range from −0.1 to +0.6 V at a scan rate of 100 mV/s. It is noted that the area of
the CV curve of the G-IDECONAU10 electrode is much bigger than that of the other two
electrodes, which indicates that the sensor is more susceptible to the solution that contains
the bacterial cells. Consequently, the peak current is higher than the other two electrodes.
According to these observations, the G-IDECONAU10 electrode is the more sensitive design
to the bacterial cells and was selected to proceed further in the current study. Therefore, the
concentric electrodes can detect and respond to biological substances and produce a signal
that an electrode can easily detect. In addition, the concentric electrodes are much larger
than the surface area of the parallel electrodes, which leads to lower losses and a higher Q
factor in the concentric electrodes.

Figure 3 shows the electrochemical behavior of different electroactive for water
(pH = 7), normal saline solution, and E. coli from the use of a G-IDECONAU10 electrode.
Furthermore, the cyclic voltammogram curves show an apparent variation in peak current.
The current peaks correspond to the oxidation and reduction reactions at the electrode
surface. The results were obtained from a cyclic voltammogram with a particular focus on
two discrete (localized) redox centers that appeared in all three electrode samples, indi-
cating multiple electron transfer reactions, as well as determining the kinetic parameters
for redox reactions at an electrode surface and the diffusion coefficient of various ions in
solution. The result explains how quickly electrons react at an electrode surface and what
reaction occurs.
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Figure 2. Cyclic voltammogram (CV) of three different electrodes using analyte solution.

The electrochemical process at the working electrode’s surface is mainly governed
by diffusion. This is because the surface of an electrode is always in contact with a liquid
medium so that it can be quickly depleted of charge carriers. The surface will then become
more positive, allowing a greater flux of ions through to the electrode and re-establish equi-
librium. This electrochemical process might be controlled by Nerstian diffusion by surface
charge, and it is a reversible process that occurs at the surface electrode. This experiment’s
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results show that low scan rates measure fast reactions, while high scan rates are used
for slower reactions. Consequently, the electrochemical process was thermodynamically
controlled at a low scan rate, whereas, at a high scan rate, the process was kinetically con-
trolled [49–51]. These results indicate how diffusion rates determine the rate of reactions
in an electrochemical process. It also reveals that at higher scan rates, the diffusion rate is
more than the rate of reaction because the diffusion rate is the rate at which molecules or
ions pass through a given area, while the rate of reaction is the speed at which chemical
reactions occur.

Figure 3. Cyclic voltammogram (CV) of G-IDECONAU10 electrode using three different media.
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Therefore, when the current at a higher scan rate increases, the charging current
increases as the scan rate increases. The Faradaic current is proportional to the charge
density and the scan rate. The passing of Faradaic currents through the electrode is directly
proportional to the concentration change at the electrode surface. Accordingly, the higher
scan rate will increase the slope since the ionic diffusion is constant. This will result in a
higher current effect of scan rate on the peak current, as described in the Randles–Sevcik
equation, directly proportional to the square root of the scan rate [52,53]. Furthermore,
experiments showed that the peak current increases as we increase the scan rate, which
means that the electrochemical reactions are kinetically controlled (Figure 4).

Figure 4. The linear regression of peak current at different scanning rates. Inset: the logarithmic
behavior of peak current at different scanning rates.

To determine the relationship between the observed CV peaks and the cell surface
or spent media, we needed to account for the varying degrees of analyte concentration.
The CV measurements were then analyzed using a linear regression model to fit for a
relationship between CV peak height and analyte concentration. The CV scan rates were
as follows: 50, 75, 100, 125, and 150 mV/s. Next, peak current was measured and plotted
versus scan rate in Figure 4. For this examination, a linear correlation of peak current to
scan rate revealed that the peak is correlated to the cell surface. In contrast, a logarithmic
fit (inset Figure 4) shows that the peak is correlated to the spent media [54].

Figure 5 shows that it is clear that the cyclic voltammogram curves demonstrate that
the peak current is related to the concentration of E. coli. The data obtained from these
experiments can be used to calculate an appropriate concentration for a desired current
value, which would then be used in a kinetic analysis or other investigation involving
the electrochemical detection of E. coli. In addition, they could potentially lead to new
insights into microbial behavior in various environments. The results indicate that the
peak currents of the curves negatively correlate to the concentration of E. coli in solution,
and current outputs decrease as concentrations increase. Furthermore, the figure revealed
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that as concentration decreases, the area of the CV curves increase, and the peak current
increases as well.

Figure 5. Cyclic voltammogram curves at different E. coli concentrations.

Thus, let us describe how bacteria use these electric fields to their advantage. First,
bacteria are coated with an electrical double layer and have a net negative charge on the
surface of their membrane. Second, bacteria use electrostatic forces to create a positive
or negative charge on their outer membrane, which causes them to polarize when they
come into contact with a positive or negative electrode. This polarization causes bacterial
adsorption, allowing bacteria to attach themselves to electrode surfaces more easily.

This can be explained as follows. When the bacteria concentration increases, negatively
charged E. coli migrate to the electrode as the electric field increases. Since bacteria are
negatively charged, they are attracted to positively charged electrodes and repelled by
negative electrodes.

However, the electric field increases the number of bacteria that migrate to the elec-
trode due to the higher gradient between the concentration of positively charged ions in the
analyte solution, as well as the number of bacteria at the electrode surface, which causes
more of these ions to diffuse from the analyte solution to the electrode surface. As these
ions diffuse from the analyte solution into the electrode surface, they carry their positive
charge along with them, thereby increasing their local concentration at this specific region
and attracting more negatively charged bacteria. Furthermore, these bacterial cells can be
captured at an electrode surface by applying a voltage pulse. The voltage is applied to
electrodes and the bacteria, resulting in a steady-state current drop, and the maxim peak
current of the analyte decreases almost linearly with the concentration of E. coli in the
analyte solution. Therefore, the cyclic voltammetry has the lowest detectable concentration
at 102 CFU/mL, which depends on the number of bacterial cells in the analyte solution.
However, we found that the quantification of concentration below 102 CFU/mL was unre-
liable, which might be due to weak electroadsorption processes between the E. coli and the
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electrodes. (Figure 6). Nevertheless, this technique makes false positives quite probable, as
any bacterial cell with a comparable size and negative charge delivers a comparative signal.

Figure 6. Variation in peak current and potential with E. coli concentration.

4. Conclusions

This article discusses the potential of utilizing a bioreceptor-free concentric interdig-
itated microelectrode to identify label-free bacterial cells. We found that this method is
inexpensive, fast, and robust. The electrode design geometry has been studied, and it
was found to be an effective method for identifying these bacteria without using labels,
expensive equipment, or time-consuming techniques. The qualitative electrochemical
detection technique is a promising strategy for identifying and detecting Escherichia coli,
resulting in detection limits of 102 CFU/mL, an improvement of at least one order of
magnitude compared to the current state of the art. Sensitivity and specificity are the two
most essential factors in determining the quality of a test. The G-IDECONAU10 sensor
design is a promising bioreceptor-free system that is more susceptible to living bacterial
cells suspended in a normal saline solution. In addition, cyclic voltammetry will provide an
inexpensive, rapid, and accurate method to differentiate between different groups of bacte-
ria and requires approximately a few hours for presumptive positive/negative results. In
addition, the concentric interdigitated microelectrodes have a much larger surface area than
the parallel electrodes, leading to lower losses and a higher Q factor. Therefore, the more
susceptible design of concentric interdigitated microelectrodes enables the detection of
smaller bacterial cells with higher sensitivity and selectivity than ever before. Furthermore,
due to the lack the bioreceptors, these sensors can be used for various applications, such as
on-chip detection. Therefore, this type of sensor will be many forthcoming developments,
including developing materials with robust mechanical properties, reproducibility, and
reduced manufacturing cost.
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