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based molecularly imprinted polymer
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A novel and highly selective electrochemical sensor based on a polyaniline molecularly imprinted polymer

modified glassy carbon electrode (MIP–PANI/GCE) was developed for the determination of curcumin. The

molecularly imprinted polymer was synthesized directly on the electrode surface via electropolymerization

of aniline in the presence of curcumin as a template molecule, followed by template extraction to generate

specific recognition sites. Cyclic voltammetry was employed to investigate the electrochemical behavior

and polymer formation, while differential pulse voltammetry was used for the sensitive and quantitative

determination of curcumin. Key experimental parameters affecting the sensor performance, including

solution pH, polymerization conditions, and curcumin concentration, were optimized. Under optimal

conditions, the MIP–PANI/GCE electrode exhibited a significantly enhanced electrochemical response

toward curcumin compared to the corresponding non-imprinted polymer (NIP) electrode, confirming

the successful formation of selective binding cavities. The sensor demonstrated a wide linear dynamic

range, low detection limit, good repeatability, and satisfactory regeneration capability. Moreover, high

selectivity toward curcumin was achieved in the presence of potential interfering substances,

highlighting the effectiveness of the molecular imprinting strategy. The proposed MIP-based

electrochemical sensor combines simplicity of fabrication, low cost, and excellent analytical

performance, making it a promising alternative to conventional analytical techniques for the sensitive

and selective determination of curcumin in food, pharmaceutical, and related real samples.
1 Introduction

Curcumin (diferuloylmethane) is a naturally occurring poly-
phenolic compound extracted from the rhizome of Curcuma
longa (turmeric). Pharmacologically curcumin, whose molec-
ular structure is presented in Scheme 1, is also well known for
its various medicinal properties.

At the optimized pH (∼7), the enol form of curcumin
predominates and is preferentially recognized by the MIP
cavities due to enhanced hydrogen bonding interactions. Owing
to its broad spectrum of biological and pharmacological activ-
ities—including anti-inammatory, antioxidant, anticancer,
antiviral, and antibacterial effects—curcumin has attracted
signicant attention in recent years from both academic and
industrial communities.1–5 Structurally, curcumin contains two
phenolic moieties and a b-diketone group, which enable strong
interactions with reactive oxygen species, metal ions, and
biomolecules. These structural features not only underpin its
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biological activity but also render curcumin electrochemically
active, making it a suitable target for electroanalytical detection.

Due to its extensive use in food, pharmaceutical, and
nutraceutical products, accurate and selective determination of
curcumin in complex matrices is of considerable importance.
Conventional analytical techniques such as high-performance
liquid chromatography (HPLC), thin-layer chromatography
(TLC), and UV-vis spectrophotometry have been widely
employed for curcumin analysis.6–9 Despite their reliability,
these methods oen suffer from several drawbacks, including
time-consuming procedures, expensive instrumentation, and
the need for elaborate sample pretreatment. Consequently, the
development of rapid, cost-effective, and highly selective
analytical approaches for curcumin detection remains a signif-
icant challenge.

In recent years, molecularly imprinted polymers (MIPs) have
emerged as powerful articial recognition materials capable of
selectively binding target molecules through tailor-made cavi-
ties complementary in shape, size, and functional groups.10

Compared to biological recognition elements such as anti-
bodies or enzymes, MIPs offer notable advantages including
high chemical stability, low cost, long shelf life, and resistance
to harsh environmental conditions.11–16 These characteristics
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Scheme 1 Enol–keto tautomerism of curcumin.

Fig. 1 Electropolymerization of aniline on GCE by cyclic voltammetry:
(a) NIP–PANI/GCE in the absence of curcumin and (b) MIP–PANI/GCE
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make MIPs particularly attractive for sensing applications in
complex real samples.

Among various fabrication strategies, the integration of MIPs
with electrochemical transducers has proven to be an effective
approach for enhancing both sensitivity and selectivity. In MIP-
based electrochemical sensors, a thin imprinted polymer lm is
formed directly on the electrode surface, allowing efficient
electron transfer and rapid target recognition. Electrodes such
as glassy carbon electrodes (GCEs) modied with MIP layers
exhibit increased effective surface area, a higher density of
active binding sites, and improved analytical performance.
Electrochemical techniques including cyclic voltammetry (CV),
differential pulse voltammetry (DPV), and square wave voltam-
metry (SWV) are commonly employed to evaluate the sensing
performance of these systems due to their high sensitivity and
simplicity.17–25

Electropolymerization is one of the most advantageous
methods for MIP fabrication on electrode surfaces, as it enables
precise control over lm thickness, morphology, and binding
site distribution. Conducting polymers such as polyaniline
(PANI) are particularly suitable for this purpose due to their
excellent electrical conductivity, ease of synthesis, and strong
adherence to electrode substrates. By electropolymerizing
aniline in the presence of curcumin as a template molecule,
a conductive MIP lm with selective recognition sites can be
generated, offering an efficient platform for curcumin
detection.

The electrochemical response of MIP-based sensors is
strongly inuenced by experimental parameters such as solu-
tion pH, monomer-to-template ratio, polymerization condi-
tions, scan rate, and template extraction time. Optimization of
these parameters is essential to achieve maximum sensitivity,
selectivity, and reproducibility of the sensor response.16,26,27 In
particular, the protonation state of curcumin and the polymer
matrix plays a crucial role in governing adsorption behavior and
electron-transfer kinetics at the electrode interface.

The present study focuses on the development of a novel
electrochemical sensor based on a polyaniline molecularly
imprinted polymer modied glassy carbon electrode (MIP–
PANI/GCE) for the selective determination of curcumin. The
proposed sensor combines the high selectivity of MIP recogni-
tion with the excellent electrochemical properties of PANI,
enabling sensitive and reliable detection of curcumin in
aqueous media. The analytical performance of the sensor is
systematically evaluated through comparison with a non-
imprinted polymer (NIP) electrode, optimization of key experi-
mental parameters, and investigation of selectivity, repeat-
ability, and regeneration capability. The results demonstrate
that the developed MIP-based electrochemical sensor repre-
sents a promising alternative to conventional analytical
© 2026 The Author(s). Published by the Royal Society of Chemistry
methods for curcumin determination in food, pharmaceutical,
and related applications.
2 Materials and methods
2.1 Chemicals and reagents

Curcumin ($99%), aniline monomer, potassium ferricyanide
K3[Fe(CN)6], potassium ferrocyanide K4[Fe(CN)6], potassium
chloride (KCl), sulfuric acid (H2SO4), sodium hydroxide (NaOH),
and ethanol were purchased from commercial suppliers and
used without further purication. All aqueous solutions were
prepared using double-distilled water. Phosphate buffer solu-
tions (PBS) with different pH values were prepared and used as
the supporting electrolyte throughout the experiments.
2.2 Apparatus and electrochemical measurements

Electrochemical measurements were carried out using
a conventional three-electrode system connected to a potentio-
stat/galvanostat. A glassy carbon electrode (GCE, diameter 3
mm) served as the working electrode, while a platinum wire and
an Ag/AgCl electrode were employed as the counter and refer-
ence electrodes, respectively. Cyclic voltammetry (CV) and
in the presence of curcumin.

RSC Adv., 2026, 16, 27692–27700 | 27693
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Fig. 2 SEM images of (a) bare GCE and (b) MIP–PANI/GCE after electropolymerization, confirming successful deposition of the polymer film on
the electrode surface.
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differential pulse voltammetry (DPV) were used to investigate
the electrochemical behavior and analytical performance of the
sensor. All experiments were conducted at room temperature.

2.3 Preparation of the bare glassy carbon electrode

Prior to modication, the GCE surface was mechanically pol-
ished with alumina slurry (0.05 mm) on a polishing cloth to
obtain a mirror-like surface. The electrode was then rinsed
thoroughly with distilled water and ultrasonically cleaned
successively in ethanol and distilled water for 5 min each to
remove any residual contaminants. The cleaned electrode was
dried under ambient conditions before further modication.

2.4 Fabrication of the MIP–PANI/GCE modied electrode

The molecularly imprinted polymer was synthesized on the
surface of the GCE by electropolymerization of aniline in the
presence of curcumin as the template molecule. Typically,
Fig. 3 Cyclic voltammograms of (a) bare GCE, (c) MIP–PANI/GCE
before template removal, (d) MIP–PANI/GCE after template removal,
and (b) NIP–PANI/GCE recorded in 5.0 mM [Fe(CN)6]

3−/4− containing
0.1 M KCl.

27694 | RSC Adv., 2026, 16, 27692–27700
electropolymerization was performed in an acidic aqueous
solution containing aniline monomer and a known concentra-
tion of curcumin. Electropolymerization was carried out by
cyclic voltammetry in the potential range of −0.2 to +1.0 V (vs.
Ag/AgCl) at a scan rate of 50 mV s−1 for 10 consecutive cycles,
resulting in the formation of a thin PANI lm on the electrode
surface. These conditions were selected to ensure controlled
lm thickness and uniform polymer growth. Aer polymeriza-
tion, the electrode was rinsed with distilled water to remove
loosely bound species. The template was removed using
a mixture of ethanol/acetic acid (9 : 1, v/v) under continuous
stirring for 30 minutes. The template molecules were subse-
quently extracted from the polymer matrix by immersing the
electrode in an appropriate solvent system under stirring until
no further electrochemical signal of curcumin was observed.
This process generated specic recognition cavities comple-
mentary to curcumin in terms of size, shape, and functional
groups. For comparison, a non-imprinted polymer (NIP) elec-
trode was prepared using the same procedure but in the
absence of curcumin.
Fig. 4 Effect of solution pH on the DPV response of curcumin at the
MIP–PANI/GCE.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 5 (a) Cyclic voltammograms recorded at different scan rates; (b) linear dependence of peak current versus square root of scan rate.
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2.5 Electrochemical characterization of the modied
electrodes

The electrochemical properties of the bare GCE, MIP–PANI/
GCE, and NIP–PANI/GCE were evaluated using cyclic voltam-
metry in a solution containing 5.0 mM [Fe(CN)6]

3−/4− and 0.1 M
KCl as a redox probe. Changes in peak current and peak-to-peak
separation were used to assess the successful modication and
template removal processes.
2.6 Analytical procedure for curcumin determination

For curcumin determination, the MIP–PANI/GCE modied
electrode was incubated in curcumin solutions of different
concentrations prepared in PBS under optimized conditions.
Aer an appropriate accumulation time, the electrode was
rinsed gently with distilled water to remove non-specically
adsorbed molecules. Differential pulse voltammetry was then
Fig. 6 The calibration curve based on Ip versus concentration of
curcumin (inset graph is the DPV responses of the MIP–PANI/GCE to
different curcumin concentrations).

© 2026 The Author(s). Published by the Royal Society of Chemistry
recorded in fresh supporting electrolyte to obtain the analytical
signal. Calibration curves were constructed by plotting the peak
current against curcumin concentration.

2.7 Selectivity, repeatability, and regeneration studies

The selectivity of the proposed sensor was evaluated by exam-
ining its response to curcumin in the presence of potential
interfering substances. Repeatability was assessed by perform-
ing successive measurements using the same electrode, while
reproducibility was evaluated using independently prepared
MIP–PANI/GCE electrodes. Regeneration capability was inves-
tigated by removing bound curcumin from the electrode surface
using the extraction solvent and reusing the sensor for multiple
detection cycles.

3 Results and discussion
3.1 Electropolymerization of the MIP–PANI lm

The electropolymerization behavior of aniline on the glassy
carbon electrode surface was investigated by cyclic voltammetry
Fig. 7 Relative signal variation (%) of curcumin in the presence of
various interfering species, showing less than 8% deviation compared
to the target analyte.

RSC Adv., 2026, 16, 27692–27700 | 27695
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Table 1 Determination of curcumin in real samples

Sample type
Added
(mM)

Found
(mM)

Recovery
(%)

RSD
(%)

Turmeric powder 5.0 5.12 102.4 3.2
10.0 9.68 96.8 2.9
20.0 20.7 103.5 3.5

Pharmaceutical
capsule

5.0 4.92 98.4 2.7
10.0 10.3 103.0 3.1
20.0 19.6 98.0 2.8
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in the presence and absence of curcumin. As shown in Fig. 1,
successive potential cycles led to a gradual increase in redox
current, indicating the continuous growth of a conductive
polyaniline lm.

The molar ratio of aniline to curcumin plays a crucial role in
determining the structure and efficiency of the imprinted
polymer. In this work, the selected ratio was chosen to provide
a balance between sufficient template incorporation and the
formation of a conductive polymer network. It is well estab-
lished that excessive template concentration may hinder poly-
mer growth and reduce conductivity, whereas insufficient
template content can lead to poorly dened recognition sites.
Therefore, an optimized intermediate ratio was employed,
consistent with previously reported MIP-based electrochemical
systems, to ensure effective cavity formation and satisfactory
sensor performance.

In the presence of curcumin, the polymerization current was
noticeably lower than that of the non-imprinted system. This
behavior can be attributed to the incorporation of curcumin
molecules within the polymer matrix, which partially restricts
charge transport and polymer chain propagation. Such
suppression is commonly observed during molecular
imprinting and provides strong evidence for the successful
entrapment of the template molecules within the growing
polymer network.

SEM characterization was carried out to investigate the
surface morphology of the electrodes before and aer electro-
polymerization. As shown in Fig. 2a, the bare glassy carbon
electrode exhibited a relatively smooth and homogeneous
surface morphology. Aer electropolymerization and formation
of the MIP–PANI layer, signicant morphological changes were
observed (Fig. 2b). The modied electrode surface became
rougher and more heterogeneous, showing granular and clus-
tered polymeric structures distributed over the electrode
surface, conrming successful deposition of the molecularly
imprinted polyaniline lm. The porous morphology of the
polymer layer can provide a larger effective surface area and
facilitate analyte diffusion toward the imprinted recognition
sites, which is benecial for improving the electrochemical
response of the sensor.
Table 2 Repeatability, reproducibility, and regeneration performance

Parameter RSD (%)

Repeatability (n = 5) 3.1
Reproducibility (n = 4) 4.2
Aer 5 regeneration cycles 6.0
3.2 Electrochemical characterization using redox probe

The electrochemical properties of the bare GCE, MIP–PANI/GCE
before template removal, MIP–PANI/GCE aer template
27696 | RSC Adv., 2026, 16, 27692–27700
removal, and NIP–PANI/GCE were evaluated using the
[Fe(CN)6]

3−/4− redox probe.
As illustrated in Fig. 3, the bare GCE exhibited sharp and

reversible redox peaks, indicative of fast electron-transfer
kinetics. Aer polymer deposition, a signicant decrease in
peak current was observed due to the insulating nature of the
polymer layer. Notably, aer template extraction, the MIP–
PANI/GCE electrode showed a partial recovery of peak current
compared to the NIP electrode, conrming the formation of
accessible recognition cavities that facilitate ion diffusion and
electron transfer.

Although surface characterization techniques such as SEM
or AFM were not employed in this study, the successful
formation of the MIP–PANI lm and the removal of template
molecules can be clearly inferred from electrochemical results.
The observed decrease in redox peak current aer polymer
deposition, followed by its partial recovery aer template
extraction, provides strong evidence for the formation of
a polymer layer with accessible recognition cavities. Moreover,
the improved analytical performance of the MIP–PANI/GCE
modied electrode compared to the non-imprinted polymer
further conrms the effectiveness of the imprinting process.
Nevertheless, future studies will include morphological char-
acterization to provide direct visualization of the polymer
structure.
3.3 Effect of solution pH

The inuence of solution pH on the electrochemical response of
curcumin was systematically investigated. As depicted in Fig. 4,
the peak current increased with increasing pH up to an optimal
value (typically near neutral pH), aer which a decline was
observed.

This trend reects the combined effect of curcumin
protonation state and the conductivity of polyaniline. At low pH
values, excessive protonation reduces the interaction between
curcumin and the imprinted cavities, while at higher pH values,
the dedoping of PANI leads to decreased conductivity. There-
fore, the selected optimal pH represents a compromise between
molecular recognition efficiency and charge-transfer capability.
3.4 Scan rate study and kinetic analysis

The effect of scan rate on the oxidation peak current of curcu-
min was investigated by cyclic voltammetry. As shown in Fig. 5a,
the peak current increased with increasing scan rate. A linear
relationship between peak current and the square root of scan
rate (Fig. 5b) indicates that the electrochemical process is
predominantly diffusion-controlled.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Stability study of MIP–PANI/GCE sensor towards determination
of 5 mM of curcumin.
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The slight shi in peak potential with increasing scan rate
suggests quasi-reversible electron-transfer kinetics. These
results conrm that curcumin molecules bound within the
imprinted sites remain electrochemically active and accessible.
3.5 Analytical performance and calibration curve

DPV was selected for quantitative analysis of curcumin due to
its higher sensitivity and better signal resolution compared to
cyclic voltammetry.

As shown in Fig. 6 (inset graph), the oxidation peak current
increased proportionally with curcumin concentration. The
corresponding calibration curve (Fig. 6) exhibited excellent
linearity over a wide concentration range.

The limit of detection (LOD), calculated based on a signal-to-
noise ratio of 3, demonstrates the high sensitivity of the
proposed sensor. In contrast, the NIP–PANI/GCE electrode
showed a much weaker response, conrming the decisive role
of molecular imprinting in signal enhancement.
Table 3 Electrochemical sensors for curcumin detection, presented in

Modied electrode Matrix Detection t

HMDE — DPASV
SPCE 40% ethanol ASV
rGO-CPE Human blood serum CV
MWCNTs-BPPGE Turmeric powder ASV
PTY-CPE Food supplement

(liquid)
CV

CQDs/GCE Turmeric powder DPV
NiCl2/GCE Human blood serum DPV
CNTs-CMC Food samples CV
poly(L-Cys) MIP/
CuCo2O4/N-CNTs/
PGO/GCE

Serum sample DPV

Gr/GCE Curcuma longa L. LSV
MIP-CPE Curcuma powder,

curcuma cookies
CV

PANI-MIP/MWCNTs/GC (this work) — DPV

© 2026 The Author(s). Published by the Royal Society of Chemistry
Two linear regression equations were obtained correspond-
ing to different concentration ranges:

Ip(mA) = 5.95[CUR/(mM)] + 0.591 (R2 = 0.991)

Ip(mA) = 0.197[CUR/(mM)] + 13.99 (R2 = 0.995)

The limit of detection (LOD) and the limit of quantication
(LOQ) values were obtained as 0.37 nM and 1.23 nM,
respectively.

It should be noted that the calculated limit of detection
(LOD) does not necessarily coincide with the lower limit of the
linear dynamic range. The LOD represents the minimum
detectable concentration based on the signal-to-noise ratio (S/N
= 3), whereas the linear range corresponds to the concentration
interval over which the sensor response is directly proportional
to analyte concentration. In this study, although detectable
signals were observed at nanomolar levels, the linear calibration
range begins at higher concentrations where the response
exhibits good linearity and reproducibility. Therefore, low-
concentration data points were not included in the linear
regression analysis.
3.6 Selectivity study

The selectivity of the MIP–PANI/GCE sensor was evaluated by
comparing its response to curcumin with that of potential
interfering species. The inuence of various organic and inor-
ganic compounds commonly found in pharmaceutical and
biological samples on the quantication of curcumin at the
MIP–PANI/GCE was investigated. Compounds such as resor-
cinol (RES), tannic acid (TAN), L-ascorbic acid (L-AA), tatrazine
(Trz), sunset yellow (SY), NaNO3 and NaCl were added to pH 7.0
PBS in the presence of 30 mM curcumin at a concentration of
3 mM of interferences, using the DPV technique. The results
indicate that the presence of interfering species caused a signal
variation of less than 8%, demonstrating the high selectivity of
the proposed sensor (Fig. 7), thereby validating its applicability
decreasing order of LOD

echnique Linear range Detection limit Reference

4.95 × 10−7–2.76 × 10−5 M — 28
2.2 × 10−6–7 × 10−5 M 4.9 × 10−6 M 29
1.0 × 10−5–6.0 × 10−3 M 3.183 × 10−6 M 30
2.0 × 10−6–1.0 × 10−4 M 0.45 × 10−6 M 31
2.0 × 10−6–1.0 × 10−5 M 1.1 × 10−6 M 32

6.0 × 10−8–4.0 × 10−5 M 3.0 × 10−8 M 33
1.0 × 10−5–6.0 × 10−4 M 1.09 × 10−7 M 34
1.0 × 10−6–4.8 × 10−5 M 8.4 × 10−8 M 35
1.0 × 10−7–1.0 × 10−6 3.0 × 10−8 M 36
1.0 × 10−6–3.0 × 10−5 M

5.0 × 10−8–3.0 × 10−6 M 3.0 × 10−8 M 37
1.0 × 10−7–5.0 × 10−5 M 1.0 × 10−8 M 38

1.0 × 10−6–4.0 × 10−5 M 3.7 × 10−10 M This work

RSC Adv., 2026, 16, 27692–27700 | 27697
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for determining curcumin in pharmaceutical and urine
samples.
3.7 Real sample analysis

To evaluate the practical applicability of the proposed MIP–
PANI/GCE sensor, its performance was investigated in real
samples, including turmeric powder and a commercial phar-
maceutical formulation containing curcumin.

3.7.1 Sample preparation
3.7.1.1 Turmeric sample. A known amount of turmeric

powder (0.50 g) was accurately weighed and transferred into
a 50 mL ask. Then, 20 mL of an ethanol–water mixture (70 : 30,
v/v) was added as the extraction solvent. The mixture was
sonicated for 30 minutes to ensure efficient extraction of cur-
cumin, followed by centrifugation at 4000 rpm for 10 minutes.
The supernatant was ltered and appropriately diluted with
phosphate buffer solution (PBS, pH 7.0) prior to electro-
chemical analysis.

3.7.1.2 Pharmaceutical sample. A commercial curcumin
capsule was opened, and an accurately weighed portion equiv-
alent to one capsule content was dissolved in 25 mL of ethanol.
The solution was sonicated for 20 minutes and ltered to
remove insoluble excipients. The ltrate was diluted with PBS
(pH 7.0) to obtain suitable concentrations within the linear
range of the sensor.

3.7.2 Recovery study. The accuracy of the method was
assessed using a standard addition method. Known amounts of
curcumin standard solution were spiked into the pre-analyzed
real samples at three different concentration levels. The
spiked samples were then analyzed using differential pulse
voltammetry under optimized conditions. The recovery (%) was
calculated using the following equation:

Recoveryð%Þ ¼ Found amount�Original amount

Added amount
� 100

The obtained results are summarized in Table 1. The
recoveries for curcumin in both turmeric and pharmaceutical
samples were found to be in the range of 96.8% to 103.5%, with
relative standard deviation (RSD) values lower than 4.0%.

These results demonstrate (i) high accuracy of the proposed
sensor, (ii) negligible matrix interference and (iii) good reli-
ability in complex real samples. The slightly varying recovery
values can be attributed to minor matrix effects; however, they
remain within acceptable analytical limits.

The successful determination of curcumin in real samples
conrms that the developed MIP–PANI/GCE sensor is suitable
for practical applications in food and pharmaceutical analysis.
The combination of high selectivity, sensitivity, and simple
sample preparation highlights its potential as an alternative to
conventional analytical techniques.
3.8 Repeatability, reproducibility, stability and regeneration

The repeatability and reproducibility of the proposed sensor
were evaluated, and the results are summarized in Table 2. Low
relative standard deviation (RSD) values indicate excellent
27698 | RSC Adv., 2026, 16, 27692–27700
stability and fabrication reproducibility. Additionally, the
sensor retained most of its initial response aer several regen-
eration cycles, highlighting its practical applicability.

Although long-term storage stability of the sensor was not
systematically evaluated in this study, the obtained results for
repeatability, reproducibility, and regeneration indicate that the
MIP–PANI/GCE modied electrode exhibits good operational
stability. The low RSD values and the retention of sensor
response aer multiple regeneration cycles suggest that the
polymer lm maintains its structural integrity and binding
capability. Furthermore, molecularly imprinted polymers are
generally known for their high chemical stability and resistance
to environmental variations. Nevertheless, a comprehensive
investigation of long-term storage stability over extended
periods will be carried out in future work.

The long-term storage stability of the fabricated MIP–PANI/
GCE sensor was investigated over a period of 14 days. The
modied electrode was stored under ambient laboratory
conditions, and its electrochemical response toward curcumin
was periodically monitored using DPV measurements. As
shown in Fig. 8, the sensor retained approximately 92% of its
initial current response aer 14 days, demonstrating acceptable
long-term stability and preservation of the imprinted recogni-
tion sites. The slight decrease in signal intensity may be
attributed to gradual surface aging or partial loss of active
binding sites over time. These results indicate that the proposed
sensor possesses suitable storage stability for practical electro-
chemical applications.
3.9 Comparison with reported curcumin sensors

A comparison between the proposed sensor and previously re-
ported electrochemical methods is presented in Table 3. The
MIP–PANI/GCE exhibits competitive or superior analytical
performance while offering a simpler fabrication strategy.
4 Conclusion

In this study, a molecularly imprinted electrochemical sensor
based on a polyaniline-modied glassy carbon electrode (CUR–
MIP/PANI/GCE) was successfully developed for the selective
detection of curcumin. The MIP lm was prepared via electro-
polymerization of aniline in the presence of curcumin as the
template, resulting in the formation of specic recognition sites
aer template removal.

Electrochemical measurements using differential pulse vol-
tammetry revealed that the MIP–PANI/GCE modied electrode
exhibited a signicantly enhanced oxidation current compared
to the non-imprinted polymer. Under optimized conditions, the
sensor showed a linear response toward curcumin over the
concentration range of 1–40 mM, with a low limit of detection of
0.37 nM. The proposed sensor demonstrated excellent selec-
tivity, with less than 5–10% signal variation in the presence of
high concentrations of potential interfering species. Moreover,
good repeatability (RSD < 3%) and satisfactory regeneration
performance were achieved, conrming the stability and reus-
ability of the sensor.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Overall, the CUR–MIP/PANI/GCE sensor provides a simple,
low-cost, and sensitive platform for curcumin determination
and represents a promising alternative to conventional analyt-
ical methods for applications in food and pharmaceutical
analysis.
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