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Abstract

Electrochemical sensor development is increasing across various applications, including food, pharmaceutical,
medical, and environmental assessment. The sensors offer advantages, including enhanced detection
performance, rapid response, portability, high sensitivity, and selectivity, which are important for portable
sensing applications, such as histamine detection. Histamine is usually found in protein-rich foods as a biogenic
amine produced by histidine decarboxylation. The presence of histamine is a marker of food spoilage and a
potential for scombroid poisoning. Therefore, a reliable, sensitive, and rapid detection is required. This review
discusses the principle of electrochemical detection and the parameters governing sensor performance, including
sensor material, surface modification, temperature, pH, and interferences. Some materials were studied include
carbon nanotubes, graphene, metal nanoparticles, conductive polymers, and enzymes. Furthermore, this review
provides recent trends, challenges, and future perspectives in histamine detection.
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1 Introduction Extensive research on histamine detection has

Histamine, a biogenic amine, is essential in regulating
normal physiological and pathological conditions [1].
In food safety, especially seafood, histamine is a
marker for spoilage and a potential cause of scombroid
poisoning [2]. Reliable, sensitive, and rapid detection
of histamine is essential [3]. Histamine is available in
food, which is produced through microbial-mediated
decarboxylation of histidine present in foods with high
protein content [2], such as wine, fish, meat, and dairy.
It is also available in the body as a synthesis product
of mast cells, basophils, and neurons, as part of
allergic and inflammatory responses [1]. Based on the
European Union (EU) and the Food & Drug
Administration (FDA), the maximum limit of
histamine for fish products should be ~ 50 mg kg™ for
daily intake limits and safety thresholds for sensitive
populations [4], [5].

primarily been conducted using high-performance
liguid chromatographic (HPLC) [6], [7], gas
chromatographic (GC) [8], and mass spectrometry
analysis (MS) [9]. Although these techniques are
effective in detecting histamine in biometrics, they
often require labor-intensive sample preparation [7],
specialized expertise [10], and time-consuming
procedures, which restrict their practical application in
fishery enterprises and market supervision. Therefore,
research was conducted to develop a simpler detection
method, such as an electrochemical sensor.
Electrochemical sensors are increasingly favored
for their simplicity, portability, sensitivity, and low
cost [11], [12]. The types of electrochemical sensors
include enzyme-based and non-enzyme-based
sensors. The principle of enzyme-based histamine
sensors is to convert histamine to H,O,, which is
measured electrochemically via diamine oxidase
(DAQ) catalytic activity. On the other hand, non-
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enzyme-based sensors utilize the direct chemical
interaction (redox) of histamine with the electrode
surface, for example, with metals, NPs, or porous
materials. Ahmed et al., reported that modifying the
working electrode with a molecularly imprinted
polymer (MIP) significantly influences the overall
performance of the sensor [13]. Ngwekazi et al., [11]
also successfully immobilized CBJ[7] onto a glassy
carbon electrode for the detection of histamine in red
wine with good recovery. Other research developed a
Nafion/MWCNTs  composite  membrane that
improved sensitivity, electron-transfer efficiency, and
measurement reproducibility [14]. In addition,
nanocomposites also show strong potential as
promising sensing materials [15]. Recently, several
researchers have developed screen-printed carbon
electrodes (SPCEs) due to their suitability for on-site
applications, ease of surface modification, and cost-
effectiveness for mass production. Moreover, they are
highly compatible with portable readers or
smartphones. Munir et al., [16] successfully modified
the electrode using polyurethane and lithium
perchlorate. In addition, SPCEs have also been
modified with Ag/Cu [17], chitosan-based enzyme
[12], and nanomaterial WS, [18].

This review describes the electrochemical
detection of histamine, including the application of the
modified electrode incorporating organic, inorganic,
and biomaterials. In addition, it discusses the
challenges of application and the prospects of
electrochemical-based sensors designed for histamine
analysis. For initial consideration, Table 1 provides an
electrochemical sensing comparison to other
histamine analysis methods.

2 Principle of Electrochemical Detection

Electrochemical sensors detect histamine based on its
redox activity or through enzymatic reactions leading
to  electroactive  byproducts. In  general,
electrochemical reactions are carried out using a three-
electrode setup, including a working electrode (WE)
as the sensing electrode, the reference electrode (RE),
and the counter electrode (CE) [32], [33] (Figure 1).
Modification of the working electrode is crucial for
enhancing the sensor’s analytical performance by
improving sensitivity and lowering the detection limit
[34]-[36]. SPCEs serve as a platform for
electrochemical sensors, created by coating carbon
materials onto substrates such as plastic, ceramic, or
flexible polymers.

Table 1: Methods, principles, and sensitivity of histamine analysis.

Method Principle Sensitivity Ref.

Chromatographic:

High-Performance Liquid Differential interactions between the High sensitivity and [19]

Chromatography (HPLC) stationary and mobile phase reproducibility

Gas Chromatography Volatilities and affinity of the compound Good resolution for [19]

volatile compounds

LC-MS/MS (Liquid Chromatography— Differences in physicochemical properties High selectivity, multi- [20]

Mass Spectrometry) and mass ratios analyte detection

Spectrophotometric:

UV- Vis Spectrophotometry Measure the absorbance of the histamine moderate [21], [22]
derivative

Colorimetric Kits Enzymatic reaction producing a color Easy to use, semi- [23], [24]
change quantitative

Electrochemical sensors:

Amperometric/ Voltammetric Measures current from redox reactions or Rapid, low-cost, portable [18]
enzymatic product (e.g., H202)

Impedimetric Monitors changes in electrical impedance High sensitivity [25], [26],
upon histamine binding [27]

Biosensors & Immunoassay

Enzymatic Biosensor DAO or HAO to catalyze histamine High sensitivity but limited ~ [12][22]

stability
Aptamer-based sensors Nucleic acid aptamers bind histamine High selectivity, reusable [28], [29]
ELISA (Enzyme-Linked Antibody-antigen interaction Accurate but labor- [30], [31]

Immunosorbent Assay)

intensive

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185 3

The advantages of SPCEs include their ease of
mass production and low cost, owing to the natural
abundance of carbon. Their rough and porous
electrode surfaces facilitate modification with various
materials. Additionally, the carbon surface of the
electrode is chemically inert, providing stability under
various conditions, including different pH levels,
aqueous media, and other environments. Meanwhile,
the primary measurement techniques commonly
employed are amperometry, voltammetry, and
impedimetric sensors. This electrochemical-based
sensor functions as a transducer, converting chemical
sensing into a detectable signal for calculating the
target analyte concentration [37].

Amperometric measurements are performed to
monitor the current response generated by the working
and reference electrodes at a fixed potential arising
from the redox reaction of histamine or related
enzyme products. This is used as a quantitative
parameter to determine the histamine concentration in
the sample [38]. The amperometric techniques provide
low detection limits, fast measurement times, and ease
of signal processing [39]. The study conducted by
Puthongkham et al., [40] showed that histamine
oxidizes at +1.1 V, while no oxidation was observed
below +0.9 V. In addition, impurities were observed
on the electrode surface due to histamine oxidation, as
indicated by a decrease in the histamine signal.
Meanwhile, voltammetry measures current in
response to potential changes by scanning the
potential at the working electrode relative to the
reference electrode. The current measured from the
scan is then plotted as a function of potential [41].
Voltammetry (CV, DPV, SWYV) provides detailed
redox behavior and quantification. A polyurethane
(PU)-modified screen-printed electrode (SPE) can be
used as a substrate for adsorbing histamine prior to
oxidation. The test was carried out using CV, with PU-
SPE as the working electrode, an Ag/AgClI reference
electrode, and a platinum wire (Pt) used as the counter
electrode [42]. The determination of histamine using
an impedimetric sensor depends on resistance changes
at the Schiff base complex-modified electrode surface
when the lone electron pair of histamine nitrogen
binds to the metal center d-orbitals in the Schiff base
complex. Monitor changes in impedance due to
histamine binding or reaction. The study conducted by
Sahudin et al., [43] developed TiO, nanoparticles,
which were then immobilized on a fluorine-modified
tin oxide conductive electrode. This aimed to improve
the conductivity properties of the FTO and enhance
the density of chemical receptors on the surface.

In the literature, when the measurement aims to
achieve rapid, quantitative detection, amperometry is
generally the most effective technique. Meanwhile,
the voltammetry technique is well-suited for studying
reaction mechanisms or for distinguishing multiple
analytes within a single sample. On the other hand,
impedimetry is most commonly employed to study
surface interactions and antifouling properties [44],
[45], [46].

L
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Electrode material
for detection histamine

Figure 1: Conceptual schematic illustrating the
electrochemical mechanism involved in histamine
determination.

3 Types of Electrochemical Histamine Sensors
3.1 Enzyme-based sensor

The working mechanism of an enzyme-based sensor
utilizes enzymes like histamine oxidase (HAO),
diamine oxidase (DAQ) to catalyse histamine into
imidazole acetaldehyde, hydrogen peroxide, and
ammonia [34], [35]. The electrochemical oxidation of
histamine produces hydrogen peroxide (H20,), which
induces a measurable change in current. Related
studies have shown that the use of enzymes provides
high specificity and good sensitivity. However,
enzyme instability disrupts the redox process.

A study conducted by Torre et al., [47]
successfully employed DAO immobilized on SPCE
using glutaraldehyde (GA) in combination with
bovine serum albumin (BSA). The technique used
amperometric measurement, requiring only 40 pL of
sample solution and yielding a response duration of
approximately 60 s. The results showed that a cathodic
current was clearly observed in the range of -0.6 and 0
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V, depending on the histamine concentration, with
recovery values from fish samples of around ~100%
[48]. Furthermore, excellent reproducibility was
observed for the sensor. The scheme of the proposed
mechanisms for the enzyme and electrochemical
reactions in histamine detection (Figure 2). It indicates
that the current increases with increasing
concentration. Meanwhile, Leonardo et al., [49] have
developed a mono-enzymatic biosensor using DAO
conjugated to magnetic beads (MBs) immobilized on
Co(ll)-phthalocyanine/carbon and Prussian
Blue/carbon electrodes. This sensor detects biogenic
amines (BAs) in a sea bass sample and is compared
with a colorimetric enzyme assay, which shows no
significant difference. A histamine biosensor was
constructed using a screen-printed carbon electrode
modified  with  Prussian Blue and an
MWCNTSs/chitosan/AuNPs composite. The sensor
exhibited two linear response ranges, namely 2.50-
125.0 pmol L* and 125.0-400.0 pmol L*. This
method achieved a LOD of 1.81 umol L? and
demonstrated good reproducibility (RSD = 5.46%),
high selectivity, excellent operational stability, and
outstanding long-term stability [12].

ivs.t
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Figure 2: Scheme of proposed mechanisms for the
enzyme and electrochemical reaction for histamine

detection. Reproduced from the reference [50]; under
CC-BY 4.0 license.
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Although  enzyme-based  electrochemical
methods have high sensitivity and selectivity for
histamine detection, enzymes still have several
disadvantages, including the typically slow reaction
with enzymes and the fact that enzymes are proteins,
making them susceptible to degradation and instability
[42], [43], [47]. Therefore, special treatment is
required to prevent enzyme inactivation [51], [52],

[53]. Besides that, electrode modification, such as the
incorporation of nanomaterials, is required to enhance
electron transfer and support enzyme immobilization
[12].

3.2 Non-enzymatic sensor

In addition to enzyme modification, an
electrochemical sensor may be modified by adding
graphene oxide, metal-organic frameworks (MOFs),
or nanocomposites.  Graphene is a single-layer,
honeycomb-shaped material with a 2D structure.
Meanwhile, graphene oxide (GO) is a derivative of
graphene, formed by a functionalized two-
dimensional carbon honeycomb lattice with groups
containing an oxygen atom [49], [50]. This structure
yields diverse characteristics, including extensive
surface area, high electron mobility, and strong
mechanical strength [54], [55]. Therefore, the
graphene can increase the detection area of target
molecules. For example, Saghatforoush et al., [56]
fabricated a sensor using a glassy carbon electrode
functionalized with polystyrene-graphene oxide. The
GO modification produced a highly efficient
nanosensor for the electro-oxidation of histamine,
achieving a detection limit of 0.03 umol L-*and spike
recovery values ranging from 98.2% to 103.1%.
Moreover, a graphene oxide/multi-walled carbon
nanotube (GO/MWCNTS) composite has been
synthesized and immobilized onto the surface of a
humanoid-shaped tapered optical fiber (HTOF)
incorporating gold nanoparticles. This sensor
demonstrated a detection limit of 59.45 uM, indicating
its high suitability for histamine detection in marine
products [57].

Molecularly Imprinted Polymers (MIPs) are
synthetic polymers used to recognize target molecules
such as histamine. The basis of MIPs is the formation
of a 3D polymer matrix with nano- or micro-sized
particles, specific to the target molecule [37]. In the
synthesis  process, binding occurs involving
interactions between the template species and the
functional monomer using a binding group.
Polymerization then occurs due to the excess cross-
linking agent. The selection of functional monomers
depends on the medium in which the MIPs will be
prepared, for example, organic or aqueous [58].
However, this method requires a reengineering of the
fabrication process to avoid additional costs in large-
scale production. These polymers are prepared by
copolymerizing functional monomers using a template
and a cross-linking agent to stabilize the resulting
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polymer network (Figure 3) [53], [59]. A flexible
polymer-based sensor, such as polymers for histamine
detection with a range of 100-500 ppm [60]. MIPs-
based electrochemical sensors offer excellent
sensitivity, selectivity, stability, and reproducibility
[61], [62]. Munir et al., [63] synthesized PU-based
MIPs coated onto SPE with the addition of lithium
perchlorate, which were capable of detecting
histamine in mackerel. These detections required only
about 2 minutes, which is faster than chromatographic
methods, and they demonstrated higher selectivity
toward histamine compared to putrescine and
cadaverine. Nevertheless, the use of MIPs as sensors
also has disadvantages, including complex polymer
preparation and imperfect template fabrication, which
can hinder the detection of small molecules [30].
Meanwhile, other researchers have successfully
detected histamine in red wine employing CB[7]
functionalized electrodes. The addition of an
interferent to the cell caused a potential shift to 1.06
V. Square-wave voltammetry demonstrated that the
CBJ[7]-modified electrode enabled detection of
histamine (HI) at levels below [11].
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Figure 3: Schematic overview of the molecular
imprinting polymer preparation procedure. Reproduced
from the reference [64] under CC BY 4.0 license.

In addition to MIPs, aptamers are also used for
selective molecular recognition, in which the single-
stranded DNA or RNA oligonucleotides of aptamer
capable to bind specific targets due to their selectivity
and sensitivity [65]. However, it required an
immobilization strategy to maintain aptamer binding
stability to the sensor matrix [66]. The aptamer
recognizes and interacts with target molecules such as
histamine, and a transducer converts the molecular
interaction into a signal [67]. Combining an aptamer
to a sensor surface was successfully conducted by
Eksin et al., [68] for histamine detection, who
immobilized aptamers to the working -electrode

surface, followed by incubation with histamine to
produce an aptamer-histamine complex. The electrode
was assembled as an electrochemical Paper-based
Analytical Devices (ePADs) and then tested by
Differential Pulse Voltammetry (DPV) to understand
its sensing performance.

MOFs are commonly used in electrochemical
sensing platforms for selective recognition of biogenic
amines. Hadi et al., [69] fabricated a sensor using Ni-
BTC MOF crystals combined with a modified glassy
carbon electrode. Excellent sensitivity and stability
were achieved with the modified electrode. A linear
calibration was obtained between 1.00 and 160.00
MM, with an LOD of 0.41 pM and a sensitivity of 0.19
HA UMt The research conducted by Xu et al., [70] is
the development of electrodes with MOF-derived
Ni@C to determine histamine with an LOD of 3.2 x
10* pM. However, not all MOFs can be used for
electrochemical-based sensors. Sensor performance is
influenced by several important characteristics and
conditions, such as MOFs that have high conductivity,
large pores, and uniform distribution [71], [72],
normal pH and temperatures less than 60 °C because
sensitive to decomposition [73]. Furthermore, recent
progress has been made in the application and design
of MOFs (Figure 4).
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Figure 4: The schematic of the distinct properties of
MOFs and their composites in an electrochemical
sensor. Reproduced from the reference [74] under CC
BY 4.0 license.

Sacrifical templates

An electrochemical sensor can also be produced
from a composite nano-material, which exhibits
excellent mechanical, optical, thermal, and electrical
properties [75]. Nanocomposite consists of two or
more matrix phases (ex, polymers and metals) and a
reinforcing phase (ex., Carbon, oxide, MOFs, metal
nanoparticles) with one of them being nanometer-
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sized (1-100 nm) [76]. Azizi et al., [77] developed a
CuO NPs/GO composite-SPCE for the determination
of histamine and uric acid. The modified electrode
exhibited good stability, simple preparation, and high
sensitivity for detecting HIS and UA. The detection
limits (LODs) of HIS and UA were 0.94 uM and 0.25
UM, respectively. Non-enzymatic sensors hold
considerable promise owing to their enhanced
durability, reusability, and reduced cost compared to
enzymatic counterparts [78]. However, because they
lack the biological structural specificity of enzymes,
non-enzymatic sensors require electrode surface
modification to improve sensitivity and selectivity.

4 Key Factors Affecting Electrochemical Sensor
Performance

4.1 Electrode material and surface

Electrochemical sensor performance is influenced by
multiple factors, including electrical conductivity, the
surface area, and the functional material used for
sensor production. Graphene, CNTs, and gold
particles have been proven to enhance electron
transfer in a sensor and subsequently accelerate
histamine detection [12]. Nontipichet et al., [12]
designed an enzyme-based biosensing system using
SPCE modified with a chitosan-AuNPs composite
cryogel on Prussian blue-coated MWCNTs. SEM
image of MWCNTSs/SPCE after Prussian Blue electro-
deposition shows the presence of spherical particle
aggregation at the surface of the MWCNTSs/SPCE
electrode. Meanwhile, a highly macroporous network
in the DAO-CS-AuNPs cry/PB/MWCNTS/SPCE film
enhances mass transfer rate and expands the active
area for enzyme attachment. In 2025, Navarro et al.
developed an electrochemical-based histamine sensor
using a screen-printed gold electrode modified with an
L-Cys/Cu(ll) complex. The LOD was determined
within the histamine concentration range of 0.1-1.0
MM, resulting in an LOD of 0.126 pM [79]. The
complexation of Cu is formed through the —SH, -NHj,
and —COOH groups on L-Cys [79].

Another effort to enhance sensor performance is
by incorporating functional materials into the sensor.
Ye et al, [80] incorporated bio-functionalized
magnetic  nanoparticles  (MNPs)  into  an
electrochemical sensor (Figure 5). TEM images of the
MNPs-modified sensor show the MNPs' diameter at
around 10 nm. Furthermore, around the MNPs, there
is a thin layer of modification with antibodies.
Meanwhile, the cross-sectional image shows no

blocking in the nanopore, indicating no target capture.
When the antibody-MNPs capture a target molecule,
the MNPs adhere to the nanopore walls, and the
nanoparticles act as labels, even though their presence
may block further ion flow.

Figure 5: TEM images of MNPs before (a) and after
conjugation (b); SEM images of cross-sections of the
histamine-MNPs  porous alumina  membrane
unmodified (c) and modified with antibodies (d).
Reproduced from the reference [80] under CC-BY 4.0
license.

Another work found that modifying Au@Fe-
BDC with the sensor. It was found that the
modification enhanced bonding with polymers due to
their unique structure [62]. These nanostructured
particles provide more active sites, thus facilitating
enzyme immobilization. A study by Rivera et al., [81]
found that combining the sensor with Au particle size
yielded high sensor performance, with a detection
limit of 0.72 pM in the 1-10 ppm range. In addition,
material functionalization is needed to increase
selectivity and compatibility with biomolecules.
Moreover, the performance of several sensor types is
presented in Table 2.

Table 2 shows that the MOF-based sensor, i.e.,
Ni-BTS/CNT-modified, exhibits a lower LoD than the
enzyme-based sensor. It indicates that MOF offered
better electrochemical performance because of its
chemical and thermal stability [82], which is more
resistant to environmental conditions, pH, and
solvents. So, they are not easily degraded during
electrochemical processes.
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Table 2: Performance of several types of sensors for histamine detection.

Transduser Bioreceptor Material Real Detection LoD Reproducibility  Stability Recovery Ref.
modification sample Range (%) (day) (%)
Glassy - Ni/CoMOFs wine 18-333 0.55 uM <5 28 98.13 [84]
carbon uM
electrode
Diamond - Boron fish 0-150 20.9 ppm 88.2— [53]
Electrodes ppm 99.9
Glassy - Ni-BTC/CNT  Spiked  1-160 041 pM = 1.13-3.11 - 96.44— [69]
carbon human pM 0.046 ppm 98.24
electrode urine
Nano Molecularly - Human (1x107° 7.4 %10  202-3.58 - 95-105 [85]
carbon imprinted serum  —7x10°) M
electrode polymer M &
(MIPs) (7x107° —
4x107)
M
Screen- Diamine TiO, cheese 1-120 0.8 ppm 34 - 101.1- [86]
printed oxidase nanoparticles, ppm 103.0
carbon CNTs,
electrode rtthenium
hexaamine
Flexible - Conductive meat 10-1000 10 nM 2.33-3.04 - - [87]
paper-based nano-silver nM
electrode ink
Glassy Thiolated AuNPs/CNTs  Tuna 0.46-35 0.15 2.59-3.96 1421 95.3— [88]
carbon aptamer, fish mmol.L"  nmol.L"! 104.4
electrodes MIPs
Screen- Diamine Chitosan- fish 2.50- ~1.81 5.46 35 93-108 [12]
printed oxidase AuNPs 125.0 umol. L
carbon umol.L!
electrode & 125—
400
umol.L!

In addition, the presence of high sensitivity
active site enables a greater number of histamine
molecules to be adsorbed [83]. Beyond material
characteristics, the production cost of enzyme-based
sensors is relatively higher because enzymes require
complex purification and specialized storage media.

4.2. Immobilization of biorecognition elements

In an immobilized bio-recognition sensor, the amount
of enzyme and its bioactivity are key factors
influencing the biosensor signal. An increase in
enzyme concentration can enhance the signal;
however, an excessive amount may lead to steric
hindrance and reduced activity due to interactions
among immobilized proteins [89], [90]. Steric
hindrance can be prevented by inserting or attaching
spacers (e., alkyl chains, amino acids, etc.) to the
carrier molecule. The spacer increases the distance
between the reactive groups and the carrier, making
the reaction proceed more easily [91].

The most commonly used immobilization
techniques are physical adsorption, covalent bonding,

and entrapment in polymers (Figure 6). The
immobilization aims to prevent the undesired release
of enzymes from the matrix surface and to enhance
thermal stability [92]. The immobilization process
plays a crucial role in determining sensor stability and
sensitivity. This is due to the electron transfer
mechanism between the enzyme and the electrode
surface, which enables electrical conduction. Effective
interaction between the enzyme and the supporting
matrix can enhance direct electron transfer (DET),
thereby improving biosensor performance [93].

In the physical adsorption method, enzymes bind
to the support material through hydrophobic
interactions, hydrogen bonding, and van der Waals
forces. In addition, ionic bonding is also possible
through salt linkages. The physical adsorption method
is reversible; once the enzyme activity has decreased,
the support material can be regenerated [94].

The entrapment method confines the enzyme
within the matrix, forming a solid or gel, thereby
isolating it and making it more stable, easier to
separate, and reusable. However, there is still an issue
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regarding the limitations of mass transfer and enzyme
leaching [95].
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Figure 6: Techniques of enzyme immobilization.
Reproduced from the reference [96]; under CC BY-
NC-ND 4.0 license.

4.2 Mathematical text and equations

In enzyme-based sensors, the electrolyte pH is a key
factor governing sensor performance and stability.
Since enzymes are biological catalysts with specific
active sites, their catalytic activity depends on the pH
of the surrounding medium. Enzymatic activity
reaches its maximum within a specific pH range,
making pH optimization necessary to prevent
structural change, activity decrease, or denaturation
[97]. It also affects electron transfer between enzymes,
mediators, and electrode interfaces [98]. Based on
several studies, it is stated that the histamine oxidase
enzyme has optimum activity at pH 6.5-7.5 [99].
Apetrei et al., [100] reported the development of a
biosensor whose performance was evaluated using
amperometric techniques, with measurements taken in
solution at pH 7.4 as the optimal operating condition.
Several studies have also published that enzyme-based
sensors show the most optimal performance under
neutral pH conditions [48], [101]. Therefore, careful
adjustment and control of the electrolyte are essential
for designing enzyme-based sensors to achieve
optimal performance, long-term stability, and reliable
detection.

Although  non-enzymatic  electrochemical
sensors do not depend on biological catalytic activity,
the electrolyte pH still plays a crucial role in

determining their analytical performance. Variations
in pH can modify the configuration of the
electrochemical double layer (EDL). Structure change
in charge distribution at the electrode interface can
influence the local electric field and electrode-
electrolyte interactions. Furthermore, pH significantly
impacts the surface adsorption energy of reactant or
product molecules on the electrode, thereby affecting
the overall reaction mechanism as well as the rate of
electron and proton transfer [102].

The Nernst equation states that the redox
potential of proton-coupled electron transfer (PCET)
reactions shifts linearly with pH, typically by about 59
mV per pH unit at 25 °C [103], [104]. The study
conducted by Biabangard et al., [105] varied the pH
from 0.6 to 1. Electrochemical studies demonstrated
that pH strongly influences redox behavior,
adsorption, and charge transfer at the gold surface of
nanopolyaniline (nPANI). The peak potential
decreases linearly with pH at a slope of about 60 mV
per pH unit, indicating complete protonation, whereas
at higher pH values only partial protonation occurs.
Histamine and uric acid detection with a carbon paste
electrode functionalized with CuO
Nanoparticles/Graphene, resulting in the highest
oxidation peak for uric acid and histamine at pH 7. The
result was obtained after a performance test of 200 uM
uric acid and 200 UM histamine in 0.1 M PBS over a
pH range of 3 to 8 [77]. Additional measurements
were conducted at pH 8.4, as this condition was
compatible with the characteristics of BDD electrodes,
which showed high stability. In addition, under these
conditions, histamine remains relatively stable and can
readily participate in electrochemical reactions [53].

4.3 Temperature

Temperature contributes to regulating enzyme
activity. A moderate heat can enhance kinetic energy
and active-site flexibility, leading to higher reaction
rates and more efficient substrate binding. The
temperature increase will also enhance charge-carrier
mobility, improve conductivity, and accelerate
electron-transfer Kinetics, thereby speeding up the
sensor's response time. However, excessive heat
disrupts the enzyme's structural bonds, leading to
denaturation, thermal inactivation, and loss of
function. Therefore, an optimum temperature is
important to provide an efficient enzyme utilization,
and support environmental and industrial
sustainability [106]. Several studies have mentioned
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that 25-37 °C is the optimum temperature for the
catalytic activity of diamine oxidase [50], [107].

Therefore, many researchers use room-
temperature conditions (25 °C) for histamine
measurements with the DAO enzyme. On the other
hand, non-enzymatic sensors exhibit greater
temperature tolerance than enzyme-based sensors,
typically operating between 25-60 °C. As the
temperature rises, the molecular Kkinetic energy
increases, leading to a higher resulting current
response. For example, Wang et al., [108] reported
that temperature-switchable systems based on carbon
nanotubes and polymers can influence dopamine
sensors, where sensor sensitivity and response were
directly controlled by temperature change. At lower
temperatures, relatively little electron exchange
occurs in dopamine because the polymer stretches,
obscuring the electrically active site. Meanwhile, at
higher temperatures, the polymer shrinks, exposing
active sites and allowing normal dopamine redox
reactions.

4.5 Interfering substances

Electrochemical sensor applications for real food
samples still face challenges posed by interfering
substances. Some of those interfering substances
generate an electrochemical signal, allowing less
selectivity [11]. Electrochemical detection of
histamine also faces challenges from interfering
substances with oxidation potentials close to
histamine, which produce overlapping signals.
Therefore, strategies are required to overcome this
issue. A study on a sensor preparation combined the
sensor with MOF and aptamer, resulting in IRMOF-
3@PDMS as a flexible substrate and AuNR-
DTNB@Ag-HA aptamer as a Raman probe, resulting
in a highly sensitive detection of histamine with a
detection range of 0.0001-400 mg/L and LOD of 3.6
x 10° mg.L? (R? = 0.990) [109]. The sensor was
tested with a wine sample and produced an accurate
and reliable result. In an additional study, a
cucurbituril[7] (CB[7]) was used to functionalize the
surface of a glassy carbon-based electrode. The result

showed that the sensor successfully detected
histamine in red wine using square-wave
voltammetry. The sensor achieved nanomolar

sensitivity with high recovery rates (98.15% + 0.93)
and showed that histamine concentrations remained
stable in wine after 24-96 hours of contact with air
[11].

4.6 Analyte concentration and diffusion

In electrochemical sensing, the migration of analyte
species from the bulk phase to the electrode surface
depends on mass transport mechanisms, including
diffusion, convection, and migration (Figure 7) [43],
[110]. Diffusion occurs when species move down a
chemical potential gradient, typically from regions of
higher  concentration to regions of lower
concentration. Convection involves the transport of
species by fluid motion, which can result from natural
processes such as density gradients or be induced by
external forces such as stirring. Meanwhile, migration
is defined as the transport of charged species driven by
an electric field, which is driven by an electrical
potential gradient [111].

Interface of electrode and solution ; :
i Bulk Solution
e‘_’t_Rficg;x reaction /\:)iffusion P
w e o
® b
o | @ » analyte
= % | @
“ D Adsorption $
[ 2 P ® ® L J
: : ! ®
» active material

Figure 7: Schematic illustration of diffusion,
adsorption, and electrochemical processes.

4.7 Electrode fouling

Electrode fouling is a phenomenon in which certain
substances adsorb onto the electrode surface, reducing
the sensor’s sensitivity. The fouling effect was studied
on the working electrode, a carbon fiber micro-
electrode (CFME), on the Ag/AgCl reference
electrode, and on both electrodes. Biofouling was
simulated with  Bovine Serum Albumin (BSA)
solution (40 g.L %), and chemical fouling was studied
with 25 pM serotonin solution [112]. The results
showed that fouling reduces the electrode's active
surface area, inhibits electron transfer, and leads to
lower sensor sensitivity and reproducibility. In
histamine detection, this problem is particularly
significant because food and biological samples are
rich with interfering compounds that compete with
histamine for electrode surface sites [113].

Fouling can be prevented by applying
antifouling coatings such as polyethylene glycol
(PEG) [114] and zwitterionic polymers [115] so that
large molecules such as proteins are not adsorbed.

Therefore, it is important to follow regular
cleaning protocols and adhere to the electrode life
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instructions. Research by Lee et al., [116] suggests
that the regenerative strategy for gold electrodes in
biosensors offers a cost-effective way to extend
electrode lifespan, making them suitable for long-term
use. Gold electrodes are widely used because thiol-
modified molecules can be easily immobilized on their
surfaces. However, repeated measurements often
damage gold, making it difficult to reuse. There are
two approaches to solving this problem. The first
approach is a cyclic voltammetry sweep in dilute
sulfuric acid, followed by a sweep in potassium
ferricyanide.

5 Recent Trends, Challenges, and Future
Perspectives of Histamine Sensors

Recently, some research has incorporated nanometer-
sized material, such as metal nanomaterials, carbon-
based materials, and quantum dots, into histamine
sensors to enhance signal transduction. Metal
nanomaterials exhibit distinctive physicochemical
characteristics, including outstanding electrical,
optical, and catalytic properties, together with a
uniform particle size distribution and an enlarged
active surface area [117]. Using these properties,
electrochemical sensors based on metal nanomaterials
demonstrate outstanding performance, particularly in
sensitivity, linear working range, and high selectivity
toward heavy metal ions.

Further research should not only focus on
electrode materials but also on making it easier for
users to apply the sensor. Some of these include lab-
on-a-chip technology and microfluidics, which can
also be integrated with smart devices, such as
smartphones [118]. One new method for addressing
challenges in scientific and medical fields is a
microfluidic lab-on-a-chip system. This method is
expected to address the control of transport
phenomena and fluid flow, as well as the analysis and
manipulation of minute fluid volumes at the
microscale [119]. Microfluidics technology can also
be integrated with smartphones to detect histamine in
situ in canned tuna. The first step is to create a
molecularly imprinted polymer via precipitation as a
dispersive  solid-phase extraction sorbent for
extracting histamine from canned tuna. Then, this is
followed by testing with fluorescence from dark red to
bright blue following histamine addition [118].
Meanwhile, smart sensor-based packaging systems
enable real-time assessment of food quality
deterioration. Smart sensors typically combine
chemical or biological receptors (e.g., enzymes,

antibodies, aptamers with a signal transducer
responsible for transforming recognition events into
detectable outputs [120].

Histamine analysis is essential for assessing the
freshness of histamine-containing foods, such as fish-
based products, to ensure they remain safe for
consumption. However, advances in histamine
detection still face numerous challenges, including
matrix complexity, sensor fouling, reagent instability,
and others. Sample matrix characteristics depend on
food types and the microbial activity present in the
food. The microbial activity that affects histamine
production, causing food degradation and releasing
chemical constituents [121]. A complex matrix of
food contains proteins, lipids, and other compounds.
Those components may reduce the detection signal in
histamine analysis. The components can also produce
high-noise signals. Therefore, sample preparation is a
crucial step in histamine analysis. Research conducted
by Richard et al., [122] showed that histamine
extraction from mackerel with methanol vyielded
different results when performed with methanol plus
25% HCI (0.4 N). Because histamine in mackerel may
be bound to protein, when the extraction is carried out
with methanolic HCI, the acidic conditions promote
protein denaturation, thereby releasing the bound
histamine.

In addition, the structural similarity of histamine
to other biogenic amine compounds, such as tyramine,
putrescine, and cadaverine, can lead to cross-reactivity
in testing. Most biogenic amines have primary or
secondary amine groups and short-chain structures,
resulting in  similar redox properties in
electrochemical processes. This can be seen from the
overlapping oxidation peaks of some amines. This
condition can interfere with the histamine sensor's
selectivity. The complex matrix that interferes with
histamine analysis arises not only from biogenic
constituents naturally present in food products but also
from chemical and biochemical changes occurring
during storage and transportation. For instance,
aromatic compounds may be generated through lipid
degradation, where lipase enzymes hydrolyze fats into
free fatty acids [14]. Meanwhile, electrode fouling in
the sensing system occurs when undesired species
deposit on the sensor electrode [123]. Oxidized
histamine forms fouling on the electrode surface,
which operates at potentials equal to or higher than 1.3
V relative to Ag/AgCI (vs Ag/AgCI), is needed to
obtain a well-defined Faradaic peak in FSCV
measurements. Meanwhile, the high applied potential
will initiate electro-polymerization of the species in

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185 11

the sample, which can cause further fouling [40].
Fouling inhibits electron transfer at the electrode,
thereby decreasing sensor sensitivity. Therefore,
strategies are applied to minimize or prevent surface
fouling on the electrode, including nanomaterials for
electrode production, antifouling modifiers, for
example, polyethylene glycol (PEG) [124], [125], and
zwitterion materials [126], [127].

Another issue may arise from the instability of
the reagents used. Humidity, temperature, pH, and
ionic strength are some factors that cause enzymes and
antibodies to degrade. Enzymes are commonly used as
reagents in the detection of histamine. The enzyme
catalyzes the conversion of amines into aldehydes,
producing ammonia and hydrogen peroxide [128].
Therefore, specific enzymes, such as PAO and DAO,
were used in combination with nanomaterials such as
gold nanoparticles, carbon-based materials, and ZnO
nanoparticles, to increase electrochemical
performance and catalytic efficiency, also preventing
degradation [103].

However, when developing sensors for large-
scale applications such as in the food and fisheries
industries, considerations related to cost and on-site
usability become essential. A sensor may demonstrate
excellent analytical performance, but it is unlikely to
gain widespread adoption if the production costs are
high and the operational procedures are complex.
Therefore, in histamine analysis, it is crucial to
address and mitigate existing challenges by
developing high-quality electrode materials, selecting
appropriate analytical methods, and implementing
effective strategies to reduce production costs while
ensuring the sensor remains practical and easy to use.

Even though remarkable developments have
been reported in the advancement of materials and
technologies for histamine detection methods, future
research is expected to address challenges related to
complex matrices, minimize reagents and hazardous
solvents, design functional materials, and integrate the
sensor with smart devices. Effective identification of
histamine and other biogenic amines requires sensors
with high sensitivity and selectivity, because food
ingredients, processed products, and other food items
inevitably contain multiple biogenic amines, which
may lead to false detections. Therefore, a specific
compound, such as MOF nanozyme, was used to
increase selectivity in histamine detection, with the
availability of the three other biogenic interferences
[32], [104].

Furthermore, researchers should also minimize
the use of hazardous reagents and solvents. The

solvent most commonly employed to extract biogenic
amines from fish-derived products is trichloroacetic
acid (TCA), as it provides high recovery. However,
TCA is a dangerous solvent due to its corrosivity,
which can harm the environment. This formed the
basis for research on the use of a 41% NaCl solution
to extract histamine from fish. The extraction result
was 98.65-99.45%, which was relatively similar to the
extraction result obtained with a 10% TCA solvent,
yielding 99.15-100.1% of histamine [33]. Regarding
the environmental issues associated with TCA solvent,
some studies have proposed alternative solvents for
histamine extraction, including dilute HCI (0.1-0.4 M)

[129], perchloric acid (PCA) [59], and water
extraction [33].
Another future perspective for histamine

analysis is integrating a smartphone sensor with the
Internet of Things (loT) into an on-site analytical
system. The integration aims to make the sensor for
histamine detection easier and more user-friendly.
Smartphones offer powerful built-in  features,
including high-resolution cameras, processors, and
wireless connectivity, that can be utilized for signal
acquisition, data processing, and visualization. When
combined with 10T technologies, including Bluetooth,
Wi-Fi, NFC, and cloud computing, these systems
enable reliable data transfer, remote monitoring, and
real-time decision-making [118], [130].

Recently, many researchers have been
developing electrochemical sensors based on screen-
printed carbon electrodes (SPCEs). This method
involves depositing a carbon material onto a non-
conducting substrate comprising three electrodes.
SPCEs offer advantages for precise and cost-effective
electrochemical measurements. In addition, they
provide ease of use and portability, enabling rapid on-
site analysis. Additionally, this sensor, a portable,
smartphone-controlled device, was fabricated and
delivered reliable on-site results for both test solutions
and real seafood (Figure 8). The roles of various
materials in electrode modification for histamine
detection are summarized in Table 3. Therefore,
despite conventional techniques such as Liquid
Chromatography—Mass Spectrometry, Gas
Chromatography (GC), and High-Performance Liquid
Chromatography (HPLC), electrochemical and
biosensor-based techniques offer rapid, sensitive, and
field-deployable methods. Ongoing innovation in
materials science and microfabrication continues to
drive the development of next-generation histamine
Sensors.
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Histamine s
recognition

Surface electrode

Figure 8: Schematic of a smartphone-integrated
portable device for detecting histamine.

Table 3: The Role of various materials for electrode
modification in histamine detection.

Material Role Reference
Carbon Nanotubes Enhance conductivity [12], [78]
(CNTs) and surface area
Graphene/Graphene High surface area, [131]
oxide improved electron

transfer
Metal Nanoparticles Good electrical [132]
(Au, Ag, Pt) conductivity, Catalytic
enhancement
Conductive Polymers Support enzyme [133],
(e.g., polyaniline) immobilization, [134]
increasing sensitivity
MOFs & MIPs Selective recognition [79]
and preconcentration
of histamine
Enzymes High specificity and [22], [50]
sensitivity
Aptamers Good stability, high [65], [135]

sensitivity, specificity,
and affinity

6 Conclusion

An electrochemical-based histamine sensor is a
promising approach due to its rapid, sensitive
operation and its portable device design. Based on the
latest literature, electrode modification or sensor
fabrication significantly improves sensitivity and
selectivity for histamine detection. Enzyme-based
sensors offer high specificity and selective detection
of histamine, making them superior for food or
biological sample analysis. However, due to the
sensitivity of enzyme stability to pH, temperature, and
solvents, as well as high production cost, they are less
desirable for long-term commercial applications. In
contrast, non-enzymatic sensors exhibit greater
stability and reproducibility, though strategies are
needed to improve sensor selectivity. Therefore,
advances in nanomaterial-modified sensor prototypes
will pave the way for commercialization. SPCEs have
become widely popular because they are easy to
modify. Additionally, cost optimization, portability,
and resistance to real-world conditions (e.g., complex

food samples) must be prioritized for practical
electrochemical sensor applications.

Acknowledgements

The authors express gratitude to Sebelas Maret
University (UNS) and University Malaysia Sarawak
(UNIMAS) for funding this research through
Mitrasmart UNS and UNIMAS Matching Grant, with
contract numbers 371.1/UN27.22/HK.07.00/2025 and
UNIMAS/NC-15.05/09-01(60), respectively.

Author Contributions

V.N.: investigation, writing-original draft, M.A.M.:
funding acquisition (University Malaysia Sarawak
Side), writing-review & editing, Y.H: writing-review
& editing, F.R.: conceptualization, funding acquisition
(Sebelas Maret University side), writing review &
editing, supervision.

Conflicts of Interest
The authors declare no conflict of interest.
Data Availability

This review does not involve the use of primary data.
All information is from publicly available sources, as
cited in the manuscript.

Declaration of generative Al and Al-assisted
technologies in the writing process

The authors used ChatGPT and Grammarly Pro to
enhance the language and readability of the
manuscript.

References

[1] L. Maintz and N. Novak, “Histamine and
histamine intolerance,” The American Journal of
Clinical Nutrition, vol. 85, no. 5, pp. 1185-1196,
May 2007, doi: 10.1093/ajcn/85.5.1185..

[2] M. H. S. Santos, “Biogenic amines: their
importance in foods,” International Journal of
Food Microbiology, vol. 29, no. 2-3, pp. 213-
231, Apr. 1996, doi: 10.1016/0168-
1605(95)00032-1.

[3] A. Curulli, “Electrochemical biosensors in food
safety: Challenges and perspectives,” Molecules,
vol. 26, no. 10, May 2021, Art. no. 2940, doi:

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

13

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

10.3390/molecules26102940.

E. Commission. “Commission Regulation (EC)
No 2073/2005 of 15 November 2005 on
microbiological  criteria  for  foodstuffs.”
legislation.gov.uk. Accessed: Oct. 23, 2025.
[Online.] Available:
https://www.legislation.gov.uk/eur/2005/2073.
U. S. F. and D. A. (FDA). “Decomposition and
Histamine in  Scombrotoxin  (Histamine)-
Forming Fish and Fishery Products.” fda.gov.
Accessed: Oct 23, 2025. [Online.] Awvailale:
https://www.fda.gov/food/hfp-constituent-
updates/fda-issues-draft-compliance-policy-
guide-decomposition-and-histamine-
scombrotoxin-histamine-forming?.

R. Chen, Y. Deng, L. Yang, J. Wang, and F. Xu,

“Determination of histamine by high-
performance liquid chromatography after
precolumn derivatization with o-
Phthalaldehyde-Sulfite,” Journal of

Chromatographic Science, vol. 54, no. 4, pp.
547-553, Dec. 2015, doi:
10.1093/chromsci/bmv185.

M. A. Munir, M. M. M. Mackeen, and L. Y. H.
and K. H. Badri, “Study of histamine detection

using liquid  chromatography and gas
chromatography,” ASM Science Journal, vol. 16,
pp. 1-9, Jul. 2021, doi:

10.32802/asmsc;j.2021.809.

E. Rahmawati, M. A. Munir, F. Rahmawati, and
A. Gunawan, “The investigation and isolation of
histamine in fish performing microwave-assisted
extraction (MAE) and analyzed using liquid and
gas  chromatography,” AIP  Conference
Proceedings, vol. 3166, no. 1, Apr. 2025, Art. no.
020003, doi: 10.1063/5.0236671.

Q. H. Tran, T. T. Nguyen, and K. P. Pham,
“Development of the high sensitivity and
selectivity method for the determination of
histamine in fish and fish sauce from Vietnam by
UPLC-MS/MS,” International Journal of
Analytical Chemistry, vol. 2020, no. 1, Jan. 2020,
Art. no. 2187646, doi: 10.1155/2020/2187646.
D. Kocar, S. Kose, S. Koral, B. Tufan, A.
Scavnicar, and M. Pompe, “Analysis of biogenic
amines using immunoassays, HPLC, and a newly
developed IC-MS/MS technique in fish
products—A comparative study,” Molecules,
vol. 26, no. 20, Oct. 2021, Art. no. 6156, doi:
10.3390/molecules26206156.

A. Ngwekazi, C. Arendse, and P. Baker,
“Electrochemical detection of histamine in red

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

wine using CB[7] modified -electrodes,”
ChemElectroChem, vol. 12, no. 10, Mar. 2025,
Art. no. €202400634, doi:
10.1002/celc.202400634.

N. Nontipichet, S. Khumngern, J. Choosang, P.
Thavarungkul, P. Kanatharana, and A.
Numnuam, “An enzymatic histamine biosensor
based on a screen-printed carbon electrode
modified with a chitosan—gold nanoparticles
composite cryogel on Prussian blue-coated
multi-walled  carbon  nanotubes,”  Food
Chemistry, vol. 364, Jun. 2021, Art. no. 130396,
doi: 10.1016/j.foodchem.2021.130396.

S. Ahmed et al, “Point-of-care health
diagnostics and food quality monitoring by
molecularly imprinted polymers-based
histamine sensors,” Advanced Sensor Research,
vol. 4, no. 2, Dec. 2025, Art. no. 2400132,
doi.org/10.1002/adsr.202400132.

J. Liu and Y. Cao, “An electrochemical sensor
based on an anti-fouling membrane for the
determination of histamine in fish samples,”
Analytical Methods, vol. 13, no. 5, pp. 685-694,
Jan. 2021, doi: 10.1039/d0ay01901a.

L. Rosmainar, M. R. Kumalasari, and S. U. M.
Beladona, “Eco-friendly Au@AI-MOF
nanocomposites fabricated with Eleutherine
bulbosa extract for mercury detection in
cosmetic product,” Applied Science and
Engineering Progress, vol. 19, no. 1, Mar. 2026,
Art. no. 7810, doi:10.14416/j.asep.2025.06.006.
M. A. Munir et al., “The application of
polyurethane-LiClIO4 to modify screen-printed
electrodes analyzing histamine in mackerel using
a voltammetric approach,” ACS Omega, vol. 7,
no. 7, pp. 5982-5991, Feb. 2022, doi:
10.1021/acsomega.1c06295.

N. Senamart, Y. Poo-arporn, S. Duangmanee, P.
Kamonpha, and R. P. Poo-arporn, “Synthesis of
Ag/CuO nanoparticle—-modified carbon screen
print electrode for a non-enzymatic histamine
sensor,” Microchemical Journal, vol. 218, Nov.
2025, Art. no. 115492, doi:
10.1016/j.microc.2025.115492.

D. Singh, A. Srivastava, V. K. Chaturvedi, and J.
Singh, ‘“Nanostructured WS2 @ chitosan-
modified screen-printed carbon electrodes for
efficient amperometric detection of histamine,”
ACS Omega, vol. 10, pp. 3153-3164, Jan. 2025,
doi: 10.1021/acsomega.4c10419.

K. B. Biji, C. N. Ravishankar, R. Venkateswarlu,
C. O. Mohan, and T. K. S. Gopal, “Biogenic

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



14

Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

amines in seafood: A review,” Journal of Food
Science Technology, vol. 53, no. 5, pp. 2210-
2218, May 2016, doi: 10.1007/s13197-016-
2224-X.

A. Navarro-Abril, J. Saurina, and S. Sentellas,
“Simultaneous determination of amino acids and
biogenic amines by liquid chromatography
coupled to mass spectrometry for assessing wine
quality,” Beverages, vol. 8, no. 4, Nov. 2022,
Art. no. 69, doi: 10.3390/beverages8040069.

M. Jannatin, I. L. Ayu Nabila, G. Supriyanto, and
P. Pudjiastuti, “A novel spectrophotometric
method for determination of histamine based on
its complex reaction with Cu(ll) and alizarin red
S,” Journal of Chemical Technology and
Metallurgy, vol. 52, no. 6, pp. 1045-1050, Jan.
2017. doi: 10.22146/ijc.23621.

L. Prester, “Biogenic amines in fish, fish
products and shellfish: A review,” Food
Addititives & Contaminant: Part A, Chemistry,
Analysis, Control, Exposure & Risk Assessment,
vol. 28, no. 11, pp. 1547-1560, Aug. 2011, doi:
10.1080/19440049.2011.600728.

S. B. Patange, M. K. Mukundan, and K. Ashok
Kumar, “A simple and rapid method for
colorimetric determination of histamine in fish
flesh,” Food Control, vol. 16, no. 5, pp. 465-472,
Jun. 2005, doi: 10.1016/j.foodcont.2004.05.008.
I. Sanz-Vicente, I. Rivero, L. Marcuello, M. P.
Montano, S. de Marcos, and J. Galban, “Portable
colorimetric enzymatic disposable biosensor for
histamine and simultaneous histamine/tyramine
determination using a smartphone,” Analytical
and Bioanalaytical Chemistry, vol. 415, pp.
1777-1786, Apr. 2023, doi: 10.1007/s00216-
023-04583-0.

H. Yang et al., “PtCu nanocages with superior
tetra-enzyme mimics for colorimetric sensing
and fluorescent sensing
dehydroepiandrosterone,” Sensors Actuators B:
Chemical, vol. 351, Jan. 2022, Art. no. 130905,
doi: 10.1016/j.snb.2021.130905.

C. Secombe, A. D. Waldmann, G. Hosgood, and
M. Mosing, “Evaluation of histamine-provoked
changes in airflow using electrical impedance
tomography in horses,” Equine Veterinary
Journal, vol. 52, no. 4, pp. 556-563, Jul. 2020,
doi: 10.1111/evj.13216.

M. Peeters et al., “Impedimetric detection of
histamine in bowel fluids using synthetic
receptors ~ with  pH-optimized  binding

characteristics,” Analalytical Chemistry, vol. 85,

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

no. 3, pp. 1475-1483, Feb. 2013, doi:
10.1021/ac3026288.

P. Dauphin-Ducharme et al., “Electrochemical
aptamer-based sensors for improved therapeutic
drug monitoring and high-precision, feedback-
controlled drug delivery,” American Chemical
Society Sensors, vol. 4, no. 10, pp. 2832-2837,
Oct. 2019, doi: 10.1021/acssensors.9b01616.

T. M. Lerga, M. Jauset-rubio, V. Skouridou, A.
S. Bashammakh, M. S. El-shahawi, and A. O.
Alyoubi, “High affinity aptamer for the detection
of the biogenic amine histamine,” Analytical
Chemistry, vol. 91, no. 11, pp. 7104-7111, May
2019, doi: 10.1021/acs.analchem.9b00075.
Y.-F. Li, Z.-Z. Lin, C.-Y. Hong, and Z.-Y.
Huang, “Histamine detection in fish samples
based on indirect competitive ELISA method
using iron-cobalt co-doped carbon dots labeled
histamine antibody,” Food Chemistry, vol. 345,
May 2021, Art. no. 128812, doi:
10.1016/j.foodchem.2020.128812..

J. M. Hungerford, “Scombroid poisoning: A
review,” Toxicon, vol. 56, no. 2, pp. 231-243,
Aug. 2010, doi: 10.1016/j.toxicon.2010.02.006.
J. Zou, G. Zhu, X. Lin, L. Chu, H. Zhong, C.
Jiang, and Y. Huang, ‘Metal-organic
frameworks-based nanozyme sensor array for
the discrimination of biogenic amines and
detection of histamine,” Talanta, vol. 284, Mar.

2025, Art. no. 127244, doi:
10.1016/j.talanta.2024.127244.
C. Aoua, B. Yacoubi, and A. Zekhnini,

“Development of a new method for extracting
histamine from marine fish flesh using the
salting-out technique,” Italian Journal of Food
Safety, vol. 13, no. 1, Feb. 2024, Art. no. 12117,
doi: 10.4081/ijfs.2024.12117.

S. F. Sulthana et al., “Electrochemical sensors
for heavy metal ion detection in aqueous
medium : A Systematic Review,” ACS Omega,
vol. 9, no. 24, pp. 25493-25512, Jun. 2024, doi:
10.1021/acsomega.4c00933.

R. Singh, R. Gupta, D. Bansal, R. Bhateria, and
M. Sharma, “A review on recent trends and
future  developments in  electrochemical
sensing,” ACS Omega, vol. 9, no. 7, pp. 7336—
7356, Feb. 2024, doi:
10.1021/acsomega.3c08060.

X. Dai, S. Wu, and S. Li, “Progress on
electrochemical sensors for the determination of
heavy metal ions from contaminated water,”
Journal of the Chinese Advanced Materials

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

15

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Society, vol. 6, no. 2, pp. 91-111, May 2018, doi:
10.1080/22243682.2018.1425904.

S. Givanoudi, M. Heyndrickx, T. Depuydt, M.
Khorshid, J. Robbens, and P. Wagner, “A review
on bio- and chemosensors for the detection of
biogenic amines in food safety applications: The
status in 2022,” Sensors, vol. 23, no. 2, Jan. 2023,
Art. no. 613, doi: 10.3390/s23020613.

J. Baranwal, B. Barse, G. Gatto, and G.
Broncova, “Electrochemical sensors and their
applications: A review,” Chemosensore, vol. 10,
no. 9, Sep. 2022, Art. no. 363, doi:
10.3390/chemosensors10090363.

S. Knezevi¢ et al., “A single drop histamine
sensor based on AuNPs/MnO, modified
screenprinted  electrode,” Microchemical
Journal, vol. 155, Jun. 2020, Art. no. 104778,
doi: 10.1016/j.microc.2020.104778.

P. Puthongkham, S. T. Lee, and B. J. Venton,
“Mechanism of histamine oxidation and
electropolymerization at carbon electrodes,”
Analytical Chemistry, vol. 91, no. 13, pp. 8366—
8373, Jun. 2019, doi:
10.1021/acs.analchem.9b01178.

M. Rafiee, D. J. Abrams, L. Cardinale, Z. Goss,
A. Romero-Arenas, and S. Stahl, “ Cyclic
voltammetry and chronoamperometry:
Mechanistic tools for organic electrosynthesis,”
Chemical Society Reviews, vol. 53, no. 2, pp.
566-585, Jan. 2024, doi:
10.1039/d2cs00706a.Cyclic.

M. A. Munir, L. Y. Heng, and K. H. Badri,
“Polyurethane modified screen - Printed
electrode for the electrochemical detection of
histamine in fish,” IOP Conference Series: Earth
Environmental Science, vol. 880, no. 1, 2021,
Art.  no. 012032, doi: 10.1088/1755-
1315/880/1/012032.

M. A. Sahudin, L. L. Tan, M. S. Su’ait, N. H. A.
Karim, and M. M. Mackeen, “Regenerable and
selective histamine impedimetric sensor based
on hydroxyl functionalised Schiff base complex
electrode,” Electrochimica Acta, vol. 379, May
2021, Art. no. 138186 doi:
10.1016/j.electacta.2021.138186.

J. Yu, Y. Yue, J. Zhang, Z. Jia, and J. Yang,
“Advances in technologies to detect histamine in
food : Principles , applications , and prospects,”
Trends Food Science & Technology, vol. 146,
Apr. 2024, Art. no. 104385, doi:
10.1016/j.tifs.2024.104385.

N. Alyamni, J. L. Abot, and A. G. Zestos,

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

“Perspective-advances in voltammetric methods
for the measurement of biomolecules,” ECS
Sensors Plus, vol. 3, no. 2, Jun. 2024, Art. no.
027001, doi: 10.1149/2754-2726/ad3c4f

H. S. Magar, R. Y. A. Hassan, and A.
Mulchandani, “Electrochemical impedance
spectroscopy (EIS): Principles, construction, and
biosensing applications,” Sensors, vol. 21, no.
19, Oct. 2021, Art. no. 6578, doi:
10.3390/s21196578.

R. Torre, C.-R. Estefania, P. Lopes, H. P.
Nouwsa, and C. Delerue-Matos, “Amperometric
enzyme sensor for the rapid determination of
histamine,” Analytical Methods, vol. 11, no. 9,
pp. 1264-1269, Feb. 2019, doi:
10.1039/C8AY02610F.

S. Hidouri, A. H. Errachid, J. Baussels, Y. I.
Korpan, O. Ruiz-Sanchez, and Z. M. Baccar,
“Potentiometric sensing of histamine using
immobilized enzymes on layered double
hydroxides,” Journal of Food Science and
Technology, vol. 58, no. 8, pp. 2936-2942, Sep.
2021, doi: 10.1007/s13197-020-04795-7.

S. Leonardo and M. Campas, “Electrochemical
enzyme sensor arrays for the detection of the
biogenic amines histamine, putrescine and
cadaverine using  magnetic  beads as
immobilisation supports,” Microchimica Acta,
vol. 183, pp. 1881-1890, Mar. 2016, doi:
10.1007/s00604-016-1821-8.

R. Torre, E. Costa-Rama, H. P. A. Nouws, and
C. Delerue-Matos, “Diamine oxidase-modified
screen-printed electrode for the redox-mediated
determination of histamine,” Journal of
Analytical Science and Technology, vol. 11, Feb.
2020, Art. no. 5, doi: 10.1186/s40543-020-0203-
3.

J. I. Reyes-De-Corcuera, H. E. Olstad, and R.
Garcia-Torres, “Stability and stabilization of
enzyme biosensors: The key to successful
application and commercialization,” Annual
Review of Food Science and Techmology, vol. 9,
pp. 293-322, Mar. 2018, doi: 10.1146/annurev-
food-030216-025713.

G. Goumas, E. N. Vlachothanasi, E. C. Fradelos,
and D. S. Mouliou, “Biosensors, artificial
intelligence biosensors, false results and novel
future perspectives,” Diagnostics, vol. 15, no. 8,
Apr. 2025, @ Art no. 1037,  doi:
10.3390/diagnostics15081037.

H. Aoki, R. Miyazaki, and Y. Einaga, “Non-
enzymatic selective detection of histamine in

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



16

Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

fishery product samples on boron-doped
diamond electrodes,” Biosensors, vol. 15, no. 8,

Jul. 2025, Art. no. 489, doi:
10.3390/bi0s15080489.

M. Zhan, M. Xu, W. Lin, H. He, and C. He,
“Graphene oxide research: Current
developments and future directions,”

Nanomaterials, vol. 15, no. 7, Mar. 2025, Art.
no. 507, doi: 10.3390/nan015070507.

F. Mouhat, F. X. Coudert, and M. L. Bocquet,
“Structure and chemistry of graphene oxide in
liquid water from first principles,” Nature
Communications, vol. 11, Mar. 2020, Art. no.
1566, doi: 10.1038/s41467-020-15381-y.

L. Saghatforoush, M. Hasanzadeh, and N.
Shadjou, “Polystyrene-graphene oxide modified
glassy carbon electrode as a new class of
polymeric nanosensors for electrochemical
determination of histamine,” Chinese Chemical
Letters, vol. 25, no. 4, pp. 655-658, Apr. 2014,
doi: 10.1016/j.cclet.2014.01.014.

W. Zhang et al., “Humanoid shaped optical fiber
plasmon biosensor functionalized with graphene
oxide/multi-walled carbon  nanotubes for
histamine detection,” Optics Express, vol. 31,
no. 7, pp. 11788-11803, Mar. 2023, doi:
10.1364/0E.486844.

A. J. Kadhem, G. J. Gentile, and M. M. F. de
Cortalezzi, ”Molecularly imprinted polymers
(Mips) in sensors for environmental and
biomedical applications: A review,” Molecules,
vol. 26, no. 20. Oct. 2021. Art. no. 6233, doi:
10.3390/molecules26206233.

T. N. Dung, D. T. Khang, and A. Vu, “Effects
of exctraction methods and storage conditions on
histamine content in frozen tuna (Thunnus
albacares),” Can Tho University Journal of
Innovation and Sustainable Development, vol. 4,
pp. 63-70, Jan. 2016, doi:
10.22144/ctu.jen.2016.044.

S. Venkatesh et al.,, “Portable molecularly
imprinted polymer-based platform for detection
of histamine in aqueous solutions,” Journal of
Hazardous Materials, vol. 410, May 2021, Art.
no. 124609, doi:
10.1016/j.jhazmat.2020.1246009.

K. Haupt, A. V Linares, M. Bompart, and B. T.
S. Bui, “Molecularly imprinted polymers,”
Topics in Current Chemstry, vol. 325, pp. 1-28,
2012, doi: 10.1007/128 2011 307

M. H. Mahnashi, A. M. Mahmoud, K. Alhazzani,
A. AZ, M. M. Algahtani, A. M. Alaseem, Y. S.

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

A. Algahtani, and M. M. EI-Wekil, “Enhanced
molecular imprinted electrochemical sensing of
histamine based on signal reporting nanohybrid,”
Microchemical Journal, vol. 168, Sep. 2021, Art.
no. 106439, doi: 10.1016/j.microc.2021.106439.
M. A. Munir, F. Rahmawati, J. A. Jamal, S.
Ibrahim, M. M. Said, and M. S. Ahmad,
“Inspecting histamine isolated from fish through
a highly selective molecularly imprinted
electrochemical sensor approach,” ACS Omega,
vol. 8, no. 14, pp. 13352-13361, Mar. 2023, doi:
10.1021/acsomega.3c00768.

Y. Saylan, S. Akgoniillii, H. Yavuz, S. Unal, and
A. Denizli, “Molecularly imprinted polymer
based sensors for medical applications,” Sensors,
vol. 19, no. 6, Mar. 2019, Art. no. 1279, doi:
10.3390/s19061279.

Y. Li et al,, “The application of aptamer in
biomarker discovery,” Biomarker Research.,
vol. 11, no. 1, Jul. 2023, Art. no. 70, doi:
10.1186/s40364-023-00510-8.

X. Zhang and V. K. Yadavalli, “Surface
immobilization of DNA aptamers for biosensing
and protein interaction analysis,” Biosensors and
Bioelectronics, vol. 26, no. 7, pp. 3142-3147,
Mar. 2011, doi: 10.1016/j.bi0s.2010.12.012.

M. L. Pham, S. Maghsoomi, and M. Brandl, “An
electrochemical aptasensor for the detection of
freshwater cyanobacteria,” Biosensors, vol. 14,
no. 1, Jan. 2024, Art. no. 28, doi:
10.3390/bi0s14010028.

E. Eksin and A. Erdem, “Aptasensor platform
based on electrochemical Paper-Based analytical
device for histamine detection,” Microchemical
Journal, vol. 204, Sep. 2024, Art. no. 111128,
doi: 10.1016/j.microc.2024.111128.

M. Hadi and H. Mostaanzadeh, “Sensitive
detection of histamine at metal-organic
framework (Ni-BTC) crystals and multi-walled
carbon nanotubes modified glassy carbon
electrode,” Russian Journal of Electrochemistry,
vol. 54, no. 12, pp. 1045-1052, Feb. 2019, doi:
10.1134/S1023193518120066.

Y. Xu, Y. Cheng, Y. Jia, and B. C. Ye,
“Synthesis of MOF-derived Ni@C materials for
the electrochemical detection of histamine,”
Talanta, vol. 219, Nov. 2020, Art. no. 121360,
doi: 10.1016/j.talanta.2020.121360.

N. Kajal, V. Singh, R. Gupta, and S. Gautam,
“Metal organic frameworks for electrochemical
sensor applications : A review,” Environmental
Research, vol. 204, Mar. 2022, Art. no. 112320,

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

17

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

doi: 10.1016/j.envres.2021.112320.

S. Zhang, M. Wang, X. Wang, and J. Song,
“Electrocatalysis in MOF films for flexible
electrochemical sensing: A comprehensive
review,” Biosensors, vol. 14, no. 9, Aug. 2024,
Art. no. 420, doi: 10.3390/bios14090420.

J. Parikh, B. Mohan, K. Bhatt, N. Patel, S. Patel,
and A. Vyas, “Effect of temperature on metal-
organic frameworks chemical sensors detection
properties,” Microchemical Journal, vol. 184,
Jan. 2023, Art. no. 108156, doi:
10.1016/j.microc.2022.108156.

Y. Chang, J. Lou, L. Yang, M. Liu, N. Xia, and
L. Liu, “Design and application of
electrochemical sensors with metal-organic
frameworks as the electrode materials or signal
tags,” Nanomaterials, vol. 12, no. 18, Sep. 2022,
Art. no. 3248, doi: 10.3390/nan012183248.

A. Katzensteiner, J. Rosalie, R. Pippan, and A.
Bachmaier, “Synthesis of nanodiamond
reinforced silver matrix nanocomposites:
microstructure and mechanical properties,”
Materials Science and Engineering: A, vol. 782,
Apr. 2020, Art. no. 139254, doi:
10.1016/j.msea.2020.139254.

C. Sanchez, B. Julian, P. Belleville, and M.
Popall, “Applications of hybrid organic-
inorganic  nanocomposites,”  Journal  of
Materials Chemistry, vol. 15, no. 35-36, pp.
3559-3592, Aug. 2005, doi: 10.1039/b509097k.
M. Azizi, A. Babaei, and A. Yousefi, “ A novel
sensor for simultaneous determination of
histamine and uric acid based on green
synthesized CuO nanoparticles/graphene oxide
composite modified carbon paste electrode,”
Analytical & Bioanalytical Electrochemistry,
vol. 16, no. 5, pp. 405-422, 2024, doi:
10.22034/abec.2024.713501.

C. Bruckschlegel, V. Fleischmann, N. Gajovic-
Eichelmann, and N. Wongkaew, “Non-
enzymatic electrochemical sensors for point-of-
care testing: Current status, challenges, and
future prospects,” Talanta, vol. 291, Aug. 2025,
Art. no. 127850, doi:
10.1016/j.talanta.2025.127850.

C. P. F. Navarro, A. G. Tabanico, J. J. Canale,
and H. C. S. Ortega, “Chelation-Based
Electrochemical ~ Sensor  for  Histamine
Detection,” Journal of The Electrochemical
Society, vol. 172, no. 10, 2025, Art. no. 107502,
doi: 10.1149/1945-7111/ae0eb3.

W.Ye, Y. Xu, L. Zheng, Y. Zhang, M. Yang, and

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

P. Sun, “A nanoporous alumina membrane based
electrochemical  biosensor  for  histamine
determination with biofunctionalized magnetic
nanoparticles  concentration and  signal
amplification,” Sensors, vol. 16, no. 10, Oct.
2016, Art. no. 1767, doi: 10.3390/s16101767.
R. B. P. Rivera et al., “Influence of the gold
nanoparticle size on the colorimetric detection of
histamine,” ACS Omega, vol. 9, no. 31, pp.
33652-22661, Jul. 2024, doi:
10.1021/acsomega.4c02023.

X. Wy, C. Yang, and J. Ge, “Green synthesis of
enzyme/ metal-organic framework composites
with high stability in protein denaturing
solvents,” Bioresources and Bioprocessing, vol.
4, no. 1, May 2017, Art. no. 24, doi:
10.1186/s40643-017-0154-8.

M. Hu, A. Akbar, and A. Morsali, “Sensing
organic analytes by metal — organic frameworks :
a new way of considering the topic,” Inorganic
Chemistry Frontiers, vol. 7, pp. 1598-1632, Jan.
2020, doi: 10.1039/c9qi01617a.

W. Chen, M. Yao, W. Zheng, J. Li, Y. Zheng,
and L. Dong, “A bimetallic MOF - based
electrochemical sensor for detecting histamine in
spiked wine samples,” Food Analytical Methods,
vol. 19, Nov. 2025, Art. no. 3, doi:
10.1007/s12161-025-02951-3.

M. Akhoundian, A. Ruiter, and S. Shinde,
“Ultratrace detection of histamine using a
molecularly-imprinted polymer-based
voltammetric sensor,” Sensors, vol. 17, no. 3,

Mar. 2017, Art. no. 645, doi:
10.3390/s17030645.
C. Kagar, E. Erden, B. Dalkiran, E. K. I, and E.

Kilig, “Amperometric biogenic amine biosensors
based on Prussian blue, indium tin oxide
nanoparticles and diamine oxidase - or
monoamine oxidase — modified electrodes,”
Analytical and Bioanalytical Chemistry, vol.
412, pp. 1933-1946, Mar. 2020, doi:
10.1007/s00216-020-02448-4.

R. Ebrahimi, M. Hasanzadeh, and N. Shadjou,
“Construction of flexible paper-based sensor for
label-free recognition of histamine in cow meat
samples by conductive nano-silver ink: A new
platform for the analysis of biogenic amines
towards early diagnosis of meat spoil,” RSC
Advances, vol. 15, no. 8, pp. 5916-5931, Feb.
2025, doi: 10.1039/d4ra08965k.

A. M. Mahmoud, S. A. Alkahtani, B. A. Alyami,
and M. M. El-wekil, “Dual-recognition

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



18

Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

molecularly imprinted aptasensor based on gold
nanoparticles decorated carboxylated carbon
nanotubes for highly selective and sensitive
determination of histamine in different
matrices,” Analytica Chimica Acta, vol. 1133,
pp. 58-65, Oct. 2020, doi:
10.1016/j.aca.2020.08.001.

M. Nagata, J. Lee, T. Saito, K. Ikebukuro, and K.
Sode, “Development of an anti-idiotype
aptamer-based electrochemical sensor for a
humanized therapeutic antibody monitoring,”
International Journal of Molecular Sciences,
vol. 24, no. 6, Mar. 2023, Art. no. 5277, doi:

10.3390/ijms24065277.
G. Sun, X. Wei, D. Zhang, L. Huang, H. Liu, and
H. Fang, “Immobilization of enzyme

electrochemical biosensors and their application
to food bioprocess monitoring,” Biosensors, vol.
13, no. 9, Sep. 2023, Art. no. 886, doi:
10.3390/bi0s13090886..

F. B. H. Rehm, S. Chen, and B. H. A. Rehm,
“Bioengineering toward direct production of
immobilized enzymes: A paradigm shift in
biocatalyst design,” Bioengineered, vol. 9, no. 1,
pp. 6-11, May 2019, doi:
10.1080/21655979.2017.1325040.

S. Vijayalakshmi, M. Anand, and J. Ranjitha,
"Microalgae-based biofuel production using
low-cost nanobiocatalysts,” in Microalgae
Cultivation for Biofuels Production, Elsevier
Inc., 2019. doi: 10.1016/B978-0-12-817536-
1.00016-3.

T. Yoon, W. Park, Y. Kim, and S. Na, “Electric
field-mediated regulation of enzyme orientation
for efficient electron transfer at the bioelectrode
surface: A molecular dynamics study,” Applied
Surface Science, vol. 608, Jan. 2023, Art. no.
155124, doi: 10.1016/j.apsusc.2022.155124.

N. R. Mohamad, N. H. C. Marzuki, N. A. Buang,
F. Huyop, and R. A. Wahab, “An overview of
technologies for immobilization of enzymes and
surface analysis techniques for immobilized
enzymes,” Biotechnology, Biotechnological
Equipment, vol. 29, no. 2, pp. 205-220, Feb.
2015, doi: 10.1080/13102818.2015.1008192.

H. T. Imam, P. C. Marr, and A. C. Marr,
“Enzyme entrapment, biocatalyst
immobilization without covalent attachment,”
Green Chemistry., vol. 23, no. 14, pp. 4980-
5005, Jun. 2021, doi: 10.1039/d1gc01852c.

Y. R. Maghraby, R. M. El-Shabasy, A. H.
Ibrahim, and H. M. E. S. Azzazy, “Enzyme

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

immobilization technologies and industrial
applications,” ACS Omega, vol. 8, no. 6, pp.
5184-5196, Jan. 2023, doi:
10.1021/acsomega.2c07560.
C. Tran-Minh, “Enzyme Biosensors Based on
pH Electrode,” Enzyme and Microbial
Biosensores, vol. 6, pp. 15-22, 2003, doi:
10.1385/0-89603-410-0:15.
P. Bollella and E. Katz, “Enzyme-based
biosensors: Tackling electron transfer issues,”
Sensors, vol. 20, no. 12, Jun. 2020, Art. no. 3517,
doi: 10.3390/s20123517.
L. Kettner, I. Seitl, and L. Fischer, “Recent
advances in the application of microbial diamine
oxidases and other histamine - oxidizing
enzymes,” World Journal of Microbiology &
Biotechnology, vol. 38, Oct. 2022, Art. no. 232,
doi: 10.1007/s11274-022-03421-2.
I. M. Apetrei and C. Apetrei, “Amperometric
biosensor based on diamine histamine
detection,” Sensors, vol. 16, no. 4, Mar. 2016,
Art. no. 422, doi: 10.3390/516040422.
I. O. Kogoglu, P. E. Erden, and E. Kilic,
“Disposable biogenic amine biosensore for
histamine determination in fish,” Analytical
Methods, vol. 12, no. 30, pp. 3802-2812, Jun.
2020, doi: 10.1039/DOAY00802H.
S. Liu, Z. Wang, S. Qiu, and F. Deng,
“Mechanism in pH effects of electrochemical
reactions: a mini-review,” Carbon Letters, vol.
34, no. 5, pp. 1269-1286, Apr. 2024, doi:
10.1007/s42823-024-00724-2.
N. Verma, V. Hooda, A. Gahlaut, A. Gothwal,
and V. Hooda, “Enzymatic biosensors for the
quantification of biogenic amines: a literature
update,” Critical Reviews in Biotechnology,
vol. 40, no. 1, pp. 1-14, Jan. 2020, doi:
10.1080/07388551.2019.1680600.
J. Debeer, J. W. Bell, F. Nolte, J. Arcieri, and
G. Correa, “Histamine limits by country: A
survey and review,” Journal of Food
Protection, vol. 84, no. 9, pp. 1610-1628, Sep.
2021, doi: 10.4315/JFP-21-129.
F. Biabangard, H. Nazari, and R. Arefinia,
“Effect of pH on the electrochemical properties
of polyaniline nanoparticle suspension in
strongly acidic solution: An experimental and
theoretical study,” Journal of Solid State
Electrochemistry, vol. 125, pp. 881-893, Nov.
2020, doi: 10.1016/j.surfcoat.2004.04.083.
G. Den, “The effect of temperature on enzyme
activity: New insights and their implications,”

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185 19

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Biochemistry and Molecular Biology Journal,
vol. 10, no. 2, Apr. 2024, Art. no. 17, doi:
0.36648/2471-8084-10.02.17.

M. Zhou et al., “A fluorescent probe based on
a luminescent metal — histamine in aquatic
products,” RSC Advanced, vol. 15, pp. 15190—
15199, May 2025, doi: 10.1039/d5ra01025;j.
H. Wang et al., “Research on temperature-
switched dopamine electrochemical sensor
based on thermosensitive polymers and
MWCNTs,” Polymers, vol. 15, no. 6, Mar.
2023, Art. no. 1465, doi:
10.3390/polym15061465.

Y. Pan, S. Xu, Z. Wang, C. Jiang, and X. Ma,
“Sensitive SERS aptasensor for histamine
detection based on Au/Ag nanorods and
IRMOF-3@Au  based flexible PDMS
membrane,” Analytica Chimica Acta, vol.
1288, Feb. 2024, Art. no. 342147, doi:
10.1016/j.aca.2023.342147.

S. Pitiphattharabun et al., “Reduced graphene
oxide/zinc  oxide composite as an
electrochemical sensor for acetylcholine
detection,” Scientific Reports, vol. 14, Jun.
2024, Art. no. 14224, doi: 10.1038/s41598-
024-64238-7.

A.J. Bard and L. R. Faulkner, Electrochemical
Method Fundamentals and Applications, New
York: John Wiley & Sons, Inc, 2001.

J. Jang et al., “Understanding the different
effects of fouling mechanisms on working and
reference electrodes in fast-scan cyclic
voltammetry for neurotransmitter detection,”
Analyst, vol. 149, no. 10, pp. 3008-3016, May.
2024, doi: 10.1039/d3an02205f.

M. J. Russo et al., “Antifouling strategies for
electrochemical biosensing: Mechanisms and
performance toward point of care based
diagnostic applications,” ACS Sensors, vol. 6,
no. 4, pp. 1482-1507, Mar. 2021, doi:
10.1021/acssensors.1c00390.

M. Hamami, A. Mars, and N. Raouafi,
“Biosensor based on antifouling PEG/Gold
nanoparticles composite for sensitive detection
of aflatoxin M1 in milk,” Microchemical
Journal, vol. 165, Jun. 2021, Art. no. 106102,
doi: 10.1016/j.microc.2021.106102.

N. Liu, J. Jin, Y. Huang, J. Pan, Y. Zhao, and
Y. Guo, “Chemical zwitterionic conducting
polymer hydrogel based efficient antifouling
interfaces for highly sensitive COVID-19
biosensing with dual-signal ratio strategy in

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

complex saliva,” Sensors Actuators B.
Chemical, vol. 450, Mar. 2026, Art. no.
139307, doi: 10.1016/j.snb.2025.139307.

J. K. Lee, H. N. Suh, H. B. Park, Y. M. Park,
H. J. Kim, and S. H. Kim, “Regenerative
strategy of gold electrodes for long-term reuse
of electrochemical biosensors,” ACS Omega,
vol. 8, no. 1, pp. 1389-1400, Dec. 2022, doi:
10.1021/acsomega.2c06851.

N. Joudeh and D. Linke, “Nanoparticle
classification, physicochemical properties,
characterization, and  applications: A
comprehensive review for biologists,” J.
Nanobiotechnology, vol. 20, no. 1, Jun. 2022,
Art. no. 262, doi: 10.1186/s12951-022-01477-
8.

Y. He, M. Z. Hua, S. Feng, and X. Lu,
“Development of a smartphone-integrated
microfluidic paper-based optosensing platform
coupled with molecular imprinting technique
for in-situ determination of histamine in
canned tuna,” Food Chemistry, vol. 451, Sep.
2024, Art. no. 139446, doi:
10.1016/j.foodchem.2024.139446.

U. A. Gurkan et al., “Next generation
microfluidics: fulfilling the promise of lab-on-
a-chip technologies,” Lab on a Chip, vol. 24,
no. 7, pp. 1867-1874, Mar. 2024, doi:
10.1039/d31c00796k.

N. Khan and M. A. M. Jr, “From molecule to
signals : the evolution of biosensor research,”
Discover Sensors, vol. 2, Jan. 2026, Art. no. 6,
doi: 10.1007/s44397-026-00036-2.

S. V. Filipec, D. Valinger, L. Mikac, M.
Ivanda, J. G. Kljusuri¢, and T. Jan¢i, “Influence
of sample matrix on determination of histamine
in fish by surface enhanced raman
spectroscopy coupled with chemometric
modelling,” Foods, vol. 10, no. 8, Jul. 2021,
Art. no. 1767, doi: 10.3390/foods10081767.
N. Richard and L. Pivarnik, “Effect of matrix
on recovery of biogenic amines in fish,"
Journal of AOAC International, vol. 91, no. 4,
pp. 768-776, Nov. 2019, doi:
10.1093/jaoac/91.4.768.

S. Szunerits, Q. Pagneux, Y. Ben M’Barek, S.
Vassal, and R. Boukherroub, “Do not let
electrode fouling be the enemy of bioanalysis,”
Bioelectrochemistry, vol. 153, Oct. 2023, Art.
no. 108479, doi:
10.1016/j.bioelechem.2023.108479.

X. Yang, P. Chen, X. Zhang, H. Zhou, Z. Song,

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



20

Applied Science and Engineering Progress, Vol. 20, No. 4, 2027, 8185

[125]

[126]

[127]

[128]

[129]

[130]

“An electrochemical biosensor for HER2
detection in complex biological media based
on two antifouling materials of designed
recognizing peptide and PEG,” Analytica
Chimica Acta, vol. 1252, Apr. 2023, Art. no.
341075, doi: 10.1016/j.aca.2023.341075.

S. Campuzano, Y. Paloma, and M. Pingarr,
“Antifouling (Bio) materials for
Electrochemical (Bio) sensing,” International
of Journal Molecular Science, vol. 20, no. 2,
Jan. 2019, Art. no. 423, doi:
10.3390/ijms20020423.

H. Duan, S. Peng, S. He, S. Tang, K. Goda, and
C. H. Wang, “Antifouling zwitterionic coating
enhances electrochemical  aptamer-based
sensors for therapeutic drug monitoring,” Nano
Today, vol. 66, Feb. 2026, Art. no. 102892, doi:
10.1016/j.nantod.2025.102892.

M. He et al., “Zwitterionic materials for
antifouling membrane surface construction,”
Acta Biomaterialia, vol. 40, pp. 142-152, Aug.
2016, doi: 10.1016/j.actbio.2016.03.038.

H. Vasconcelos, L. C. C. Coelho, A. Matias, C.
Saraiva, P. A. S. Jorge, and J. M. M. M. de
Almeida, “Biosensors for biogenic amines: A
review,” Biosensors, vol. 11, no. 3, Mar. 2021,
Art. no. 82, doi: 10.3390/bios11030082.

M. Zarei, A. Fazlara, H. Najafzadeh, and F. Z.
Karahroodi, “Efficiency of different extraction
solvents on recovery of histamine from fresh,
frozen and canned fish,” Journal of Food
Quality and Hazards Control, vol. 1, no. 3, pp.
72-76, Sep. 2014.

Y. Jin, J. Ma, Y. Lin, J. H. Cheng, and D. W.
Sun, “Intelligent mobile diagnostic platforms
for food safety control:  Functions,
classifications and applications,” Food
Engineering Reviews, vol. 17, pp. 1036-1058,

[131]

[132]

[133]

[134]

[135]

Jul. 2025, doi: 10.1007/s12393-025-09418-5.
S-M. lordache, A-M. lordache, A. Zubarev, S.
Caramizoiu, C. E. A. Grigorescu, S.
Marinescu, and C. Giuglea, “Spectro-
electrochemical properties of a new non-
enzymatic modified working electrode used for
histamine assessment in the diagnosis of food
poisoning,” Foods, vol. 12, no. 15, Jul. 2023,
Art. no. 2908, doi: 10.3390/foods12152908.
K. H. Huynh et al., “Facile histamine detection
by surface-enhanced raman scattering using
SIO@Au@Ag alloy nanoparticles,”
International Journal of Molecular Sciences,
vol. 21, no. 11, Jun. 2020, Art. no. 4048, doi:
10.3390/ijms21114048.

J. T. English, B. A. Deore, and M. S. Freund,
“Biogenic amine vapour detection using

poly(anilineboronic acid) films,” Sensors
Actuators B Chemical, vol. 115, no. 2, pp. 666—
671, Jun. 2006, doi:

10.1016/j.snb.2005.10.035.
A. Jayaprakasan, N. Nesakumar, S.
Sethuraman, U. M. Krishnan, and J. B. B.

Rayappan,  “Chemometrics on  ceria-
polyaniline  modified  glassy  carbon
bioelectrode for accurate detection of

histamine in fish,” Journal of Computational
and Theoretical Nanoscience, vol. 12, no. 8,
pp. 1911-1918, Aug. 2015, doi:
10.1166/jctn.2015.3976.

M. Qin, I. M. Khan, N. Ding, S. Qi, X. Dong,
Y. Zhang, and Z. Wang, “Aptamer-modified
paper-based analytical devices for the detection
of food hazards: Emerging applications and
future perspective,” Biotechnology Advances,
vol. 73, Jul. 2023, Jul. 2024, Art. no. 108368,
doi: 10.1016/j.biotechadv.2024.108368.

V. Natalia et al., “Electrochemical Sensors for Histamine Detection: A Review. ”



